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Basic Safety Instructions

Always read through and comply with the following safety instructions!

All plants and locations of the Rohde & Schwarz group of companies make every effort to keep the safety
standards of our products up to date and to offer our customers the highest possible degree of safety. Our
products and the auxiliary equipment they require are designed, built and tested in accordance with the
safety standards that apply in each case. Compliance with these standards is continuously monitored by
our quality assurance system. The product described here has been designed, built and tested in
accordance with the EC Certificate of Conformity and has left the manufacturer’s plant in a condition fully
complying with safety standards. To maintain this condition and to ensure safe operation, you must
observe all instructions and warnings provided in this manual. If you have any questions regarding these
safety instructions, the Rohde & Schwarz group of companies will be happy to answer them.

Furthermore, it is your responsibility to use the product in an appropriate manner. This product is designed
for use solely in industrial and laboratory environments or, if expressly permitted, also in the field and must
not be used in any way that may cause personal injury or property damage. You are responsible if the
product is used for any purpose other than its designated purpose or in disregard of the manufacturer's
instructions. The manufacturer shall assume no responsibility for such use of the product.

The product is used for its designated purpose if it is used in accordance with its product documentation
and within its performance limits (see data sheet, documentation, the following safety instructions). Using
the product requires technical skills and, in some cases, a basic knowledge of English. It is therefore
essential that only skilled and specialized staff or thoroughly trained personnel with the required skills be
allowed to use the product. If personal safety gear is required for using Rohde & Schwarz products, this
will be indicated at the appropriate place in the product documentation. Keep the basic safety instructions
and the product documentation in a safe place and pass them on to the subsequent users.

Observing the safety instructions will help prevent personal injury or damage of any kind caused by
dangerous situations. Therefore, carefully read through and adhere to the following safety instructions
before and when using the product. It is also absolutely essential to observe the additional safety
instructions on personal safety, for example, that appear in relevant parts of the product documentation. In
these safety instructions, the word "product” refers to all merchandise sold and distributed by the Rohde &
Schwarz group of companies, including instruments, systems and all accessories. For product-specific
information, see the data sheet and the product documentation.

Safety labels on products

The following safety labels are used on products to warn against risks and dangers.

Symbol Meaning Symbol Meaning

Notice, general danger location | O ON/OFF supply voltage

Observe product documentation

Caution when handling heavy equipment @ Standby indication

Danger of electric shock — Direct current (DC)

> PP
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Basic Safety Instructions

Meaning Symbol Meaning

Warning! Hot surface o Alternating current (AC)

Protective conductor terminal —~_ Direct/alternating current (DC/AC)

Ground I:l Device fully protected by double (reinforced)
insulation

Ground terminal EU labeling for batteries and accumulators

For additional information, see section "Waste
disposal/Environmental protection”, item 1.

Be careful when handling electrostatic sensitive
devices

EU labeling for separate collection of electrical
and electronic devices

For additonal information, see section "Waste
disposal/Environmental protection”, item 2.

Warning! Laser radiation

For additional information, see section
"Operation", item 7.

> b EEEp

Signal words and their meaning

The following signal words are used in the product documentation in order to warn the reader about risks
and dangers.

Indicates a hazardous situation which, if not avoided, will result in death or
A DANGER serious injury.

Indicates a hazardous situation which, if not avoided, could result in death or
serious injury.

A WARNING

Indicates a hazardous situation which, if not avoided, could result in minor or
moderate injury.

Indicates information considered important, but not hazard-related, e.g.
NOTICE g g

messages relating to property damage.
In the product documentation, the word ATTENTION is used synonymously.

A CAUTION

These signal words are in accordance with the standard definition for civil applications in the European
Economic Area. Definitions that deviate from the standard definition may also exist in other economic
areas or military applications. It is therefore essential to make sure that the signal words described here
are always used only in connection with the related product documentation and the related product. The
use of signal words in connection with unrelated products or documentation can result in misinterpretation
and in personal injury or material damage.

1171.0000.42 - 07 Page 2



Basic Safety Instructions

Operating states and operating positions

The product may be operated only under the operating conditions and in the positions specified by the
manufacturer, without the product's ventilation being obstructed. If the manufacturer's specifications are
not observed, this can result in electric shock, fire and/or serious personal injury or death. Applicable local
or national safety regulations and rules for the prevention of accidents must be observed in all work
performed.

1.

Unless otherwise specified, the following requirements apply to Rohde & Schwarz products:
predefined operating position is always with the housing floor facing down, IP protection 2X, use only
indoors, max. operating altitude 2000 m above sea level, max. transport altitude 4500 m above sea
level. A tolerance of +10 % shall apply to the nominal voltage and +5 % to the nominal frequency,
overvoltage category 2, pollution severity 2.

Do not place the product on surfaces, vehicles, cabinets or tables that for reasons of weight or stability
are unsuitable for this purpose. Always follow the manufacturer's installation instructions when
installing the product and fastening it to objects or structures (e.g. walls and shelves). An installation
that is not carried out as described in the product documentation could result in personal injury or
even death.

Do not place the product on heat-generating devices such as radiators or fan heaters. The ambient
temperature must not exceed the maximum temperature specified in the product documentation or in
the data sheet. Product overheating can cause electric shock, fire and/or serious personal injury or
even death.

Electrical safety

If the information on electrical safety is not observed either at all or to the extent necessary, electric shock,
fire and/or serious personal injury or death may occur.

1.

Prior to switching on the product, always ensure that the nominal voltage setting on the product
matches the nominal voltage of the AC supply network. If a different voltage is to be set, the power
fuse of the product may have to be changed accordingly.

In the case of products of safety class | with movable power cord and connector, operation is
permitted only on sockets with a protective conductor contact and protective conductor.

Intentionally breaking the protective conductor either in the feed line or in the product itself is not
permitted. Doing so can result in the danger of an electric shock from the product. If extension cords
or connector strips are implemented, they must be checked on a regular basis to ensure that they are
safe to use.

If there is no power switch for disconnecting the product from the AC supply network, or if the power
switch is not suitable for this purpose, use the plug of the connecting cable to disconnect the product
from the AC supply network. In such cases, always ensure that the power plug is easily reachable and
accessible at all times. For example, if the power plug is the disconnecting device, the length of the
connecting cable must not exceed 3 m. Functional or electronic switches are not suitable for providing
disconnection from the AC supply network. If products without power switches are integrated into
racks or systems, the disconnecting device must be provided at the system level.

Never use the product if the power cable is damaged. Check the power cables on a regular basis to
ensure that they are in proper operating condition. By taking appropriate safety measures and
carefully laying the power cable, ensure that the cable cannot be damaged and that no one can be
hurt by, for example, tripping over the cable or suffering an electric shock.
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15.

16.

17.

18.

Basic Safety Instructions

The product may be operated only from TN/TT supply networks fuse-protected with max. 16 A (higher
fuse only after consulting with the Rohde & Schwarz group of companies).

Do not insert the plug into sockets that are dusty or dirty. Insert the plug firmly and all the way into the
socket provided for this purpose. Otherwise, sparks that result in fire and/or injuries may occur.

Do not overload any sockets, extension cords or connector strips; doing so can cause fire or electric
shocks.

For measurements in circuits with voltages V,,s > 30 V, suitable measures (e.g. appropriate
measuring equipment, fuse protection, current limiting, electrical separation, insulation) should be
taken to avoid any hazards.

Ensure that the connections with information technology equipment, e.g. PCs or other industrial
computers, comply with the IEC60950-1/EN60950-1 or IEC61010-1/EN 61010-1 standards that apply
in each case.

Unless expressly permitted, never remove the cover or any part of the housing while the product is in
operation. Doing so will expose circuits and components and can lead to injuries, fire or damage to the
product.

If a product is to be permanently installed, the connection between the protective conductor terminal
on site and the product's protective conductor must be made first before any other connection is
made. The product may be installed and connected only by a licensed electrician.

For permanently installed equipment without built-in fuses, circuit breakers or similar protective
devices, the supply circuit must be fuse-protected in such a way that anyone who has access to the
product, as well as the product itself, is adequately protected from injury or damage.

Use suitable overvoltage protection to ensure that no overvoltage (such as that caused by a bolt of
lightning) can reach the product. Otherwise, the person operating the product will be exposed to the
danger of an electric shock.

Any object that is not designed to be placed in the openings of the housing must not be used for this
purpose. Doing so can cause short circuits inside the product and/or electric shocks, fire or injuries.

Unless specified otherwise, products are not liquid-proof (see also section "Operating states and
operating positions", item 1). Therefore, the equipment must be protected against penetration by
liquids. If the necessary precautions are not taken, the user may suffer electric shock or the product
itself may be damaged, which can also lead to personal injury.

Never use the product under conditions in which condensation has formed or can form in or on the
product, e.g. if the product has been moved from a cold to a warm environment. Penetration by water
increases the risk of electric shock.

Prior to cleaning the product, disconnect it completely from the power supply (e.g. AC supply network
or battery). Use a soft, non-linting cloth to clean the product. Never use chemical cleaning agents such
as alcohol, acetone or diluents for cellulose lacquers.

Operation

1.

Operating the products requires special training and intense concentration. Make sure that persons
who use the products are physically, mentally and emotionally fit enough to do so; otherwise, injuries
or material damage may occur. It is the responsibility of the employer/operator to select suitable
personnel for operating the products.
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Basic Safety Instructions

Before you move or transport the product, read and observe the section titled "Transport".

As with all industrially manufactured goods, the use of substances that induce an allergic reaction
(allergens) such as nickel cannot be generally excluded. If you develop an allergic reaction (such as a
skin rash, frequent sneezing, red eyes or respiratory difficulties) when using a Rohde & Schwarz
product, consult a physician immediately to determine the cause and to prevent health problems or
stress.

Before you start processing the product mechanically and/or thermally, or before you take it apart, be
sure to read and pay special attention to the section titled "Waste disposal/Environmental protection”,
item 1.

Depending on the function, certain products such as RF radio equipment can produce an elevated
level of electromagnetic radiation. Considering that unborn babies require increased protection,
pregnant women must be protected by appropriate measures. Persons with pacemakers may also be
exposed to risks from electromagnetic radiation. The employer/operator must evaluate workplaces
where there is a special risk of exposure to radiation and, if necessary, take measures to avert the
potential danger.

Should a fire occur, the product may release hazardous substances (gases, fluids, etc.) that can
cause health problems. Therefore, suitable measures must be taken, e.g. protective masks and
protective clothing must be worn.

Laser products are given warning labels that are standardized according to their laser class. Lasers
can cause biological harm due to the properties of their radiation and due to their extremely
concentrated electromagnetic power. If a laser product (e.g. a CD/DVD drive) is integrated into a
Rohde & Schwarz product, absolutely no other settings or functions may be used as described in the
product documentation. The objective is to prevent personal injury (e.g. due to laser beams).

EMC classes (in line with EN 55011/CISPR 11, and analogously with EN 55022/CISPR 22,

EN 55032/CISPR 32)

— Class A equipment:
Equipment suitable for use in all environments except residential environments and environments
that are directly connected to a low-voltage supply network that supplies residential buildings
Note: Class A equipment is intended for use in an industrial environment. This equipment may
cause radio disturbances in residential environments, due to possible conducted as well as
radiated disturbances. In this case, the operator may be required to take appropriate measures to
eliminate these disturbances.

— Class B equipment:
Equipment suitable for use in residential environments and environments that are directly
connected to a low-voltage supply network that supplies residential buildings

Repair and service

1.

The product may be opened only by authorized, specially trained personnel. Before any work is
performed on the product or before the product is opened, it must be disconnected from the AC supply
network. Otherwise, personnel will be exposed to the risk of an electric shock.
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Basic Safety Instructions

Adjustments, replacement of parts, maintenance and repair may be performed only by electrical
experts authorized by Rohde & Schwarz. Only original parts may be used for replacing parts relevant
to safety (e.g. power switches, power transformers, fuses). A safety test must always be performed
after parts relevant to safety have been replaced (visual inspection, protective conductor test,
insulation resistance measurement, leakage current measurement, functional test). This helps ensure
the continued safety of the product.

Batteries and rechargeable batteries/cells

If the information regarding batteries and rechargeable batteries/cells is not observed either at all or to the
extent necessary, product users may be exposed to the risk of explosions, fire and/or serious personal
injury, and, in some cases, death. Batteries and rechargeable batteries with alkaline electrolytes (e.g.
lithium cells) must be handled in accordance with the EN 62133 standard.

1.
2.

Cells must not be taken apart or crushed.

Cells or batteries must not be exposed to heat or fire. Storage in direct sunlight must be avoided.
Keep cells and batteries clean and dry. Clean soiled connectors using a dry, clean cloth.

Cells or batteries must not be short-circuited. Cells or batteries must not be stored in a box or in a
drawer where they can short-circuit each other, or where they can be short-circuited by other
conductive materials. Cells and batteries must not be removed from their original packaging until they
are ready to be used.

Cells and batteries must not be exposed to any mechanical shocks that are stronger than permitted.

If a cell develops a leak, the fluid must not be allowed to come into contact with the skin or eyes. If
contact occurs, wash the affected area with plenty of water and seek medical aid.

Improperly replacing or charging cells or batteries that contain alkaline electrolytes (e.g. lithium cells)
can cause explosions. Replace cells or batteries only with the matching Rohde & Schwarz type (see
parts list) in order to ensure the safety of the product.

Cells and batteries must be recycled and kept separate from residual waste. Rechargeable batteries
and normal batteries that contain lead, mercury or cadmium are hazardous waste. Observe the
national regulations regarding waste disposal and recycling.

Transport

1.

The product may be very heavy. Therefore, the product must be handled with care. In some cases,
the user may require a suitable means of lifting or moving the product (e.g. with a lift-truck) to avoid
back or other physical injuries.

Handles on the products are designed exclusively to enable personnel to transport the product. It is
therefore not permissible to use handles to fasten the product to or on transport equipment such as
cranes, fork lifts, wagons, etc. The user is responsible for securely fastening the products to or on the
means of transport or lifting. Observe the safety regulations of the manufacturer of the means of
transport or lifting. Noncompliance can result in personal injury or material damage.

If you use the product in a vehicle, it is the sole responsibility of the driver to drive the vehicle safely
and properly. The manufacturer assumes no responsibility for accidents or collisions. Never use the
product in a moving vehicle if doing so could distract the driver of the vehicle. Adequately secure the
product in the vehicle to prevent injuries or other damage in the event of an accident.
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Instrucciones de seguridad elementales

Waste disposal/lEnvironmental protection

1. Specially marked equipment has a battery or accumulator that must not be disposed of with unsorted
municipal waste, but must be collected separately. It may only be disposed of at a suitable collection
point or via a Rohde & Schwarz customer service center.

2. Waste electrical and electronic equipment must not be disposed of with unsorted municipal waste, but
must be collected separately.
Rohde & Schwarz GmbH & Co. KG has developed a disposal concept and takes full responsibility for
take-back obligations and disposal obligations for manufacturers within the EU. Contact your
Rohde & Schwarz customer service center for environmentally responsible disposal of the product.

3. If products or their components are mechanically and/or thermally processed in a manner that goes
beyond their intended use, hazardous substances (heavy-metal dust such as lead, beryllium, nickel)
may be released. For this reason, the product may only be disassembled by specially trained
personnel. Improper disassembly may be hazardous to your health. National waste disposal
regulations must be observed.

4. If handling the product releases hazardous substances or fuels that must be disposed of in a special
way, e.g. coolants or engine oils that must be replenished regularly, the safety instructions of the
manufacturer of the hazardous substances or fuels and the applicable regional waste disposal
regulations must be observed. Also observe the relevant safety instructions in the product
documentation. The improper disposal of hazardous substances or fuels can cause health problems
and lead to environmental damage.

For additional information about environmental protection, visit the Rohde & Schwarz website.

Instrucciones de seguridad elementales

iEs imprescindible leer y cumplir las siguientes instrucciones e informaciones de seguridad!

El principio del grupo de empresas Rohde & Schwarz consiste en tener nuestros productos siempre al dia
con los estandares de seguridad y de ofrecer a nuestros clientes el maximo grado de seguridad. Nuestros
productos y todos los equipos adicionales son siempre fabricados y examinados segun las normas de
seguridad vigentes. Nuestro sistema de garantia de calidad controla constantemente que sean cumplidas
estas normas. El presente producto ha sido fabricado y examinado segun el certificado de conformidad
de la UE y ha salido de nuestra planta en estado impecable segun los estandares técnicos de seguridad.
Para poder preservar este estado y garantizar un funcionamiento libre de peligros, el usuario debera
atenerse a todas las indicaciones, informaciones de seguridad y notas de alerta. El grupo de empresas
Rohde & Schwarz esta siempre a su disposicién en caso de que tengan preguntas referentes a estas
informaciones de seguridad.

Ademas queda en la responsabilidad del usuario utilizar el producto en la forma debida. Este producto
esta destinado exclusivamente al uso en la industria y el laboratorio o, si ha sido expresamente
autorizado, para aplicaciones de campo y de ninguna manera debera ser utilizado de modo que alguna
persona/cosa pueda sufrir dafio. El uso del producto fuera de sus fines definidos o sin tener en cuenta las
instrucciones del fabricante queda en la responsabilidad del usuario. El fabricante no se hace en ninguna
forma responsable de consecuencias a causa del mal uso del producto.
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Instrucciones de seguridad elementales

Se parte del uso correcto del producto para los fines definidos si el producto es utilizado conforme a las
indicaciones de la correspondiente documentacion del producto y dentro del margen de rendimiento
definido (ver hoja de datos, documentacion, informaciones de seguridad que siguen). El uso del producto
hace necesarios conocimientos técnicos y ciertos conocimientos del idioma inglés. Por eso se debe tener
en cuenta que el producto solo pueda ser operado por personal especializado o personas instruidas en
profundidad con las capacidades correspondientes. Si fuera necesaria indumentaria de seguridad para el
uso de productos de Rohde & Schwarz, encontraria la informacion debida en la documentacion del
producto en el capitulo correspondiente. Guarde bien las informaciones de seguridad elementales, asi
como la documentacion del producto, y entréguelas a usuarios posteriores.

Tener en cuenta las informaciones de seguridad sirve para evitar en lo posible lesiones o dafios por
peligros de toda clase. Por eso es imprescindible leer detalladamente y comprender por completo las
siguientes informaciones de seguridad antes de usar el producto, y respetarlas durante el uso del
producto. Deberan tenerse en cuenta todas las demas informaciones de seguridad, como p. €j. las
referentes a la proteccién de personas, que encontraran en el capitulo correspondiente de la
documentacion del producto y que también son de obligado cumplimiento. En las presentes
informaciones de seguridad se recogen todos los objetos que distribuye el grupo de empresas

Rohde & Schwarz bajo la denominacién de "producto”, entre ellos también aparatos, instalaciones asi
como toda clase de accesorios. Los datos especificos del producto figuran en la hoja de datos y en la
documentacion del producto.

Senalizaciéon de seguridad de los productos

Las siguientes senales de seguridad se utilizan en los productos para advertir sobre riesgos y peligros.

Simbolo Significado Simbolo Significado
Aviso: punto de peligro general | O Tension de alimentacion de PUESTA EN
N MARCHA / PARADA
Observar la documentacion del producto
Atencion en el manejo de dispositivos de peso @ Indicacion de estado de espera (standby)
A elevado
| 18 kg |
f Peligro de choque eléctrico — Corriente continua (DC)
2 Advertencia: superficie caliente ~ Corriente alterna (AC)
. Conexién a conductor de proteccion e Corriente continua / Corriente alterna (DC/AC)
Conexion a tierra D El aparato esta protegido en su totalidad por un
aislamiento doble (reforzado)
Conexién a masa Distintivo de la UE para baterias y
acumuladores

Mas informacién en la seccion
"Eliminacién/proteccién del medio ambiente”,
punto 1.
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Instrucciones de seguridad elementales

Simbolo Significado Simbolo Significado

Distintivo de la UE para la eliminacion por
separado de dispositivos eléctricos y
electrénicos

Aviso: Cuidado en el manejo de dispositivos
sensibles a la electrostatica (ESD)

Mas informacién en la seccion
"Eliminacion/proteccion del medio ambiente”,
punto 2.

Advertencia: rayo laser

Mas informacion en la seccion
"Funcionamiento”, punto 7.

Palabras de seiial y su significado

En la documentacioén del producto se utilizan las siguientes palabras de sefial con el fin de advertir contra
riesgos y peligros.

A PELIGRO Indica una situacion de peligro que, si no se evita, causa lesiones
graves o incluso la muerte.

Indica una situacién de peligro que, si no se evita, puede causar

A ADVERTENCIA lesiones graves o incluso la muerte.

Indica una situacién de peligro que, si no se evita, puede causar
lesiones leves o moderadas.

A ATENCION

Indica informacién que se considera importante, pero no en relacién
m con situaciones de peligro; p. €j., avisos sobre posibles dafios

materiales.

En la documentacién del producto se emplea de forma sinénima el

término CUIDADO.

Las palabras de senal corresponden a la definicidon habitual para aplicaciones civiles en el area
econdmica europea. Pueden existir definiciones diferentes a esta definicion en otras areas econdémicas o
en aplicaciones militares. Por eso se debera tener en cuenta que las palabras de sefal aqui descritas
sean utilizadas siempre solamente en combinacién con la correspondiente documentacion del producto y
solamente en combinacion con el producto correspondiente. La utilizacion de las palabras de sefial en
combinacion con productos o documentaciones que no les correspondan puede llevar a interpretaciones
equivocadas Yy tener por consecuencia dafios en personas u objetos.

Estados operativos y posiciones de funcionamiento

El producto solamente debe ser utilizado segun lo indicado por el fabricante respecto a los estados
operativos y posiciones de funcionamiento sin que se obstruya la ventilacién. Si no se siguen las
indicaciones del fabricante, pueden producirse choques eléctricos, incendios y/o lesiones graves con
posible consecuencia de muerte. En todos los trabajos deberan ser tenidas en cuenta las normas
nacionales y locales de sequridad del trabajo y de prevencién de accidentes.
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Instrucciones de seguridad elementales

Si no se convino de otra manera, es para los productos Rohde & Schwarz valido lo que sigue:
como posicion de funcionamiento se define por principio la posicién con el suelo de la caja para
abajo, modo de proteccion IP 2X, uso solamente en estancias interiores, utilizacion hasta 2000 m
sobre el nivel del mar, transporte hasta 4500 m sobre el nivel del mar. Se aplicara una tolerancia de
+10 % sobre el voltaje nominal y de +5 % sobre la frecuencia nominal. Categoria de sobrecarga
eléctrica 2, indice de suciedad 2.

No situe el producto encima de superficies, vehiculos, estantes 0 mesas, que por sus caracteristicas
de peso o de estabilidad no sean aptos para él. Siga siempre las instrucciones de instalacién del
fabricante cuando instale y asegure el producto en objetos o estructuras (p. ej. paredes y estantes). Si
se realiza la instalacion de modo distinto al indicado en la documentacién del producto, se pueden
causar lesiones o, en determinadas circunstancias, incluso la muerte.

No ponga el producto sobre aparatos que generen calor (p. ej. radiadores o calefactores). La
temperatura ambiente no debe superar la temperatura maxima especificada en la documentacion del
producto o en la hoja de datos. En caso de sobrecalentamiento del producto, pueden producirse
choques eléctricos, incendios y/o lesiones graves con posible consecuencia de muerte.

Seguridad eléctrica

Si no se siguen (o se siguen de modo insuficiente) las indicaciones del fabricante en cuanto a seguridad
eléctrica, pueden producirse choques eléctricos, incendios y/o lesiones graves con posible consecuencia
de muerte.

1.

Antes de la puesta en marcha del producto se debera comprobar siempre que la tensiéon
preseleccionada en el producto coincida con la de la red de alimentacion eléctrica. Si es necesario
modificar el ajuste de tension, también se deberan cambiar en caso dado los fusibles
correspondientes del producto.

Los productos de la clase de proteccién | con alimentacion moévil y enchufe individual solamente
podran enchufarse a tomas de corriente con contacto de seguridad y con conductor de proteccién
conectado.

Queda prohibida la interrupcion intencionada del conductor de proteccion, tanto en la toma de
corriente como en el mismo producto. La interrupcién puede tener como consecuencia el riesgo de
que el producto sea fuente de choques eléctricos. Si se utilizan cables alargadores o regletas de
enchufe, debera garantizarse la realizacion de un examen regular de los mismos en cuanto a su
estado técnico de seguridad.

Si el producto no esta equipado con un interruptor para desconectarlo de la red, o bien si el
interruptor existente no resulta apropiado para la desconexion de la red, el enchufe del cable de
conexion se debera considerar como un dispositivo de desconexion.

El dispositivo de desconexién se debe poder alcanzar facilmente y debe estar siempre bien accesible.
Si, p. €j., el enchufe de conexion a la red es el dispositivo de desconexion, la longitud del cable de
conexion no debe superar 3 m).

Los interruptores selectores o electronicos no son aptos para el corte de la red eléctrica. Si se
integran productos sin interruptor en bastidores o instalaciones, se debera colocar el interruptor en el
nivel de la instalacion.

No utilice nunca el producto si esta dafiado el cable de conexién a red. Compruebe regularmente el
correcto estado de los cables de conexion a red. Asegurese, mediante las medidas de proteccion y
de instalacién adecuadas, de que el cable de conexion a red no pueda ser dafado o de que nadie
pueda ser dafado por él, p. €j. al tropezar o por un choque eléctrico.
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10.

1.

12.

13.

14.

15.

16.

17.

18.

Instrucciones de seguridad elementales

Solamente esta permitido el funcionamiento en redes de alimentacion TN/TT aseguradas con fusibles
de 16 A como maximo (utilizaciéon de fusibles de mayor amperaje solo previa consulta con el grupo de
empresas Rohde & Schwarz).

Nunca conecte el enchufe en tomas de corriente sucias o llenas de polvo. Introduzca el enchufe por
completo y fuertemente en la toma de corriente. La no observacion de estas medidas puede provocar
chispas, fuego y/o lesiones.

No sobrecargue las tomas de corriente, los cables alargadores o las regletas de enchufe ya que esto
podria causar fuego o choques eléctricos.

En las mediciones en circuitos de corriente con una tensién Uy > 30 V se deberan tomar las medidas
apropiadas para impedir cualquier peligro (p. €j. medios de medicién adecuados, seguros, limitacién
de tension, corte protector, aislamiento etc.).

Para la conexién con dispositivos informaticos como un PC o un ordenador industrial, debe
comprobarse que éstos cumplan los estandares IEC60950-1/EN60950-1 o IEC61010-1/EN 61010-1
validos en cada caso.

A menos que esté permitido expresamente, no retire nunca la tapa ni componentes de la carcasa
mientras el producto esté en servicio. Esto pone a descubierto los cables y componentes eléctricos y
puede causar lesiones, fuego o dafios en el producto.

Si un producto se instala en un lugar fijo, se debera primero conectar el conductor de proteccion fijo
con el conductor de proteccion del producto antes de hacer cualquier otra conexion. La instalacion y
la conexion deberan ser efectuadas por un electricista especializado.

En el caso de dispositivos fijos que no estén provistos de fusibles, interruptor automatico ni otros
mecanismos de seguridad similares, el circuito de alimentacién debe estar protegido de modo que
todas las personas que puedan acceder al producto, asi como el producto mismo, estén a salvo de
posibles dafnos.

Todo producto debe estar protegido contra sobretension (debida p. ej. a una caida del rayo) mediante
los correspondientes sistemas de proteccion. Si no, el personal que lo utilice quedara expuesto al
peligro de choque eléctrico.

No debe introducirse en los orificios de la caja del aparato ningun objeto que no esté destinado a ello.
Esto puede producir cortocircuitos en el producto y/o puede causar choques eléctricos, fuego o
lesiones.

Salvo indicacion contraria, los productos no estan impermeabilizados (ver también el capitulo
"Estados operativos y posiciones de funcionamiento", punto 1). Por eso es necesario tomar las
medidas necesarias para evitar la entrada de liquidos. En caso contrario, existe peligro de choque
eléctrico para el usuario o de dafios en el producto, que también pueden redundar en peligro para las
personas.

No utilice el producto en condiciones en las que pueda producirse o ya se hayan producido
condensaciones sobre el producto o en el interior de éste, como p. €j. al desplazarlo de un lugar frio a
otro caliente. La entrada de agua aumenta el riesgo de choque eléctrico.

Antes de la limpieza, desconecte por completo el producto de la alimentacion de tension (p. ej. red de
alimentacion o bateria). Realice la limpieza de los aparatos con un pafio suave, que no se deshilache.
No utilice bajo ningun concepto productos de limpieza quimicos como alcohol, acetona o diluyentes
para lacas nitroceluldsicas.
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Instrucciones de seguridad elementales

Funcionamiento

1.

El uso del producto requiere instrucciones especiales y una alta concentracién durante el manejo.
Debe asegurarse que las personas que manejen el producto estén a la altura de los requerimientos
necesarios en cuanto a aptitudes fisicas, psiquicas y emocionales, ya que de otra manera no se
pueden excluir lesiones o dafios de objetos. El empresario u operador es responsable de seleccionar
el personal usuario apto para el manejo del producto.

Antes de desplazar o transportar el producto, lea y tenga en cuenta el capitulo "Transporte".

Como con todo producto de fabricacion industrial no puede quedar excluida en general la posibilidad
de que se produzcan alergias provocadas por algunos materiales empleados —los llamados
alérgenos (p. €j. el niquel)—. Si durante el manejo de productos Rohde & Schwarz se producen
reacciones alérgicas, como p. €j. irritaciones cutaneas, estornudos continuos, enrojecimiento de la
conjuntiva o dificultades respiratorias, debe avisarse inmediatamente a un médico para investigar las
causas Y evitar cualquier molestia o dafio a la salud.

Antes de la manipulacién mecénica y/o térmica o el desmontaje del producto, debe tenerse en cuenta
imprescindiblemente el capitulo "Eliminacion/proteccion del medio ambiente", punto 1.

Ciertos productos, como p. €j. las instalaciones de radiocomunicaciéon RF, pueden a causa de su
funcion natural, emitir una radiacion electromagnética aumentada. Deben tomarse todas las medidas
necesarias para la proteccion de las mujeres embarazadas. También las personas con marcapasos
pueden correr peligro a causa de la radiacién electromagnética. El empresario/operador tiene la
obligacién de evaluar y sefializar las areas de trabajo en las que exista un riesgo elevado de
exposicion a radiaciones.

Tenga en cuenta que en caso de incendio pueden desprenderse del producto sustancias téxicas
(gases, liquidos etc.) que pueden generar dafos a la salud. Por eso, en caso de incendio deben
usarse medidas adecuadas, como p. e€j. mascaras antigas e indumentaria de proteccion.

Los productos con laser estan provistos de indicaciones de advertencia normalizadas en funcion de la
clase de laser del que se trate. Los rayos laser pueden provocar dafios de tipo bioldgico a causa de
las propiedades de su radiacion y debido a su concentracion extrema de potencia electromagnética.
En caso de que un producto Rohde & Schwarz contenga un producto laser (p. €j. un lector de
CD/DVD), no debe usarse ninguna otra configuracion o funcién aparte de las descritas en la
documentacion del producto, a fin de evitar lesiones (p. €j. debidas a irradiacion laser).

Clases de compatibilidad electromagnética (conforme a EN 55011 / CISPR 11; y en analogia con EN

55022 / CISPR 22, EN 55032 / CISPR 32)

— Aparato de clase A:
Aparato adecuado para su uso en todos los entornos excepto en los residenciales y en aquellos
conectados directamente a una red de distribucion de baja tensiéon que suministra corriente a
edificios residenciales.
Nota: Los aparatos de clase A estan destinados al uso en entornos industriales. Estos aparatos
pueden causar perturbaciones radioeléctricas en entornos residenciales debido a posibles
perturbaciones guiadas o radiadas. En este caso, se le podra solicitar al operador que tome las
medidas adecuadas para eliminar estas perturbaciones.

— Aparato de clase B:
Aparato adecuado para su uso en entornos residenciales, asi como en aquellos conectados
directamente a una red de distribucion de baja tensiéon que suministra corriente a edificios
residenciales.
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Instrucciones de seguridad elementales

Reparaciéon y mantenimiento

1.

El producto solamente debe ser abierto por personal especializado con autorizacion para ello. Antes
de manipular el producto o abrirlo, es obligatorio desconectarlo de la tensién de alimentacion, para
evitar toda posibilidad de choque eléctrico.

El ajuste, el cambio de partes, el mantenimiento y la reparacion deberan ser efectuadas solamente
por electricistas autorizados por Rohde & Schwarz. Si se reponen partes con importancia para los
aspectos de seguridad (p. €j. el enchufe, los transformadores o los fusibles), solamente podran ser
sustituidos por partes originales. Después de cada cambio de partes relevantes para la seguridad
debera realizarse un control de seguridad (control a primera vista, control del conductor de
proteccion, medicion de resistencia de aislamiento, medicién de la corriente de fuga, control de
funcionamiento). Con esto queda garantizada la seguridad del producto.

Baterias y acumuladores o celdas

Si no se siguen (o se siguen de modo insuficiente) las indicaciones en cuanto a las baterias y
acumuladores o celdas, pueden producirse explosiones, incendios y/o lesiones graves con posible
consecuencia de muerte. El manejo de baterias y acumuladores con electrolitos alcalinos (p. ej. celdas de
litio) debe sequir el estandar EN 62133.

1.
2.

No deben desmontarse, abrirse ni triturarse las celdas.

Las celdas o baterias no deben someterse a calor ni fuego. Debe evitarse el almacenamiento a la luz
directa del sol. Las celdas y baterias deben mantenerse limpias y secas. Limpiar las conexiones
sucias con un pafio seco y limpio.

Las celdas o baterias no deben cortocircuitarse. Es peligroso almacenar las celdas o baterias en
estuches o cajones en cuyo interior puedan cortocircuitarse por contacto reciproco o por contacto con
otros materiales conductores. No deben extraerse las celdas o baterias de sus embalajes originales
hasta el momento en que vayan a utilizarse.

Las celdas o baterias no deben someterse a impactos mecanicos fuertes indebidos.

En caso de falta de estanqueidad de una celda, el liquido vertido no debe entrar en contacto con la
piel ni los ojos. Si se produce contacto, lavar con agua abundante la zona afectada y avisar a un
médico.

En caso de cambio o recarga inadecuados, las celdas o baterias que contienen electrolitos alcalinos
(p. €j. las celdas de litio) pueden explotar. Para garantizar la seguridad del producto, las celdas o
baterias solo deben ser sustituidas por el tipo Rohde & Schwarz correspondiente (ver lista de
recambios).

Las baterias y celdas deben reciclarse y no deben tirarse a la basura doméstica. Las baterias o
acumuladores que contienen plomo, mercurio o cadmio deben tratarse como residuos especiales.
Respete en esta relacidn las normas nacionales de eliminacién y reciclaje.

Transporte

1.

El producto puede tener un peso elevado. Por eso es necesario desplazarlo o transportarlo con
precaucion y, si es necesario, usando un sistema de elevacion adecuado (p. €j. una carretilla
elevadora), a fin de evitar lesiones en la espalda u otros dafos personales.
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Instrucciones de seguridad elementales

Las asas instaladas en los productos sirven solamente de ayuda para el transporte del producto por
personas. Por eso no esta permitido utilizar las asas para la sujecion en o sobre medios de transporte
como p. €j. gruas, carretillas elevadoras de horquilla, carros etc. Es responsabilidad suya fijar los
productos de manera segura a los medios de transporte o elevacion. Para evitar dafos personales o
dafios en el producto, siga las instrucciones de seguridad del fabricante del medio de transporte o
elevacion utilizado.

Si se utiliza el producto dentro de un vehiculo, recae de manera exclusiva en el conductor la
responsabilidad de conducir el vehiculo de manera segura y adecuada. El fabricante no asumira
ninguna responsabilidad por accidentes o colisiones. No utilice nunca el producto dentro de un
vehiculo en movimiento si esto pudiera distraer al conductor. Asegure el producto dentro del vehiculo
debidamente para evitar, en caso de un accidente, lesiones u otra clase de dafos.

Eliminacion/proteccion del medio ambiente

1.

Los dispositivos marcados contienen una bateria o un acumulador que no se debe desechar con los
residuos domésticos sin clasificar, sino que debe ser recogido por separado. La eliminacién se debe
efectuar exclusivamente a través de un punto de recogida apropiado o del servicio de atencion al
cliente de Rohde & Schwarz.

Los dispositivos eléctricos usados no se deben desechar con los residuos domésticos sin clasificar,
sino que deben ser recogidos por separado.

Rohde & Schwarz GmbH & Co.KG ha elaborado un concepto de eliminacion de residuos y asume
plenamente los deberes de recogida y eliminacién para los fabricantes dentro de la UE. Para
desechar el producto de manera respetuosa con el medio ambiente, dirijase a su servicio de atencién
al cliente de Rohde & Schwarz.

Si se trabaja de manera mecanica y/o térmica cualquier producto o componente mas alla del
funcionamiento previsto, pueden liberarse sustancias peligrosas (polvos con contenido de metales
pesados como p. ej. plomo, berilio o niquel). Por eso el producto solo debe ser desmontado por
personal especializado con formaciéon adecuada. Un desmontaje inadecuado puede ocasionar dafios
para la salud. Se deben tener en cuenta las directivas nacionales referentes a la eliminacion de
residuos.

En caso de que durante el trato del producto se formen sustancias peligrosas o combustibles que
deban tratarse como residuos especiales (p. €j. refrigerantes o aceites de motor con intervalos de
cambio definidos), deben tenerse en cuenta las indicaciones de seguridad del fabricante de dichas
sustancias y las normas regionales de eliminacion de residuos. Tenga en cuenta también en caso
necesario las indicaciones de seguridad especiales contenidas en la documentacién del producto. La
eliminacion incorrecta de sustancias peligrosas o combustibles puede causar dafos a la salud o
dafios al medio ambiente.

Se puede encontrar mas informacion sobre la proteccion del medio ambiente en la pagina web de
Rohde & Schwarz.
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Quality management
and environmental

management

Sehr geehrter Kunde,

Sie haben sich fur den Kauf
eines Rohde & Schwarz Produk-
tes entschieden. Sie erhalten
damit ein nach modernsten Fer-
tigungsmethoden hergestelltes
Produkt. Es wurde nach den
Regeln unserer Qualitats- und
Umweltmanagementsysteme
entwickelt, gefertigt und gepruft.
Rohde & Schwarz ist unter ande-
rem nach den Managementsys-
temen ISO90071 und ISO 14001
zertifiziert.

Der Umwelt verpflichtet

1 Energie-effiziente,
RoHS-konforme Produkte

1 Kontinuierliche
Weiterentwicklung nachhaltiger
Umweltkonzepte

1 ISO 14001-zertifiziertes
Umweltmanagementsystem

Dear customer,

You have decided to buy a
Rohde & Schwarz product. This
product has been manufactured
using the most advanced meth-
ods. It was developed, manufac-
tured and tested in compliance
with our quality management
and environmental manage-
ment systems. Rohde & Schwarz
has been certified, for exam-
ple, according to the ISO 9001
and ISO 14001 management
systems.

Environmental commitment

1 Energy-efficient products

1 Continuous improvement in
environmental sustainability

1 ISO 14001 -certified
environmental management
system

Certified Quality System

150 9001

Certified Environmental System

IS0 14001

Cher client,

Vous avez choisi d'acheter un
produit Rohde & Schwarz. Vous
disposez donc d'un produit
fabriqué d'aprés les méthodes
les plus avancées. Le dévelop-
pement, la fabrication et les
tests de ce produit ont été effec-
tués selon nos systémes de
management de qualité et de
management environnemental.
La société Rohde & Schwarz a
été homologuée, entre autres,
conformément aux systémes
de management ISO9001 et
ISO 14001.

Engagement écologique

1 Produits a efficience
énergétique

i+ Amélioration continue de la
durabilité environnementale

1 Systeme de management
environnemental certifié selon
ISO 14001
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Customer Support

Technical support — where and when you need it

For quick, expert help with any Rohde & Schwarz equipment, contact one of our Customer Support
Centers. A team of highly qualified engineers provides telephone support and will work with you to find a
solution to your query on any aspect of the operation, programming or applications of Rohde & Schwarz
equipment.

Up-to-date information and upgrades

To keep your instrument up-to-date and to be informed about new application notes related to your
instrument, please send an e-mail to the Customer Support Center stating your instrument and your wish.
We will take care that you will get the right information.

Europe, Africa, Middle East Phone +49 89 4129 12345
customersupport@rohde-schwarz.com

North America Phone 1-888-TEST-RSA (1-888-837-8772)
customer.support@rsa.rohde-schwarz.com

Latin America Phone +1-410-910-7988
customersupport.la@rohde-schwarz.com

Asia/Pacific Phone +6565 1304 88
customersupport.asia@rohde-schwarz.com

China Phone +86-800-810-8228 /
+86-400-650-5896
customersupport.china@rohde-schwarz.com

ROHDE&SCHWARZ

1171.0200.22-06.00
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R&SPEX-IQ-BOX Preface

Documentation Overview

1 Preface

1.1 Documentation Overview

The user documentation describes the R&S EX-IQ-BOX and all related components.

It consists of the following parts:
e Quick start guide, printed manual,
e Online help system on the configurator software

e Documentation CD-ROM with:
— Operating manuals for the R&S EX-IQ-BOX and options,

— Service manual,

— Online help system (* . chm) as a standalone help,
— Data sheet and specifications,

— Links to useful sites on the R&S internet,

— Configuration software R&S DiglConf,

1.1.1 Quick Start Guide

The Quick Start Guide is delivered with the R&S EX-IQ-BOX in printed form and in PDF
format on the user documentation CD-ROM. It provides the information needed to put
the R&S EX-IQ-BOX into operation and get familiar with the device.

The guide gives an overview of the operating modes, available components (options) and
information on how to get started. Some test setting examples provide an insight into
various applications.

The quick start guide is subdivided into the data sheet, and the chapters listed in the
following overview, and an index:

Data Sheet

Informs about specifications and characteristics of the R&S EX-IQ-BOX. The Data sheet
is in printable form (pdf).

Introduction

Introduces the R&S EX-IQ-BOX with an overview about the functionality, features and
components.

System Overview

Describes the operating modes of the R&S EX-IQ-BOX; including R&S instruments com-
municating with the R&S EX-IQ-BOX and available hardware and software components.

1
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Documentation Overview

Getting Started

Describes the control elements and connectors of the R&S EX-IQ-BOX and the proce-
dures required for putting the R&S EX-IQ-BOX into operation. It encloses the installation
of the configuration software R&S DiglConf, installation of options, and connection of the
R&S EX-IQ-BOX to an R&S instrument and the DUT.

Application Examples

Describes several application examples.

Interfaces

Contains a short description and information on the pin assignments of the user interface
and the breakout boards.

\ This chapter is also a part of the operating manual. Additionally you find the connection
/ schemes in the appendix of the operating manual.

Index

Contains an index of the quick start guide.

1.1.2 Help System

The online help is embedded in the system components R&S DiglConf and in the R&S
signal generators, offering quick context-sensitive reference to the information needed
for operating. The help contains the complete user documentation for the R&S EX-IQ-
BOX including the contents of the quick start guide.

The help files (*.chm) are also available on the CD-ROM and can be used as a standalone
help.

1.1.3 User Documentation CD-ROM

/‘r_’“‘\ The CD-ROM provides the complete user documentation for the R&S EX-IQ-BOX,

A% ' including quick start guide, operating manual and service manual in printable pdf format,
a *.chm online help file and the configuration software R&S DiglConf. In addition, it pro-
vides links to useful sites of the R&S internet.

N\ Version for pdf and chm
/' Use the ADOBE® Acrobat® Reader for PDF files and any browser HTML help.

Using the Internet Explorer® version 4.0 or later is required.

Manuals

Quick Start Guidein printable form, and an Operating Manual and Service Manual in
*  pdfformat.

1
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Preface

Documentation Overview

Online Help

The standalone help file eqigbox.chm.

Data Sheet

Informs about specifications and characteristics of the R&S EX-IQ-BOX. The Data sheet
is in printable form (pdf).

Software

e DigIConf *.exe (Digital Interface Configurator)
R&S DiglConf is a software for configurating the R&S EX-IQ-BOX settings via USB
interface and a PC.

Operating Manual
The operating manual is available in PDF format - in printable form - on the Documen-
tation CD-ROM delivered with the R&S EX-1Q-BOX.

It contains comprehensive information on the functions and remote control, in addition to
the chapters of the quick start guide. The manual includes information on the interfaces
and related breakout boards and on maintenance.

The operating manual covers the data sheet plus the chapters of the quick start guide
plus the chapters of the operating manual, listed below. An index, a glossary an open
source declaration and attachments are also part of the manual.

Data Sheet

Informs about specifications and characteristics of the R&S EX-IQ-BOX. The Data sheet
is in printable form (pdf).

Introduction

Introduces the module with an overview about the functionality, features and compo-
nents.

System Overview

Describes the operating modes of the R&S EX-IQ-BOX, including R&S instruments com-
municating with the R&S EX-IQ-BOX and available hardware and software components.
Getting Started

Describes the control elements and connectors of the R&S EX-IQ-BOX and the proce-
dures required for putting the R&S EX-IQ-BOX into operation. It encloses the installation
of the configuration software R&S DiglConf, installation of options, and connecting the

device to an R&S instrument and the DUT.

Application Examples

Describes several application examples.

1
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R&S EX-IQ-BOX Configuration

Describes the configuration software R&S DiglConf. Additionally this section encloses
information on configuration of the R&S EX-IQ-BOX via software or via R&S instruments.
Protocol Settings

This part describes the configuration software R&S DiglConfin general, and the functions
of the transmission protocols in detail. The chapter is divided according to the protocol
types, i.e. user defined and standardized protocols. It provides a brief overview of the
features of the protocol type, and describes all settings in detail.

Remote Control Basics

Provides an introduction to remote control and information needed to set up a remote
control session, including some examples of remote access.

Remote Control Commands

Describes all remote-control commands available including programming examples.
The chapter is divided according to the main functions of the configuration software R&S
DiglConf and the protocol types, i.e. user defined and standardized protocols.

Interfaces

Contains a short description and information on the pin assignments of the user interface
and the breakout boards for user defined applications and specific information on the
breakout boards of the standardized protocols.

Index

Contains an index of the operating manual.

Appendix

The appendix provides a list of common abbreviations used in the documentation and it
contains an overview of the most important default settings. The appendix also includes
an alphabetical list of all remote-control commands that are relevant for the remote control
of the R&S EX-IQ-BOX.

Open Source

Covers information on software licensing.

Attachments

The attachments contain the connection schemes of the user interface and the breakout
boards.
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1.1.5 Service Manual

The service manaul describes some service functions provided for the R&S EX-IQ-BOX,

m' and for the breakout board of the digital standardized protocol CPRI. Additionally, it con-
iﬁ, tains information for customer support and service.

The service manual is subdivided into general safety instructions plus the service and
maintenance chapters:

Service and Repair

These chapters include information on replacement and service tests of the R&S EX-1Q-
BOX and the breakout boards.

Maintenance

Points to maintenance and environmental conditions.

Documents

Contains the spare parts list and mechanical drawings.

Index

Contains an index of the service manual.

1.1.6 Internet Site

The Rohde & Schwarz internet site provides the most up to date information on the
R&S EX-IQ-BOX. Additonally firmware updates including the associated release notes,
instrument drivers current data sheets and application notes are provided for download
on the internet site.

The current manual is provided in the download area under "Manuals".

In the "Download > Software" tab, the website also offers the latest version of the con-
figuration software R&S DiglConf, including information on changes and on the software
update process.

http://www.rohde-schwarz.com/product/EX-IQ-BOX.html

1.2 Typographical Conventions

The following text markers are used throughout this documentation:

Convention Description

"Graphical user interface ele- All names of graphical user interface elements on the screen, such as dia-

ments" log boxes, menus, options, buttons, and softkeys are enclosed by quota-
tion marks.

KEYS Key names are written in capital letters.

1
User Manual 1409.5570.32 — 05 9


http://www.rohde-schwarz.com/product/exiq.html

Typographical Conventions

Convention Description

File names, commands, File names, commands, coding samples and screen output are distin-

program code guished by their font.

Input Input to be entered by the user is displayed in italics.

Links Links that you can click are displayed in blue font.

"References" References to other parts of the documentation are enclosed by quotation
marks.
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2 Welcome to the R&S EX-IQ-BOX...

...the Digital Interface Module

While in the past the transmission of the analog I/Q signals had played an important role,
nowadays itis the digital I/Q signals that are significant. The utilization of digital I/Q signals
leads to the employment of different transmission protocols and still involves the devel-
opment of different interface types with a great variety of physical characteristics.

The R&S EX-IQ-BOX, as a configurable interface module, is designed to solve this prob-
lem. The main application field of this device is the conversion of signal properties and
transmission protocols of the R&S instruments into User Defined or standardized signal
formats and vice versa.

To digitally transmit I/Q signals, R&S instruments like signal generators, signal analyzers,
communication testers and the R&S EX-IQ-BOX communicate with each other, using an
R&S wide standardized transmission protocol, which is based on LVDS (Low Voltage
Differential Signaling).

For applications with User Defined protocols the R&S EX-IQ-BOX enables either serial
or parallel transmission of I/Q signals to a DUT, including variable clock modes, various
data rates as well as different logical signal levels.

In applications with standardized protocols the R&S EX-IQ-BOX not only provides the
I/Q data, but also the control information of the respective standard. Equipped with the
respective options, the R&S EX-IQ-BOX supports the standardized protocol CPRI
(Common Packet Radio Interface). This protocol defines a combined interface for the
transmission of 1/Q and control data between the baseband and RF module of a base
station.

The R&S EX-IQ-BOX is directly connected to the digital interface of an R&S instrument
by using an LVDS cable. For connection to the DUT, various interchangeable adapters
are available, so called breakout boards. Breakout boards adapt the signals physically.
A breakout board is directly connected to the user interface on the front panel of the
R&S EX-1Q-BOX.

e For User Defined applications, two different breakout boards are provided with the
R&S EX-IQ-BOX, supporting single ended and differential signals.
e For CPRI applications, separate options support the respective signal formats.

The R&S EX-IQ-BOX is controlled via the USB interface. It is operated from a PC by
using the configuration software R&S DiglConf.

R&S FSQ families provide control of the R&S EX-IQ-BOX without using the digital inter-
face configuration software R&S DiglConf. But this constellation applies only to User
Defined applications.

Test setups of the R&S EX-IQ-BOX 1409.5505.02 with instruments of the R&S SMU or

Due to the enhanced capabilities of the R&S EX-1Q-BOX 1409.5505K04, this model is
exclusively controlled by R&S DiglConf and applies to all applications.
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¢ In User Defined mode R&S DiglConf controls the protocol settings, data format and
multiple clock scenarios as internal or device clocking (external) for data transmis-
sion.

® For standardized protocols R&S DiglConf provides all settings of the respective
standard. Additionally, control functions according to the standard are supported from
the R&S EX-IQ-BOX and are set with the aid of R&S DiglConf.

In addition, the R&S DiglConf can be remote controlled, from a PC either directly or via
a network.

Equipped with the respective options, the R&S EX-IQ-BOX has integrated a Waveform
Output Memory (64 Msamples) as well as a Multi Waveform Playback to generate test
signals which were created externally, e.g. by means of R&S WinlQSIM2 or Matlab sim-
ulation software. R&S DiglConf takes the generated data from the control PC, checks the
data and loads it into the R&S EX-IQ-BOX. The Multi Waveform Playback provides
simultaneous playback of up to four signals.

Also, for operating in receiver mode a Recording Memory (512 MB) option is available.
The signal data can be recorded over a period of time and then saved in a file.

\ Waveform Memory, Recording Memory and Multi Waveform Playback can be performed
/ only with R&S DiglConf and standardized protocols.

Software options for Digital Standards with R&S®WinlQSIM2™ are also available. For
example, GSM/EDGE, 3GPP FDD, EUTRA/LTE, etc., i.e. all those supported by CPRI.

N\ The Digital Standards are described in individual manuals available on the
/ Rohde & Schwarz internet site or on the user documentation CD-ROM of R&S®WinlQ-
SIM2™,

The signals that are generated with the aid of the R&S WinlQSIM2 software can be output
by the Waveform Memory or the Multi Waveform Playback of the R&S EX-IQ-BOX. Sig-
nals calculated by Matlab software can be directly loaded.

For detailed information on all available options refer to chapter 3.2.2, "Options",
on page 22".

1
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6 Latest information on extensions and changes

The new R&S EX-IQ-BOX 1409.5505K04 offers enlarged functionalities which will not all
be available yet in this release. Refer to the supplementary sheet at the beginning of this
manual which informs you about the planned enlargements within the following releases.

Additionally, firmware and software updates as well as the release notes, describing the
improvements and modifications are provided on the internet at the download site of
Rohde & Schwarz:

http://www.rohde-schwarz.com/product/EX-IQ-Box.html

This website always offers the latest information about your R&S EX-IQ-BOX, about the
current firmware and the software R&S DiglConf, e.g. also on changes of the software
update procedure.

1
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3 System Overview

This section comprises an overview of the instruments communicating with the R&S EX-
IQ-BOX and some basic operating modes. It also describes available hardware and soft-
ware components for operating the R&S EX-IQ-BOX.

The R&S EX-IQ-BOX provides transmission of I/Q data between R&S instruments and
external devices (DUTSs). In applications with standardized protocols, the R&S EX-1Q-
BOX operates bidirectional. Data can be sent and received at the same time. In the User
Defined mode only one data direction is possible at the same time.

In the following configurations, signal transmission is shown by means of an R&S instru-
ment operating as transmitter to the DUT via the R&S EX-IQ-BOX. Vice versa, the
R&S EX-IQ-BOX works as a receiver, while it receives a test signal from a DUT and
transfers it to an R&S instrument for analyzing. For further configuration examples refer
to chapter 5, "Application Examples", on page 47.

An overview of instruments working with the R&S EX-IQ-BOX is given in chapter 3.2.5,
"R&S Instruments Working with the R&S EX-IQ-BOX", on page 25. For the available
options and their respective part numbers refer to chapter 3.2.2, "Options”,

on page 22.

3.1 Basic Operating Modes

This chapter provides a short overview of the various operating modes to control the
R&S EX-1Q-BOX, including waveform memory and recording:

e R&S DiglConf controlling the R&S EX-IQ-BOX

e R&S Instruments controlling the R&S EX-IQ-BOX

® Remote control of R&S DiglConf

e Waveform Memory, Multi Waveform Playback and Recording Memory

3.1.1 R&S DiglConf Controlling the R&S EX-IQ-BOX

\ The previous model R&S EX-IQ-BOX 1409.5502.02 provides only User Defined proto-
/ cols.

Standardized protocols, Waveform Memory, Multi Waveform Playback and Recording
Memory require the R&S EX-IQ-BOX 1409.5505K04 and the configuration software R&S
DiglConf.
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USB Host
Controk

R&S Instrument ot
(equipped with digital interface)

USBIN o<
R&S EX-IQ-BOX
DlG IQ OUT Dat IQ IN > u-:e/&‘ﬂw‘uzlscnw‘uz e -“::’
O -0 *
REF OUT__ - cference==REE IN> e

Breakout Board

DUT

Fig. 3-1: Configuration example with R&S DiglConf
The example represents a basic configuration of the R&S EX-IQ-BOX, operated by the
digital interface configuration software R&S DiglConf via PC.

In this configuration the R&S EX-IQ-BOX operates in transmitter mode from an R&S
instrument to the DUT.

A configuration example of the R&S EX-IQ-BOX working in receiver mode is shown in
the following picture:

Control USB Host

R&S Instrument

USB IN
<
R&S EX-IQ-BOX

ommo®"

-y lQouT
b o s
ra

&= 7 Use i, €FEEN oo REFOUT

Dat DIG. 1Q IN >

Interface

Breakout Board

TData

DUT

Fig. 3-2: R&S EX-IQ-BOX and R&S instrument working in receiver mode, controlled by R&S DiglConf
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3.1.2 RA&S Instruments Controlling the R&S EX-IQ-BOX

This operating mode applies to the previous model of the R&S EX-IQ-BOX
1409.5502.02 and User Defined applications.

The R&S EX-1IQ-BOX"1409.5505K04" is always controlled by R&S DiglConf.

R&S Instrument
(equipped with digital interface)

USBHost . . USBIN,_ e
ontro

>
DIG.IQOUT QN

R&S EX-IQ-BOX
4§ RowoEasCHWARZ wwsox

s

°

°

REF OUT

) User 2
Reference=—REL IN> Interface f

Breakout Board

DUT

Fig. 3-3: Configuration example of the R&S EX-IQ-BOX, directly controlled by an R&S instrument

This example shows a basic configuration of the R&S EX-IQ-BOX 1409.5502.02, working
with an R&S signal generator. The R&S EX-IQ-BOX operates in transmitter mode from
the signal generator to the DUT.

3.1.3 Remote Control of the R&S EX-IQ-BOX

Remote control functionality provides access to the measurement from a remote com-
puter (external controller). By means of remote commands, settings or data are trans-
mitted to the R&S EX-IQ-BOX via R&S DiglConf. Remote programs automate repeated
settings. The remote control programs can either run on the same computer as the
R&S DiglConf or on any PC in the network.

Remote control of R&S DiglConf is performed via a LAN socket communication protocol,
also referred to as Raw Socket communication.

Socket communication uses the TCP/IP network protocol. A VISA installation on remote
controller side is not mandatory. Connection can also be performed with a Win Socket
communication.

@ If you use a VISA library, the access is more convenient.
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O)\ Information on the LAN Connector of the R&S EX-IQ-BOX

/ Data and settings of the R&S EX-IQ-BOX are controlled via the USB interface. The LAN

connector is intended for future use and it is not possible to directly remote-control the
R&S EX-IQ-BOX via the LAN interface.

3.1.31

For the control, SCPI (Standard Commands for Programmable Instruments) commands
are used.

An introduction to the structure and to the syntax of SCPI commands is given in the
operating manual of the R&S EX-IQ-BOX, see chapter 8, "Remote Control Basics",
on page 213.

Remote Control via R&S DiglConf

The remote control program controls R&S DiglConf, which then transmits the settings to

the R&S EX-IQ-BOX via the USB interface. The remote program runs either on the same

PC as the R&S DiglConf software or on any PC in a network.

Examples of the remote controlled R&S DiglConf

® The remote control program and R&S DiglConf run on the same computer.
lﬁRemote control program

LAN

Adress: Local Host
Port: 5026
Remote

!

<& R8s DigiConf

R&S EX-1Q-BOX
0 @ @ O FowELSCHWARZ s oo @y

USB — .o LiTa .
Controk > -— o allll Lo o
.%. -_——

- @

(-]

9,
()

Fig. 3-4: Remote control program and R&S DiglConf running on the same PC

The remote connection is looped internally. The computer name, i.e. the IP address
is "Local Host". R&S DiglConf uses port 5026 by default, the port can be set.

® The remote control program and R&S DiglConf run on different computers.

1
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Remote control
program

Fig. 3-5: Remote control program and R&S DiglConf running on different PCs

The LAN connection is established to the computer with R&S DiglConf with a commercial
RJ-45 network cable. IP address and port are assigned accordingly.

For further information on LAN connection and IP address, see chapter 8, "Remote Con-
trol Basics", on page 213.

3.1.3.2 Remote Control via an R&S Instrument

N\ This operating mode applies to the R&S EX-IQ-BOX 1409.5502.02 and User Defined
/ protocols.

The R&S EX-IQ-BOX 1409.5505K04 is always controlled by R&S DiglConf.

If the R&S EX-IQ-BOX 1409.5502.02 works directly with an R&S instrument, i.e. without
R&S DiglConf, the box is accessed by the instrument via the USB interface. Remote
control is executed via the instrument, i.e. all remote control interfaces of the instrument
can be usesd, as well as all remote-control modes.

R&S instruments usually provide remote control via LAN, GPIB, or USB interface. Refer
to the operating manual of your instrument to receive detailed information on the available
remote control interfaces and their use.

See the operating manual of your R&S instrument for detailed information:

e For setting up a connection, refer to sections "Connecting the Instrument to a Net-
work", and "Manual Remote Control via an External Controller" in chapter "Putting
into Operation".

e Chapter "Remote Control - Basics" describes the basics for setting up the instrument
for remote control, programming syntax, command processing and the status report-
ing system.

e Chapter "Remote Control - Description of Commands" lists all the remote commands
that are defined for the instrument.
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The remote control commands for setting the parameters of the R&S EX-IQ-BOX are
described in the operating manual; see chapter 9.3, "User Defined - Remote Control
Commands", on page 257.

R&S Instrument
(eauipped with digital interface)

Remote control
program

GPIB, LAN, ...
Remote: »

Fig. 3-6: Example of remote control of an R&S instrument with a connected R&S EX-IQ-BOX

3.1.4 Waveform Memory, Multi Waveform Playback and Recording Mem-
ory

Waveform Memory, Multi Waveform Playback and Recording Memory are performed
with R&S DiglConf and standardized protocols.

The R&S EX-IQ-BOX "1409.5505K04" can also be used without an instrument as an |/
Q source, while a signal is generated in the box by means of a Waveform Memory, or
even a Multi Waveform Playback for simultaneous playback of up to four signals.
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& Ras DigIConf

USB Host Waveform data
e

Control Waveform
< Memory
R&S EX-IQ-BOX

Transmitter o e o ®R0b‘<DE’lscnwAkx com s
mode — ;gﬁm, .
-—— e
O - O @

 — —

Breakout Board

Data

DUT

Fig. 3-7: Configuration example of the R&S EX-IQ-BOX equipped with a Waveform Memory

Equipped with the Recording Memory option, the R&S EX-IQ-BOX records received 1/Q
signals. With a suitable program, the data can be displayed on a PC and evaluated.

& Ras DigIConf

USB Host Waveform data

>
Control Recording
< Memory
R&S EX-1IQ-BOX

Receiver [olelqiteesrcnnzizss BN

mode e i ?@”' o
O -0 @

| — [—

Breakout Board

Data

DUT

Fig. 3-8: Configuration example of the R&S EX-IQ-BOX recording incoming data
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The R&S EX-IQ-BOX can execute signal generation from a Waveform Memory and data
recording simultaneously.

3.2 Components

This chapter provides an overview of the available components for test setups with the
R&S EX-IQ-BOX. Hardware and software components and the according part numbers
are listed.

Ordering information as well as latest software and firmware versions are also provided
on the internet at the R&S website:

http://www.rohde-schwarz.com/product/EX-1IQ-Box.html

3.2.1 R&S EX-1Q-BOX

Digital Signal Interface module R&S EX-IQ-BOX (part number 1409.5505K04), including:
e power supply

e one USB cable

e one LVDS cable

e two breakout boards for User Defined protocols
— single ended 090002-22x, type Il

— differential 090002-23x, type I
e Quick Start Guide

e CD-ROM with configuration software R&S DiglConf, data sheet, online help and user
manual
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3.2.2 Options
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N\ The options concept allows you to individually equip the R&S EX-IQ-BOX according to

/ the requirements of the application. Additionally, note the following information in order
to configure the R&S EX-IQ-BOX correctly:

e Standardized protocols always exist of the option for the hardware (Breakout Board)
and one or several options for the software. To enable a standardized protocol order
the respective software option in addition to the hardware option (EXBOX-Bxx +

EXBOX-Kxx).

e Waveform Memory, Multi Waveform Playback and Recording Memory can be per-

formed only with standardized protocols.

e Software options providing digital standards require R&S WinlQSIM2 software and
the Waveform Memory or the Multi Waveform Playback.

e Standardized protocols, Waveform Memory, Multi Waveform Playback and Record-
ing Memory require the R&S EX-IQ-BOX 1409.5505K04 and the configuration soft-

ware R&S DiglConf.

3.2.2.1 Standardized Protocols

For applications with standardized protocols the following options are available:

Digital Interface Protocol... Option R&S... R&S part number
CPRI Breakout Board (16x) EXBOX-B85 1409.7208.04
CPRI Breakout Board (5x) EXBOX-B85 1409.7208.02
CPRI RE Test EXBOX-K10 1417.1170.02
CPRI REC Test EXBOX-K11 1417.1186.02

Note: Each option is delivered with a licence key for activation.

Standardized protocols require R&S EX-IQ-BOX 1409.5505K04 and the configuration

software R&S DiglConf.

3.2.2.2 User Defined Protocols

In addition to the two breakout boards single ended and differential, which are included

in delivery, the following options are available:

...Breakout board Option R&S... R&S part number
Cadence Palladium ... 090002-24x EXBOX-Z3 1417.3566.02
MDR (Mini Delta Ribbon) ... 090002-25x EXBOX-Z4 1417.3614.02

single ended and differential.

These options only consist of the breakout boards and are used the same way as the breakout boards types
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The R&S EX-IQ-BOX 1409.5502.02 provides only User Defined protocols.

3.2.2.3 Waveform Memory, Multi Waveform Playback and Recording Memory

3.2.2.4

Option R&S... R&S part number
Waveform Memory 64 MS EXBOX-K90 1417.1005.02
Multi Waveform Playback EXBOX-K91 1417.1011.02
Recording Memory 512 MByte EXBOX-K94 1417.1028.02

Waveform Memory, Multi Waveform Playback and Recording Memory require the
R&S EX-IQ-BOX 1409.5505K04 and the configuration software R&S DiglConf.

Digital Standards with R&S WinlQSIM2

The following software options providing digital standards are available. The signals gen-
erated with the aid of the R&S WinIQSIM2 software can be output by the Waveform
Memory or the Multi Waveform Playback of the R&S EX-IQ-BOX. Digital standards are
provided by the R&S EX-IQ-BOX 1409.5505K04 and the configuration software

R&S DiglConf.

Digital Standard Option R&S... R&S part number
GSM/EDGE EXBOX-K240 1417.1034.02
EDGE Evolution EXBOX-K241 1417.1040.02
3GPP FDD EXBOX-K242 1417.1057.02
3GPP FDD Enhanced EXBOX-K243 1417.1063.02
3GPP FDD HSUPA EXBOX-K245 1417.1070.02
CDMA 2000® incl. 1xEV-DV EXBOX-K246 1417.1086.02
1XEV-DO REV. A EXBOX-K247 1417.1092.02
IEEE 802.16 (WiMAXTM) EXBOX-K249 1417.1111.02
TD-SCDMA EXBOX-K250 1417.1128.02
TD-SCDMA Enhanced EXBOX-K251 1417.1134.02
IEEE 802.11n (WLAN-N) EXBOX-K254 1417.1105.02
EUTRA/LTE EXBOX-K255 1417.1140.02
HSPA+ EXBOX-K259 1417.1157.02

3.2.3 R&S DiglConf - Digital Interface Configurator

The software R&S DiglConf (Digital Interface Configurator for the R&S EX-IQ-BOX)
controls the protocol, data and clock settings of the R&S EX-IQ-BOX independently from
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the connected R&S instrument. Besides basic functions of the User Defined protocols,
this software utility supports the settings of the standardized protocol CPRI ; provided
that the appropriate options are available, see chapter 3.2.2, "Options", on page 22.
R&S DiglConf provides:

e the control of the R&S EX-IQ-BOX from a PC, or also from the R&S CMW

e parameter settings of the R&S EX-IQ-BOX 1409.5502.02 for User Defined protocols

® parameter settings of the R&S EX-IQ-BOX 1409.5502K04, for
— User Defined protoocols
— Standardized protocols

e data verification and transfer of Waveform Memory, Multi Waveform Playback and
Recording Memory

e activation of Digital Standards with R&S WinlQSIM2

The program is designed to be installed on a PC running a Microsoft® Windows 2000
(SP4) / XP (SP1) / Windows 7 (32/64 bit) operating system. A setup file, included in
delivery, covers an installation wizard, the executable program and all necessary program
and data files.

For information on installation of R&S DiglConf refer to chapter 4.4, "Installing R&S Dig-
IConf", on page 34.

Operating R&S DiglConf is described in the operating manual, chapter 6, "R&S EX-1Q-
BOX Configuration”, on page 53.

How to proceed for setting up an option refer to chapter 4.6, "Installing R&S EX-IQ-BOX
Options", on page 44.

Simulation mode
If no R&S EX-IQ-BOX is connected, R&S DiglConf runs in simulation mode. All options
are active, but real operation cannot be performed.

The latest software versions can be downloaded free of charge from the R&S website:

http://www.rohde-schwarz.com/product/EX-IQ-Box.html

3.2.4 Accessories

Various accessories support specific test configurations or modifications.

For example, if you want to connect the R&S EX-IQ-BOX to a second R&S instrument,
you need a second LVDS cable.

Or, if your application requires a specific cable, card or an individual pin assignment, the
user interface connector, the Tyco Z-Dok adapter, is separately available as R&S
EXBOX-Z1.

The breakout board R&S EXBOX-Z2 especially supports direct connection of two
R&S EX-IQ-BOXes, used for example for demo purposes.
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R&S EX-IQ-BOX, and R&S signal analyzer to the second one. The R&S EX-IQ-BOXes
are connected via the R&S EXBOX-Z2 breakout board.

The signal generator sends an I/Q signal to the first R&S EX-IQ-BOX which forwards this
signal to the second R&S EX-IQ-BOX via the breakout board. With the signal analyzer
you can evaluate and display the transmitted signal.

@ A conceivable scenario is for example: An R&S signal generator connected to the first

Accessory Option R&S... R&S part number

LVDS cable for connecting SMU-Z6 1415.0201.02

digital baseband interfaces

Tyco Z-Dok connector, EXBOX-Z1 1409.7437.01
168 pin (56 differential pairs)

Demo breakout board EXBOX-Z2 1417.3514.02

3.2.5 RA&S Instruments Working with the R&S EX-IQ-BOX

This sections provides an overview of the R&S instruments that work with the R&S EX-
IQ-BOX, provided that the instrument is equipped with the respective digital interface
option.

O\ Digital interface options of R&S instruments

/' For detailed information on the digital input and output options of the instruments refer to
the R&S EX-IQ-BOX data sheet, provided on the CD ROM, or the respective operating
manual of your R&S instrument.

Signal Generation

® R&S AMU200A - Baseband Signal Generator and Fading Simulator
® R&S SMU200A - Vector Signal Generator

e R&S SMBV100A - Vector Signal Generator

® R&S SMJ100A - Vector Signal Generator

Signal Analysis

e R&S FMUS36 - Baseband Signal Analyzer
® R&S FSV - Signal and Spectrum Analyzer
e R&S FSW - Signal and Spectrum Analyzer
e R&S FSG - Signal Analyzer

¢ R&S FSQ - Signal Analyzer

Radio Communication
e R&S CMW500 - Universal Wideband Radio Communication Tester
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4 Getting Started

This section introduces the control elements and connectors of the R&S EX-IQ-BOX and
explains how to put the device into operation. It encloses installation of the configuration
software R&S DiglConf, installation of options, and connecting the device to an R&S
instrument and the DUT.

4.1 Safety Instructions

General Precautions

A CAUTION

Shock hazard

Do not open the device casing. As a rule, normal operation of the device does not require
opening the casing. Observe the general safety instructions and regulations at the begin-
ning of the manual.

Risk of device damage

Note that the general safety instructions also contain information on operating conditions
that will prevent damage to the device. The device's data sheet may contain additional
operating conditions.

Before putting the device into operation, make sure that the following conditions are met:

e All fan openings are unobstructed and the airflow perforations are unimpeded. The
minimum distance from the wall is 10 cm.

e The device is dry and shows no sign of condensation.

e The interfaces of the device are correctly connected.

e The device is operated in the horizontal position on an even surface.

e The ambient temperature does not exceed the range specified in the data sheet.
e Signal levels at the input and output connectors are all within the specified ranges.

Failure to meet these conditions may cause damage to the R&S EX-IQ-BOX or other
devices in the test setup.
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A CAUTION

Risk of injury and instrument damage if stacking instruments

A stack of instruments may tilt over and cause injury and material damage because the
instrument's top surface area is too small.

Never stack instruments on top of each other. If you need to stack instruments, install
them in a rack.

M
(]|

Protection against Connector Overload

Avoid connector overload

The type of the electrical signals are based on various logic types (TTL or CMOS stand-
ard) performing different logic levels. The logic type of the connected DUT must be com-
patible to the set logic type of the R&S EX-IQ-BOX. Inappropriate logic types may cause
damage to the R&S EX-IQ-BOX or to the DUT.

Make sure that the signal level is compatible to the set logic type and does not exceed
the permissible limits.

Follow the allowed maximum values, listed in the data sheet!

As soon as a protocol is activated or the logic type is changed during the operation, the
following warning message appears:

& War ning r‘s__<|

The current Lagic Type of EX-1/Q-Box is <LvDS>.
The use of an incompatible Logic Type might damage the hardware!

Do you want to apply the changes?

0]24 Cancel [

The setting is executed only after confirmation of the warning message.
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Protection against Electrostatics

Risk of electrostatic discharge

Protect the work area against electrostatic discharge to avoid damage to the electronic
components in the modules. For details, refer to the safety instructions at the beginning
of this manual.

EMI Suppression
@ Electromagnetic interference (EMI) may affect the measurement results.
To suppress generated electromagnetic interference (EMI):
e Use suitable double shielded LAN (CAT 7), SMA and BNC cables of high quality.
e All connected cables must not exceed 3m in length.
e All unconnected outputs and lines have to be terminated properly with 50 Ohms.

e Use only the USB cable included in delivery.
Note: USB cables are of varying and often poor quality. Therefore, it is recommended
that you use only the supplied USB cable.

e Use only the power supply included in delivery.

e Use the cable R&S SMU-Z6 for connection to the DIG I/Q interfaces of the instrument.
The required cable is available under part number 1415.0201.02.

e Note the EMC classification in the data sheet.

Power supply

Danger of instrument damage when using a power supply other than specified!

Use only with the approved power supply of type:
Vendor: CINCON ELECTRONICS CA., LTD.
Model: TR45A05-11A01

Input: 100-240VAC 1.5A 50-60Hz

Output: 5VDC 6.0A

operation after connection of the power supply and the USB. Also the device is powered

@ The R&S EX-IQ-BOX must not be specially switched on or switched off, but is ready for
off while the USB connection is disconnected and the net plug is pulled.

1
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4.2 Unpacking the R&S EX-IQ-BOX

To remove the device from its packaging and check the equipment for completeness
proceed as follows:

1. Remove the R&S EX-IQ-BOX and the various components from their packaging.
2. Check the equipment for completeness using the delivery list.

3. Check the device for any damage. If there is damage, immediately contact the carrier
who delivered the device. Make sure not to discard the box and packing material.

\ Packing material

/ Retain the original packing material. If the R&S EX-IQ-BOX needs to be transported or
shipped at a later date, you can use the material to prevent control elements and con-
nectors from being damaged.

A CAUTION

Risk of injury and instrument damage if stacking instruments

A stack of instruments may tilt over and cause injury and material damage because the
instrument's top surface area is too small.

Never stack instruments on top of each other. If you need to stack instruments, install

them in a rack.
C 2

4.3 Control Elements and Connectors

This section explains the control elements and connectors of the R&S EX-IQ-BOX with
the aid of the front and rear views.

1
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Control Elements and Connectors

4.3.1 Front Panel Tour

This section gives an overview of the control elements and the connectors at the front
panel of the R&S EX-IQ-BOX. Each element/connector is briefly described and a refer-
ence is given to the chapters containing detailed information.

1 2 3 4
(% - é ROHDE&SCHWARZ EXx10-BOX 1409.5505K04
1 2 USER INTERFACE ERROR
L ® © I .I I' e —— .l I I L.
G ¢ ¢ * == *L@
o G oot
STATUS
* - *

Fig. 4-1: Front panel view

4311 STATUS -LEDs

1 2
® O
e ©
3 4
STATUS

1 Status LED for DIG I/Q IN/OUT 1

e Green: the interface is active.

e Yellow: the interface is initializing.
e Off: the interface is not connected.

2 Status LED for DIG 1/Q IN/OUT 2

e Green: the interface is active.

e Yellow: the interface is initializing.
e Off: the interface is not connected.

3 Status LED for PLL (Phase Locked Loop)
e Green: the PLL is active and locked.

o Yellow: the PLL is active and unlocked.
e Off: the PLL is switched off.

4 Status LED of the breakout board

e Green: the breakout board is active.

e Yellow: the breakout board is connected.
e Off: the breakout board is not connected.

1
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4.3.1.2 User Interface

NI

Fig. 4-2: TYCO Z-Dok adapter board connector, 56 differential pairs

See chapter 10.1.1, "Z-DOK-Adapter Board Connector", on page 355.

User interface for serial or parallel transmission of digital 1/Q data (up to 20 bit wide data
bus), data clock and control signals, connected by a 168 pin connector, type TYCO Z-
Dok (56 differential pairs).

This interface is used to connect the breakout boards.

4.3.1.3 MODE-LED

©

MODE

The MODE LED indicates current activities of the R&S EX-IQ-BOX.
e Green blinking: the configuration file (application specific image) is loading.

e Green continuous: the configuration file (application specific image) is currently
active. Data transmission is possible.

e Yellow blinking: the initialization (initial image) is loading.
e Yellow continuous: the initialization (initial image) is currently active.
e Off: there is no configuration file loaded. Therefore, data transmission is not possible.

4314 ERROR-LED

ERROR

The ERROR LED indicates an error of the R&S EX-IQ-BOX.
e Off : no error occurred.

® Red: an error has been detected. R&S DiglConf or the connected R&S instrument
display an error message.
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4.3.2 Rear Panel View

This section gives an overview of the control elements and the connectors on the rear
panel of the R&S EX-IQ-BOX. Each element/connector is briefly described and a refer-
ence is given to the chapters containing detailed information.

3 4

*;@ Eqﬂ_ v © o G

d

[ N |
) @ A
SVDC/SA
REF IN NG 10 IN/OUT 2 DIG 10 INJOUT 1 LLAN USE IN | ==+
(IR I T IO YR PRI DRI 00 |
x.* S0P RRORD SRR RRORDORRY x.*

Fig. 4-3: Rear panel view

4.3.21 REF IN - Reference signal input

©

REFIN

BNC connector for input of a reference signal provided by the R&S instrument.

43.22 IN/OUT-LED

©
ouT

The interface LEDs indicate the operating mode of the digital interfaces.
e Green: the interface is operating in input mode.
e Yellow: the interface is operating in output mode.

4.3.2.3 DIGI/QIN/OUT2, 1 - Digital interfaces

| G | v | G | »

DIG IQ IN/OUT 2 DIG 1Q IN/OUT 1
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Connectors for the input or output of the digital 1/Q signal. The R&S EX-IQ-BOX covers
two digital interfaces; both ports can be used for either signal input or output.

One cable for the connection between the digital 1/Q interfaces of the R&S EX-IQ-BOX
and an R&S instrument is included in delivery. Additional cables are available separately.
Refer to chapter 3.2.4, "Accessories", on page 24 for the R&S part number of the asso-
ciated cable.

4.3.2.4 LAN - Interface

&

LAN

The LEDs at the top indicate activity and status of the interface.
e Green: a link is active.
e Yellow: transmission is active.

control the R&S EX-IQ-BOX via this interface. Data and settings of the R&S EX-IQ-BOX

@ The LAN connector is intended for future use and it is not possible to directly remote-
are controlled via the USB interface.

The R&S EX-IQ-BOX is connected to the LAN with the aid of a commercial RJ-45 CAT7
cable. The interface supports 10/100/1000Mbps Ethernet IEEE 802.3u.

4.3.2.5 USBIN - USB interface type B

USBIN

Universal Serial Bus interface of type B (device "USB"). This port is used for communi-
cation with the host instrument.

The interface supports two data rates:
e High-speed data rate of 480 Mbit/s.
e Full-speed rate of 12 Mbit/s.

An USB cable for the connection is included in delivery.
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4.3.2.6 POWER - Power supply

— POWER —/

0@&

SVDC/5A
-+

The R&S EX-IQ-BOX is supplied with an external power supply unit and a separate power
cable, see chapter 4.5, "Connecting the R&S EX-IQ-BOX", on page 42.

The Power LED indicates the different operating states of the device, depending on the
state of the external voltages.

e OFF: the external power supply unit is not connected ("Power Off state").

e Yellow: the main power of the device is on but the USB power is off (Standby

state).

e Green: the main power and the USB power are on. The device is ready for operation.

4.4 Installing R&S DiglConf

This section describes how to install the software R&S DiglConf (Digital Interface
Configurator), the tool for controlling the protocol settings of the R&S EX-IQ-BOX. It also
encloses the hardware and software requirements which have to be met for installation.

Software and Hardware Requirements

It is recommended that your PC fulfills the following minimum requirements:

Component

Minimum requirement

Operating system

Windows 2000 SP4 / XP SP1 (32 bit), Windows 7

CPU

Pentium 4, 1 GHz or higher

RAM

256 MB

Hard disk

100 MByte free space

Monitor

XGA monitor (1024 x 768)

Interfaces

USB 2.0

Tip: USB 1.1 is also supported, but due to the lower transmission speed, it is
recommended to operate with USB 2.0.

N\ For some Rohde & Schwarz instruments, e.g. the R&S CMW500, it is possible to install

/ R&S DiglConf directly on the instrument. The operating manual of the instrument states

if the instrument supports this mode of operation. The installation on the instrument is the
same as on the PC, see below.
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441

Installing R&S DiglConf

Prerequisites

e Uninstall the old software version, as described in chapter 4.4.3, "Uninstalling",
on page 38.

e Close any running applications.
e Disconnect all R&S EX-IQ-BOXes and do not connect any during installation.

Installation

The setup file DiglConf_x.xx.xxx.exe for the installation of the R&S DiglConf is included
in the delivery of your R&S EX-IQ-BOX or can be downloaded from the R&S website:
http://www.rohde-schwarz.com/product/EX-IQ-Box.html

» Execute DigIConf x.xx.xxx.exe
in the windows explorer and follow the installation instructions of the R&S DiglConf
setup wizard.
The version number x.xx.xxx in the filename represents the current version. Each
update has a new release number.

During installation the program creates various subdirectories needed by the application.

Additionally, the installation wizard checks the status of the registry entry "Disable CAD"
in order to exclude logon conflicts during later operation. The wizard prompts you to
modify the DisableCAD status accordingly, in order to fix these conflicts.

4% R&S DiglConf Setup

R&S EX-IQ-BOX has a Smart Card that will be interpreted by Windows as Login Card.
To avoid inconveniences by login it is recommended to make some changes in the registry.

£ ‘fou can also do it later referring to "Installing R&S DiglConf™ in the R&S EX-IQ-BOX Quick Start Guide.

Do you want the installation wizard to apply these changes now?

[ Yes ] [ MNo ]

Fig. 4-4: R&S DiglConf Installation > Modify DisableCAD

o "Yes"
Accept modification.
The installation wizard sets DisableCAD=0 in the registry.
[HKEY LOCAL MACHINE\SOFTWARE\Microsoft\Windows\CurrentVersion
\policies\system]"DisableCAD"=dword:00000000
A connected R&S EX-IQ-BOX does not cause any conflicts at startup and logon.
e "No"
Reject modification.
The parameter DisableCAD remains 1 and you must disconnect the R&S EX-IQ-
BOX before every login and connect it afterwards again.

Backgound: Depending on this registry entry, a connected R&S EX-IQ-BOX may cause
an infinite loop at the Windows logon prompt. It occurs during a logon because Windows
interprets the internal SmartCard of the R&S EX-IQ-BOX as a medium for login. You find
more details also in chapter 4.4.4, "Known Restrictions on SmartCard Related Issues”,
on page 39.

1
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It is recommended that you accept modification.

However, itis also possible, to modify the status later on. The installation wizard prepares
the respective entries for a later modification.

In the last installation window the setup wizard provides a shortcut to the desktop and
you can run R&S DiglConf.

Starting

R&S DiglConf can either be started via:

the menu item "Start > Programs > R&S DiglConf > DiglConf_x.xx.xxx",
@ R&s DiglConf Help and Manuals  »
dg¥ RS DiglConf

ﬁi‘ Uninstall

by starting DigIConf.exe in the MS®Windows explorer, located in the prgram files
directory, $Program Files%\Rohde-Schwarz\DigIConf

Folders

= 3 piglenf ~
I Calibration

or via
the "application icon" on the desktop.

R25 DiglConf

Startup takes several seconds. At runtime a startup window is indicated until the software
is ready for operation. After startup, the R&S DiglConf main application window is dis-
played.

1
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F&IR&S DiglConf [ [=1[E3]
Fis Tools Debug Help

1 & d SCPL

Info

Fig. 4-5: R&S DiglConf main application window

The main application window shows the current configuration and the signal flow in form
of a block diagram.

Depending on the test configuration different elements are indicated. For example, if the
R&S EX-IQ-BOX is connected with an R&S instrument, R&S DiglConf shows a separate
function block with information about the connected instrument. Input/Output symbols in
the block diagram show the currently used inputs and outputs and the lines indicate the
signal flow.

The following pictures show an example of how R&S DiglConf adjusts the display accord-
ing to the test configuration. If several boxes are connected, the respective test configu-
ration is indicated for every R&S EX-IQ-BOX.

DIGIQ-IN
AMUZ00A (100010) || ="
CPRIS <= our
DIG 10 OUT (2
R |

Fig. 4-6: R&S DiglConf display of the R&S EX-IQ-BOX connected to an R&S AMU200A

E

DIG 12|

DIG1Q-0UT

FS%-30 (100996.030)

Fig. 4-7: R&S DiglConf display of the R&S EX-IQ-BOX connected to an R&S FSQ-26
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DIG-1Q-IN
g | '
<.>
DIG1Q-0UT
rvn e | [

Fig. 4-8: R&S DiglConf display of the R&S EX-IQ-BOX operating in bidirectional mode

For a detailed description of the application window and its elements refer to the operating
manual, chapter 6.1, "R&S DiglConf Configuration Software", on page 53.

4.4.3 Uninstalling

Uninstall the software with the aid of R&S DiglConf uninstaller,

1. "Start > Programs > R&S DiglConf > Uninstall"

DiglConf Help and Manuals  »
40 R&s DiglConf

? Uninskall

or the PC's control panel,

2. "Start > Settings > Control Panel" in the Windows task bar and open the "Add or
Remove Programs" dialog. Uninstall the program with "Remove".

fddress |[} Cantrol Pane!

Tame Comments
6Accessibility COptions Adjust your computer settings For vision, hearing, and
= Add Hardware Installs and kroubleshoots hardware

i add or Remove Programs Install or remove programs and Windows components,
L Aadministrative Tools Confiqure administrative settings for vour computer,

The uninstall routine identifies all currently installed R&S DiglConf components,
including the relevant files, such as files with user-specific settings.

Before uninstalling, the program asks whether you want to delete the settings direc-
tory as well.

R&S DiglConf Uninstall

L] 5 Do you want also remove R&S DiglConf settings directary (C:/Program Files/Rohde-Schwarz/DigIConf)?
L3

[ Yes l [ Mo ]

3. Confirm or reject, and start uninstalling.
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& R&S DiglConf Uninstall

Uninzstall R&S DiglConf
Remove R&S DiglConf from your computer. ROHDE&SCHWARZ

R&S DiglConf will be uninstalled from the following folder. Clidk Uninstall to start the
uninstallation.

Uninstalling from: | C:\Program Files\Rohde-Schwarz\DigIConf

[ Uninstall ] [ Cancel

The uninstaller removes all currently installed R&S DiglConf software items.
After completion the uninstall process is confirmed and can be finished with OK.

6 If you have decided to keep the preference files, the respective directories of DiglConf
remain.

FEX
File Edit View Favorites Tools Help i ,'
= ) ] @) .
e Back </ l.@ |f f 7 Search ‘[{:‘ Folders || |y | B~ x n
Address |@ C:\Program Files\Rohde-Schwarz\DigIConf vl Go
Folders ¥ | Name 5. | Type Date Modified
= ) Rohde-Schwarz || [Chsettings File Folder 22,10.2009 10:41
25 IChData File Folder 03.12.2009 1425
=) Data | ICD)Userspecdific Settings File Folder 03.12.2009 14:33
@ Settings
|53 UserSpedific Settings Z
— e 2
< | b

4.4.4 Known Restrictions on SmartCard Related Issues

If a R&S EX-IQ-BOX is connected while the computer is locked, login can be performed
without any conflicts coming up. But if a R&S EX-IQ-BOX is already connected and you
want to log in, the following "Logon Message" appears:

1
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x

| ] ‘_\. The card supplied requires drivers that are not present on this system. Please try another card.
L

Fig. 4-9: R&S DigIConf Installation > Logon message

Windows interprets the internal SmartCard of the R&S EX-IQ-BOX as a medium for login
and therefore causes this message.

When trying to confirm, the system reacts in different ways, depending on the status of
the "DisableCAD" registry entry:

1. "Logon Message" remains
The system repeats the SmartCard error message and blocks the login. Disable-
CAD=1, i.e. the Windows security attention sequence (CTR-ALT-Del) for login is
skipped. Windows tries to log in with the smart card and fails.
To terminate:

a) Disconnect the R&S EX-IQ-BOX to enable login.

b) Login.

c) Connect the R&S EX-IQ-BOX again.

Note: To solve this conflict for later operation, deactivate DisableCAD in the registry.
The DisableCAD parameter determines whether you need to press CTRL+ALT
+DEL keys to log in, or whether the login window directly appears after at startup or
after locked desktop.

2. "Logon Message" disappears
The system forwards to the "Computer Locked" dialog box. In this case, Disable-
CAD=0, Windows requires users to press CTR-ALT-Del (security attention
sequence) for login.

a) Press CTRL+ALT+DEL to unlock the computer and log in as usual.
The connection to the R&S EX-IQ-BOX may remain.

4441 How to avoid the SmartCard Conflict

The only way to avoid the conflict reliably, is to set DisableCAD=0. If the setting has not
been modified yet, proceed as follows.

To modify this registry entry, R&S DiglConf provides the file DisableCAD. reg in the
directory:

$APPDATA%\Rohde-Schwarz\DigIConf\Registry

» Execute DisableCAD. reg to deactivate the setting, i.e. to enable the "Press Ctrl-
Alt-Del" security attention sequence.
The entry is automatically set to 0. Login can now be performed with connected
R&S EX-IQ-BOXes without conflicts.

1
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R&S DiglConf also provides the file EnableCAD. reg in the installation directory to dis-
able the sequence accordingly.

4.4.4.2 DisableCAD - Background Information

The DisableCAD parameter determines whether you must press the (CTRL+ALT+DEL)
security attention sequence for windows login, or whether the login window directly
appears after startup or after locked desktop.

e DisableCAD=0
This status requires users first to press CTRL+ALT+DEL, the windows security atten-
tion sequence to access the Windows login dialog box.

= Tk

' Windows:

Copyright i 1985- 2001 I I F‘rﬂf 0N al

Pl rtessil, Cergaaration

& This computer is in use and has been locked.

iy s or an administrator can uniock this
complter,

Press Jirl-Alb-Oed ko unlock thes compitar.,

Fig. 4-10: Windows security attention sequence check box

The Windows dialog box opens, as shown below.

e DisableCAD=1
The Windows login dialog box appears immediately after booting, or locked desktop.
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Unlock Compuber

EE This campiter i inuse and has bean locked,

Only Lger or an administrabor
can unlock this computer.

Uses name: | &S EX-1Q-Box User

Fassword: | SHEERE R R

0K CATCE Options =>

Fig. 4-11: Windows login dialog box

The require users to "Press Ctrl-Alt-Del" check box is skipped.

4.5 Connecting the R&S EX-IQ-BOX

This section describes how to connect the R&S EX-IQ-BOX in principle, i.e. to the power
supply, to a PC, an R&S instrument and to the DUT. Connection and startup require no
particular order, but it is recommended that you follow the procedure as described below.
Connection
It is assumed that all R&S instruments in the test setup are properly power supplied and
switched on.

1. Power supply

r— POWER—  Power supply: 30 W switching power supply adapter with an input voltage of
o @ A 100to240VAC,

VDC/5A
o The R&S EX-IQ-BOX is power supplied with an external power supply unit and a separate
power cable. The external power supply unit provides all required voltages of the hard-
ware.

» Connect the R&S EX-IQ-BOX to the AC supply.
The R&S EX-IQ-BOX is in ready state, if USB is already connected (POWER LED
= green). Without USB connection the device R&S EX-IQ-BOX is in standby state
(POWER LED = yellow).

1
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@ The device is still power-supplied while it is in standby mode.

2. USB Connection

To establish a connection between the R&S EX-IQ-BOX and a PC or an R&S instrument
@J (R&S EX-IQ-BOX 1409.5502.02), proceed as follows:

USBIN 1. Connect the USB cable plug B to the R&S EX-IQ-BOX USB IN

2. Connect the USB cable plug A to the PC or to the instrument

Device driver

If the R&S EX-IQ-BOX is connected for the first time, the Windows Hardware Wizard
requires the installation of the appropriate device driver. The same applies if you install
a new update of R&S DiglConf.

Follow the wizard instructions until windows has finished the driver installation. If the
installation is finished, a message is displayed in the info line.

||EX10-BOX-FP2: connected an USB Info |

The software drivers need to be installed only once for a device. Due to the operation
mode of USB, every new R&S EX-IQ-BOX needs a driver installation.

3. Data signal connection

1. Establish the connection for the reference frequency.

a) Connect the coaxial cable to REF IN-BNC connector of the R&S EX-IQ-BOX.
b) Connect the coaxial cable to REF OUT of the instrument.

©

2. Establish the digital interface connection.

a) Transmitter Mode

Connect the LVDS cable between the R&S EX-IQ-BOX (DIG 1/Q IN/OUT 2) and
the BASEBAND DIGITAL IN of the R&S instrument

illml-l-*

DIG 1Q IN/OUT 1

i{llmﬁw
DIG 1Q IN/OUT 2
b) Receiver Mode
Connect the LVDS cable between the R&S EX-IQ-BOX "DIG I/Q IN/OUT 2" con-
nector and the "BASEBAND DIGITAL IN" of the R&S instrument.
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On connecting the LVDS cable the R&S instruments and the R&S EX-IQ-BOX detect
the connection established between them. Depending on the instrument the indica-
tion for a successful connection differs, it is either a short message in the info line or
a graphical message.

4. Connection to the DUT

1. Connect the respective breakout board (USER INTERFACE).

11, Z===s=taeaeaaaaeeee: |1 Ii

2. Establish the appropriate connection to the DUT.

Installing R&S EX-IQ-BOX Options

This section explains how to install an option of the R&S EX-IQ-BOX.

Prerequisites

Before installing an option, make sure that the R&S EX-IQ-BOX is power supplied and
an USB connection is established.

Keep the license key ready that is provided with the software option.

Installation

The software options are installed on the R&S EX-IQ-BOX using R&S DiglConf.

1. Start R&S DiglConf.

2. Inthe "Tools" menu, select "Tools > EX-IQ-BOX Device Manager".

#! DiglConf

File | Tools Help

I Pratection. ..

The "EX-IQ-BOX Device Manager" dialog opens.

fice Manager. ..

1
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& EX-10-BOX (100024): Device Manager

Ex-IQ-BOX Device 100024 =

Hardware Options

y

Hardware Info

Part Mumber 1409.5505K04
Serial Murnber 100024
EZ-USB/ARM Firmware “ersion 00.00.1-0

FPC Firrrware Yersion
FPGA DiglO Yersion Biase 00.16.006 Release

FRGA BOB “ersion

Board Part Number 1
Board Serial Number 5]
Board Revision 4
Breakout Board Type EXBOX-B81
Breakout Board Serial Mumber 456

Breakout Board Revision 03.01

The hardware tab indicates various information on a selected device, like part num-
ber, serial number, firmware version, and so on.

3. Inthe "Options" tab, select the appropriate "EX-IQ-BOX Device".
The list box lists each connected R&S EX-IQ-BOX.

& EX-10-BOX (100024): Device Manager Al=.3]

EX-1Q-BOX Device 100024 =
Hardware |Opti0ns|

Device D 1409.5505K04-100024-eC

Installed Options

Ciption Description =
EXBOX-BE1 Breakout Board for DigRF(Sh)
EXBCx-B85  Breakout Board for CRPRITH)
EXBOX-B99  |User specific application
EXBOX-K10  |CPRITM) RE Test
EXBOX-K13  [DigRF 3G RF-IC Test

g

Enter License Key

ﬂﬂﬂﬂmﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ‘

Enter License key ‘

Import License Key From FiIe...| |E}{p0r1 Deactivation Response To File...|

1
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For detailed description on this dialog refer to chapter 6.1.6.1, "EX-IQ-BOX Device
Manager", on page 65 in the operating manual.

4. To enter the license key, perform one of the follwoing:

e in the "Enter License Key" text box, enter the license key code manually.
e Select "Import License Key from File", and proceed accordingly.

5. Enter the license key provided with the option in the "Option-Key" field and confirm
with "Enter".

6. Confirm with "OK".

R&S DiglConf immediately shows the newly enabled option in the table.

Installing several options
Just repeat step 3 to install more options on the same device or steps 2 and 3 to install
options on other devices.

Checking for installed options

To check installed options proceed as follows:
1. Open the "EX-IQ-BOX Device Manager" dialog.
2. Select the R&S EX-IQ-BOX from "EX-IQ-BOX Device".

The installed options are displayed in the "Installed Options" table.

1
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5 Application Examples

This chapter covers some application examples. The test setups show the R&S EX-1Q-
BOX controlled by R&S DiglConf. Applications with User Defined Interface transmission
protocols also support the direct control of the R&S EX-IQ-BOX by R&S Instruments.
Standardized interface protocols always require the configuration by R&S DiglConf.

5.1 Baseband Receiver Chip Test

Example of the generation of a standards-compliant digital baseband signal for checking
the quality of a receiver.

R&S Signal Generator

= 291 Digital 1Q data
' R&S
Fading 1Q format
Noise
Impairments
Reference
vy o

R&S EX-IQ-BOX
Transmitter o am @ ®rowesscmanz oo = ==0
mode 5 BT —————— Iy

- @

9
®

Breakout board

Digital 1Q Clock
data
>
BB Chip
SPECific 1Q forma imm—]p

Digital baseband

Fig. 5-1: Application example of a baseband receiver chip test

An R&S signal generator together with the R&S EX-IQ-BOX provides digital baseband
signals for all important mobile radio and wireless digital standards such as EUTRA/LTE,
3GPP, HSPA, GSM/EDGE, WIMAX IEEE 802.16 and WLAN IEEE 802.11n. All signal
generator functions are also available for generating digital baseband signals, plus all
signal processing functions to yield effects such as fading, AWGN or I/Q impairments.
This allows measurements on baseband receiver chips to be performed accurately and

1
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reproducibly. With the aid of bit and block error ratio measurements the quality of the
receiver can be tested.

5.2 CPRI Test Setup

The following test setups show two typical CPRI test scenarios with the R&S EX-IQ-BOX.
First, the R&S EX-IQ-BOX emulates the baseband module, and in the other example, it
acts as the RF part.

5.2.1 Typical CPRI RE Test Setup

Example of a typical CPRI RE (Radio Equipment = RF unit) test scenario, where the
R&S EX-IQ-BOX acts as a baseband module REC (Remote Equipment Control).

The test setup requires the CPRI breakout board, option R&S EXBOX-B85, the CPRI RE
Test, option R&S EXBOX-K10 and the configuration software R&S DiglConf. For details
on available options, see chapter 3.2.2.1, "Standardized Protocols", on page 22.

_ R&S SMU200A _

Reference

R&S
1Q format

1Q format

Receiver

v o

R&S EX-IQ-BOX
Bidirectional o ew g ©oressscmanz e ek

mode == i

Breakout board

Optical or R&S FSQ
electrical link ==
Downllnk
TX
CPRIlink Receiver
CPRIRE
(Radio Equipment) 4 R&S SMUZ00A
RX i
Baseband RF
Upllnk

Transmitter

Fig. 5-2: Application example of a RE test setup with the digital interface protocol CPRI
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5.2.2

CPRI Test Setup

The test setup covers the downlink and the uplink. It provides testing both directions either
simultaneously, i.e. full duplex, or uplink and downlink seperately.

The downlink signal flow

The R&S baseband signal generator feeds a baseband signal (e.g. an LTE downlink) in
the R&S specific 1/Q format to the R&S EX-IQ-BOX. The R&S EX-IQ-BOX converts the
R&S 1/Q format into the CPRI protocol. The CPRI link transmits the 1/Q baseband signal
and control & management information from the R&S EX-IQ-BOX to the DUT, in this case
the CPRI RE Device.

The CPRI RE device extracts the baseband signal from the CPRI link and executes an
I/Q modulation to a certain carrier frequency RF. The resulting RF signal is sent to the
R&S spectrum-analyzer, to perform various measurements, e.g. ACP (Adjacent Channel
Power) or EVM (Error Vector Magnitude) evaluation.

The uplink signal flow

The R&S vector signal generator feeds an RF signal (e.g. an LTE uplink) via the antenna
input into the CPRI RE device. The DUT converts the signal from RF to baseband and
transmits the baseband signal by using the CPRI link.

The R&S EX-IQ-BOX extracts the 1/Q baseband signal from the CPRI protocol and sends
the signal in the R&S specific 1/Q format to the R&S signal analyzer for demodulation.

All settings regarding the baseband signal (e.g. LTE) are directly controlled by the R&S
signal generator and analyzer, respectively.

CPRI settings like I/Q mapping or link settings are controlled by the configurator software
R&S DiglConf .

In addition to the I/Q data, C&M (Control and Management) information is embedded in
the CPRI protocol. These parameters are also set with the aid of R&S DiglConf.

An Ethernet connector provides fast C&M, and the R&S DiglConf inline text console can
be used for slow C&M.

Typical CPRI REC Test Setup

Example of a typical CPRI REC (Radio Equipment Control = baseband unit) test scenario,
where the R&S EX-IQ-BOX acts as a RF module RE (Remote Equipment).

N\ The test setup requires the CPRI breakout board, option R&S EXBOX-B85, the CPRI
) REC Test, option R&S EXBOX-K11 and the configuration software R&S DiglConf. For

details on available options, see chapter 3.2.2.1, "Standardized Protocols", on page 22.
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R&S FSQ

R&S Digital 1Q data

1Q format > Receiver
(downlink)
R&S Digital 1Q data
1Q format [
o< Reference > .
R&S EX-IQ-BOX Transmitter
Bidirectional , _ , & esscmns v =T (uplink)
mode C— A n————— iy
=0 ,
Breakout board
Downlink »
gl Optical or

CPRI REC

electrical link

(Radio Equipment Control) &——CPRllin

Baseband

A

Uplink

Fig. 5-3: Application example of a REC test setup with the digital interface protocol CPRI

The test setup covers the downlink and the uplink. It provides testing both directions either
simultaneously, i.e. full duplex, or uplink and downlink separately.

The downlink signal flow

The DUT, in this case the CPRI REC device, generates a digital baseband signal (e.qg.
an LTE downlink) and transmits this signal over the CPRI link.

The R&S EX-IQ-BOX extracts the 1/Q baseband signal from the CPRI protocol and sends
the signal in the R&S specific 1/Q format to the R&S signal analyzer for demodulation.

The R&S signal analyzer features various measuring methods, as e.g. ACP (Adjacent
Channel Power) or EVM (Error Vector Magnitude) evaluation. Use this measurement
methods to examine the validity and quality of the digital baseband signal, or to evaluate
the influence of numerical imperfections, e.g. quantization effects depending on the I/Q
resolution.

The uplink signal flow

The R&S signal generator feeds an UE uplink signal (e.g. an LTE uplink) in the R&S
specific 1/Q format to the R&S EX-IQ-BOX.

The R&S EX-IQ-BOX converts the R&S 1/Q format into the CPRI protocol. The CPRI link
transmits the I/Q baseband signal and control & management information from the
R&S EX-IQ-BOX to the DUT, in this case the CPRI REC device.

The DUT must now be able to demodulate the UE uplink signal. Use the various func-
tionalities of the R&S signal generator, e.g. add Channel Fading, AWGN (Additive White
Gaussian Noise) and I/Q impairments in order to perform a very powerful and realistic
receiver / demodulator measurement with this test scenario.
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All settings regarding the baseband signal (e.g. LTE) are directly controlled by the R&S
signal generator and analyzer, respectively.

CPRI settings like I/Q mapping or link settings are controlled by the configurator software
R&S DiglConf.

In addition to the I/Q data, "C&M" (Control and Management) information is embedded
in the CPRI protocol. These parameters are also set with the aid of R&S DiglConf.

An Ethernet connector provides fast C&M, and a RS-232-C connector provides slow C&M
in real time.

5.3 In-Circuit Emulation for Wireless Designs

The following test setup example requires the Cadence Palladium Breakout Board, option
R&S EXBOX-Z3, and the configuration software R&S DiglConf.

The following example shows a test setup for the emulation of a chip in a software model:

< Rras DiglConf

R&S CMWS500 Protocol Tester

Uplink

Frequency reference R&S EX-1Q-BOX

Digital 1Q data

aR&S |Q f0IMN i—- — i

Breakout Board

Clock 4 Q data

A I
Digital L
1Q data Specific Q forma gy

USB control

Downlink
-

R&S EX-IQ-BOX
Fi fi
requency re erence: @ e @ &tk wow e
= -iide=="
R&S IQ form — >

@
1Q data

Breakout Board Specific 1Q forma e

" Clock

Palladium Il

Fig. 5-4: Application example of an in-circuit emulation of wireless designs

This test setup shows an R&S CMW500, equipped for protocol testing which creates an
I/Q signal. The signal is then converted by an R&S EX-IQ-BOX and fed to the emulator.
A second R&S EX-IQ-BOX converts the incoming signal from the emulator and feeds it
into the baseband section of the R&S potocol tester. Both R&S EX-IQ-BOX devices are
controlled by R&S DiglConf. For detailed information on this application refer to the oper-
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ating manual of the protocol tester, and the to http://www.rohde-schwarz.com/appnote/
1CM75 on the internet.


http://www.rohde-schwarz.com/appnote/1CM75
http://www.rohde-schwarz.com/appnote/1CM75
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6 R&S EX-IQ-BOX Configuration

The versatile functionality of the R&S EX-IQ-BOX and its options provide convenient
adjustment for signal transmission between different digital interfaces and communica-
tion protocols. It supports both user defined protocols or the standardized transmission
protocol CPRI.

The configuration software R&S DiglConf enables you to configure and control the
R&S EX-IQ-BOX via PC. Some R&S instruments, as e.g. the R&S CMWA500, also provide
installing R&S DiglConf on the instrument directly. Check in the operating manual to see
if your R&S instrument supports this mode of operation. Refer to chapter 3.1, "Basic
Operating Modes", on page 14 for description in detail.

\ The R&S EX-IQ-BOX, model 1409.5505.02, additionally supports direct control from an
/ R&S instrument in User Defined mode. Due to the enhanced capabilities of the R&S EX-
IQ-BOX 1409.5505K04, this model is controlled by R&S DiglConf exclusively, since it
supports all applications.

The following references lead you to the appropriate descriptions for using R&S DiglConf,
and configuring the R&S EX-IQ-BOX for the respective applications:

e R&S DiglConf Configuration Software, comprises the graphical user interface and
basic functionalities of R&S DiglConf, including configuration dialogs and basic infor-
mation on remote control.

Note: The latest software versions can be downloaded free charge from the R&S
website:
http://www.rohde-schwarz.com/product/EX-IQ-Box.html

e Configuration via R&S Instruments covers all specific characteristics of an R&S
instrument in conjunction with an R&S EX-IQ-BOX1409.5505.02, separately descri-
bed for every instrument family. E.g. the indication of the R&S EX-IQ-BOX in an
instrument and access to the parameters of the R&S EX-IQ-BOX in an instrument’s
dialog. This constellation applies to User Defined applications.

Separate chapters contain protocol settings of the specific operating modes:

e chapter 7.1, "User Defined", on page 95 covers the parameters and settings for
serial or parallel transmission of I/Q signals, including clock modes, data rates and
logical signal levels.

e chapter 7.2, "CPRI", on page 126 covers explanations and the description to this
standardized protocol.

6.1 R&S DiglConf Configuration Software

This chapter describes the graphical user interface of R&S DiglConf, including the layout
of the application window, the display, controls and how to operate the configuration
software R&S DiglConf. Additionally the chapter contains information on special features
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concerning the connection of the R&S EX-IQ-BOX to R&S instruments and the respective
configuration dialogs.

6.1.1 Graphical User Interface - Overview

After starting the R&S DiglConf software the main application window opens.

The appearance of the application window is based on the Microsoft®Windows layout,
covering

e a header with the name of the window and buttons for minimizing and closing

e a menubar with functions to file management, tools and access to the help system
a toolbar with icons for saving ore restoring instrument settings

e adisplay with a block diagram and the infoline
e ataskbar with softkeys showing open dialogs that are minimized

E% Res DiglConf . =0E3
File Tools Help
= B SCPI =

sel : fined DUT

DIG 10 OUT (2)

Iv]
ME

’ Info

Fig. 6-1: R&S DiglConf main application window

= window header

= menu bar

= tool bar

= remote indicator

= block diagram

5a = connector symbol

5b = EX-IQ-BOX functional block

a b wWN =
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5¢ = DUT block

5d = graphical signal display

6 =infoline
7 = task bar

R&S EX-IQ-BOX Configuration
I EEEEEEEEE———
R&S DiglConf Configuration Software

The following description mainly refers to R&S DiglConf and to the R&S EX-IQ-BOX. For
windows functionalities refer to Microsoft® Windows help system.

Menu Bar

The menu bar covers menus with functions for file management, tools for configuration
and access to the help system. Some of the functions are visualized by icons and avail-

able in the toolbar.

For an overview of functions with associated icons, refer to chapter 6.1.1.2, "Toolbar",

on page 55.

The menu functions are executed by a mouse click on the associated menu item. The
following table briefly explains the menus and refers to the detailed description:

Table 6-1: Menu overview

Menu Function Find description under ...

Fie Tools Hel The File menu contains all functions | chapter 6.1.2.1, "File Menu",
that belong to file management, e.g. | on page 58

£H COpen creating, saving or recalling settings

E Zave data.

X

Tools  Help

.‘p‘-‘ DigRF Alignrent \Wizard. ..
ﬂ Proteckion. ..

£ Preferences...

h'::, Ex-10-BO% Device Manager...

Open dialogs for accessing informa-
tion on R&S EX-IQ-BOX devices and
to set protection levels for test and
service purposes.

chapter 6.1.2.2, "Tools Menu",
on page 59

The Help menu provides access to
the complete description of the
R&S EX-IQ-BOX, and index for
search and informs about software
version and support.

chapter 6.1.2.3, "Help Menu",
on page 60

6.1.1.2 Toolbar

The toolbar of the main application window contains icons for quickly starting the main

functions.

The functions are started by clicking the icon buttons with the left mouse button. Each
icon features a corresponding item in the menu lists. For assignment on the icons to the
corresponding functions see the table below:

1
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Table 6-2: Icons and the corresponding functions

Icon Function Corresponding Menu item
Preset File > New
& Load Settings File > Open
=] Save Settings File > Save
Schr Indicates that
R&S DiglConfis
remotely operated.

File handling is described briefly in chapter 6.1.2.1, "File Menu", on page 58

6.1.1.3 Info

The info line reports and indicates the current state with status, error and warning mes-
sages. Detailed information on the messages is shown in the info window, called by the
info button. For description in detail refer to chapter 6.1.3, "Info Line and Window",

on page 60.

6.1.1.4 Block Diagram

The diagram is built up like the display of the R&S Signal Generators. Test system archi-
tecture and signal flow are shown in the block diagram. Each R&S EX-IQ-BOX is
assigned to a block, which is shown always in a line with an instrument block and a DUT.
The DUT is displayed as passive block.

Block Diagram

R&S DiglConf may handle up to four R&S EX-IQ-BOX devices simultaneously. The
number of R&S EX-IQ-BOXes to be configured is set in the entry field "Number of
R&S EX-IQ-BOXes" located in the toolbar.

The block diagram in the figure below represents a configuration with one R&S EX-IQ-
BOX and one R&S instrument, i.e. in this case an R&S AMU200A.

DIG-IQ-IN
‘ AMLIZ00A (1000107 ‘ E>
CPRIS “ oOuT
OIG 12 OUT ()
v’

The R&S EX-1Q-BOX transfers test signals to a DUT or from a DUT to an R&S instrument:

e in transmitter mode the signals are transferred from an R&S instrument in conjunc-
tion with the R&S EX-IQ-BOX to a DUT.

® in receiver mode incoming signals from a DUT are forwarded to an R&S instrument
from the R&S EX-IQ-BOX.
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6.1.1.7
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Input/Output symbols in the block diagram show the currently used inputs and outputs
and the lines indicate the signal flow.

Remote command:
[ : SOURce<hw>] : EBOX : COUNt on page 250

Taskbar

The labeled buttons in the winbar indicate active dialogs. When a button softkey is
pressed, the associated dialog is displayed in the foreground or minimized in the winbar.

The button displayed in a lighter color indicates that the corresponding dialog is currently
open. Up to eight dialogs may be open simultaneously. When the ninth dialog is opened,
the dialog that was opened first is automatically closed.

EX1Q-BOX 1
User Defined

EX-1Q-BOX 1
CPRI

Dialogs

The parameters are set in dialogs, which vary in details depending on their functions.
Dialogs are designed in Microsoft®Windows format, covering the same functional ele-
ments, as e.g. entry fields, selection lists, checkboxes and buttons. A dialog is accessed
either by means of an item in the menu list or via the function block in the diagram.

Each dialog consists of a window header and one or more sections with various fields for
setting parameters. The header line contains the name of the dialog and the buttons for
minimizing and closing the dialog. To operate the buttons, use the mouse. Several fields
of associated but separately set parameters can be organized in an area, framed and
labelled with the function common to all parameters. Also, some parameters can be par-
tially structured in tabs.

R&S DiglConf mainly distinguishes between the settings dialogs for User Defined or
standardized protocol settings and configuration dialogs, which comprise for example
general settings of the R&S EX-IQ-BOX, options, connected instruments, default settings
or setup tests.

® Configuration dialogs are described in chapter 6.1.6, "Configuration Dialogs",
on page 65.

e For settings dialogs of your specific application, comprising signal and interface
parameters refer to the respective section under chapter 7, "Protocol Settings",
on page 95.

Context-sensitive Menus

Within the entire screen display, including single parameters, you can access context-
sensitive menus that provide some additional functions.
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sequence

File Menu
The File menu contains all functions that belong to file management, e.g. creating, saving
or recalling settings data.

Operation of file management is very similar to operation of Windows user interfaces.
Menus and dialogs are made up of known elements, such as selection lists, check boxes
and entry fields.

File > New
Setup a new configuration. The function resets the current configuration.
File > Open...

Open a settings file previously stored with Save or Save as.

Choose a file to open
Lack in: | (3 DiglConf -] =
__-.. D) CorfigFiles
Iﬁ C)Data
ty Recent [C)Help
Documents SiLists
?l._: [ChLlog
I Modules
Deskiop ) Pictures
. ) PlugIns
‘—"}
My Documents
fizch_bi on
kM JGO0ESE
by Metwork File: narne: || j Open |
Places
Files of type: |Savex’HecaII Files [ zavrcl’] ﬂ Cancel

The "Choose a file to open" dialog is similar to an MS Windows File dialog. Use this dialog
in the same way to select a previously stored settings file.
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Therefore the suffix is preset in the field Files of type and only files with this extension

6 R&S instruments or programs generally store settings files with the extension *.savrcl.
are listed.

B File > Save

Store the current settings in a file. If it is a previously loaded file the settings are stored
in the same file without confirmation. If it is a new configuration the settings are stored
with "Save as".

File > Save as...

Store the current settings in a selected file. Assign a file name and choose the directory
to save the settings file.

are stored in the R&S DiglConf application directory, for example %Program Files%

6 The extension of a settings file is *.savrcl and cannot be changed. By default settings files
\RohdeSchwarz\DiglConf\... .

¥ File > Exit
Quits the R&S DiglConf.

The current settings of the R&S DiglConf session are saved and loaded by default when
starting R&S DiglConf again.

6.1.2.2 Tools Menu

jj';j:‘lm - The Tools menu contains functions for R&S EX-IQ-BOX devices and protection.
10 evice Manager...
; DigRF Alignment Wizard. ..
E Pratection...
£ Preferences...
@ Tools > EX-IQ-BOX Device Manager

Displays information about the connected R&S EX-IQ-BOX devices, e.g. serial or part
number and a list of installed options. Fields and parameters of this dialog are described
in chapter 6.1.6.1, "EX-IQ-BOX Device Manager", on page 65.

For installing options refer to Installing chapter 4.6, "Installing R&S EX-IQ-BOX
Options", on page 44.

B Tools > Protection...

Opens the protection dialog, which is described under chapter 6.1.6.2, "Protection”,
on page 69.

gy Tools > Preferences...

Opens the preferences dialog, covering the default settings directory and displays the
SCPI server port. See chapter chapter 6.1.6.3, "Preferences", on page 69.
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Help Menu

The Help menu provides access to the complete description of the R&S EX-IQ-BOX, an
index for search and informs about software version and support.

Help > Contents...
Opens the online help start page.
Help > Index...

Open the online help index. Search for specific words or phrases, or choose from a list
of keywords.

Help > About R&S DiglConf ...

4 About R&S DiglConf

R&S DiglConf

{ Digital Interface Configurator for EX-I0-B0X )
\ersion 02.20.158 Buid 107 {Debug)

Rohde & Schwarz GmbH & Co. KG

Contact  customersuppori@rohde-schwarz.com

Support:  hitpdfwww rohde-schwarz.com

Retrieve information about software version and R&S support of R&S DiglConf.

Info Line and Window

Info Line

On top of the block diagram the info line reports and indicates the current state with status,
error and warning messages. Status information and messages differ concerning their
importance and display duration. Further information on all messages can be called in
the info window.

Status information

Gives an overview of the main operating states and settings. States are indicated for
information and do not necessiate any action by the user.

Messages

Mesages indicate errors. They are displayed in different colors depending on their impor-
tance. Errors are displayed in red, information and warnings in balack. Warnings indicate
less significant errors.

1
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Volatile messages

Brief messages report automatic settings in the R&S EX-IQ-BOX or on illegal entries that
are not accepted by the instrument. They are displayed in the info line on a yellow back-
ground, always on top of status information or permanent messages. Volatile messages
do not normally demand user actions and disappear automatically after a brief period of
time. They are stored in the history, however.

Permanent messages

Permanent messages are displayed if an error occurs that impairs further operation, e.g.
a hardware fault. The error signalled by a permanent message must be eliminated before
correct instrument operation can be ensured.

The message is displayed until the error is eliminated. It covers the status display in the
info line. After error elimination, the message automatically disappears and is also recor-
ded in the history.

Info Window

An information window comprising a description of current messages opens with the
"Info" button.

B4 History - Current time: Mo Mrz 7 2011, 15:07:57 X
Lev |scpi|Text =
Info 0 EXJIQ-BOX connscted on USB =1

Delate Delete all | Del. volatile
tatic

The upper section of the info window contains a list of all current permanent messages
in the order of their occurrence, i.e. the most recent message is displayed first. In the
lower section of the window, additional information on the highlighted message is dis-
played. A history of all messages that have occurred since startup can be called with the
"Show History" softkey. The most recent message is displayed first.

The messages are color-coded according to their level. Device-specific messages are
red, info and remote control error are black.

The level is also indicated in the "Lev" column. Column "SCPI" indicates the SCPI error
code. Column "Text" displays the message in short form.

With the aid of the softkeys, error messages can be cleared and a history of all messages
called.
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Delete
Clears the highlighted message.

This button is available only if the history of the messages is displayed.

Delete all
Clears all messages.

This button is available only if the history of the messages is displayed.

Del. volatile
Clears all volatile messages.

This button is available only if the history of the messages is displayed.

Show History /Show Static

Calls the list of all messages that have occurred since instrument switch-on. The most
recent messages are displayed at the top of the list. When the softkey is pressed again,
the list of current messages is displayed.

6.1.4 Blocks

The block diagram shows the current configuration and signal flow and permits interactive
operation via graphical elements. The diagram indicates a separate block for each con-
neced R&S EX-IQ-BOX, and other R&S instruments.

The DUT is displayed as passive block, just representing the device under test.

6.1.4.1 R&S EX-IQ-BOX
An R&S EX-IQ-BOX function block provides access to the settings of the corresponding
standard transmission protocol, determined by the connected breakout board.

R&S DiglConf may handle up to four connected R&S EX-IQ-BOXes, each displayed in
a separate block. Each block automatically displays the essential information on the
R&S EX-IQ-BOX and the transmission protocol.

ra "oy

User Defined

2%

Fig. 6-2: R&S DiglConf EX-IQ-BOX in the block diagram

1 = block label
1 = config button
1 = On checkbox

In this block, a R&S EX-IQ-BOX is configured and activated.
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The block label (1) represents the R&S EX-IQ-BOX, including the serial number of the
connected instrument.

The label of the configure button (2) shows the used interface protocol, that means either
"User Defined" or "CPRI". To access the settings dialogs, click the button.

O To access the settings dialog of a protocol requires that the associated option is installed

/ and the respective breakout board is connected. Refer to chapter 6.1.6.1, "EX-1Q-BOX

Device Manager", on page 65 for installed options.

The chapters chapter 7.1, "User Defined", on page 95and chapter 7.2, "CPRI",
on page 126 describe the parameters of the specific protocols.

The On checkbox (3) activates signal input or output of the assigned R&S EX-1Q-BOX.

Smart Graphic Display

The signal can be graphically displayed in the block diagram, in form of a "smart graphic".
A shown signal is actually recorded by one of the transient recordes. The display is acti-
vated in the settings dialog chapter 6.1.6.5, "Transient Recorder”, on page 71, and can
be used for checking purposes. R&S DiglConf provides two transient recorders pro
R&S EX-IQ-BOX, which can both be activated for display.

To access the transient recorder dialog, click the smart graphic.

6.1.4.3

AUZ00A (100010) ‘

6.1.5

Instrument

DIGIQ-IN
AMUZO0A (1000100

In the instrument block a connected R&S instrument is indicated. Click the button to get
access to a dialog for configuring the network connection, described in chapter 6.1.6.4,
"Instrument on the R&S EX-IQ-BOX", on page 70.

Displays the name and the instrument ID of the connected instrument.

Help System

R&S DiglConf is equipped with a context-sensitive help function offering quick context-
sensitive reference to the information needed for operating. The comprehensive help
system contains the complete user documentation including the contents of the quick
start guide.

Each parameter offers a context-sensitive help page you can call at any time during the
operation.
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» Open a help page with the F1 function key.
F1 opens a browser window with the description of the highlighted parameter. You
can move from this context-sensitive page to any page of the help system.
Note:
The Help (* . chm) file, included on the CD-ROM, also works in stand-alone mode.

Alternatively, you can open the help in the help menu or in the menu tree.

» Select the appropriate item in the help menu, or right-click in the application window.
Click "Menu" and select the appropriate help item.

A browser window opens, tiled into three panels. On top, several navigation are available
scrolling through the help pages. On the left, a contents panel lists all topics, and the text
panel aside describes the selected topic. The contents panel provides additional tabs
with an index and a search function.

Links are highlighted in blue, and can be selected and called up using the mouse.

E? R&S EX-10-BOX Operating =3
T AT

Hide Previous MNext Back Forward Home Print

Cortents l Indes ] Search ] Protocol Settings > User Defined = Clock = Frequency
= ([}) User Defined A
[£] 1.1.1 Parameter Oven Frequency
+ @ Explanation to the SCF Defines the frequency value of the reference clock
+ @ Main Configuration Dia X X X X
+ @ Frotocol Note: This parameter applies to R&S DiglConf and is relevant for the
# @ Data internal clock source
= [ Clock The R&S EX-Q-BOX supports different reference frequencies to be input
[E] Clock Rate . .
at REF IN. This value must be set on the frequency currently supplied
[£] Clock Source
E Clock Phase Provided values: 5 MHz. 10 MHz or 13 MHz
Clock Skew
Sample / Clock Rat sCPI_c_?|11|11§||1d o o
Source :SOURce<hw>] :EBOX:USER: CLOCKk: REFerence : FREQuency
BlFreauency
+ @ Trigger Top
@ Test
o @ TH-Test
AQRcT
£ >

Fig. 6-3: R&S EX-IQ-BOX Configuration > help window

Navigation panel

Navigation softkeys on top of the help window provide browsing through the help pages.
e "Hide" / "Show"
Display or hide the contents panel.

e "Previous" / "Next"
Scroll through the help pages. The sequence of the pages corresponds to their posi-
tion in the dialogs.

e "Back"/"Forward"
Switches to the previously opened help page and back again.

e Home
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Opens the first pge of the online help.

e Print
Enables you to print the selected topic or all the topics in the selected heading.

6.1.5.2 Contents panel

The contents panel is divided into three tabs:

e "Contents"
In the topics list you can select certain help pages individually. It is structured hier-
archically. The highlighted topic indicates the currently displayed page.

e "Index"
The index contains an alphabetical list of all terms which refer to functions of the
application. The index is used to call up all pages which contain the selected entry.
The index has an alphabetical structure. The associated help page can be opened
by double click.

e "Search"
The text search allows you to look for freely selectable terms in all help pages. A list
of the pages containing the entered term is displayed as the search result.
The content of the titles only for the complete help text can be searched for the
entered term.

6.1.5.3 Text panel
Shows the help text and links to subtopics and the corresponding GPIB bus command.
Internal links in the text open pages which directly relate to the described function.
6.1.6 Configuration Dialogs

Select "Tools" > "Menu" and the corresponding menu item to access a configuration
dialog.

6.1.6.1 EX-IQ-BOX Device Manager

This dialog displays instrumet specific information on a connected R&S EX-IQ-BOX and
the installed options. Installing new options is done in this dialog.

\ The enhanced functionalities like standardized protocols or waveform memories are
supported only by the R&S EX-IQ-BOX variant 1409.5505K04. Hence, the "EX-IQ-BOX
Device Manager" dialog varies in dependence of the variant.
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) EX-10-BOX {100024): Device Manager BEE®E £ EX-1Q-BOX Device Manager =
EXI0-BOX Device |EX—IQ—BOX Device Tso000z ]|

Hardware [ Options /Hardware
————— Hardware nfo ——— Hardware Info
Part Nurmber 1408 5505 K04 Part Number 1409 550502
Serial Number 100024 Serial Number 900002

Firmware Version 00.00.13-143
EZ-USB/ARM Firrmware Version 00.00.1-0

FPGA Version 01.05
PPC Firmware Version - CPLD Version 193
FPGA DiglD “ersion Base 00.16.006 Release Board Part Mumber 090002
FPGA BOB Version Board Serial Number 0-.06.36-02
Board Part Nurnber 1 panl e A

Breakout Board Type Differential
Einard Serial Number s Breakout Board Revision 0
Board Revision 4

Update Ex-lQ-Box Firmware
izl (EEn Tifpe SO This software supports version 00.00.13-143
Breakout Board Serial Nurnber 456 Installed Version 00.00.13-143
Breakout Board Revision 03.01 Update
R&S EX-IQ-BOX 1409.5505K04 R&S EX-1Q-BOX 1409.5505.02
EX-IQ-BOX Device

The selection field "EX-IQ-BOX Device" lists each connected device.

The serial number of the device is used to identify a device. “Undefined” indicates that
there is no R&S EX-IQ-BOX connected. For connection refer to chapter 4.5, "Connecting
the R&S EX-IQ-BOX", on page 42.

Remote command:
[ :SOURce<hw>] :EBOX:DEVice:CATalog? on page 239
[ : SOURce<hw>] :EBOX:DEVice:SELect on page 244

Hardware Info
The hardware panel is related to the selectecd R&S EX-IQ-BOX and indicates various
information, like part number, serial number, firmware version etc. and the installed

options.

Hardware component Information Model-specific

"Part Number" The part number of the R&S EX-IQ-BOX. -

"Serial Number" The serial number of the R&S EX-IQ-BOX. -

"EZ-USB/ARM Firmware The firmware version installed in the R&S EX-IQ-BOX. | -

Version"

"PPC Firmware Version" The version of the built-in power PC. R&S EX-IQ-BOX
1409.5505K04

"FPGA (Base) Version" The version of FPGA (Field Programmable Gate -

Array) basic design.

"FPGA DiglO Version" The version of the digital interface standard. R&S EX-1IQ-BOX
1409.5505K04

"FPGA BOB Version" The version of the connected breakout board. -
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Hardware component Information Model-specific
"CPLD Version" The version of CPLD (Complex Programmable Logic | R&S EX-IQ-BOX
Device). 1409.5505.02
"Board Part Number" The part number of the R&S EX-IQ-BOX’s internal -
board.
"Board Serial Number" The serial number of the R&S EX-IQ-BOX’s internal | -
board.
"Board Revision" The revision number of the R&S EX-IQ-BOX’s internal | -
board.
"Breakout Board Type" The type of the connected breakout board. -

"Breakout Board Serial Num- | The serial number of the connected breakout board. | R&S EX-IQ-BOX
ber" 1409.5505K04

"Breakout Board Revision" The revision number of the connected breakout board.

The breakout board might be unplugged while the
R&S EX-IQ-BOX is running. In this case, the R&S EX-
IQ-BOX is deactivated, i.e. the protocol, if active, is
also deactivated. The breakout board information is no
longer indicated.

Remote command:
: SOURce<hw>] : EBOX : DEVice : PART on page 241

:SOURce<hw>] : EBOX:DEVice:CONTroller? on page 240
:SOURce<hw>] : EROX:DEVice:SERial on page 244
:SOURce<hw>] : EBOX:DEVice:PPCVersion? on page 241
:SOURce<hw>] : EBOX:DEVice:FPG:BASe? on page 240
:SOURce<hw>] : EBROX:DEVice:FPG:DIGio? on page 241
:SOURce<hw>] : EBOX:DEVice:FPG:BOB? on page 241

[
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ : SOURce<hw>] : EBOX:DEVice:CPLD? on page 240
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]

:SOURce<hw>] : EROX: DEVice : BOARd: PART? on page 242

:SOURce<hw>] : EBOX:DEVice :BOARd: SERial? on page 242

:SOURce<hw>] : EBOX:DEVice :BOARd:REVision? on page 242

:SOURce<hw>] : EBOX: DEVice :BOB: TYPE? on page 243

:SOURce<hw>] :EBOX:DEVice:BOB:SERial? on page 243

:SOURce<hw>] : EBOX:DEVice:BOB:REVision? on page 242
Options

Displays the installed hardware and software options of the R&S EX-IQ-BOX. In addition,
you can enable options purchased at a later stage.

Note: An option is ready to operate after it is enabled by means of a license key code,
supplied with the option. To obtain the license key code, you must specify the device ID
of the R&S EX-IQ-BOX.

Device ID <— Options
Displays the R&S EX-IQ-BOX specific identification number. The device ID is an unique
string with the following structure:
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<part number>-<serial number>-<checksum>

Remote command:
[ :SOURce<hw>] :EBOX:ID? on page 250

Installed Options < Options
Lists all options the R&S EX-IQ-BOX is equipped with. The first column shows the R&S
option type, and the second contains a short description.

Note: Only the R&S EX-IQ-BOX variant 1409.5505K04 supports the enlarged function-
ality of the additionally available options.

Remote command:
[ : SOURce<hw>] : EBOX:OPT on page 250

Enter License Key < Options
Type here the license key provided with the option.

For license key delivered as a file, use

For description on how to install a new option refer to chapter 4.6, "Installing R&S EX-
IQ-BOX Options", on page 44.

Import License Key From File — Options
Opens a file manager dialog for selecting the file with the license key.

Export Deactivation Response To File — Options
Exports the generated deactivation response key to a file. A file management dialog
opens for storing the file.

This key is required during the unregistration process.

Note: If you want o register an option at another R&S EX-IQ-BOX, you must request a
new license key code for the instrument, see Device ID.

Status Information < Options
Displays status information about the license process.

Update EX-IQ-BOX Firmware

This section is displayed in the device manager dialog of an R&S EX-IQ-BOX
1409.5505.02. It indicates the installed as well as the currently available firmware version
and provides an update.

FW versions Information

"This software supports ver- | Indicates the firmware available in the current software of the R&S DiglConf.
sion"

"Installed version" Indicates the currently installed firmware version in the R&S EX-IQ-BOX.

Remote command:
[ : SOURce<hw>] :EBOX:DEVice:FIRMware:SUPPorted? on page 243
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Update
Executes an update of the firmware. R&S DiglConf starts the update and reports when
it is completed.

Protection

Protection
"Protection" enables activating or deactivating several protective levels to provide special
functions like self test or specific tests for service purposes.

2 Protection El |§| fg

Protection Level 1 ¥ On IF'asswordI I

Protection Level 2 ¥ On  Password lm
Protection Level 3 ¥ On  Password lm
Protection Level 4 ¥ On  Password lm
Protection Level 5 ¥ On  Password lm

Protected functions are unlocked, when the correct password for the respective protec-
tion level is entered.

Unlock, for example, some self test routines, while you switch protective level 1 to unpro-
tected. The password is 123456.

Note: Only personnel of R&S Service Departments are authorized to access level 2 and
higher.

After Startup, all protection levels are activated.

Remote command:

n.a.

Preferences

The preference dialog indicates the settings directory for default settings, and indicates
the currently used server port.

E#] DigIConf Preference ]
Default Settings Directory | O/DATEM/Rohde-Schwarz/DiglConfiSettings

SCPI Server Port 5026

Info Server Port 5027

Show Taskbar v On

Default Settings Directory
Select the directory that contains application-specific settings files.

Note:
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e During installation, R&S DiglConf creates several directories, including the settings
directory, which is scheduled for storing application settings. With this field you can
individually select a directory with application-specific settings files.

e [f you uninstall Diglconf, you can keep these files. The same applies if you update
R&S DiglConf.

SCPI Server Port
Select the port address of the server for remote control.

Info Server Port
Sets the port address of the TCP/IP connection.

Provides information on TCP/IP connection on this port, such as parallel, locked, USB or
LVDS.

Show Taskbar
Activates the display of the taskbar in the block diagram. Changing the setting requires
a restart of R&S DiglConf.

Remote command:
n.a.

Instrument on the R&S EX-IQ-BOX

This dialog covers information on the connected R&S instrument. In addition, R&S Dig-
IConf provides the remote control of the instrument.

The instruments block and the configuration dialog are available, if an R&S instrument is
connected.

R&S instruments can be remote controlled from an external PC via LAN (TCP/IP), GPIB
or USB. This allows convenient operation of the instruments from R&S DiglConf, too.

Settings are sent by R&S DiglConf into the instruments via SCPI commands, which are
entered in the SCPI Interactive tab or the SCPI Scripting tab.

Refer to the operating manual of your R&S instrument for details to interfaces and pro-
gramming for the remote control.

The dialog is accessed in the block of the connected instrument:

Click on the <instrument> button in the instrument block.
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& Instrument on EX-1Q-BOX 3 (DIG IQ IN/OUT 1) 38| - 0] =|

Connected Instrument ExBox2 (100021)

/ General Information

Hardware Info
Instrument Type ExBox2
Serial Number 100021
Port Q2 OUT

Connected Instrument
Indicates the name and serial number of the connected R&S instrument. These two
parameters also appear as label on the <instrument> button of the instrument block.

The General Information tab, section Hardware Information displays hardware infor-
mation of the connected instrument.

Remote command:
[ :SOURce<hw>] :EBOX: INST<ch>:NAME? on page 251

Instrument Type

Displays the name of the connected instrument. The name is used for instrument iden-
tification within the program and is displayed in the <instrument> button of the instrument
block.

Remote command:
[ :SOURce<hw>] :EBOX: INST<ch>:TYPE? on page 252

Serial Number
The serial number of the connected R&S instrument. The ID is also is displayed in the
<instrument> button of the instrument block.

Remote command:
[ : SOURce<hw>] : EBOX: INST<ch>:SERial? on page 252

Port
The digital interface where the R&S instrument is connected.

Remote command:
[ :SOURce<hw>] : EBOX: INST<ch>:PORT? on page 252

6.1.6.5 Transient Recorder

Two independent transient recorders provide monitoring the 1/Q data flow through the
R&S EX-IQ-BOX. You can record input signals, output signals and signals of the wave-
form memory. The graphical representation allows to quickly view and check the current
signal characteristics.

The transient recorders are provided in the R&S EX-IQ-BOX 1409.5505K04.
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» Toaccess an "Transient Recorder" settings dialog, click the smart graphic in the block
diagram.

E4 EX-10-BOX (100005): Transient Recorder 1

State li - On

Graphics
l Power Spectrum (FFT points =512, A¢G = 1)

Data Source IDIG 1@ OUT 2 M

Display Settings
Display Type IF'ower Spectrum j

Acguisition Settings
Aguisition Length |512 -

Decimation Factor

[ \fﬂ’uw.u[' I ‘t,’) I

Trigger Settings

Power [ dB

Trigger Mode ISingIe J
Trigger Source ISoﬁware j
Trigger Position DW
Status Canfigured

(f-fc) f MHz

Fig. 6-4: R&S DiglConf transient recorder

This dialog contains all parameters required for recording, as:

"State" for activating
"Data Source" to select the signal
"Display Settings" to determine the type of display

"Acquisition Settings" for setting the capture length
This section provides setting the length for recording or selecting a specific sample
for recording.

[ Acquisition Settings
|Aquisition Length |204a 'li

|Decimatinn Facturl 1 ‘

"Trigger Settings" to configure the triggering mechanism for data acquisition
The section contains the parameters for triggering the signal to be recorded.
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Trigger Settings
Trigger Mode I Single j

Start Recording

Trigger Source I Data Valid j

Trigger Type I Rising Edge j
Trigger Position I 0 I 55 j
Trigger Delay 2047 Samples

e The "Status” line indicates when recording is running.

State
Activates the selected transient recorder.
Note: Note that the R&S EX-IQ-BOX must be switched on for data recording.

After activation, the diagram selected with Display Type is displayed in the "Graphics"
window.

Data Source
Selects the signal source of the 1/Q data for recording.

Either signals directly fed in at the digital interfaces of the R&S EX-IQ-BOX, or signals
generated from the waveform output memory can be recorded.

"DIGIQIN 1"  Selects the signal fed in at the corresponding digital interface DIG 1/Q
IN/OUT 1.

"DIGIQOUT 2" Selects the signal assigned at the corresponding digital interface DIG
I/Q IN/OUT 2 output.

"ARB 1 ... 4" Records a signal played back from one of the waveform memories.

"USER INTERFACE"
Records the signal transmitted at the USER INTERFACE.

"Sine Testsignal"
Records the internally generated sine test signal.

Smart Graphic
Activates the display of a smart graphic.

Additionally to the graphics window in the dialog, R&S DiglConf shows the graphic in a
smaller scale, i.e. as a Smart graphic in the main application window, directly below the
corresponding "EX-IQ-BOX" block. It serves basic checks.

Note: Double click the smart graphic to open the transient recorder configuration dialog.

Display Type

Select the graphical signal display. Available diagram types to display the recorded data
are 1/Q, Vector, CCDF and Power Spectrum diagrams. The individual diagram types
are described in chapter 6.1.6.6, "Graphical Signal Displays ", on page 75.
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Acquisition Length
Select the number of samples to be captured by the transient recorder. The sample
memory sizes 512, 1024 and 2048 MSamples are available.

Decimation Factor
Selects a certain sample to be recorded, i.e. only the n'" sample is recorded.

Trigger Mode
Select the mode for triggering.

"Continuous" Recording is automatically initiated and continues until the process is
stopped manually. Recording is retriggered every 250ms.

Note: Deactivate the recorder while switching off status.

"Single" Records one signal flow until acquisition length is reached. Initiate a
single trigger event by pressing the "Start Recording" button.

Start Recording
Manually initiate a trigger event to start recording the signal once.

Note: This button applies to "Single Trigger" mode.

Trigger Source
Sets the time for starting the recording. A trigger event can be initiated by the software
itself or by hardware events.

Note: The control signals GP_0 ... GP_5 are part of the I/Q signal and transmitted via
the digital 1/Q interface of the R&S instrument.

"Software" R&S DiglConf initiates the trigger event for recording. Recording starts
automatically either within specified intervals, in continuous mode or by
defined user events in single mode.

"Data valid" The external control signal Data Valid initiates the recording of data.
"GP_0" The "(Marker 0)" determines the beginning of recording.

"GP_1" (Reserve 0) triggers the recording.

"GP_2" (Trigger 0) triggers the recording.

"GP_3" (Trigger 1) triggers the recording.

"GP_4" (Marker 1) triggers the recording.

"GP_5" (Reserve 1) triggers the recording.

Trigger Type

Set the polarity of the signal to trigger data recording.

Note: "Trigger type" supports all hardware trigger sources like DATA VALID and
GP_0..5. Trigger source "Software" does not use this parameter.

"Rising Edge"  The positive slope of the reference signal starts recording the I/Q data
signal.

"Falling Edge" The negative slope of the reference signal triggers recording.

"Low Level" The low reference level of the signal triggers recording. Low level rep-
resents the logical 0.
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"High Level" Start recording as long as the reference signal level is high. High level
corresponds to logical 1.

Trigger Position

The trigger position determines the position of the trigger event on the time-scale. The
value is set in samples while a positive number <n> means the trigger event is at sample
number <n>, a negative value means the trigger event was before the first sample.

Status
Indicates the current status of the transient recorder: "Stopped", or "Running".

6.1.6.6 Graphical Signal Displays

Different signal displays assist in evaluating and checking the I/Q data flow through the
R&S EX-IQ-BOX.

I/Q Diagram

The 1/Q diagram displays the inphase component (i[t]) and quadrature component (q[t])
of the 1/Q signal over time. The diagram is displayed in a window with two separate coor-
dinate systems. The coordinate systems have identical X and Y axes. The time in number
of samples is plotted on the X axes, and the amplitude scaled to the peak envelope power
(PEP) is plotted on the Y axes (minimum scaled amplitude = -1; maximum scaled ampli-
tude = +1). The recording depth is 1 kSamples.
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Inphase i(t)

0 100 200 300 400 500

Quadrat. q(t)

0 100 200 300 400 500

Fig. 6-5: R&S DiglConf signal graphics > I/Q diagram

Vector Diagram

The Q component is displayed over the | component in the vector diagram. Each point
is determined by a vector. The amplitudes of the signal components scaled to the peak

envelope power (PEP) are plotted on the X and Y axis (minimum scaled amplitude = -1;
maximum scaled amplitude = +1).

This display shows the curves between the various states of modulation mapping. The
recording depth is 1 kSamples.
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quadrature q(t)

-0.8 -0.6 -0.4 -0.2 0 0.2 04 0.6 0.8
inphase i(t)

Fig. 6-6: R&S DiglConf signal graphics > Vector diagram

CCDF Display

The Complementary Cumulative Distribution Function shows the probability with which
the output will exceed the average power. The level over the average power is plotted
from 0 to 20 dB on the X axis; the average power corresponds to the origin. The probability
of exceeding the average power is plotted between and 100% on the Y axis. The record-
ing depth is 8 kSamples.

The point at which the CCDF curve intersects the X axis gives the crest factor of the
signal.
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Fig. 6-7: R&S DiglConf signal graphics > CCDF display

Power Spectrum (FFT)

With the spectrum display, the signal spectrum is calculated from the 1/Q signal by means
of Fourier Transform (FFT). The power density over frequency is displayed. The power
density is plotted on the Y axis, and frequency is plotted symmetrically on the X axis (-
sampling rate/2 to +sampling rate/2). FFT Points indicates the number of I/Q value pairs
which are used for calculating a (part-)FFT. AVG indicates number of subspectra used
for averaging. The recording depth is 8 kSamples.

The spectrum display of the output signal is particularly suitable for checking multi carrier
signals.
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6.1.7.1

6.1.7.2

Graphics
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Fig. 6-8: R&S DiglConf signal graphics > Power spectrum

Connected R&S EX-IQ-BOX

This section describes how a connected R&S EX-IQ-BOX is indicated in R&S DiglConf.

Connection

For controlling the R&S EX-IQ-BOX with R&S DiglConf, the R&S EX-IQ-BOX must be
connected to the PC via USB. The connection of the R&S EX-IQ-BOX to the PC and the
instrument is described in detail in chapter 4.5, "Connecting the R&S EX-IQ-BOX",

on page 42.

Indicating the R&S EX-IQ-BOX in R&S DiglConf

By the connection of an R&S EX-IQ-BOX, R&S DiglConf recognizes the device auto-
matically and shows the following message in the Info line.
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EX-1Q-BOX connected on USB Info

» Select a serial number from the list to assign the R&S EX-IQ-BOX to the block.

Undefined
100024

A device can be assigned only once, i.e. it is then grayed out in the lists of the other
blocks. If no R&S EX-IQ-BOX is connected or an assigned R&S EX-IQ-BOX is dis-
connected, "Undefined" is indicated automatically.

R&S DiglConf shows a connected R&S EX-IQ-BOX as follows:
e the "EX-IQ-BOX" function block shows the serial number

100024

v

Fig. 6-9: R&S DiglConf > serial number of the R&S DigIConf in the function block

R&S DiglConf shows the serial numbers of all connected R&S EX-IQ-BOXes in the
device list of each function block.

e the header of all "settings dialogs" indicates the serial number

& EX-10-BOX 1 (101284): User Defined s

State Off Logic Typel 3.3V CMOS vl Set To Default |

Direction I Receiver vl Save/Recall |

/Protocal Y Data % Clock % Test
)

Fig. 6-10: R&S EX-IQ-BOX serial number in the header of dialogs

o the "EX-IQ-BOX Device Manager"

B4 EX-10-BOX Device Manager |:||:|g|
|EX—IQ—BOX Device I 101284 'iI
fHardware 1,
Hardware Info
Part Mumber 1409 5505K04
Serial Mumhber 101284
Firrmnarara Warcinn nn nn N3k

Fig. 6-11: R&S EX-IQ-BOX hardware information in the device manager
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This dialog provides detailed information on the hard- and firmware, see chap-
ter 6.1.6.1, "EX-IQ-BOX Device Manager", on page 65

6.1.7.3 Transmitting 1/Q Data

The 1/Q data transmission between the R&S instruments and DUT via the R&S EX-1Q-
BOX starts by switching on in the protocol settings dialogs or by ticking the checkbox of
the R&S EX-IQ-BOX function block.

Data transmission requires that the respective option is installed and the corresponding
breakout board is connected.

6.1.8 Connected R&S Instruments
A test setup usually operates with one or more R&S instruments for generating signals

or evaluating results. This section explains how R&S DiglConfindicates a connected R&S
instrument.

6.1.8.1 Connection

The connection to an R&S instrument is established via the digital 1/Q interface DIG 1Q
IN/OUT.

An R&S instrument has to be equipped with an option for digital baseband input or output,
respectively. Refer to the corresponding internet site of your instrument for information
on the available options.

Additionally, the R&S EX-IQ-BOX controlled by R&S DiglConf, i.e. it must be connected
to the controlling PC via USB.

The connection of the R&S EX-IQ-BOX to the PC and the instrument is described in detail
in chapter 4.5, "Connecting the R&S EX-IQ-BOX", on page 42.

6.1.8.2 Indicating the R&S Instrument in R&S DiglConf

By the connection, R&S DiglConf recognizes the R&S instrument automatically and
shows the following message in the Info line.

Device state changed on 12 1M Info

The button in the instruments block is labeled with the name and the device ID of the
instrument.
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DIG-IQ-IN
‘ AMLIZ00A (1000107 ‘ E>
CPRIS “ oOuT
OIG 12 OUT ()
v’

Fig. 6-12: R&S DiglConf > R&S instrument function block

R&S DiglConf indicates a connected R&S instrument as follows:

e it shows an "Instrument" function block with a softkey, labeled with product name and
device ID (serial number).

e "Input/Output" symbols show the currently used inputs and outputs
e "Arrows" indicate the signal flow.

» Click "<instrument>" to open the "Instrument on EX-IQ-BOX <n> (<connector>)" dia-
log box.

& Insbrument on EXC-T0-80X 1 (DIG 1Q INJOUT 2) H nI"'."IEI
IEumw:lul Instrumant ARLZ00A [1|:|ﬂ"2'|:|'rj-|

Fig. 6-13: R&S DigIConf > Instrument on EX-IQ-BOX... dialog box

R&S DiglConf displays the procuct name and device ID of the connected R&S instrument
in the header of this dialog box, described in chapter 6.1.6.4, "Instrument on the R&S EX-
IQ-BOX", on page 70.

After establishing the data connection, the R&S EX-IQ-BOX is also indicated in the R&S
instrument. In R&S signal generators, the ID (serial number) is shown in the "Connected
Device" field of the digital 1Q input/output dialogs. Analyzers indicate the respective
R&S EX-IQ-BOX information in the "EXBoxStatus" field.

6 Indication of an R&S EX-IQ-BOX in the R&S Instrument

6.1.9 Automation of R&S DiglConf

In addition to the usual control of the R&S EX-IQ-BOX using the R&S DiglConf interface,
the entire system can be remotely controlled.

It is particularly useful for repeating measurement sequences reproducible, e.g. to ach-
ieve higher configuration speeds or to perform complex test setups.

In remote mode, the software is remotely controlled by a controller. Each PC with the
required remote control software installed can act as a controller. You only need a LAN
connection to the PC with R&S DigIConf.

1
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6.2

Configuration via R&S Instruments

Possible remote control configurations are:
e Controller and R&S DiglConf installed on the same PC

Controller +—Ilocalhost—» R&S DiglConf 4——USB—.%.> R&S EX-IQ-BOX

PC

e Controller and R&S DiglConf running on separate PCs:

Controller LAN— | R&S DiglConf |€———USB——p R&S EX-IQ-BOX

PC#1 PC#2

Refer to chapter 8.1.3, "Starting a Remote Control Session", on page 215 for information
on how to get started and how to establish a remote control connection between the
controller and the software.

The remote control mode controls R&S DiglConf with commands following the SCPI
(Standard Commands for Programmable Instruments) standard.

Find a detailed description of the SCPI commands available for R&S DiglConf in chap-
ter 9, "Remote Control Commands", on page 236. The remote control commands related
to the transmission protocols are described in detail after each functional unit.

For background information on the SCPI command structure and basic information on
operating the R&S DiglConf software via remote control, refer to chapter 8, "Remote
Control Basics", on page 213.

Configuration via R&S Instruments

This chapter describes how you configure the R&S EX-IQ-BOX directly in a R&S instru-
ment. It explains connection, indication and data transmission separately for each instru-
ment family.

e chapter 6.2.1, "R&S Signal Generators", on page 84 contains general information
on the connection and operation with the R&S signal generators, the block diagram
and the configuration dialogs.

e chapter 6.2.2, "R&S Signal Analyzers", on page 89 contains general information on

connection and operation with R&S signal analyzers and shows the display and con-
figuration dialogs.

e chapter 6.2.3, "R&S Protocol Tester", on page 94 always control the R&S EX-1Q-
BOX via R&S DiglConf. Therefore, this chapter contains references to the relevant
information.

1
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IQ-BOX 1409.5502.02 and User Defined applications.
The R&S EX-IQ-BOX 1409.5505K04 is always controlled by R&S DiglConf.

Some R&S instruments, as e.g. the R&S CMW500 may also directly control the R&S EX-
IQ-BOX, but in this case, operation is only possible with R&S DiglConf. Check in the
operating manual to see if your instrument supports this mode of operation. How to oper-
ate R&S DiglConf in general refer to chapter 6.1, "R&S DiglConf Configuration Soft-
ware", on page 53.

@ Direct configuration via R&S Instruments applies to the previous model of the R&S EX-

The protocol settings are described in chapter 7.1, "User Defined", on page 95, where
you also find links to the corresponding remote commands, described in chapter 9.3,
"User Defined - Remote Control Commands", on page 257.

6.2.1 R&S Signal Generators

The information in this section applies to R&S SMx and R&S AMU Signal Generators.

The R&S EX-IQ-BOX 1409.5502.02 can be controlled directly by an R&S signal generator
only in a "User Defined" application. Test cases of standardized protocols require
R&S DiglConf.

An R&S instrument must be equipped with the option for digital baseband input or output,
respectively. The R&S EX-IQ-BOX is then connected at the digital interface Baseband
Digital IN or Out of the R&S instrument.

You find a short overview on the instruments and the appropriate options in chapter 3.2.5,
"R&S Instruments Working with the R&S EX-IQ-BOX", on page 25. Refer to the R&S
website for latest information.

The configuration is performed in the signal generator’s configuration dialogs. Accessing
the dialogs is described in chapter 6.2.1.3, "Dialogs", on page 87 and the settings in
chapter 7.1, "User Defined", on page 95.

1
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Risk of hardware damage

Digital, electrical signals base on various logical technologies, such as TTL or CMOS with
several voltage levels. Therefore, the signal settings in the R&S EX-IQ-BOX must cor-
respond to the signal, in both, the logical standard as well as the voltage value.

Any deviations may damage the DUT or the R&S EX-IQ-BOX.

A change of the logic type during the operation is performed only when you confirm the
following warning message:

& Warning rz|

The current Logic Type of EX-I/Q-Box is <3.3V CMQS=.
The use of an incompatible Logic Type might damage the hardware!

Do you want to apply the changes?

OK Cancel |

e Check the voltage values of your test setup.

e Select "OK" if the correct logic type is selected.

e Select "Cancel" if an incompatible logic type is selected. Adjust your setup accord-
ingly and set correct logic type in the main configuration dialog for User Defined pro-
tocols, see "Logic Type" on page 99 .

6.2.1.1 Connection

» Establish the USB and LVDS connection between the R&S EX-IQ-BOX and the R&S
signal generator, as described in chapter 4.5, "Connecting the R&S EX-1Q-BOX",
on page 42.
The R&S EX-IQ-BOX can be connected or disconnected while the R&S instrument
is in operating mode.

6.2.1.2 Indication of the R&S EX-IQ-BOX in an R&S Signal Generator

The graphical user interfaces (GUIs) of the signal generators R&S AMU200A, R&S
SMU200A and R&S SMJ100A display the architecture and the signal flow in a block
diagram. If an R&S EX-IQ-BOX is connected, the R&S instrument recognizes this device
automatically, and marks the connection in the block diagram accordingly.

1
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Analog I/Q Out A PEP A I IUUUIV 'I Level A I 1.000 v
Analog 1/Q Out B il PEP B I ].I]IJIJIV 'I Level B I 1.000 v

Info

Marker 1: Radio Frame
2 Radio Frame
3 Radio Frame
4: Radio Frame

Fading A AWGN/IMP A

config... I — config... I

[~ On [~ on

fan >

Std Del IMP —— T
EX-iQ-BOX
AN L
4G N
Graphics BERT
EX-liGQ-BOX d config... I config... I
AN, BB Input B [~ on [~ On
G N config... I Graph A+B BERT
o
Baseband B Fading B AWGN/IMP B 1/Q Out B
config... I config... I ; config... I ; config... I —{ i@ our
[~ on [~ on [~ on [~ on
MSK Std Del IMP Ana — Ex-tia-Box
Bb Input Digital 10 Out
Settings A Settings A

Fig. 6-14: Display of the R&S AMU 200A Baseband Signal Generator and Fading Simulator

The shown diagrams represent the block diagram of an R&S AMU200A baseband signal
generator. RS SMx signal generators with RF signal path show the same baseband input
block, but the digital 1/Q signal output is assigned to the AWGN/IMP block. They do not
have a separate output block as the AMU.

Once the R&S EX-IQ-BOX is connected via USB, the generator detects it and displays
the following:

e "Info Line"
The signal generator establishes the connection and reports it in the info line.

EX_1G_BOX connected to USB; establish connection Info

Fig. 6-15: R&S signal generator > establish R&S EX-IQ-BOX connection

e "Symbol in the block diagram"
The generator shows a symbol labeled with "EX-IQ-BOX" in the block diagram.

AN |
130 I
config... =

R —
EX-IQ-BOK

Fig. 6-16: Indication of an R&S EX-IQ-BOX in a generator block diagram at the example of the R&S
AMU200A

e "Baseband Input Settings" or "Digital 1/Q Output Settings" dialogs
— The button "EX-I/Q-BOX Settings..." appears, providing access to the R&S EX-
IQ-BOX settings dialogs.

1
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B9=E
state R e R -
Mode [ igital Input - I EXIQ-Box Settings... |
I EX1IQ-Box Settings... | T Sample Rate |

Fig. 6-17: R&S EX-IQ-BOX button in a signal generators digital input / output settings dialogs

— The ID (serial number) of the connected R&S EX-IQ-BOX is shown in the "Con-
nected Device" information field.

Connected Device
|ExBox ( 900002 ) 1Q OUT

If you unplug the R&S EX-IQ-BOX, the generator changes its display accordingly:

e Symbol in the block diagram
The instrument automatically closes the associated active R&S EX-IQ-BOX dialogs
and shows the common symbol "DIG I/Q IN" or "DIG I/Q OUT".

AR,

I.iQIN|_
-

v|

R —
DI LGy 1M

Fig. 6-18: R&S signal generator standard symbol of the digital interface.

6.2.1.3 Dialogs

The R&S EX-IQ-BOX settings are accessed via the main settings dialogs "Baseband
Input Settings" or "Digital 1/Q Output Settings" of the associated function block.

® The setting parameters for the R&S EX-IQ-BOX are identical for baseband input and
output, but there is a separate dialog for each direction, indicated in the header.

e In the remote control signal direction is determined in the command syntax.

® The parameters are described in chapter 7.1, "User Defined", on page 95 and the
remote control commands in chapter 9.3, "User Defined - Remote Control Com-
mands", on page 257 .

1. To access the settings dialog, click "Config..." of the corresponding block and select
the associated settings entry in the menu list.

........ Baseband Input Seftings... IiQ Out Settings
Frequency Offset W 1IQ Out ON
0.00 Hz 1IQ Swap
Path Gain Level Display Settings...
0.000 dB Analog I/Q Qutput Settings...
Signal Routing [_Digital V0 Output Seftinge;;

Fig. 6-19: Digital input / output menus of signal generators

Either the dialog "Baseband Input Settings" or "Digital 1/Q Output Settings" opens.
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BEE
State o | state T -

Mode [pigital input -] I EXIQ-Box Settings... |

I EX-/Q-Box Settings... | I STIIED ST I

Fig. 6-20: R&S EX-IQ-BOX button in a signal generators digital input / output settings dialogs

2. Click the "EX-1/Q-Box Settings..." button to open the main settings dialog of the

R&S EX-IQ-BOX.
Protocol
Format IWL,
Data Rate SDR I
Interleaving IWI

Data Setup... | 13 Bit / Binary Offset / 10
Clock Setup... | Internal /| Odeg / Positive

Clock Rate / Sample Rate 10.000 000 000 MHz / 10.000 000 000 MHz
——— Clack I
13
g [==— IData J ¥
- 13
Bk | apata ¥ ¥

Fig. 6-21: Main settings dialog of the R&S EX-IQ-BOX in R&S signal generators

The main configuration dialog provides "Logic Type" and "Protocol" parameters. Cor-
responding to the current settings the 1/Q data and clock signals are displayed graph-
ically in the lower section of the dialog.

The buttons "Data Setup" and "Clock Setup" provide access to the respective sub-
dialogs.
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Signal Type 10 = ICIock Rate | 10.000 000 000 | MHz 'II
Data Type | Samples I Clock Source I Internal j
Word Size | 13| Bit 'I Clock Phase II] deg 1'
Word Alignment | LSB | Clock Skew | 0.00 [ns |
Bit Order MSB x Clock Polarity I Positive j
User Interface Bits Alignment
0012348678 8 011121314151617 1818
| _______ Mux x % x & xxxxxx L Sample/Clock Rate Ratio 1 j
Numeric Format |2's Complement 'I
Negate | Data [~ On
Negate Q Data [~ On
) — = Clock
1/Q Polarity | Positive j LJ R&S | 1@ Data Ex
: ool | e | iy
Diewice 10-Box
Ret, Ot Ref.in
Freqg. Ref.

Fig. 6-22: R&S EX-IQ-BOX Data Setup and Clock Setup dialogs

The "Data Setup" dialog enables to define the mode for data transmission. The cur-
rently set bits alignment at the user interface is indicated graphically.

The "Clock Setup" dialog contains all clock settings required for User Defined proto-
cols. The lower area indicates clock and data signal direction in a block diagram

6.2.1.4 1/Q Data Transmission

Signal transmission starts when you turn on the "Status" in the Baseband Input / Digital
1/Q Output settings dialogs.

6.2.2 RA&S Signal Analyzers

The information in this section applies to R&S FSx and R&S FMU Signal Analyzers.

N\ The R&S EX-IQ-BOX "1409.5502.02" can be controlled directly by an R&S signal ana-
/ lyzer in a "User Defined" application. Test cases of standardized protocols require
R&S DiglConf.

An R&S signal analyzer must be equipped with the digital baseband interface option R&S
FSQ-B17. The R&S EX-IQ-BOX is then connected to this digital interface.

The R&S EX-IQ-BOX is connected either only to the R&S signal analyzer, or additionally
to a PC.

The configuration is performed in the signal analyzer’s configuration dialogs. Accessing
the dialogs is described in chapter 6.2.2.3, "Dialogs", on page 92 and the settings in
chapter 7.1, "User Defined", on page 95.
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Risk of hardware damage

Digital, electrical signals base on various logical technologies, such as TTL or CMOS with
several voltage levels. Therefore, the signal settings in the R&S EX-IQ-BOX must cor-
respond to the signal, in both, the logical standard as well as the voltage value.

Any deviations may damage the DUT or the R&S EX-IQ-BOX.

6.2.2.1 Connection

» Establish the USB and LVDS connection between the R&S EX-IQ-BOX and the R&S
signal analyzer, as described in chapter 4.5, "Connecting the R&S EX-IQ-BOX",
on page 42.
The R&S EX-IQ-BOX can be connected or disconnected while the R&S signal ana-
lyzer is in operating mode.

6.2.2.2 Indication of the R&S EX-IQ-BOX in an R&S Analyzer

The graphical user interfaces (GUIs) of the signal analyzers R&S FSQ, R&S FSG and
R&S FMU36 display measurement results in diagram and several hotkeys located at the
right and lower edges of the display. If an R&S EX-IQ-BOX is connected, provided, the
appropriate option R&S FSQ-B17 is installed, the R&S signal analyzer recognizes this
device automatically.
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FEH 2 MHz

" t,'!'. ol

;
N
'|_'!|

Fig. 6-23: Display of the R&S FSQ Signal Analyzer with R&S FSQ-B17 option

Once the R&S EX-IQ-BOX is connected via USB, the signal analyzer detects it, estab-
lishes the connection and displays the following:
e "EXIQ" hotkey
The R&S signal analyzer indicates a hotkey labeled "EXIQ".
e "ExBox Status" parameters
The R&S signal analyzer updates the status fields and displays information on the
connected R&S EX-IQ-BOX.

ExBox Status
Setial Mumber o2
Wersion o1
FPGA Data 01 /00.00-1.35
Setup State Mot Configured
Connection State Connected

Fig. 6-24: ExBox Status information in an R&S signal analyzer

If you unplug the R&S EX-IQ-BOX, the signal analyzer changes its display accordingly:
e "EXIQ" hotkey
The hotkey dissapears.

e "ExBox Status" parameters
The analyzer clears the ExBox Status information
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ExBox Status
Serial Mumber —
Yersion —
FPG& Data —
Setup State Mot Configured
Connection State Mot Connected

Fig. 6-25: ExBox Status > Not connected

pected results.
First disable the digital interface before you unplug the 1/Q interface connector.

6 Unplugging the 1/Q data connector while the digital interface is active, may cause unex-

Refer also to the manual of your R&S signal analyzer for description.

6.2.2.3 Dialogs

The R&S EX-IQ-BOX settings are accessed by pressing the "EXIQ" hotkey.

The configuration dialog "ExIQ-Box Settings" opens.

6 The "ExIQ-Box Settings" dialog is valid for baseband input and output.

The parameters are described in chapter 7.1, "User Defined", on page 95 and the
remote control commands in chapter 9.3, "User Defined - Remote Control Commands",
on page 257 .

1
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Configuration via R&S Instruments

Select Type ExBox Status
Transmitter | Serial Mumber -
Logic Type ersion -
Logic Type 3.3 CMOS FPGA, Data -
Setup State Mot Configured
Connection State Mot Connected
Base Settings Clock Settings
Format Parallel Clock Source Imternal
Data Rate SDR (=ingle data rate) Reference Clock 10.000MHz
Irterleaving Mot Interleaved Clock Rate 10 MHz
Data Settings Clock Phase 0 deg
Signal Type 12 Clock Skewy 0=
Wiord Size 16 Clock Polarity Positive
Wiord Alignmerit M=B SamplefClock Rate Ratio 1
Bit Order LB Strobe Settings
Mumetric Format 2'= Complement Strabe Polarity Positive
Megate IData Strobe Position 0
Megate QData
G Polarity Positive

Fig. 6-26: Settings dialog of the R&S EX-IQ-BOX in R&S signal analyzers

The "ExIQ-Box Settings" dialog provides all parameters for User Defined protocols,
structured in several sections, as "Select Type" for direction, "Logic Type" and "Base
Settings", "Data Settings", "Clock Settings" and "Strobe Settings". Section ExBox Sta-
tus informs on the connected R&S EX-IQ-BOX.

Select Type
Select the direction path, i.e. "Receiver" or "Transmitter" for data transmission.

To toggle between the different types, press the "TX SETTINGS" or "RX SETTINGS"
softkey. This parameter corresponds to "Direction" in R&S DiglConf.

Exit
Press the "EXIT" to leave the configuration dialog.
Store

All parameters of the R&S EX-IQ-BOX are stored and available again after switching the
analyzer off and on.

Itis also possible to save the settings with the "Save/Recall" Manager.
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ON\ The setup of the new data may take up to 15 seconds, especially if you have changed

/ the logic type. During the configuration the analyzer indicates in the "Setup State" field

that the configuration is in progress. During configuration, you can not perform any set-
tings.

ExBox Status
Setial Mumkber 0z
Wersion o1
FPGA Data 01 ro000-1.35
Zetup =tate Configuring box...
Connection State Connected

Fig. 6-27: ExBox Status > configuring box ...

It also indicates if the configuration is completed.

ExBox Status
Setial Mumkber 0z
Wersion o1
FPGA Data 01 ro000-1.35
Setup State Bioy i configured
Connection State Connected

Fig. 6-28: ExBox Status > box is configured

6.2.2.4

6.2.3

I/Q Data Transmission
Signal transmission starts by pressing the "SEND TO" hotkey.

Send to
Start signal transmission. The direction path of signal transmissioin is determined in the
"Select Type" field in chapter 6.2.2.3, "Dialogs", on page 92.

Remote command:
[:SOURce] :RECeiver: SENDto on page 260
SOURce: TRANsmitter: SENDto on page 260

R&S Protocol Tester

The parameters are set by using the R&S DiglConf software.

Some R&S instruments, as e.g. the R&S CMW500 may have installed the configuration
software directly. Check in the operating manual to see if your instrument supports this
mode of operation. How to operate R&S DiglConf refer to chapter 6.1, "R&S DiglConf
Configuration Software", on page 53. The parameters are described in chapter 7, "Pro-
tocol Settings", on page 95.
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7 Protocol Settings

"Protocol Settings" describes the parameters and settings of the respective transmission
protocols. It contains all parameters that you have in the GUI dialogs, and provides the
corresponding remote control command linked to the command description. Depending
on the protocol type, you can find additional information, such as information on the
transmission protocol or on operating elements of the breakout boards, or special fea-
tures to the remote commands.

With the exception of a few specific test setups, the parameters of the R&S EX-IQ-BOX
are set by a PC via the configuration software R&S DiglConf.

N\ Important note to the command syntax in User defined applications

2.t/ The previous version of the R&S EX-IQ-BOX, model 1409.5505.02 only supports test
setups with User Defined protocols. As a special feature, it can be controlled directly by
an instrument. In this mode, the remote-control commands differ in the notation, depend-
ing on the device that controls the R&S EX-1Q-BOX.

The commands listed in the User Defined GUI description always refer to R&S Digl-
Conf, since it is used in almost all applications.

If you run an R&S EX-1Q-BOX, model 1409.5505.02 directly with an R&S instrument, you
can find the appropriate command syntax by following the link of the SCPI command.
See also chapter 9.3.1, "Explanation to the Device Specific SCPI Syntax",

on page 257 for more details.

"Protocol Settings" contains:

e chapter 7.1, "User Defined", on page 95 describes the parameters of user defined
applications, i.e. settings for serial or parallel transmission of 1/Q signals to a DUT,
including variable clock modes, various data rates as well as different logical signal
levels. This section applies to applications using the breakout boards included in
delivery.

e chapter 7.2, "CPRI", on page 126 contains a general overview of the standard inter-
face and explains the configuration dialogs and parameters, perforrmed with the
configuration software R&S DiglConf. Besides the "Downlink" / Uplink settings, CPRI
additionally enables you to set "Control&Management" parameters, "Vendor Data"
management, "Waveform Playback" and "Recording" memory.

7.1 User Defined

In modern communication systems it is communicated increasingly via digital baseband
interfaces, so called 1/Q links. Therefore some standardized interfaces like CPRI were
developed. These standardized interfaces are covered by special purpose options, which
are additionally available for the R&S EX-IQ-BOX.

But also without any additional option, the R&S EX-IQ-BOX covers a large number of
different digital 1/Q interfaces by using user-specific breakout boards. This general oper-
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ating mode is called User Defined and provides a maximum of flexibility and configura-

tion possibilities.

Devices like ADC’s and DAC’s, modulators and demodulators, submodules of mobile
base stations or IC’s of mobile equipment are tested with this operating mode, including
early prototypes like FPGA implementations and also real time tests with mature ASIC

samples.

R&S Signal Generator

Digital 1Q data

Transmitter
mode

R&S
1Q format

Reference

USB control

I

Digital IQ Interface Settings
e.g. 12 single ended lanes
and clock

CMOS 2.5V

paralllel data

double data rate

& Ras DiglConf ¢———

v v
R&S EX-IQ-BOX
0-0 &> nowos. WARZ Do

- @

Breakout Board

+ clock
CMOS 2.5V
paralllel data
double data rate
1/Q interleaved

clock 38.4 MHz
phase 90 degree

Digital IQ Interface Settings
e.g. 12 single ended lanes

internal clock ( clk out)

%/*@

-

1/Q interleaved
internal clock ( clk out)
clock 38.4 MHz

phase 90 degree

v

\ A 4

Digital IQ

Device Under Test

e.g. digital IQ modulator
with IF output

_R&S Signal A Iyzeri

Analog output

data

Fig. 7-1: Test scenario of a User Defined application

711

Parameter Overview

Beside the main controls, like switching on the R&S EX-IQ-BOX output, transmission
direction and save/recall of settings, the interface is controlled by parameters, which are
grouped by function:

Parameter Group

Purpose

Examples

Protocol

Fundamental protocol type set-
tings

Parallel/serial interface, double data rate, 1/Q
interleaving

Data

Data representation

Resolution, alignment, bit order, numeric format

Clock

Interface clock settings

Clock rate, phase shift, skew, frequency refer-
ence

Trigger

Synchronization

Trigger source, delay

Test

Diagnostics on the interface to the
DUT

TX Test, RX Test, Test signal sources
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The parameters of these groups provide a large number of possible interface settings.
This way the R&S EX-IQ-BOX can convert the R&S specific I/Q input/output to any digital
I/Q interface of the DUT.

Additionally to the interfaces parameters, R&S DiglConf provides a test function, to check
the signals between the R&S EX-IQ-BOX and the DUT. The R&S EX-IQ-BOX sends a
known test signal to the DUT, or, vice versa, the R&S EX-IQ-BOX receives a signal from
the DUT. This way, the 1/Q interface to or from the DUT can be verified by performing bit
error rate tests.

7.1.2 Main Configuration Dialog

The main configuration dialog covers main controls and parameters for user-defined
applications. It sets the logical signal type, transmission path, and contains controls for
storing or loading settings and for activation. The main controls are always indicated,
independently fom the active subdialog.

Grouped by function, the subdialogs "Protocol", "Clock", "Data" and "Trigger" contain the
respective parameters.

R&S DiglConf shows the current settings for signal transmission also graphically, and
thus offers a convenient control of the configuration. I/Q data stream and clock signal to
or from the R&S EX-IQ-BOX are shown schematically, and are adjusted by changes
simultaneously. The "Data" tab additionally shows the bit alignment graphically, and the
"Clock" tab the signal flow of the clock signal, corresponding to the currently selected
scenario.

The start window of "User Defined" indicates the "Protocol" tab which, besides of the
protocol parameters, also indicates the "Clock" and "Data" settings.

@ Device-specific dialog representation as well as command syntax
The dialogs in R&S signal generators are slightly different than in R&S DiglConf, e.g. they
do not need an input field for the transmission direction, since the connection of the

R&S EX-IQ-BOX determines the transmisssion path automatically. Clock and data
parameters are also provided in separate tabs.

The commands in the following description relate to R&S DiglConf. If you run an

R&S EX-IQ-BOX, model 1409.5505.02 directly with an R&S instrument, follow the link of
the SCPI command. There you will find a set of remote commands in order to get the
appropriate syntax for your application.

The following figures and description comprise the User Defined configuration dialogs
representative also for applications without R&S DiglConf.
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£ EX-10-BOX 1 (no selected device): User Defined =13

State ﬁ Logic Type ILVDS v| Set To Default |

Direction ITransmitter v| Save/Recall . |

JProtacal Data % Clock % Trigger % Test

Protocol
Format IF'araIIeI 'I
Data Rate SOR -
Interleaving II.f'Q Interleaved 'I
Data Settings 16Bit ¢ 25 Complement / 1Q
Clock Settings Internal (BMC REF IN} / 0 deg
Clock Rate / Sample Rate 10.000 000 000MHz / 5.000 000 000 MHz
——— Clock
16
Res = Data J [ ¥ 0 ¥
EX-1Q-BOX

uersl | Marker| [

Fig. 7-2: R&S DiglConf > User Defined dialog

Risk of hardware damage

Digital, electrical signals base on various logical technologies, such as TTL or CMOS with
several voltage levels. Therefore, the signal settings in the R&S EX-IQ-BOX must cor-
respond to the signal, in both, the logical standard as well as the voltage value.

Any deviations may damage the DUT or the R&S EX-IQ-BOX.

A change of the logic type during the operation is performed only when you confirm the
following warning message:

The cument Logic Type of EX-1/Q-Box is <3.3V CMOS=.
The use of an incompatible Logic Type might damage the hardware!

Do you want to apply the changes?

OK I Cancel

Fig. 7-3: User > Logic type warning

e Check the voltage values of your test setup.
e Select "OK" if the correct logic type is selected.

e Select "Cancel" if an incompatible logic type is selected. Adjust your setup accord-
ingly and set correct logic type in Logic Type.
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State
Activate signal transmission.

This function applies to R&S DiglConf, since R&S signal generators and analyzers start
signal transmission directly in the instrument.

Note: Data transmission requires that the respective breakout board is connected.

Remote command:
[ :SOURce<hw>] :EBOX:USER: STATe on page 261

Logic Type
Selects the digital signaling system used for transmitting the baseband signal from or to
the DUT.

Note: SCPI notation varies
The SCPI notation varies, when you remotely control the R&S EX-IQ-BOX on R&S EX-
IQ-BOX or R&S signal generators and R&S signal analyzers.

Follow the command link below for description of the command and its syntax in detail.

"LVvDS" The signal is transmitted by using the signaling system LVDS (Low
Voltage Differential Signaling).

"LVTTL" The signal is transmitted by using LVTTL technology (Low Voltage
Transistor Transistor Logic) with a voltage level of 3.3 V.

"x.x VCMOS" The signal is transmitted by using the CMOS Technology (Comple-
mentary Metal Oxid Semiconductor). x.x represents the voltage level
provided in the list.

"x.xV SSI" The signal is transmitted by using the SSI Technology (Serial Synch-
ronuos Interface). Voltage levels are 1.5V and 1.8 V.

Remote command:
[ :SOURce<hw>] :EBOX:USER:LOGic[:TYPE] on page 259

Direction
Selects the direction of signal transmission from the DUT to R&S EX-IQ-BOX or vice
versa.

Note:

Setting the transmission path and starting depend on the activating device

e R&S DiglConf
Signal direction is selected in the "Direction” field of the R&S EX-IQ-BOX "User
Defined" settings dialog. Select "Transmitter/Receiver" in the drop down list.
The transmission is activated by switching On the "State" button.

e RA&S signal analyzers
Signal direction is selected in the "Select Type" field of the "EXIQ-Box Settings" dia-
log. Select "Transmitter/Receiver" in the drop down list, as described in chap-
ter 6.1.1.6, "Dialogs", on page 57.
To toggle between the different types, press the "TX SETTINGS" or "RX SET-
TINGS" softkey to select the type from the combo box.

e RA&S signal generators
The direction of signal transmission is distinguished as input and output settings dia-
logs "EX-IQ-BOX BBIN" and "EX-IQ-BOX BBOUT". Therefore, "Direction" is not
required in control by for R&S signal generators.
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The transmission is activated by switching on the "State" button.

"Transmitter" The connected R&S EX-IQ-BOX receives data from an R&S instrument
and transmits this data to the DUT.
In conjunction with analyzers the setup of the box must be initiated by
the user. To do this the user must press "SEND TO" hotkey or send the
following remote command to the analyzer:

"Receiver" The connected R&S EX-IQ-BOX receives data from the DUT and trans-
mits this data to an R&S instrument.

Remote command:

R&S DiglConf, R&S signal generators:

[ :SOURce<hw>] :EBOX:USER:DIRection on page 258
R&S signal analyzers:

SOURce: TRANsmitter:SENDto on page 260

[ :SOURce] :RECeiver:SENDto on page 260

Set To Default
Executes a default application setup.

The function, provided by R&S DiglConf presets all parameters and switching states, also
those of inactive operating modes. The default application settings provide a reproducible
initial basis for all other settings.

Remote command:
[ :SOURce<hw>] :EBOX:USER: PRESet on page 260

Save/Recall

Store the current application settings in the specified path, or load the selected file. Save
provides to store the current application settings of R&S DiglConf in a file. Recall opens
previously stored settings files.

Note: A settings file is always stored, or loaded with the extension * . igbox. This file
type cannot be changed.

Remote command:

[ :SOURce<hw>] :EBOX:USER:SETTing: STORe on page 262

[ :SOURce<hw>] :EBOX:USER:SETTing:LOAD on page 262

Protocol

The "Protocol" tab contains the interface parameters for signal transmission from the DUT
to the R&S EX-IQ-BOX and vice versa. To the overview R&S DiglConf also shows the
"Clock" and "Data" settings and the signal flow in a diagram.
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J Protocol | Data | Clock [ Trigger | Test

Protocol
Format Paralle hd
Data Rate
Interleaving
Sample/Clock Rate Ratio
Data Settings 16Bit / 2's Complement / 1Q
Clock Settings Internal (BNC REF IM) / 90 deg
Clock Rate / Sample Rate 10.000 000 000MHz / 10.000 000 000 MHz

R&S 16
cvio.sox [ | Data b b
16
‘——=——(Q Data ){ ){

Fig. 7-4: User defined > Protocol dialog

Format

Sets the transmission protocol of the R&S EX-IQ-BOX for receiving or sending a base-
band signal from or to an external device (DUT) via the user interface of the R&S EX-1Q-
BOX.

"Serial" Tranmsits each sample serially, i.e. bitwise from the DUT to the
R&S EX-IQ-BOX or vice versa.

Example:
The following graph shows an incoming serial 1/Q signal from the DUT:

Clock

10.115
Res [ |Dataj 10 I 1 ¥
EXIQ-0X1Q0-Q18 o by Qo )( a ¥
UI_GPS Strabe | 0 |

Fig. 7-5: User defined > I/Q IN serial signal flow
Direction = Receiver

Format = Serial

In serial mode, | data and Q data are sent via the input and output pins
10 and QO, respectively.
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"Parallel" Transmits each sample parallel, i.e. wordwise from the DUT to the
R&S EX-IQ-BOX or vice versa.

Example:
Parallel signal output to the DUT

6
R&S | DEtE){ I
Exla-Box| 1 i

Fig. 7-6: User defined > I/Q OUT parallel signal flow

Direction = Transmitter
Format = Parallel

The input and output pin assignment depends on the bits alignment and
the bit order settings. The "Data" dialog shows the current assignment.

Remote command:
[ : SOURce<hw>] : EBOX :USER: FORMat on page 264

Data Rate
Sets the data rate mode of the R&S EX-1Q-BOX for receiving/sending a baseband signal
from/to an external device (DUT).
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"SDR" Tranmsits the baseband signal in single data rate mode from the DUT
to the R&S EX-IQ-BOX or vice versa. The rising edge of the clock signal
triggers data transmission.

Example:
e Parallel signal output in single data rate
— Y e e |

16
R&S | DEtE){ I )(

16
EX-|Q-BOX¢>Q Data){ I )(

Fig. 7-7: User defined > Signal flow: I/Q OUT parallel, single data rate

Direction = Transmitter
Format = Parallel
Data Rate = SDR

e Serial signal input in single data rate:

—— Clock
10_.115
e | Data 10 ¥ 1 ¥
EXIQ-0X1Q0-Q18 o by Qo )( a ¥
UI_GPS Strabe | 0 |

Fig. 7-8: User defined > Signal flow: I/Q OUT serial, single data rate

Direction = Receiver
Format = Serial
Data Rate = SDR
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"DDR" Transmits the baseband signal in double data rate mode from the DUT
to the R&S EX-IQ-BOX or vice versa. The rising edge and the falling
edge of the clock signal trigger data transmission (double speed trans-
fer).

The signal transmission is also shown in the graph.

Example:
e Parallel signal input in double data rate:
— Y e e |

16
Rz [==— Data § I I I
Q- 16
EX1Q-BOX a Data){ ¥ ¥ ¥

Fig. 7-9: User defined > Signal flow: I/Q IN parallel, double data rate

Direction = Receiver
Format = Parallel
Data Rate = DDR

e Serial signal input in double data rate:

R&S
EX-10-B0x| Q0..Q15
=

Q Data) Qo ¥ Qi ¥ Qz ¥ Q3

Strobe 0

UI_GFE

Fig. 7-10: User defined > Signal flow: I/Q IN serial, double data rate

Direction = Receiver
Format = Serial
Data Rate = DDR
Remote command:
[ : SOURce<hw>] :EBOX:USER:DRATe on page 263

Interleaving
Activates interleaving and selects the interleaving mode.

Depending on the interleaving settings, the baseband signal is either sent simultaneously
orin I/Q or Q/I order from the external device (DUT) to the R&S EX-IQ-BOX or vice versa.
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"Not Inter- Transmits the baseband signal on the | and Q data lines as indicated
leaved" in the graph below.
Example

Reg [ !Data} 10 ¥ 11
EX-IQ-BOX| Q0. Q15 Data) W y T
uI_GPs Strobe | 0 |

Fig. 7-11: User defined > Signal flow: I/Q OUT serial, not interleaved

Direction = Transmitter
Format = Serial

Data Rate = DDR
Interleaving = Not interleaved
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"I/Q Inter- Transmits the baseband signal on the | data line starting with | data.
leaved"
Example:
e Serial signal output in single data rate.
—— Clock
R&S 1901016, 1y ¥ 2 ¥ Qz ¥
EX1Q-BOX
UI_GFS Strobe | 2 [

Fig. 7-12: User defined > Signal flow: I/Q OUT serial, single data rate, I/Q inter-

leaved
Direction = Transmitter
Format = Serial

Data Rate = SDR
Interleaving = 1/Q interleaved

The strobe signal (Ul_GP5) takes 2 clock cycles. The first clock
cycle triggers the | data, and the second cycle triggers the Q data.

Serial signal output in double data rate.
—— Clock

1901016, 1oy YT ST S a2

R&S
EX-Q-BOX

uI_GPs Strobe | 2 [

Fig. 7-13: User defined > Signal flow: I/Q OUT serial, double data rate, I/Q inter-

leaved
Direction = Transmitter
Format = Serial

Data Rate = DDR
Interleaving = 1/Q interleaved

The strobe signal UI_GP5 lasts 1 clock cycle. The rising edge trig-
gers the | data, the falling edge the Q data.

Parallel signal output in single data rate.

—— Clock
16
R&S F——=— Data ){ | I Q )(
EX1Q-BOX
uI_GPs | Marker]| | [

Fig. 7-14: User defined > Signal flow: I/Q OUT parallel, single data rate, I/Q

interleaved
Direction = Transmitter
Format = Parallel

Data Rate = SDR
Interleaving = 1/Q interleaved

The | marker output at the Reserved1 pin Ul_GP5 of the user inter-
face marks the | data.

Parallel signal output in double data rate.
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6
Ras == Data ¥ I ¥ Q ¥ I ¥ Q ¥
EX-1Q-BOX

Fig. 7-15: User defined > Signal flow: I/Q OUT parallel, double data rate, I/Q

interleaved
Direction = Transmitter
Format = Parallel

Data Rate = DDR

Interleaving = 1/Q interleaved

The rising edge of the clock signal triggers the | data, the falling
edge the Q data.

"Q/I Inter- Transmit the baseband signal on the | data line starting with Q data.
leaved" With interchanged order of the | and Q data the 1/Q signal is transferred
similarly as described above.

Remote command:
[ : SOURce<hw>] : EBOX:USER: ILEaving on page 265

Sample / Clock Rate Ratio

Sets the sample to clock rate ratio in parallel signal transmisssion mode. This parameter
characterizes the ratio of the sample rate to the clock rate depending on the parameter
settings for "Word Size", "Interleaving" and "Data Rate". See also "Clock Rate"

on page 115.

Note:

SCPI notation varies

® In the remote control, determine the clock rate ratio value for the R&S DiglConf and
R&S signal generators with SCRxDy. x represents the value, D substitues the decimal
point, and vy is the decimal place.

e In contrast, just enter the value x . x when using an R&S signal analyzer.

Follow the command link below for description of the command and its syntax in detail.
"SCR" 1, 4/5, 2/5, 1/5, 1/10, 1/20

"SCR < 1:" Dummy samples are added.
The signal output SCR_VALID at the UI_GP_P1 pin of the user inter-
face marks the validity of the data.

Remote command:
[ :SOURce<hw>] :EBOX:USER:SCRatio on page 271

Data Settings

Displays the data parameters "Word Size", "Numeric Format" and "Signal Type". For the
description of these parameters, see chapter 7.1.4, "Data", on page 108, including "Word
Size" on page 109, "Numeric Format" on page 112, and "Signal Type" on page 108.

Clock Settings

Indicates the current values of the Clock Source and the Clock Phase. For the description
of these settings in detail, see "Clock Source" on page 116 and "Clock Phase"

on page 118.
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Clock Rate / Sample Rate
Displays the clock parameters "Clock Rate" and the calculated "Sample Rate". "Clock
Rate" on page 115 explains these parameters in detail.

7.1.4 Data

The "Data" tab contains the parameters for data transmission. In parallel data transmis-
sion, R&S DiglConf shows the bits alignment at the user interface graphically, corre-
sponding to the settings. If you transmit serially, you can additionally configure the serial
strobe. In the lower pane, the signal flow is displayed as in all views.

Analyzers do not indicate data transmission graphically.

[ ProtocoII Data]’ Clock [ Trigger | Test

Signal Type a >
Word Size I—Slﬂ
Word Alignment L3B -
Bit Order LSB hd

User Interface Bits Alignment
1} 1 2 3 4 5 8 7 2 9 10 1 12 13 14 15 18 17
L x x x x x x x x x x x x x x M

Numeric Format

R&S 16 i i
EX-IQ-BOX

Fig. 7-16: User defined > Data dialog of parallel transmission

Signal Type

Selects the signal mode of the transmission. The digital | and Q signals are either trans-
mitted separately or the | and Q samples are assembled to a carrier signal and shifted to
an intermediate frequency (IF).

Note: Currently the signal type is firmly set to "IQ" and read only. IQ transmits the digital
I and Q signal components separately. Signal type "IF" is intended for future use.

"1Q" Transmits the digital | and Q signals separately.

Remote command:
[ :SOURce<hw>] :EBOX:USER:DATA: STYPe on page 276
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Word Size

Sets the word size resolution of a sample. If the word size is set to a value n, the | word
and the Q word use these n bits. The R&S EX-IQ-BOX supports word sizes from 4 to 18
bits.

Remote command:
[ : SOURce<hw>] : EBOX:USER:DATA: SIZE on page 275

Word Alignment

Sets the alignment of the data bits on the data lines. Either the MSB or the LSB is mapped
firmly to one data line. Depending on the word size the equivalent bit moves to the appro-
priate data line.

Note:

e This parameter applies to parallel data transmission.

® Graphics in the dialog of the generators and in R&S DiglConf show the presently set
word alignment in the "User Interface Bits Alignment" section.

"MSB" The MSB (Most Significant Bit) is mapped firmly to the same data line
and the data line of the LSB varies in dependency of the word size.

Example:

° User Interface Bits Alignment-
o 1 2 3 4 s 8 T & 8 ® M 12 1 W 15 18 17
x  xox - - -~

Fig. 7-17: User defined > Word alignment MSB: I/Q parallel transmission, 5 bit,

bit order MSB
word size =5
word alignment = MSB
bit order = MSB
° User Interface Bits Alignment:

o 1 2z 3 4 5 8 7 8 L] 10 1 12 13 14 15 16 1w
M x x x x x x x L _ _

Fig. 7-18: User defined > Word alignment: I/Q parallel transmission, 9 bit, bit

order MSB
word size =9
word alignment = MSB
bit order = MSB
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"LSB" The LSB (Last Significant Bit) is mapped firmly to the same data line
and the data line of the MSB varies in dependency of the word size.

Example:

° User Interface Bits Alignment-
o 1 2 3 4 s 8 T & 8 W M 12 1 W 15 18 17

Fig. 7-19: User defined > Word alignment LSB: I/Q parallel transmission, 5 bit,

bit order MSB
word size =5
word alignment = LSB
bit order = MSB
° User Interface Bits Alignment:

[} 1 2 3 4 5 & T &8 8 W M 12 13 W 15 185 17
L x x x x x x x M

Fig. 7-20: User defined > Word alignment LSB: I/Q parallel transmission, 9 bit,

bit order LSB
word size =9
word alignment = LSB
bit order = LSB

Remote command:
[ :SOURce<hw>] :EBOX:USER:DATA:ALIGnment on page 272

Bit Order

Sets the order of the data bits. In "Parallel mode", either the LSB or the MSB is transmitted
on the first used data line. In "Serial mode" either the LSB or the MSB is transmitted as
first bit.
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Transmits the MSB (Most Significant Bit) first.
Parallel transmission
The MSB is transmitted on the first used data line, depending on the
word size and alignment.

Note: Graphics in the dialog of the generators and in R&S DiglConf
shows the presently set bit sequence.

Example:

User Interface Bits Alignment:
e 1 2 3 4 5 8 T 8 8 @ 1 12

Fig. 7-21: User defined > Bit order MSB

MSB, 5 bit
word size =5
word alignment = MSB
bit order = MSB

: 1/Q parallel transmission, alignment

User Interface Bits Alignment-
o 1 2 3 4 5 8 T & 8 ® 1 12
Moox ox ox

Fig. 7-22: User defined > Bit order MSB

LSB, 9 bit
word size =9
word alignment = LSB
bit order = MSB

Serial transmission:
The MSB is transmitted first.

Example:

J_
=
115..10 IData}

Q15..Q0
———— Q Data

—— Clk

R&S
EX-1Q-BOX

UI_GPS

: 1/Q parallel transmission, alignment

Fig. 7-23: User defined > Bit order MSB: I/Q serial transmission, 16 bit

word size = 16 Bit
bit order = MSB
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"LSB" Transmits the LSB (Last Significant Bit) first.
Parallel transmission:
The LSB is transmitted on the first data line.

Example:

° User Interface Bits Alignment:
o 1 2 3 4 5 & T 8 9 W N @ 1 W 15 18 17
x x M

Fig. 7-24: User defined > Bit order LSB: I/Q parallel transmission, alignment

MSB, 5 bit
word size =5
word alignment = MSB
bit order =LSB

User Interface Bits Alignment:
e 1 2 3 4 5 8 T 8 8 0 11 12 13 M B 18 17

Fig. 7-25: User defined > Bit order LSB: I/Q parallel transmission, alignment

LSB, 9 bit
word size =9
word alignment = LSB
bit order =LSB

Serial transmission:
The LSB is transmitted first.

Example:

R&S | 10.115
exiasox[ | Dae )

Q0..Q15
Ul GFs ————— @ Data )

Fig. 7-26: User defined > Bit order LSB: 1/Q serial transmission, 16 bit

word size = 16 Bit
bit order = LSB

Remote command:
[ : SOURce<hw>] : EBOX :USER:DATA : BORDer on page 273

Numeric Format
Select a numeric representation for data transmission.

Allowed number range for word size n Bit:
-2 < n < +2m1

Table 7-1: User defined > Numeric format coding

z 2’s Complement Binary Offset
-8 1 0 0 0 0 0 0 0
-7 1 0 0 1 0 0 0 1
-6 1 0 1 0 0 0 1 0
-5 1 0 1 1 0 0 1 1
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z 2’s Complement Binary Offset
4 |1 1 0 1 0 0
3|1 1 0 1 0 1
2| |1 1 0 1 1 0
|1 1 0 1 1 1
o| |o 0 1 0 0 0
1 |0 0 1 0 0 1
2| |o 0 1 0 1 0
3 |0 0 1 0 1 1
4) |0 1 1 1 0 0
5| |0 1 1 1 0 1
6| |0 1 1 1 1 0
71 |0 1 1 1 1 1
"2’s Comple- The value of the transmitted data is formatted in two’s-complement.
ment" The most significant bit has a value of -2", the bits of lesser signifi-
cance follow as:
+2n2
"Binary Offset" The value of the transmitted data is formatted in binary offset.

A binary offset of -2™" is added such that the final values are always

positive.

Example:
n=4->-8<z<8

Remote command:

[ : SOURce<hw>] : EBOX:USER:DATA:NFORmat on page 273

Strobe Polarity

Determine the polarity of the strobe marker signal. During a serial data transmission every

data sample is marked by the strobe marker signal.
The strobe marker is output at the Ul_GP5 of the user interface.
Note: This parameter applies to serial data transmission.

"Clock Phase" or "Clock Skew" settings do not affect the strobe marker signal.
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"Positive" Example:
Sets the strobe polarity to high level.

as —E L iData )0 YW | S ¥
EXI0BOX| Q0. Q18 o poy—q5 @i | O S |

UI_GFEL—— Strobe 0

Fig. 7-27: User defined > Strobe polarity positive: I/Q OUT serial

word size =4

bit order =LSB

numeric format = 2's complement
strobe polarity = positive

"Negative" Sets the strobe polarity to low level.
Example:
I Clock
e 10 1s | Data 10 ¥ [} ¥ 2 ¥ 13 ¥

EXIQBOX| Q0O ooy @ ¥ @1 (@ (a3

Strobe 0

UI_GFE

Fig. 7-28: User defined > Strobe polarity negative: I/Q OUT serial

word size =4
bit order =LSB
numeric format = 2's complement
strobe polarity = negative
Remote command:
[ : SOURce<hw>] : EBOX:USER:DATA: SPOLarity on page 275

Strobe Position
Sets the sample position of the strobe marker output.

Note:

e This parameter applies to serial data transmission.

e Value range: 0 to word size -1.

® The graphic in the clock dialog of the generators and in R&S DiglConf shows the
presently set sample position.

e The strobe marker is output at the Ul_GP5 of the user interface.

1
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Example:
Strobe Position = 2, Strobe Polarity = Positive.

—— Clock

0 15
pes [ IData) [ ¥ i ¥ B ¥ [ ¥

EXl0-BOX| Q0 Q15
—

Q Data)] a0 ¥ at ¥ Qz ¥ a3 ¥

ui_ePs— - Strobe 2

Fig. 7-29: User defined > Strobe position 2: I/Q OUT serial, negative polarity

word size =16

bit order = LSB
strobe polarity = negative
strobe position = 2

Remote command:
[ : SOURce<hw>] : EBOX:USER:DATA: SPOSition on page 276

7.1.5 Clock

The "Clock" tab provides the frequency settings for synchronizing the test setup with
either external or internal clock source.

Protocol | Datal Clockl Trigger | Test

Clock Settings —Reference Clock
Clock Rate | 20.000000 000 |MHz ~|| |Frequency [10 MHz -]
Clock Source [REF I 1| |counter | oz ~]
Clock Phase [30 deg =l
Clock Skew | 000fns =
Clock In Skew | 0oojns -
Clock
R&S |0 Data R&S = oUT
Instrurment EX-IQ-BOE
REF OUT REF IN
[ Reference Clock T

R&S I0..115
Evlogox— |Data I [] I 1
UI_GPS |0 B, @ Data I [E] I o]
Strobe | 0

Fig. 7-30: User defined > Clock dialog

The graphic in the clock dialog of the generators and in R&S DiglConf indicates the data
flow, the clock signal and the reference frequency signal. A signal diagram displays
schematically the current type of data transmission.

Clock Rate

Sets the clock rate (frequency) for signal transmission between the R&S EX-1Q-BOX and
the external device (DUT). Depending on the logic type and the clock source the clock
rate range varies, as shown below.
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_fy-WS.INT
CLK = "DDR-SCR

Fig. 7-31: User defined > Clock rate

fa« = clock rate

fs = sample rate

WS = Word size

INT = Interleaving mode
DDR = double rata rate

SCR = sample/clock rate ratio

Table 7-2: User defined > Value range of fg; «

Value Range
fs 1kHz ... 100 MHz
ferk LVTTL: 1 (25) kHz - 100 MHZz*) LVDS: 1 (25) kHz - 400 MHz*)
WS 4 ... 18 (serial mode) 1 (parallel mode)
INT 1 (non interleaved) 2 (I/Q and Q/I interleaved)
DDR 1 (SDR) 2 (DDR)
SCR 1, 4/5, 2/5, 1/5, 1/10, 1/20
*)1 kHz applies to the REF IN clock source, i. the reference signal is fed in from the R&S instrument, 25 kHz
applies to the external reference from the user interface.

Note: The value range of the clock rate depends on "Protocol, Logic Type" and "Signal
Type" settings.

Remote command:

[ :SOURce<hw>] : EBOX:USER:CLOCk : RATE on page 268

Clock Source
Selects the clock source for data transmission. Either the R&S instrument or the external
device (DUT) can provide the reference, irrespective of the transmission direction.

The following clock scenarios are possible:
e Signal "input" synchronized by an "external" clock source.
Data and data clock are fed by the DUT.

Clack

R&S 1Q Data R&S

Instrument EX1Q-BOX Data DuT

REF OUT REF IN

Reference Clock

Fig. 7-32: User defined > I/Q IN synchronized by external clock

clock source = External (user interface)

e Signal "input" synchronized by the "internal" reference clock signal.
The R&S EX-IQ-BOX receives the clock signal from the R&S instrument and forwards
it to the DUT in order to synchronize the incoming data from the DUT.
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Clock

R&S 1Q Data R&S
Instrument EX-IQ-BOX REE

out

REF OUT REFIN

Reference Clock

Fig. 7-33: User defined > 1/Q IN synchronized by internal clock
clock source = Internal (BNC REF IN)

e Signal "output" synchronized by an "external" reference clock signal.
The R&S EX-IQ-BOX receives the I/Q data from the R&S instrument and forwards it
to the DUT, synchronized by the reference frequency of the DUT.

Clack

R&S 1Q Data R&S
Instrument EXIQ-BOX Hlai

put

REF OUT REF IN

Reference Clock

Fig. 7-34: User defined > I/Q OUT synchronized by external clock

clock source = External (User Interface)

e Signal "output" synchronized by the "internal” reference clock signal.
The R&S instrument provides the 1/Q data and the reference clock passed to the DUT
by the R&S EX-IQ-BOX.

P Clock
R&S ala R&S
Instrument | | ExiaBox | Data puT
REF OUT REF IN
Reference Clock

Fig. 7-35: User defined > I/Q OUT synchronized by internal clock

clock source = Internal (BNC REF IN)
"REF IN" To synchronize data transmission, the R&S EX-IQ-BOX obtains the

reference frequency from a connected R&S instrument, i.e. a signal
generator or signal analyzer.

The R&S instrument supplies the clock at the REF IN (BNC) connector.
Select the supplied reference frequency in Frequency.

Note: When using the reference frequency of an R&S instrument, the
reference output of the R&S instrument must be connected to the REF
IN of the R&S EX-IQ-BOX (see chapter 4.3.2, "Rear Panel View",

on page 32). The connection can be kept during the entire operation
even if an external clock reference is used.

"Internal” The R&S EX-IQ-BOX synchronizes data transmission with a internally

generated reference frequency of 10 MHz. The frequency is indicated
Frequency.
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"User Inter- The R&S EX-IQ-BOX receives an external reference signal from the
face" DUT via the user interface.

Remote command:
[ :SOURce<hw>] :EBOX:USER:CLOCk: SOURce on page 270

Clock Phase
Sets a phase shift of the active clock edge in 90° steps related to the data bits.

The phase shift is graphically displayed in main settings dialog.
Adjustable values: 0° | 90° | 180° | 270°

Example:
—— Clock
qgs [ IData T T T T
Ba-BoX,_ 18 oy T T T T

Fig. 7-36: User defined > Clock phase

Clock source = internal
clock phase = 90°

Note: SCPI notation varies

In the remote control you determine the clock phase value for the R&S signal analyzers
with Pxx. In contrast, just enter the value xx without P when using R&S EX-IQ-BOX or
an R&S signal generator. xx represents the value in degree.

Follow the command link below for description of the command and its syntax in detail.

Remote command:
[ : SOURce<hw>] : EBOX:USER:CLOCk: PHASe on page 267

Clock Skew
Sets a time shift of the active clock edge related to the data bits. This feature is used to
compensate an external clock skew which is caused by differences of the clock and data
line lengths.

Remote command:
[ : SOURce<hw>] : EBOX:USER:CLOCk: SKEW:OUT on page 270

Clock In Skew

Sets a time shift of the active clock edge related to the data bits. This feature is used to
compensate an internal clock skew which is caused by differences of the clock and data
line lengths.

Remote command:

[ : SOURce<hw>] : EBOX:USER:CLOCk: SKEW: IN on page 269

Frequency
Sets / indicates the reference frequency.

The R&S EX-IQ-BOX supports different reference frequencies to be input at REF IN. This
value must be set on the frequency currently supplied.
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The parameter is grayed out, when an external, or the internal reference clock of the
R&S EX-IQ-BOX is used.

"5]10]13" Provided reference frequencies in MHz.

Remote command:
[ : SOURce<hw>] : EBOX:USER:CLOCk:REFerence: FREQuency on page 269

Freq. Counter
The function counts and indicates the actually reference frequency, fed by an R&S instru-
ment, or the DUT.

Remote command:
[ : SOURce<hw>] : EBOX:USER:CLOCk:REFerence:VALue? on page 269

7.1.6 Trigger

In the "Trigger" tab you can configure and activate a trigger signal, when the R&S EX-
IQ-BOX is working in transmitter mode.

(Protocol | Data | Clock [ Trigger | Test

Trigger Source |~ to j
Trigger Delay I 0 IC ock cycles j
Status Idle

R&S 16 i
EX-IQ-BOX

Fig. 7-37: User defined > Trigger dialog

Trigger Source
Select the trigger source. The trigger signal starts the signal output at the user interface.

"Auto" Outputs the signal immediately.

"Sync" Synchronizes signal output with an incoming trigger signal, i.e. the DUT
triggers data output to the R&S EX-IQ-BOX. The trigger signal is applied
at the SYNC IN pin of the user interface.

Remote command:
[ : SOURce<hw>] : EBOX:USER: TRIGger : SOURce on page 282
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Trigger Delay
Specify a time delay after the trigger event. Trigger delay is defined clock cycles.

Remote command:
[ :SOURce<hw>] :EBOX:USER:TRIGger : DELay on page 282

Status
Indicates the current trigger status.

Remote command:
[ :SOURce<hw>] :EBOX:USER:TRIGger: STATe? on page 283

Arm
Stops the current signal output. It continues either automatically or synchronized, accord-
ing to the used trigger source.

Remote command:
[ :SOURce<hw>] :EBOX:USER: TRIGger : ARM on page 281

Test

The "Test" tab provides functions for testing the user interface between the R&S EX-IQ-
BOX and the DUT.

Prior to any measurement of an 1/Q signal, we recommend that you to check the function
of the data interface.

71.8

The R&S EX-IQ-BOX provides both, a test signal generator and a measurement receiver
that supports BER measurement.

The test dialog changes depending on the transmissioni path. If the R&S EX-IQ-BOX is
working as transmitter, the test dialog shows the control elements for the test signal gen-
erator. In receiver mode, the dialog provides the control elements for the test receiver.
Refer for description to chapter 7.1.8, "TX-Test", on page 120, and to chapter 7.1.9, "Rx-
Test", on page 123, respectively.

TX-Test

This section describes the parameters for testing in transmitter mode.

1
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[ F‘rotocoIT DataT CIockT TriggerI Test]

Tx Test 4'01‘[

Test Signal Sinz -
ine Signal Settings

Fraquency

Amplitude

R&S 16 i i
EX-1Q-BOX

Fig. 7-38: User defined > Test dialog of transmitter mode

Tx Test

Switches the test generator on or off.

While the test generator is switched on, the test signal replaces the 1/Q data source com-
ing from "DIG 1Q IN".

Remote command:
[ : SOURce<hw>] :EBOX:USER: TEST: TX: STATe on page 281

Test Signal
Selects a test signal of the test generator. The R&S EX-IQ-BOX provides three different
signals for testing.

1
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Generates a PRBS 16 (Pseudo Random Binary Sequence) sequence.
The output of this sequence complies to the "Protocol”, "Data" and
"Clock" settings of the R&S EX-IQ-BOX.

E.g. if the word size of the | / Q sample is 7 bits, the R&S EX-IQ-BOX
sends the PRBS 16 sequence in 7-bit parts.

The | and Q values always contain the same copy of one test sample.
The PRBS 16 sequence is defined by the generator polynomial G(x) =
1+ x2+x3+x%+ 6.

Example:

The functional implementation of this PRBS generator is also defined
by the following linear feedback shift register (LFSR):

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
’—ﬂO‘OM‘0‘0‘1‘1‘0‘0‘1‘0‘1‘0‘1‘0‘1}—»Output

(e

Fig. 7-39: User defined > Test PRBS linear feedback shift register (LFSR)

Generates a counter test signal. The counter size is based on the word
size, set in the "Data" tab. Each output sample increases the counter
by 1.

A complex sine signal is generated, following the formula below,

S S

jZTan f f
s(n)=e = = cos{an—n} + jsin{an—n}

Fig. 7-40: User defined > sine signal formula

n = discrete time index
f = frequency of the test sine signal
fs = sampling frequency, based on the "protocol”, "data" and "clock" settings.

with the real component,

I(n):cos{2nfin}

S

Fig. 7-41: User defined > sine signal | component formula (real)

and the imaginary component:

Q(n)= jsin{anLn}

S

Fig. 7-42: User defined > sine signal Q component formula (imaginary)

Remote command:
[ : SOURce<hw>] :EBOX:USER:TEST: TX:SIGNal on page 279
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Frequency

Sets the frequency of the sine test signal. The frequency is limited to "0.4 f.", and the
sampling frequency "f" depends on the clock settings, the double data rate setting and
the interleaving mode.

Remote command:
[ :SOURce<hw>] :EBOX:USER:TEST:TX:SINE: FREQuency on page 281

Amplitude
Sets the amplitude of the sine test signal in terms of dBFS. The maximum amplitude is
full scale (0 dBFS).

Remote command:
[ : SOURce<hw>] : EBOX:USER:TEST: TX: SINE: AMPL1itude on page 280

Rx- Test

This section provides the parameters for testing in receiver mode.

[ Protocol | Data | Clock] Triggerl Test]

Test Signal IF'REIS 'l
Rx Received Bits 0
Rx BER 0 E+00

R&S 16
EX-IQ-BOX X A

Fig. 7-43: User defined > Test dialog of receiver mode

Rx Test
Activates the test receiver.

The R&S EX-IQ-BOX expects a test signal at the user interface. First, the test receiver
synchronizes to the last received data word, and then generates a test sequence and
compares each generated sample with the corresponding received sample.

Remote command:
[ : SOURce<hw>] :EBOX:USER: TEST :RX: STATe on page 278

Test Signal
Selects the incoming test signal to be analyzed. The test receiver analyzes both PRBS
16 or counter test signals.

Remote command:
[ :SOURce<hw>] :EBOX:USER: TEST:RX:SIGNal on page 278
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Rx Received Bits
Indicates the number of received bits. This functions consecutively counts the number of
received bits, compares them with the sent data and determines the error rate.

Remote command:
[ : SOURce<hw>] : EBOX:USER: TEST :RX:WORDs? on page 279

Rx BER

Indicates the bit error rate. The function consecutively counts the number of discrepan-
cies that occur during the test. The BER result is the ratio, which is calculated by dividing
the number of error bits by the total number of bits.

Remote command:
[ : SOURce<hw>] :EBOX:USER: TEST:RX:BER? on page 277

SSI - Serial Synchronous Interface

The "SSI General" panel contains parameters for data transmission of SSI (Serial Syn-
chronuos Interface) signals.

The graphic in the clock dialog of the signal generators and in R&S DiglConf indicates
the frame configuration, data flow and the control signals Clock, Frame Synchronization
and Data.

Frame Configuration

| Q Cam
16 16 16

Clock

R&S Q) Data Ex Frame Sync
Device 10-Box

ouT
Data

Settings of the SSI logic types currently provide special applications and should not be
changed. Extensions for future applications are intended.

Word Size
Defines the size in bits of an | or Q data word. The size is defined from 4 up to 24 bits.

Remote command:
[ : SOURce<hw>] :EBOX:USER:SST:SIZE on page 284

C&M Size
Defines the number of the Control & Management Bits which follows the I/Q data word.
The size is defined from 0 up to 32 bits.

Remote command:
[ :SOURce<hw>] :EBOX:USER:SST:CMSize on page 284

1
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C&M Data

Defines the number of the Control & Management bit word as defined in the C&M Size
parameter. This setting can be specified in transmitter mode, in receiver mode it is read-
only.

Note: For this setting, the SCPI notation lightly differs between the command for the R&S
signal generators, R&S DiglConf and the command for the R&S analyzers.

Remote command:

[ :SOURce<hw>] :EBOX:USER:SST:CMData:RX|TX on page 283

Late Frame Sync
Defines if the sync signal appears at the first period of a data bit (parameter set to On)
or if the sync signals appears one period before (parameter is Off).

Remote command:
[ :SOURce<hw>] :EBOX:USER:SST:LFSYnc on page 284

Gain File
Defines a binary file contianing a gain table. For the format of the gain table, refer to the
appropriate generator section.

Note: A gain file can be selected in input / receiver mode and for "C&M" >=8 |

Remote command:
[ :SOURce<hw>] :EBOX:USER:SST:GAIN: FSELect on page 284

Enable Automatic Gain
Activates the automatic gain handling.

Note: A gain file can be used in input / receiver mode and for "C&M" >=8 !

Remote command:
[ :SOURce<hw>] :EBOX:USER:SSI:GAIN:STATe on page 284

7.1.11 SPI Setup

The "SPI Setup" panel contains clock parameters for data transmission of SSI (Serial
Synchronuos Interface) signals.

Clock Frequency
Sets a system clock frequency. Available fregencyies are 1 MHz, 2.5 MHz, 5 MHz,
8.333 MHz, 12.5 MHz or 25 MHz.

Remote command:
[ :SOURce<hw>] :EBOX:USER:SST:SPI:CLOCk: FREQuency on page 285

Clock Phase
Selects 0 or 180 degree clock phase.

Remote command:
[ : SOURce<hw>] :EBOX:USER:SSI:SPI:CLOCk:PHASe on page 285
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Chip Select
Activates using the SSI-SPI chip.

Remote command:
[ :SOURce<hw>] :EBOX:USER:SST:SPI:CSELect on page 285

Write Byte (hex)
Writes the SSI:SPI byte in hexadecimal format.

Remote command:
[ :SOURce<hw>] :EBOX:USER:SST:SPI:WBYTe on page 286

Read Byte (hex)
Indicatess the SSI:SPI byte in hexadecimal format.

Remote command:
[ : SOURce<hw>] :EBOX:USER:SST:SPT:RBYTe? on page 286

Select File
Selects a SSI:SPI file.

Remote command:
[ :SOURce<hw>] :EBOX:USER:SSI:SPI:FSELect on page 285

Send
Send all parameters of the configuration dialog to the R&S EX-IQ-BOX.

7.2 CPRI

This CPRI documentation contains a general overview of the standard interface. The
main part explains the configuration dialogs and parameters in detail, provided by the
configuration software R&S DiglConf. Find the appropriate information in chapter 7.2.6,
"Main Configuration Dialog", on page 150, chapter 7.2.7, "Hardware", on page 153,
chapter 7.2.8, "L1 Analysis", on page 163, chapter 7.2.9, "Downlink and Uplink",

on page 170, chapter 7.2.10, "Control & Management", on page 193, chapter 7.2.11,
"Vendor Data", on page 200, and chapter 7.2.12, "Diagnostics", on page 203.

You also find a panel chapter 7.2.13, "ARB", on page 205 in the CPRI configuration
dialog. If the R&S EX-IQ-BOX is equipped with a special option for waveform memory, it
supports playback of waveform signals. l.e. the R&S EX-IQ-BOX can work as a signal
source without any generator connected.

In addition, an application example of a CPRI RE (Radio Equipment) test application
exemplifies the necessary equipment, test construction and essential settings. Refer to
chapter 7.2.5, "Start with CPRI - Setup Example", on page 143 for information on this
application example.

CPRI parameter settings are set by means of the configurator software R&S DiglConf.
See chapter 6.1, "R&S DiglConf Configuration Software", on page 53 for description of
R&S DiglConf in detail.
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\ The CPRI transmission protocol option, as well as the options for waveform memory,
/ multi waveform playback and recording memory require the R&S EX-IQ-BOX

1409.5505K04 and the configuration software R&S DiglConf. The R&S EX-IQ-BOX
1409.5502.02 provides only User Defined protocols.

7.21

Introduction

CPRI™ (Common Public Radio Interface) is a publicly available digital communication
protocol standardized by an industry cooperation. The CPRI transmission protocol
defines the interface of base stations between the REC (Radio Equipment Control) in the
standard, to local or remote radio units, known as RE (Radio Equipment). For further
information on CPRI Interface Specification refer to http://www.cpri.info/spec.html.

In the figure below, the REC and RE are shown for clarification. When connecting a REC
and a RE with one or several CPRI interfaces, the resulting entity is a Node B in a Radio
Access Network.

Radio Equipment Control (REC) Radio Equipment (RE)
lub Control &  Sync Q Control &  Sync 1Q Uu
D S S L LT
Layer 2 Layer 2
PHY PHY
Digitized Radio Base Station

internal interface specification

Fig. 7-44: CPRI internal interface specification

R&S provides this standardized protocol by the special purpose option R&S EXBOX-B85
for the R&S EX-IQ-BOX.

The associated option is available under R&S part number 1409.7208.02 (supporting line
rates up to 3072 MBit/s) and 1409.7208.04 (supporting line rates up to 9830 MBit/s),
including a breakout board and an option key code for authentification. For information
on how to install the option refer to chapter 4.6, "Installing R&S EX-IQ-BOX Options",
on page 44.

The enclosed CPRI breakout board is directly connected to the R&S EX-IQ-BOX at the
Z-Dok user interface. The connection to the device under test (DUT) is done from the
breakout board, which supports small form factor pluggable (SFP) modules for the optical
CPRI link. The interface is configured by the configuration software R&S DiglConf.

For information on connection of a test setup example, refer to chapter 7.2.5, "Start with
CPRI - Setup Example", on page 143.

With the option R&S EXBOX-B85 you can perform tests directly in the CPRI interface
between the baseband module and the RF module of a base station, i.e. between the

1
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Transmitter

_ R&SFSQ

Receiver

_ R&S SMU200A _

Bidirectional o _mm o™

CPRI

REC and the RE. While one of the modules is simulated, the other, either the REC or the
RE can be tested independently.

All state-of-the-art standards such as 3GPP FDD, incl. HSDPA, HSUPA and HSPA+,
LTE, WIMAX and CDMA2000 are supported. The test solution covers individual uplink
or downlink operation as well as full duplex operation. Depending on the configuration,
up to 24 signal streams with settable sample rates can be processed; line bit rates of up
to 3072.0 Mbps are achieved. Control and management information can be inserted,
even in real-time.

In combination with R&S signal generators and R&S spectrum analyzers, the R&S EX-
IQ-BOX utilizes the enhanced functions of the signal generators, like e.g. generation of
digital communication signals, fading and AWGN simulation, and the signal analysis fea-
tures of the spectrum analyzers, like e.g. EVM measurements for digital standards, or
ACP measurement in the RF section.

The application example shows a CPRI RE test scenario, with the R&S EX-IQ-BOX
emulating the baseband module REC.

Reference

Digital 1Q data

R&S
1Q format

1Q format

v o

R&S EX-IQ-BOX

s @

mode — e o ofill = (o *

Breakout Board

Optical or

R&S FSQ
electrical link -

Downlink

L
Tx
CPRI link Receiver
CPRI RE <
Radio Equi t
(Radio Equipment) < R&S SMU200A
Rx =
Baseband RF
Uplink

Fig. 7-45: CPRI RE test scenario, with the R&S EX-IQ-BOX emulating the baseband module REC

The test setup comprises the downlink and the uplink. Both directions can be tested either
simultaneously, i.e. full duplex, or only uplink or downlink individually.

The following application example shows a CPRI REC test scenario, with the R&S EX-
IQ-BOX emulating the RF module RE.

1
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R&S FSQ
R&S Digital 1Q data. .
1Q format Receiver
(Downlink)

R&S Digital 1Q data
1Q format
Reference '

Transmitter
(Uplink)

Bidirectional

mode
Breakout Board
Downlink »
Optical or
CPRI REC electrical link
(Radio Equipment Control) ¢ CPRI lin
< Baseband
Uplink
Fig. 7-46: CPRI REC test scenario, with the R&S EX-IQ-BOX emulating the RF module RE
Also in this test setup, DL and UL either can be tested simultaneously, i.e. full duplex, or
Uplink/Downlink individually.
7.2.2 CPRI Transmission Protocol - Overview

In the digital link, the 1/Q baseband data and control information are transmitted together
in one link. The 1/Q data and controlling data are embedded in the transmission protocol
with the aid of the multiplex procedure. The overview shows, how the protocol is built up.

User Plane C&M Plane Sync
SAP SAP SAP
~ 1Q Vendor Eth HDLC L1 SYNC
- Data Spec Fast CM Slow CM Inband
I
Time Division Multiplex
i
Electrical Optical
Y

Fig. 7-47: CPRI protocol overview

CPRI defines the layer 1 and layer 2 protocols for the transfer of user plane data, control
& management plane data as well as synchronization information between a REC and a
RE as well as between two REs.

The interface supports the following types of information flows:
e |/Q Data
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User plane information in the form of in-phase and quadrature modulation data (digital
baseband signals).

e Vendor Specific Information
This information flow is reserved for vendor specific information.

e C&M Data
Control and management information exchanged between the control and manage-
ment entities within the REC and the RE. This information flow is given to the higher
protocol layers. The CPRI protocol offers two sepearate channels for the transmission
of C&M data. A slow C&M channel using HDLC as the transport layer protocol as well
as a fast C&M channel using Ethernet as the high level protocol.

e |1 Inband Protocol
Signalling information that is related to the link and is directly transported by the
physical layer. This information is required for system start-up, layer 1 link mainte-
nance and the transfer of time critical information that has a direct time relationship
to layer 1 user data.

e Synchronization
Synchronization data used for frame and time alignment.

Frame Structure

Node B Frame
150*Th 0 1 2 X 147 148 149
Hyper Frame
Th=256*Tb 0 1 2 X 253 254 255
Basic Frame

Tb=1/3.84MHz

Fig. 7-48: CPRI hierarchical frame structure

Data is transported via time division multiplex inside, so called Basic Frames consisting
of 16 words of variable length (depending on the CPRI line rate). The Basic Frame rate
is always 3.84 MHz.

The first word of every basic frame is always a control word while the other 15 contain I/
Q data. Inside the control words the other data streams like vendor specific data, C&M
data as well as L1 inband protocol and sync information are transmitted.

256 of these Basic Frames form a Hyper Frame and its 256 control words form a complete
control block.

1
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On the highest hierachy level,a Node B Frame (or CPRI 10ms Frame) consists of 150
Hyperframes.

Dependig on the CPRI line rate, the wordlength of the basic frames varies:

614.4 Mbit/s (1x)

v
Y=0 § I-L 5
N o]
o[1]2[3]4]5]6|7]8]9[10[11]12[13]14]15 }
1228.8 Mbit/s (2x)
>_ A
Y=0 -
S| T 5
w
=1 g S
\i
0(112(3|4(5|6|7|8|9 [10[11[12[13[1a[15
2457.6 Mbit/s (4x)
A
Y=0 |%X|m
N T[4
v=1 | »
N 5
(o]
v=2  |% ©
N
v=3  [%|¥
N \ A
0l1(2(3(a(5(6]7 8 |910[11]12[13[14[15
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v=1  |% /
N
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v=4 |%
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4915.2 Mbit/s (8x)

Y=0 [ ]

Y=3

Y=4

Y=6

Y=7

| ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY
64 Bit

()]
—

44.0 Mbit/s (10x)

Y=0

Y=1

Y=3

Y=4

Y=5

Y=6

Y=7

Y=9

o| ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY
80 Bit
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9830.0 Mbit/s (16x)

Y=0 ]

Y=2

Y=3

Y=4

Y=5

Y=6

Y=7

128 Bit

Y=8

Y=10

Y=11

Y=12

Y=13

Y=14

o| ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY | ZXY

7.2.21 Description of the CPRI Control Data
The 256 control words of a hyperframe are organized into 64 subchannels of 4 control
words each. One subchannel contains 4 control words per hyperframe.

The index Ns of the subchannel ranges from 0 to 63. The index Xs of a control word within
a subchannel has four possible values, namely 0, 1, 2 and 3. The index X of the control
word within a hyperframe is given by:

X =Ns +64 - Xs.

1
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Ns Xs=0 Xs=1 Xs=2 Xs=3

1 1 65 129 193 Slow C&M Link
2 2 66 130 194 L1 Inband Protocol
3 3 67 131 195 Reserved
4 Vendor Spec
5 Fast C&M Link
6
7
8
9
10
11
12
13
14
15 15 79 143 207
16 16 80 144 208
17 17
18 18 82 146 210
P-1 P+63 | P+127 | P+191
P P P+64 | P+128 | P+192
61 61
62 62 126 190 254
63 63 127 191 255

Fig. 7-49: CPRI subchannels

The graph shows that the subchannels can carry various data streams, as explained in
the following sections.
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The data transmitted inside subchannel 0 is used for synchronization. The first byte marks
the start of a hyperframe while bytes 2, 3 and 4 indicate the actual Node B Frame number
and Hyperframe Number.

Fig. 7-50: CPRI synchronization and timing

L1 Inband Protocol

Byte # Function _|—> Sync Cntrl
Z.0.0 Sync Cnirl Word 614.4 | 1228.8 | 24576 | 3072.0 | 4915.2 | 6144.0 | 98304
Z.64.0 HFN Z2.0.0 BCh BCh BCh BCh BCh BCh BCh
Z.128.0 BFN [7:0] — Z.0.1 50/C5h | 50/C5h | 50/C5h | 50/C5h | 50/C5h | 50/C5h
Z.192.0 BFN [11:8] — Z2.0.2 50h 50h 50h 50h 50h
Z2.03 50h 50h 50h 50h 50h
Z2.04 50h 50h 50h 50h
Z2.05 50h 50h 50h
2.0.6 50h 50h 50h
207 50h 50h 50h
2.08 50h 50h
Z.0.9 50h 50h
Z.0.10 50h
Z.0.11 50h
Z.0.12 50h
Z2.0.13 50h
Z.0.14 50h
Z2.0.15 50h
| HFN (Hyperframe Number)
Word 7 6 5 4 3 2 1 0
2.64.0 H7 [ H6 | H5 | H4 | H3 | H2 | H1 | HO
- BFN (10ms Frame Number)
Word 7 6 5 4 3 2 1 0
Z.128.0 B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO
Z.192.0 R R R R |B11|B10| B9 | B8

Subchannel 2 is used for the transmission of link parameters between the devices. The
L1 Inband protocol indicates status flags and defines Slow & Fast C&M link properties.

1
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Byte # Function Version
220 Version —|_> Word 7 6 5 4 3 2 1 0
Z.66.0 Start Up 2.64.0 V7 | V6 | V5 | V4 | V3 | V2 | VI | VO
Z1300 |[Flags — Y Y Y Y Y VY VY ¥
Z2.194.0 Pointer = Vi#1 0 0 0 0 0 0 0 1
V#2 0 0 0 0 0 0 2 0
Start Up
Word 7 6 5 4 3 2 1 0
Z2.64.0 R R R R R cz | C1 Cco
No HDLC g g g
240 kBit/s 0 0 1
480 kBit/s 0 1 0
960 kBit/s 0 1 1
1920 kBit/s 1 0 0
2400 kBit/s 1 0 1
Max Rate 1 1 0
Layer 3 negotiation 1 1 1
— Flags
Word 7 6 5 4 3 2 1 0
Z2.130.0 R R R |LOF |LOS | SDI | RAI | RST
> Painter
Word 7 6 5 4 3 2 1 0
Z2.194.0 R R |P5 | P4 |P3|P2)|P1|PO
L 2R R 2
No Ethernet 0 0 0 0 0 0
0 0 0 0 0 1
P=1..19 A R S S A
Invalid ! ! : ! ! !
0 1 0 0 1 1
0 1 0 1 0 0
P =20..63 : : : i i i
e 0 I N O

Fig. 7-51: CPRI L1 inband protocol

Slow C&M Link

One option of transmitting C&M plane data is using subchannel 1 which bytes are
reserved for the transmission of management data via HDLC.

Depending on the CPRI line rate the capacity of the slow C&M link varies.

Fast C&M Link

Starting from a subchannel number P defined by the L1 inband parameter "Pointer" ill
subchannel index 63 the fast C&M channel can be used for transmitting C&M plane data
using the ethernet protocol.

Depending on the CPRI line rate and the pointer index P, the capacity of the fast C&M
link varies.

1
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The following table defines the transmission speed of a CPRI connection for control and

1/Q data:

Table 7-3: Bit Rates

Line Rate R Netto Rate R, 1/Q Rate R;, C&M Rate R, | Slow CM (max) | Fast CM (max)
[Mbit/s] [Mbit/s] [Mbit/s] [Mbit/s] Recm Reem
[Mbit/s] [Mbit/s]
614.4 491.52 460.8 30.72 480.0 21.12
1228.8 983.04 921.6 61.44 960.0 42.24
2457.6 1966.08 1843.2 122.88 1920.0 84.48
3072.0 2457.60 2304.0 153.60 2400.0 105.60
4915.2 3932.16 3686.4 245.76 3840.0 168.96
6144.0 4915.20 4608.0 307.20 4800.0 211.20
9830.4 7864.32 7372.8 491.52 7680.0 337.92
The bit rates are calculated as:
. 10
Line Rate: R:W-16-3.84-?
8
Netto Rate: R, =W~16-3.84=R~E
3
I/Q Rate: R,-q:W-15~3.84=R~Z
1
C&M Rate R, =W .3.84= R.E
384 R R
. R = Pt o
Slow CM (max): sem 256~ B4 1280
3.84 44 44 1
: Rigm =W -4.44. =" -".R = .R.—
Fast CM (max): fom 256 64 64 " 20
3.84 64-P 64-P 1
: Rigp =W -4.(64-P) = = ‘R, = ‘R-—
Fast CM (var): remp ( ) 56~ 61 e~ 6a T

Vendor Data

Starting from subchannel index 16 up to the start of the fast C&M channel defined by the
pointer position P, vendor specific data can be transmitted.

1
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Beside the main controls, like switching on the CPRI signal transmission, mode and save/
recall of settings, the interface is controlled by various parameters, which are grouped by

function:

Parameter Group

Purpose

Examples

Hardware Hardware information on the Hardware versions, CPRI mode,
R&S EX-IQ-BOX and the CPRI Reference Clock, timing measure-
breakout board, the status of signal | ments, line bit rate, input and out-
transmission and hardware link puts, GPIO settings.
settings.

L1 Analysis Link status information L1 inband protocol, status, local

and remote alarms, layer events.

Downlink/Uplink

Signal definition for transmitting /
receiving signals to or from the
DUT, including graphical display of
the CPRI frames.

Appending signals with copy func-
tion, signal source, digital stand-
ard, numeric format, allocation and
AxC container definition, low level
BER test and start conditions.

Control & Management

Settings for slow or fast C&M inter-
faces, e.g. selecting the interface,
Ethernet pointer position, host
address or inserting control com-
mands directly.

Slow C&M: Bit rate, HDLC status,
source or mode.

Fast C&M: Ethernet pointer, bit
rate, host, port and login data.

Command editor/edit field.

Vendor Data

Vendor-specific information.

The data table enables to send
binary raw data to the DUT, e.g., to
test functions like AGC.

Diagnostics Diagnostics on the link interfaces | Identifier, vendor, connector type,
and Tx / Rx test possibilities. transceiver type, module tempera-
ture, warnings.
Rx alarms, SFP module alarms.
ARB Table with information on the cur- | File name, option, sample rate,
rently loaded waveform files. samples, state and status display.
Recorder Settings for recording an 1/Q signal | Data source, recording length, trig-

and storing the data in a waveform
file.

ger, status display and file man-
agement

7.2.4 Control Elements and Connectors

This section explains the control elements and connectors of the breakout board for CPRI
applications, i.e. the R&S EX-IQ-BOX option EXBOX-B85. With the help of the following
schematic view, the control elements and the connectors are briefly described, including
references to the chapters with detailed information.
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1 2 3
1409.7037.02
ROHDE&SCHWARZ
EXBOX-B85
Breakout Board for CPRI
GENERAL PURPOSE I/O
1 2 3 \‘:\Q,Q"
LoV ik gk
Q000
CONTROL & MANAGEMENT HIGH SPEED SERIAL OPTICAL
TX RX
ETHERNET RS232 _ _ SFP1 SFP2
P N P N
\_‘_A I_‘_l I_I| I_I| I [ 1 |
7 6 5 4

Fig. 7-52: Schematic view of the CPRI breakout board, option R&S EXBOX-B85 (1409.7208.02)

1 = GENERAL PURPOSE /O - Marker signals input / output
2 = Status LEDs

3 = User Interface

4 = SFP1/SFP2 - Modules

5 = RX/TX P/N - High Speed Serial Connectors

6 = RS-232-C - Slow C&M Interface

7 = ETHERNET- Fast C&M Interface
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1 2 3
1409.7243.04
ROHDE&SCHWARZ
EXBOX-B85
Breakout Board for CPRI
GENERAL PURPOSE I/O
1 2 3 \‘:\Q,Q"
QO Q\>’ ,d‘ Qj‘
Q000
CONTROL & MANAGEMENT HIGH SPEED SERIAL OPTICAL
TX RX
ETHERNET RS232 _ _ SFP
P N P N
7 8 5 4

Fig. 7-53: Schematic view of the CPRI breakout board, option R&S EXBOX-B85 (1409.7208.04)

1 = GENERAL PURPOSE /O - Marker signals input / output
2 = Status LEDs

3 = User Interface

4 = SFP - Module

5 = RX/TX P/N - High Speed Serial Connectors

6 = RS-232-C - Slow C&M Interface

7 = ETHERNET- Fast C&M Interface

Top View

On the top of the case, the CPRI breakout board is equipped with three BNC connectors
for general purpose signals, and four status LEDs which visually indicate the status of
the CPRI communication link.

GENERAL PURPOSE 1I/O - Marker signals input / output
BNC connectors for GPIO (General Purpose Input/Output) to interface with the DUT, e.g.
the RRH (Remote Radio Head) of a base station.
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The interfaces act bidirectional, i.e. as input, to read signals from the DUT, or as output,
to control the DUT. The connectors are configurable for user-specific purposes, e.g.
marker or clock signals can be used as trigger signals.

The input and output voltage levels are LVTTL.

Status LEDs
The status LEDs Power, PLL (Phase Locked Loop) and TX / RX visually indicate the
status of the CPRI CL (Communication Link ) as shown in the table.

Power PLL Tx (downlink) / Rx
(uplink)
(&) CL is active locked The CPRI frame is active,

synchronized and DL and
UL are active

(®) - - The CPRI frame is
synchronized

O - unlocked not synchronized

Q CL is not active - -

Note: The TX/RX LEDs refer either to the SFP or to the SMA connection, depending on
the settings of the high speed serial switch in the hardware section.

Rear View

The rear panel of the CPRI breakout board contains the user interface for connection with
the R&S EX-IQ-BOX. Data transmission between the R&S devices is executed via this
interface.

User Interface

TYCO Z-Dok adapter board connector at the rear of the CPRI breakout board. At this
interface, the breakout board is connected directly to the R&S EX-IQ-BOX by a 168 pin
connector, type TYCO Z-Dok (56 differential pairs).

see chapter 10.1.1, "Z-DOK-Adapter Board Connector", on page 355

Front View

On the front panel, the CPRI breakout board provides the interfaces to the DUT. The
breakout board supports the optical CPRI link with two SFP modules, and contains a
differential electrical interface, realized by four SMA connectors. In addition, the interfa-
ces Ethernet and RS-232-C provide the input or output for C&M (Control and Manage-
ment) data. The connectors are labeled on the top on the case.
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CONTROL & MANAGEMENT

HIGH SPEED SERIAL

ETHERNET AS237

Fig. 7-54: Front panel view (1409.7208.02)

The CPRI breakout board (1409.7208.02) covers two SFP cages, that means sockets to
insert an SFP module, while the variant (1409.7208.04) has a single SFP cage.

SFP1/SFP2 - Modules (1409.7208.02) / SFP -Module (1409.7208.04)
SFP (Small Form-factor Pluggable) transceiver that interfaces the CPRI breakout board
with the DUT via a fiber glass cable or a copper cable.

These interfaces can be manually adapted by interchangeable slide-in modules and
therefore provide adjustment to the special demand of the applications.

The CPRI breakout board (1409.7208.02) covers two cages, that means sockets to insert
an SFP module, that are standardized according to MSA (Multi-Source Agreement of
September the 14th, 2000), while the variant (1409.7208.04) has a single SFP cage.

SFP transceivers are available for several communications standards. They support high
data rates in electro optical netwoks and also in fiber optic networks.

RX/TX P/N - High Speed Serial Connectors

Two SMA (SubMiniature version A) connectors for differential data transmission. These
SMA connectors are coaxial connectors with a differential impedance of 100 Ohm, and
the logic type CML (Current Mode Logic), a differential digital logic family for high speed
data transmission. CML follows the to XAUI (X Attachment Unit Interface) standard, while
X stands for 10 Gigabit.

Note: CPRI primarily uses the optical link via the SFP interfaces. Additionally, the break-
out board delivers the signals at these interfaces, e.g., to execute a concurrent monitoring
of the signals. See chapter 7.2.7.5, "SMA Settings", on page 158 to activate the interface
and to set the corresponding parameters.

RS-232-C - Slow C&M Interface
RS-232-C interface for slow transmission of control and management data between the
PC and the CPRI breakout board.

The interface supports bidirectional data transmission of C&M data from a customized
software.

Note: For transmission of control signals by means of R&S DiglConf, use the USB con-
nection between the control PC and the R&S EX-IQ-BOX.

Set the corresponding data source in the Slow C&M (HDLC) panel of R&S DiglConf
according to your setup.
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Select the bit rate Slow C&M (HDLC) panel of R&S DiglConf.
See also chapter 7.2.10.1, "Slow C&M (HDLC)", on page 193.

ETHERNET - Fast C&M Interface

Ethernet IEEE 802.3u interface for fast transmission of control and management data
between the controlling PC and the CPRI breakout board. The interface supports bidir-
ectional data transmission of C&M data either from a customized software, or from
R&S DiglConf.

The PC is connected to the CPRI breakout board with the aid of a commercial RJ-45
CATY7 crossover cable.

Note: Depending on the line rate and the position of the Ethernet pointer, the data transfer
rate varies. For information in detail, refer to chapter 7.2.10.2, "Fast C&M (Ethernet)",
on page 197.

7.2.5 Start with CPRI - Setup Example

This section describes a RE (Radio Equipment) test setup for testing RRH (Remote Radio
Head) with the CPRI transmission protocol in downlink mode.

ON\ This description refers to an example of a CPRI application and shows the configuration
/ of this test setup. Therefore it cannot be applied directly to other test setups. For infor-
mation on how to set up your CPRI application refer to the characteristics of your DUT.

For connection in general refer to chapter chapter 4.5, "Connecting the R&S EX-1Q-
BOX", on page 42.

Note: You find a detailed explanation of the CPRI parameter settings under chapter 7.2.6,
"Main Configuration Dialog", on page 150, and the following chapters.

7.2.5.1 Overview

R&S DiglConf

Control of the
R&S EX-IQ-BOX

CPRI Breakout Board
R&S Signal Generator R&S EX-IQ-BOX R&S EXBOX-B85 Device Under Test R&S Signal Analyzer

TR : TR D Tl
b o g : . ) Remote sl

I3 | — —| b

3 :}»R&S [{e] Llnk—b e Ill : CPRI Link—p»] Radio Head RF Qut—» [ E il u

X ¥ —-n 3 SRR

fwsn 42 [N EE L LR . '
B LTE / 3GPP
RF Uplink Signal

CPRI Frame

Ocoriroitord @acki LTE1 BAnILTE2 Qa3 04PF.
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The signal generator feeds the baseband signal digitally to the R&S EX-IQ-BOX, i.e. in
the R&S specific I/Q format. The R&S EX-IQ-BOX converts the signal format into the
CPRI transmission protocol with the aid of the breakout board. The CPRI link transmits
the 1/Q baseband signal and also control & management information to the RRH, i.e. the
CPRI RE Device.

The RRH device extracts the baseband signal from the CPRI link and executes an 1/Q
modulation to a certain carrier frequency. The resulting RF signal is sent to the R&S signal
analyzer, to perform various performance measurements.

7.2.5.2 Used Devices and Cables

Devices:

o R&S EX-IQ-BOX V04 including external power supply

o R&S EXBOX-B85 CPRI breakout board

e an SFP module for the SFP1 cage of the CPRI breakout board

e an R&S signal generator, e.g. R&S SMU200A, or R&S AMU200A, equipped with
digital baseband output, option B18

e an R&S signal analyzer, e.g. an R&S FSQ, or an equivalent instrument, which can
demodulate 3GPP W-CDMA, LTE, WiMAX signals

e a DUT, e.g. a Remote Radio Head, with power supply

Cables:

e alVDS cable SMU-Z7
e 2 BNC cables

e an RF cable

e an optical cable

e an USB cable

7.2.5.3 Setup of the Devices

Cabling

1. Connect the R&S EX-IQ-BOX to the AC supply.
The R&S EX-IQ-BOX is power supplied with an external power supply unit and a
separate power cable.

2. Connect the CPRI breakout board to the R&S EX-IQ-BOX; i.e. at the Z-DOK user
interface connector.
The R&S EX-IQ-BOX powers the CPRI breakout board via the user interface.

3. Establish the connection between the BBOUT of the R&S signal generator and the
DIG 1Q IN/OUT 1 of the R&S EX-IQ-BOX.
Currently, the interface DIG 1Q IN/OUT 1 is firmly set to input.
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Connect the analyzer's REF OUT and the generator's REF IN, and connect the gen-
erator's REF OUT with REF IN of the R&S EX-1Q-BOX.

Connect the USB cable plug A to the PC, and plug B to the R&S EX-IQ-BOX (USB
IN)

Plug the SFP module into the SFP cage on the breakout board
Connect the power supply to the RRH.

Establish the optical connection between the breakout board and the Rx/Tx input of
the RRH.

Connect the RF output of the RRH, i.e. the RRH antenna with the analyzer's RF input.

\ Make sure that you use adequate attenuation in order not to damage the analyzer, as
/ the output power may exceed the analyzer's maximum power. You find the maximum

input level of your analyzer in the data sheet.

Setting the R&S Signal Generator

5.

Preset the R&S signal generator.

Set reference frequency on externally, as the reference frequency is fed in from the
signal analyzer.

Activate the test signal, e.g. 3GPP FDD in the respective baseband block.

Set the sample rate of the digital signal output according to the settings in
R&S DiglConf, i.e. 7.68 MHz.

Set the sample rate of the digital signal output to 7.68 MHz in "User Defined" mode.

Setting the CPRI Protocol

Start the R&S DiglConf software on the PC.
R&S DiglConf recognizes connected R&S EX-IQ-BOX devices and indicates their
IDs inside the block diagram symbol.

Ex-IQ-Box sfn 100024

CPRIS

I~ On

Press the CPRI standard button
The main CPRI setting dialog opens.

¥ B4-10-BOX (100005); CPRI|5.0 B=E

[Off /b On Mode ICF’RI RE Test j Iﬁ Preset Ha Recall ] n Save ]

Press the "Preset" button to start in a defined state.
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@ Hardware [L1 Analysis TDownIink (T} TUpIink (Rx) TC & M T\fendor Data TDia_qnostics TAREI TRecorder 1

General Infarmation Link Settings
FPGA CPRI Version --| JCFRI Line Bit Rate |2x (1228.0 Mbit/s) -
FPGA Base Wersion 00.16.006 Release| |Protocol Wersion 1.0 =
BOE FPGA wersion 01.02.001 Debug Input/Output
. Input/Output Loopback (Internal) -
E¥-1Q-BOX Board Revision 33

General Purpose Input Output————————————
Breakout Board Revision 00.00 ) .
Direction Signal

Reference Clock

Source Fern o P01 for =] [no signal

_ GRIo2  foff = |no Signal
Clock Synthesis Locked o

Ll Lo Le]

GPIO 3 IOﬁ | |No Signal
10MHz Reference Output Locked o

— Timing Measurements

1 2
T12
T14 Toffset
T3
4 z)

Tioffset Ons =

R21 0 ng

4. Select the appropriate output port in the "Hardware" tab, and set the "CPRI Line Bit
Rate", the SFP connection supports.

5. Switch to the "Downlink (Rx)" tab, and select the 3GPP FDD signal.

Signal Definition

Signal State

T

Signal Narme signal_1 |
Physical Source IDIG Q1M 1 -
Standard 3PP FOD -
Sample Rate 3.840 000 DDE‘MHZ j
Cwersampling |1 j

lShow Signal Details >>>]

MNumber Of Groups 11| Auto

6. Set "Oversampling" 2.

Signal Definition

Signal State K;)—en—l
Signal Narme signal_1

Physical Source IDIG QN1

Standard 3PP FOD

Sample Rate 3.840 000 DDE‘MHZ -

|Oversamp|ing

Lol Ll L

lShow Signal Details >>>]

LI_‘

g
g

MNumber Of Groups
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7. The sampling rate and oversampling correspond to the incoming 3GPP FDD signal:

Sample Rate gx.iq.80x - Oversampling = Sample Rate gjgna generator
3.84 MHz - 2 =7.68 MHz

Now the R&S EX-IQ-BOX is configured to communicate with the RRH via the CPRI
transmission protocol in downlink mode.

8. Switch on "Signal State" and "State".

9. Press "Apply Setup” to assign the settings.

Setting the RRH

DUT dependent settings
For the setup of the RRH, refer to the information on your instruments and the respective
tools and utilities.

Setting the R&S Signal Analyzer

1. Preset the R&S signal analyzer.
2. Setitto center frequency 2.5 GHz, corresponding to the carrier frequency of the DUT.
3. Set"Span" 20 MHz, and set "Level" +10 dBm.

7.2.5.4 Measuring process

If the CPRI link is active, and the RRH transmits the signal correctly, all LEDs on the
breakout board are green.

Measuring the I/Q Signal

Check signal output
To see if the signal is properly transmitted, you can record and display the signal with the
transient recorder.

1. To access the settings of an tranisient recorder, double click the smart graphic of the
active R&S EX-1Q-BOX in the block diagram.
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DIG 1Q INOUT
S (1) | Ex-13-Box s/n 100024
[ CPRIS l — ouT
.DIG 10 INAOUT @
e v On

TR 1

State li - On l

Data Source IDIG Q1M 1 -

Display Settings

Display Type IF'ower Spectrum j

Acquisition Settings
Aguisition Length |1024 -

To capture the digital I/Q signal, set:
a) "Data Source": Dig IQ IN 1
b) "Display Type": Power Spectrum
c) "Acquisition Length": 1024

The Recording Memory records the signal data and displays the 3GPP FDD signal
in the graphics window.

B EX-10-BOX (100005): Transient Recorder, 1

— Graphics
State L en Power Spectrum (FFT points = 512, AYG = 1
Data Source [piG 1o -]
Display Settings
Display Type IPower Spectrum j
Acquisition Settings n“h ' 1| “ “p |[ . ‘
Aguisition Length |1DQ4 - “]”Iﬁ i‘ M " “ |‘|| ' | |} l”l
Decimation Factor 1 . M
fui]
=
Trigger Settings =
Trigger Mode IContinuous j g
=]
Trigger Source ISoﬂware J o
Trigger Position 1|Samples 'l
Status Stopped

{f-fc) I MHz

Fig. 7-55: Recording the outgoing digital standard signal 3GPP FDD

User Manual 1409.5570.32 — 05 148



R&S®EX-1Q-BOX Protocol Settings

CPRI

Measuring the RF Output Signal of the RRH
The RRH sends the RF signal to the R&S spectrum analyzer.

i i
} COUPLING
i Aario o [
DEFAUL T
w courLING (IR
Snan 20 MHz

.
o i

l”[l

The analyzer displays power spectrum of the 3GPP FDD signal.

Now you can perform measurements that you need, such as, for example, ACP (Adjacent
Channel Power) measurements and EVM (Error Vector Magnitude) evaluation, or addi-
tional measurements provided by the R&S signal analyzer.

1
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Example:
Switch to 3GPP FDD BS demodulation.

SR 15 ksps
Chan Code @
Chan Slot @

POM ‘
La] conpostie [
EUN (ANS)
conposITE [P
SIGNAL ©
B
B s sior

SR 15 ksps
Chan Code @
CPICH Slot @ Chan Slot @

GLOBAL RESULTS FOR FRAME  O: Carrier Freq Error -5.30
Total Power ~2.76 dBm Trigger to Frame 5.316826 ms
Chip Rate Error .00 ppm Avg Pow Ina Chan -63.50 dB
IQ Offset # Imb 8.15 7 0.87 % Pk CDE (1S ksps) -50.17 dB
Composite EUM 2.32% Avg RCDE (64QAM)

Rho 0.99946 No of Active Chen : SELECT
CHANNEL RESLLTS RCDE x CHANNEL e
Sunbol Rate 15.00 kepe | Timing Offeet ;

Chernel Code Chamnel Slot No o

No of Pilot Bits ) Modulation Tupe -

Chernel Pover Rel .00 dB Channel Power fbs il °
Sunbol EUH 0.79% rns | Sunbol EUM 1.55 % Pk

ADJUST

The analyzer displays the demodulation result of the incoming signal

7.2.6 Main Configuration Dialog

Besides the settings that are relevant for CPRI protocol settings, the CPRI configuration
dialog comprises the common main controls as "State" for activating, "Set to Default" for
preset and "Save/Recall" for storing or loading previously defined settings. The main
controls are fixed and always indicated, independently from the sselected tab, and from
the active transmission protocol. A detailed description of these general functions is given
in chapter 7.2.6.1, "Main Controls", on page 152.
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E# EX-10-BOX (100005): CPRI 5.0

=

Mode [CPRIRE Test = ﬁ Preset | |{=) Recall O Save

@ Hardware [LW Analysis TDown\mk (Tx) TUp\mk (Rx) TC & Ml

TRecurder W

T\r’endor Data TD\aunust\cs TARB

General Infarmation Link Setting:
FPGA CPRI YWersion - | |CPRI Line Bit Rate 2x (12268 Mbitfs) ~
FPGA Base Version 00.16.006 Release| |Protocal Version 10 =
BOB FPGA Version 01.02.001 Debug Input/Output
Input/Output Loopback (Internal)
EX-IQ-BOX Board Revision N3
General Purpose Input Output
Breakout Board Revision 00.00
Direction Signal
Reference Clock
GPIO 1 Off ~| |Mo Signal -
e r— for =l e sie A
GPIO 2 Off ~| |Mo Signal ~
Clock Synthesis Locked ] I J I 9 J
GPIO 3 Off - | Mo Signal -
10MHz Reference Output Locked ® I J I 9 J

1
T12-
T14 Toffse!
T3
4

T Timing Measurements—————————————
2
t
3

CPRI

TOffset Ons =

R21 0 ns
| [info]
Fig. 7-56: CPRI main configuration dialog (1409.7208.04)
=101

State

[cPrrETest <[ | Set To Default

l Sawe/Recall...

Link Status
| L1 analysis [0

link (Tx) | Uplink (Rx) [ C&m

T\Iendur Data TDiaqnnstics TARB TRecurder W

Ji
General Infarmation
FPGA CPRI Version

FPGA Base Version

EX-IQ-BOX Board Revision

Breakout Board Revision

01.02.000 Release
00.15.006 Release

00.03

32

Reference Clock
Source
Clock Synthesis Locked
10MHz Reference Output Locked

Internal =

Tirming Measurerments

i T s
TOffset Ofns >
R21 78 ns

Link Settings:

CPRI Line Bit Rate 23 (12288 Mbit/s)

Tl A

Differential Output Swing 08|vpp =

Rx Equalizer Gain 0jd8 =
High Speed Serial Switch——————————————

Input Loopback (Internal) =
Qutputs SFP1
SFP2 W

Shia W

General Purpose Input Output:
Direction Signal

GPIO1  [of  ~] |No Signal |
GPIo2  [of  ~]|No Signal |
GPIO3  [of  ~]|No Signal |

Fig. 7-57: CPRI main configuration dialog (1409.7208.02)

Grouped by functionality the configuration dialog also comprises tabs for Hardware set-
tings, for Downlink and Uplink configuration, for Control & Management parameters and
Test & Diagnostics. For the description in detail, refer to chapter 7.2.7, "Hardware",

on page 153, chapter 7.2.8, "L1 Analysis", on page 163, chapter 7.2.10, "Control &
Management", on page 193, chapter 7.2.9, "Downlink and Uplink", on page 170, and
chapter 7.2.12, "Diagnostics", on page 203.

1
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Additionally, you find a tab for ARB settings in the dialog, that is used if the R&S EX-I1Q-
BOX is equipped with an option for waveform memory. Find the respective information
on ARB functions in chapter 7.2.13, "ARB", on page 205.

Finally, you find the "Recorder" tab, see chapter 7.2.14, "Recorder", on page 207 for
description. If the R&S EX-IQ-BOX is equipped with the appropriate option for waveform
recording, you can record the 1/Q signals.

Main Controls

Besides the settings that are relevant for the CPRI transmission protocol, the CPRI con-
figuration dialog contains the common main controls as "State" for activating, "Set to
Default" for preset and "Save/Recall" for storing or loading settings. The main controls
are permanently indicated, independently of the active tab and interface standard.

State

Activate or deactivate the CPRI standard. The corresponding FPGA (Field Programma-
ble Array) is loaded automatically into the R&S EX-IQ-BOX.

Remote command:

[ :SOURce<hw>] : EBOX:CPRI:STATe on page 316

Mode

Select a CPRI test scenario. In RE test mode, the R&S EX-IQ-BOX is working as a base-
band module (REC) for testing the RE. Vice versa, in REC test mode, the R&S EX-1Q-
BOX simulates the RF module (RE) for testing the opposite module REC.

"CPRIRE Test" Select RE (Radio Equipment) test mode.

"CPRIREC Select REC (Radio Equipment Control) test mode.
Test"

Remote command:
[ : SOURce<hw>] : EBOX : CPRT : MODE on page 315

Link Status
Indicates whether the CPRI link is established or any transmission error has occurred.

This indicator includes all verified transmission parameters.

Remote command:
[ : SOURce<hw>] : EBOX :CPRT : HW:ALARm? on page 298

Set To Default / Preset
Set all parameters to default values. Refer to chapter A.3.2, "CPRI Default Settings",
on page 372, containing an overview of the most important CPRI default settings.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI : PRESet on page 315

Save / Recall
Accesses the dialogs for storing or loading CPRI settings. The dialogs also provide
access to the file manager.

1
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CPRI settings are stored as files with the predefined file extension * . cpri. The file name
and the directory user-selectable.

"Recall CPRI Settings"
Open the file select window for loading a previously saved CPRI con-
figuration. Load the configuration of the selected (highlighted) file by
pressing the "Select" button.

"Save CPRI Settings"

Opens the file select window for storing the CPRI settings. Determine
the file name and save with the "Save" button.

This procedure stores the complete CPRI settings of the current con-
figuration.

"File Manager" Calls the "File Manager". * . cpri is presetin the "File Type" entry field.
The file manager is used to copy, delete, and rename files and to create
new directories.

Remote command:

Settings files catalog: [ : SOURce<hw>] : EBOX:CPRI:SETTing:CATalog?

on page 322

Recall file: [ : SOURce<hw>] : EBOX:CPRI:SETTing:LOAD on page 323

Savefile: [ : SOURce<hw>] : EBOX:CPRI:SETTing:STORe on page 323

Hardware

The Hardware tab contains all settings of CPRI hardware parameters, including the
assignment to the connected interfaces, special settings of the link, status information,
reference clock settings, and general information on the CPRI option R&S EXBOX-B85.

@ Harware| L1 Analysis | Downlink () [Uplink (R [C &M |Vendor Data [Diagnostics [ARE [Recorder |
————————— Link Settings
--| [CPRI Line Bit Rate ‘2)( (1228.8 Mbit/s) =

Protocal Yersion ‘B

InputfOutput

General Infarmation
FPGA CPRI ersion

FPGA Base Yersion 00.16.005 Release

BOB FPGA Wersion

4 [IﬂpulfOutput ‘Lnuphack (Intermal) '”

EX-I0-BOX Board Revision

General Purpose Input Qutput

Breakout Board Revision 00.00
Direction Signal
——— Reference Clock ———————
o (= | sPot ot +| o signal
Clock Synthesis Locked @ GRIO2 |Oﬁ v| ‘ND Signal
10MHz Reference Output Locked ® erloE |Oﬁ v| ‘ND Signal
Timing Measurements Qutput Marker Frame Width {in Clocks)
1 2 Basic 1| Hyper 1‘ MNode B 1|
T12- ——— ——— ———
T14 Toffset
T3
4 3
T4 Ons
TOffzet Ons =
R21 Ons

[ Linfa

Fig. 7-58: CPRI hardware dialog (1409.7208.04)
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J Hardware | L1Analysis | Downlink (Tx) | Uplink Rx) | C&M | Vendor Data | Diagnostics | ARB | Recorder |

General Infarmation Link Settings

FRGA CPRI Version =-| |CPRI Line Bit Rate 2% (1228.8 Mbit's) ~
FPGA Base Yersion SR
EX-IQ-BOX Board Revision --- | | Differential Output Swing | D-8|Vpp -]
Breakout Board Revision - | |Rx Equalizer Gain I DIdB :I'
— Reference Clock High Speed Serial Switch—————————————
Source IREF IN 'l Input ISFF'1 'l
Clock Synthesis Locked o

Outputs: SFP1 M
10MHz Reference Output Locked o

SFP2 I~
7‘“!"{1“’@ Measurements—————————

1 2 sma T
T12
Ui Toffset — General Purpose Input Output———————————
T3 Direction  Signal
4 3

T14 T ok o GRIO1  [off x| |no Signal =]
TOffset o = GPIoz o x| [Mo Signal =]
R21 One || GPIO3  JOf x| |No Signal |

Fig. 7-59: CPRI hardware dialog (1409.7208.02)

7.2.7.1 General Information

Section "General Information" indicates the board revisions, and the FPGA versions of
the R&S EX-IQ-BOX and of the breakout board.

FPGA CPRI Version
Indicates the version of the FPGA (Field Programmable Gate Array) CPRI design.

Remote command:
[ :SOURce<hw>] : EBOX:CPRI :HW:FCVersion? on page 300

FPGA Base Version
The version of the FPGA (Field Programmable Gate Array) basic design.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:HW:FBVersion? on page 300

BOB FPGA Version
The version of the FPGA (Field Programmable Gate Array) design inside the break out
board.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI :HW: FBVersion? on page 300

R&S EX-IQ-BOX Board Revision
Indicates the revision number of the R&S EX-IQ-BOX's internal board.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI :HWW: EBRevision? on page 300
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Breakout Board Revision
Shows the revision number of the connected breakout board.

Remote command:
[ :SOURce<hw>] : EBOX:CPRI :HW: BBRevision? on page 298

Reference Clock

Section "Reference Clock" provides the selection of the clock source for the CPRI com-
munication link. Depending on the CPRI test mode, the possible sources for the reference
signal differ.

Source

Selects the source of the reference signal. In test mode CPRI RE, the R&S EX-IQ-BOX
is synchronized either external or internally. Test mode CPRI REC uses the reference
clock embedded in the CPRI link.

"REF IN" CPRI RE test setup with a connected R&S instrument.
The R&S EX-IQ-BOX synchronizes the CPRI communication link with
the reference signal provided by an R&S instrument. The 10 MHz signal
is fed to the BNC connector REF IN on the back of the R&S EX-IQ-BOX.

"Internal” CPRI RE test setup, if the R&S EX-IQ-BOX is working stand-alone.
The R&S EX-IQ-BOX uses its internal reference oscillator for synchro-
nization.

"Clock Recovery"
CPRI REC test mode.
The reference clock is extracted from the CPRI link. This selection is
mandatory in a CPRI REC test setup, since the R&S EX-IQ-BOX oper-
ates in CPRI slave mode.

Remote command:
[ : SOURce<hw>] : EBOX:CPRT :HWW: RCLock: SOURce on page 308

Clock Synthesis Locked
Indicates red, if the main PLL of the R&S EX-IQ-BOX is unlocked. This state is funda-
mental and must be locked in every operating mode of the R&S EX-IQ-BOX.

Remote command:
[ : SOURce<hw>] : EBOX:CPRTI:HW:RCLock:CSLocked? on page 307

Clock Recovery Locked
Indicates red, if clock recovery is unlocked. Clock recovery must be locked in CPRI REC
test mode.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI:HW:RCLock:CRLocked? on page 307

10MHz Reference Output Locked
Turns red, if the reference clock output is not available.
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A second synthesizer generates a 10 MHz reference clock selectable at one of the
GPIO interface connectors. The status LED turns blue, if the clock output is available.

Remote command:
[ :SOURce<hw>] : EBOX:CPRI :HW:RCLock :ROLocked? on page 308

7.2.7.3 Timing Measurements

The graph in the GUI shows the relation between downlink and uplink frame timing for
the single-hop configuration.

— Timing Measurements————————————

1 2
T12-
T14 Toffset
T3
4 3

T4 Ofns =
TOffset Ofns =

R21 O ns

Fig. 7-60: CPRI timing measurements > downlink <-> uplink frame timing

T12 = delay of downlink signal from the output point of REC (R1) to the input point of RE (R2)
T34 = delay of uplink signal from the output point of RE (R3) to the input point of REC (R4)
Toffset = frame offset between the input signal at R2 and the output signal at R3

T14 = frame timing difference between the output signal at R1 and the input signal at R4

While TOffset is the internal processing delay inside the RE, T12 and T34 are the prop-
agation delays over the physical media.

Depending on the CPRI mode, CPRI RE test or CPRI REC test, either T14 or TOffset is
calculated, while the other parameter can be input if the internal delay of the DUT is
known.

To calculate the cable delay R21, subtract T14 and TOffset and divide the result by 2.
R21 = (T14-TOffset) / 2

The following graph shows an overview of the different sources of delay.

R1: REC Output _ BFN = 0, HFN = 0 _ BFN =0, HFN = 1 ‘

-

T2
R2: RE Input [ [ sYNcBYTE | BFN =0, HFN =0
-

BFN =0, HFN = 1 |

TOffset

-

T34

R4: REC Input :— BFN =0, HFN =0 BFN =0, HFN =1

-
T14

Fig. 7-61: CPRI timing measurements > delays
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T14

Sets (REC Test) or displays (RE Test) the frame timing difference between the output
signal at R1 and the input signal at R4.

Remote command:

[ :SOURce<hw>] :EBOX:CPRI:HW:T14T on page 311

TOffset

Sets (RE Test) or displays (REC Test) the frame offset between the input signal at R2
and the output signal at R3.

Remote command:

[ : SOURce<hw>] : EBOX:CPRI:HW:TOFFset on page 311

R21

Indicates the cable delay, calculated automatically by the given timing parameters.
Remote command:

[ : SOURce<hw>] : EBOX:CPRI:HW:R21T? on page 307

Link Settings
In section "Link Settings" you can set the line bit rate for the communication link.

CPRI Line Bit Rate

Select the line bit rate for the communication link. The line bit rate defines the total number
of bits transferred per second over the CPRI communication link, including control and |/
Q data, and 8B10B line coding.

Note:

Difference between the R&S EXBOX-B85 breakout board versions
e 1409.7208.02 supports 2x, 4x and 5x line bit rates.

e 1409.7208.04 covers all line speeds.

See the overview in table 7-4.
Table 7-4: Supported line bit rates

Line bit rate R&S EXBOX-B85
1409.7208.04 1409.7208.02

"1x (614.4 Mbit/s)" X -
"2x (1228.8 Mbit/s)" X X
"4x (2457.6 Mbit/s)" X X
"5x (3072.0 Mbit/s)" X X
"8x (4915.2 Mbit/s)" X -
"10x (6144.0 Mbit/s)" X -
"16x 9830.4 Mbit/s)" X -

Remote command:
[ :SOURce<hw>] : EBOX:CPRT : HWW: LBRate on page 305

1
User Manual 1409.5570.32 — 05 157



R&S®EX-1IQ-BOX Protocol Settings

CPRI

Protocol Version
Selects the CPRI protocl version.

For the higher line rates the CPRI standard introduces a scrambling functionality to
increase the signals stability. The scrambling functionality is enabled if protocol version
2.0 is selected and a non zero seed is defined.

Available protocol versions are:

. ll1 .Oll

. ll2.0"

Line bit rate [Mbit/s] Scrambling support Highest available protocol ver-
sion number

1x (614.4) Not supported 1.0

2x (1228.8) Not supported 1.0

4x (2457.6) Not supported 1.0

5x (3072.0) Not supported 1.0

8x (4915.2) Recommended 1.0: scrambling not supported
2.0: scrambling supported

10x (6144.0) Recommended 1.0: scrambling not supported
2.0: scrambling supported

16x (9830.4) Recommended 1.0: scrambling not supported
2.0: scrambling supported

Note: When working with higher line speeds, it is strongly recommended that you use
the CPRI protocol version which supports scrambling.

Remote command:
[ :SOURce<hw>] : EBOX:CPRI :HW: PROTocol on page 306

Scrambling Seed
Defines the scrambling seed.

The initial condition of the side stream scrambler is defined by a 31 bit vector. If protocol
version 2.0 is chosen, a non zero seed has to be defined in order to activate the scram-
bling functionality.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI :HW:SEED: SCRambling on page 309

Received Seed
Indicates the scrambling seed used by the connected transmitter.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI :HW: SEED:RECeived? on page 309

7.2.7.5 SMA Settings

This section of the "Hardware" tab contains the electrical parameters of the SMA inter-
face.
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Differential Output Swing
Determine the differential output voltage swing of the CML (Current Mode Logic) trans-
mitter.

Note:

Difference between the R&S EXBOX-B85 breakout board versions
e 1409.7208.02 supports variable differential output swing.

® 1409.7208.04 has a fixed output level of 0.8 Vpp.

Remote command:
[ : SOURce<hw>] : EBOX:CPRT : HW: SMA : DOSWing on page 310

Rx Equalizer Gain

Set the input gain of the equalizer. This equalizer is an active high-pass filter, that equal-
izes the low-pass behavior of the transmission medium, such as for example the FR4
backplane. The gain, expressed in dB, relates to the frequency of 2 GHz.

Equalizer Gain Over Frequency

E ------- I y I- --FE-F.

« e
=) ]

] = = = [iniaietes

N R A USSR SO

4 P : ; P

%.B 0.7 080810 1.5 2.0 25 3.0

Frequency | GHz
Fig. 7-62: CPRI - equalizer gain over frequency

Note:

Difference between the R&S EXBOX-B85 breakout board versions
e 1409.7208.02 supports a variable equalizer gain.

e 1409.7208.04 implements a dynamic automated adjustment.

Remote command:
[ :SOURce<hw>] : EBOX:CPRI : Hii: SMA : RXEGain on page 310

7.2.7.6 High Speed Serial Switch

In this section, you can assign input or output to the connected interfaces.
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N\ Note that CPRI recommends to use optical transceivers that follow the High Speed Serial
/ Link standards. CPRI mainly transfers the signal via the optical connection.

Use the electrical connection at the SMA connectors for debugging routines.

Basically the R&S EX-IQ-BOX receives a CPRI signal via one of the optical interfaces
SFP1, or SFP2. SMA is used, primarily, to the diagnosis.

For test purposes, the signal can be looped back internally. Then all the signal processing,
as well as the CPRI transmitter and receivers operate normally without having an external
device to be connected.

\ Difference between the R&S EXBOX-B85 breakout board versions
/ e 1409.7208.02 supports multiple outputs.
e 1409.7208.04 is limited to a corresponding I/O interface.

Input (1409.7208.02) ; Input/Output (1409.7208.04)
Determines the interface for signal input, and for EXBOX-B85 version 1409.7208.04, also
for the signal output.

Note that only one interface can be active at the same time.

If you are working with a CPRI breakout board 1409.7208.02, the R&S EX-IQ-BOX can
receive a signal via one of the optical interfaces SFP1 or SFP2. The EXBOX-B85 break-
out board 1409.7208.04, however, has only one interface.

"SFP1/2 (1409.7208.02)"; "SFP (1409.7208.04)"
Selects the SFP (Small Form-factor Pluggable) interface for connection
with the DUT.

"SMA" Selects the SMA (SubMiniatur version A) interface.

"Loopback internal”
Assigns the internal loopback.

"None (1409.7208.02)"
Deactivates the input, if no connection is established.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI :HW:HSSS: INPut on page 303

Outputs
Determine the interface for signal output, that means align the transmitter type of the
DUT.

For the signal output, more than one interface can be activated simultaneously, for exam-
ple SFP1 for signal transmission to the DUT, and SMA for the signal monitoring.

"SFP1/2" Select the respective SFP (Small Form-factor Pluggable) interface, at
which the R&S EX-IQ-BOX is connected to the DUT for sending the
signal.
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"SMA" Select the SMA (SubMiniatur version A) interface, if the R&S EX-1Q-
BOX is sending the signal to the DUT on this transmission line.

Remote command:

[ : SOURce<hw>] : EBOX:CPRI :HW:HSSS:OUTPut:SFP1[:STATe] on page 304
[ :SOURce<hw>] :EBOX:CPRI:HW:HSSS:0UTPut:SFP2[:STATe] on page 304
[ : SOURce<hw>] : EBOX:CPRI :HW:HSSS:0UTPut:SMA[:STATe] on page 305

7.2.7.7 Input/Output

In this section, you can select the physical I/O interface.

\ Note that CPRI recommends to use optical transceivers that follow the High Speed Serial
/ Link standards. CPRI mainly transfers the signal via the optical connection.

Use the electrical connection at the SMA connectors for debugging routines.
Difference between the R&S EXBOX-B85 breakout board versions

e 1409.7208.02 supports multiple outputs.

e 1409.7208.04 is limited to a corresponding I/O interface.

Input (1409.7208.02) ; Input/Output (1409.7208.04)
Determines the interface for signal input, and for EXBOX-B85 version 1409.7208.04, also
for the signal output.

Note that only one interface can be active at the same time.

If you are working with a CPRI breakout board 1409.7208.02, the R&S EX-IQ-BOX can
receive a signal via one of the optical interfaces SFP1 or SFP2. The EXBOX-B85 break-
out board 1409.7208.04, however, has only one interface.

"SFP1/2 (1409.7208.02)"; "SFP (1409.7208.04)"
Selects the SFP (Small Form-factor Pluggable) interface for connection
with the DUT.

"SMA" Selects the SMA (SubMiniatur version A) interface.

"Loopback internal"
Assigns the internal loopback.

"None (1409.7208.02)"
Deactivates the input, if no connection is established.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:HW:HSSS: INPut on page 303

7.2.7.8 General Purpose Input Output

Section "General Purpose Input Output" contains settings for control signals to or from

external devices. Use this feature to trigger external devices or to monitor several internal
clocks, as for example the Node B frame tick, or to use external signals to trigger the I/
Q recorder.
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The BNC connectors for general purpose signals are located on top of the breakout
board.

Direction GPIO 1-3

Determine the transmission direction at the connected GPIO interfaces. You can indi-
vidually activate each of the three interfaces separately. Find additional information on
the connectors in chapter 7.2.4.1, "Top View", on page 140, and chapter 10.3.3.1, "Con-
nector Locations - CPRI Breakout Board", on page 367.

"OFF" Deactivate the GPIO interface.

"Output” Select the respective GPIO interface as output, that means send a con-
trol signal to the external device.

"Input” Select the appropriate GPIO interface as input, which means you
receive a signal from the external device, for example for trigger pur-
poses.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI :HW:GPTO<ch>:DIRection on page 301

Signal GPIO 1-3
Determine the type of the control signal. You can define separate signals for each of the
three interfaces.

"Constant Low/High"
GPIO output
Set the control signal to constant level high or low.

"DL/UL Basic Frame"
GPIO output
Take the information in the CPRI basic frame for control. According to
the WCDMA clock rate, the CPRI protocol synchronizes its basic frame
with 3.84 MHz.

"DL/UL Hyper Frame"
GPIO output
Use the CPRI hyper frame clock for control. The hyper frame clock rate
is 15 kHz.

"DL/UL Node B Frame"
GPIO output
Use the information in the CPRI Node B frame for control. CPRI updates
the B node every 10 ms, that means you can control the DUT with a
clock rate of 100 Hz.

"Timing Measurement Clock"
GPIO output
Use the CPRI signal processing clock, for example 61.44 MHz at 2x
line rate. This clock is used for timing measurements like response time,
latency, etc..
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"10 MHz Reference Clock"
GPIO output
Use the CPRI signal processing clock, for example 61.44 MHz at 2x
line rate. This clock is used for timing measurements like response time,
latency, etc..

"External Trigger 1/2/3"
GPIO input
In input mode, each of the three GPIO ports provide also an external
trigger signal.

Remote command:

[ : SOURce<hw>] : EBOX:CPRI :HW:GPIO<ch>:SIGnal on page 302

7.2.7.9 Output Marker Frame Width (in Clocks)

Section "Output Marker Frame Width (in Clocks)" contains additional settings for the
frame width of the selected GPIO control signal.

Basic ; Hyper; Node B

Enables you to increase the frame width of the corresponding output marker signal.
Remote command:

[ :SOURce<hw>] :EBOX:CPRI :HW:GPTIO:MFWidth:BFRame on page 300

[ : SOURce<hw>] : EBOX:CPRI:HW:GPIO:MFWidth:HFRame on page 301

[ :SOURce<hw>] :EBOX:CPRI:HW:GPIO:MFWidth:NFRame on page 301

7.2.8 L1 Analysis

The L1 Analysis tab contains information on the CPRI link status. By means of an LED
display, R&S DiglConfindicates alarm and error messages as e.g LOF or LOS. The LEDs
are blue, if the transmission is working properly. Red LEDs indicate transmission errors.
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@ Hardware |L1 Analysis "Downlink (Tx) TUpIink (R} TC &M T\/endor Data TDia_qnostics TARB TRecorder ]

L1 Inband Pratocal Link Status
Z20 Link Status ®
Protocol Yersion
Core Mode Protocal version setup
ZEB.O
{HDLC Rate No HDLC] CPRI Made Master
71300 LOF ®
LOF {Loss of Frame) | |LoS @
LOS (Loss of Signal) ® Local Alarms
RAl (Remote Alarm Indication) @ o7 ®
SDI(SAP Defect Indication) [ ] LOS ®
Reset ® RN ®
71940 Rermate Alarms
Ethernet Pointer 20 o7 ®
LOS ®
Events
(o] Oon |(RA ®
RE Reset O on ||E0I ®
Reset ®
| Jin)

Fig. 7-63: CPRI L1 Analysis dialog

7.2.8.1 L1 Inband Protocol

The L1 inband protocol is transmitted in subchannel 2 of a hyperframe protocol set. It
uses the control words with index 2, 66, 130 and 194.

The data transmitted is related to the link and is directly transported by the physical layer.
This information is required, for example for system start up, layer 1 link maintenance
and the transfer of time critical information that has a direct time relationship to layer 1
user data.
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Byte # Function Version
220 Version —,_> Word 7 6 5 4 3 2 1 0
Z.66.0 Start Up 2.64.0 V7 | V6 | V5 | V4 | V3 | V2 | VI | VO
Z1300 |[Flags — Y Y Y Y Y VY VY ¥
Z2.194.0 Pointer = Vi#1 0 0 0 0 0 0 0 1
V#2 0 0 0 0 0 0 2 0
Start Up
Word 7 6 5 4 3 2 1 0
Z2.64.0 R R R R R cz | C1 Cco
No HDLC g g g
240 kBit/s 0 0 1
480 kBit/s 0 1 0
960 kBit/s 0 1 1
1920 kBit/s 1 0 0
2400 kBit/s 1 0 1
Max Rate 1 1 0
Layer 3 negotiation 1 1 1
— Flags
Word 7 6 5 4 3 2 1 0
Z2.130.0 R R R |LOF |LOS | SDI | RAI | RST
> Painter
Word 7 6 5 4 3 2 1 0
Z2.194.0 R R |P5 | P4 |P3|P2)|P1|PO
L 2R R 2
No Ethernet 0 0 0 0 0 0
0 0 0 0 0 1
P=1..19 A R S S A
Invalid ! ! ! ! ! !
0 1 0 0 1 1
0 1 0 1 0 0
P =20..63 : : : : : :
e 0 I N O

Fig. 7-64: CPRI L1 inband protocol

Protocol Version
Indicates the CPRI protocol version.

According to the protocol version, the link supports data scrambling or descrambling, as
shown below.

Note: It is strongly recommended that you use scrambling at higher line bit rates.

Line rate [Mbit/s] Scrambling support Highest available protocol ver-
sion number

1x (614.4) not supported 1

2x (1228.8) not supported 1

4x (2457.6) not supported 1

5x (3072.0) not supported 1
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Line rate [Mbit/s] Scrambling support Highest available protocol ver-

sion number
8x (4915.2) recommended 1: scrambling not supported

2: scrambling supported
10x (6144.0) recommended 1: scrambling not supported

2: scrambling supported
16x(9830.4) recommended 1: scrambling not supported

2: scrambling supported

Remote command:
[ :SOURce<hw>] :EROX:CPRI:L1:VERSion? on page 315

HDLC Rate
Indicates the Slow C&M HDLC bit rate during link setup.

You can determine this parameter in the C&M tab, which is embedded in the CPRI pro-
tocol. RE and REC then read the value of the other, and agree on the smallest.

Supported values depend on the line speed:

Bit rate [Mbit/s]

1x (614.4) no HDLC 240 480

2x (1228.8) no HDLC 240 480 960

4x (2457.6) no HDL 240 480 960 1920

5x (3072.0) no HDLC 240 480 960 1920 2400

8x (4915.2) no HDLC 240 480 960 1920 2400 3840
10x (6144.0) no HDLC 240 480 960 1920 2400 4800
16x (9830.4) no HDLC 240 480 960 1920 2400 7680

Remote command:
[ : SOURce<hw>] : EBOX:CPRI:11:HDLC:BRATe? on page 312

Flags
Shows various information about the link status, transmitted in control word 130.

The following flags are defined:
"LOS" The LOS (Loss of Signal) LED indicates a loss of signal.

"LOF" LOF (Loss of Frame) indicates, when the received data lost the syn-
chronization, that is loss of frame.

"RAI" RAI (Remote Alarm Indication) indicates, if any remote part of the end-
to-end link has failed.

"SDI" SDI (Service Access Point Defect Indication) indicates, that the data
communication failed.

User Manual 1409.5570.32 — 05 166



R&S®EX-1Q-BOX

Protocol Settings

7.2.8.2

CPRI

"Reset" Indicates that the DUT is in reset state.
In the CPRI RE test mode, the LED shows that a reset was performed,
and in CPRI REC test mode, the LED indicates a reset request.

Remote command:
SOURce<hw>] : EBOX:CPRT:TEST:RX:1.0S? on page 326

[:

[ :SOURce<hw>] :EBOX:CPRI:TEST:RX:LOF? on page 325

[ : SOURce<hw>] :EBOX:CPRI:TEST:RX:RAI? on page 326

[ : SOURce<hw>] :EBOX:CPRI:TEST:RX:SDI? on page 327

[ :SOURce<hw>] :EBOX:CPRI:TEST:RX:RESet? on page 326

Ethernet Pointer
Indicates the resulting Ethernet pointer after the link setup, that means the position after
the handshake between the R&S EXBOX-B85 and the DUT.

You can determine this parameter in the C&M tab, which is embedded in the CPRI pro-
tocol. RE and REC then read the value of the other, and agree on the smallest.

Valid entries range from 20..63. Depending on the line speed and the pointer the following
Ethernet bit rates are achievable:

Line rate Length of control word | min. Ethernet bit rate max. Ethernet bit rate
[Mbit/s] [bit] [Mbit/s] [Mbit/s]

1x (614.4) 8 0.48 21.12

2x (1228.8) 16 0.96 42.24

4x (2457.6) 32 1.92 84.48

5x (3072.0) 40 240 105.60

8x (4915.2) 64 3.84 168.96

10x (6144.0) 80 4.80 211.20

16x (9830.4) 128 7.86 337.92

Remote command:
[ : SOURce<hw>] : EBOX:CPRI:CM:ETH: PTR? on page 293

Link Status

This section indicates the status of the last query on the active link.

By means of an LED display, R&S DiglConf indicates alarm and error messages as e.g
LOF or LOS. In case of malfunction, the respective LEDs change from blue to red.

Once CPRI is turned on, all parameters are updated continuously. If CPRI is off, the
parameters are set to default value.

Link Status
Indicates whether the CPRI link is established or any transmission error has occurred.
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This indicator includes all verified transmission parameters.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:HW:ALARm? on page 298

Core Mode
Indicates the current state of the CPRI core.

The CPRI core can work in the following states:

CPRI core state Description

"Link is up" normal operating mode

"Reset" at the starting point of establishing the link
"L1 Synchronization" attempt of L1 synchronization

"Setup protocol version" setting up the protocol version

"Setup C&M parameter" setting up the C&M parameter

"Passive mode" only 1/Q data are active, C&M is not used

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:HW:CORE? on page 299

CPRI Mode
Displays the role of the R&S EX-IQ-BOX, that is either master (CPRI RE test) or slave
(CPRI REC test).

Remote command:
[ : SOURce<hw>] : EBOX :CPRT : HW:CMODe? on page 299

LOF (Loss of Frame)
Indicates whether the CPRI frame delimiter K28.5 is detected.

Remote command:
[ :SOURce<hw>] : EBOX:CPRT : HWW: LOF? on page 306

LOS (Loss of Signal)
Indicates whether the data is synchronized.

Remote command:
[ :SOURce<hw>] : EBOX:CPRT : HiW: LOS? on page 306

Local Alarms
These LEDs indicate if errors occur on the CPRI breakout board.

"LOF" LOF (Loss of Frame) indicates, when the received data lost the syn-
chronization, that is loss of frame.
"LOS" The LOS (Loss of Signal) LED indicates a loss of signal.
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"RAI" RAI (Remote Alarm Indication) indicates, if any remote part of the end-
to-end link has failed.

Remote command:

[ :SOURce<hw>] :EBOX:CPRI:L1:RX:L0Cal:LOF? on page 312

[ :SOURce<hw>] :EBOX:CPRI:L1:RX:L0Cal:L0OS? on page 312

[ :SOURce<hw>] :EBOX:CPRI:L1:RX:L0OCal:RAT? on page 313

Remote Alarms
The LEDs in this section show alarms that the DUT returns via the CPRI link.

"LOF" LOF (Loss of Frame) indicates, when the received data lost the syn-
chronization, that is loss of frame.

"LOS" The LOS (Loss of Signal) LED indicates a loss of signal.

"RAI" RAI (Remote Alarm Indication) indicates, if any remote part of the end-
to-end link has failed.

"SDI" SDI (Service Access Point Defect Indication) indicates, that the data
communication failed.
"Reset" Indicates that the DUT is in reset state.
In the CPRI RE test mode, the LED shows that a reset was performed,
and in CPRI REC test mode, the LED indicates a reset request.
Remote command:
[ :SOURce<hw>] :EBOX:CPRI:L1:RX:REMote:LOF? on page 313
[ :SOURce<hw>] :EBOX:CPRI:L1:RX:REMote:L0OS? on page 313
[ :SOURce<hw>] :EBOX:CPRI:L1:RX:REMote:RAT? on page 314
[: ]
[: ]

SOURce<hw>] :EBOX:CPRI:L1:RX:REMote:RESet? on page 314
SOURce<hw>] :EBOX:CPRI:L1:RX:REMote:SAP? on page 314
Events

In CPRI RE test mode the R&S EX-IQ-BOX acts as a CPRI REC (master). As defined in
the CPRI standard specification, the CPRI REC provides the generation of Layer 1 mes-
sages. In this section, you can simulate some events. Use this function to see how the
DUT responds to these events.

SDI

Activate the SDI (Service Access Point Defect Indication) defect indicator. This function
intentionally provokes an SDI event, in order to examine whether the DUT evaluates it.
In realtime applications, the function detects whether an SAP (Service Access Point) is
defective or is not working properly.

Note: This function applies to CPRI RE test mode. In this mode, the R&S EX-IQ-BOX
acts as a CPRI REC (master). As defined in the CPRI standard specification, the CPRI
REC provides the generation of Layer 1 messages. In this section, you can simulate some
events. Use this function to see how the DUT responds to these events.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TEST:TX:SDI on page 329
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RE Reset
Set or clear the bit on the downlink connection which requests the RE to reset.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TEST:TX:REReset on page 328

7.2.9 Downlink and Uplink

The Downlink and the Uplink tabs contain the settings for the CPRI basic frame. Down-
link and uplink parameters are similar; they both define the signals 1/Q data and its dis-
tribution inside the CPRI basic frame container (AxC allocation).

The CPRI basic frame contains 16 words. The first word, the control word, contains con-
trol information, like synchronization, timing, slow or fast C&M, or vendor specific data.
The remaining words carry the 1/Q data.

Terms used in the description and familiar synonyms

UL (Uplink): The UL defines the direction from a mobile device to a base station. A
synonym to UL is RL (Reverse Link).

DL (Downlink): The DL defines the direction from the base station to the mobile device.
A synonym to DL is FL (Forward Link).

@

Depending on the CPRI test mode, the R&S EX-IQ-BOX works either as a transmitter
(Tx) or receiver (Rx), as shown in the following diagrams.

® In CPRI RE test mode, the R&S EX-IQ-BOX works in the DL (downlink) as a trans-
mitter (Tx) and in the UL (uplink) as a receiver (Rx).

EXBOX

EX-1Q-BOX B85

X

Downlink

Uplink

\

Fig. 7-65: CPRI RE test - schematic representation

DUT
CPRI RE

In CPRI REC test mode, the R&S EX-IQ-BOX works in the DL as a receiver (Rx) and

in the UL as a transmitter (Tx).

Downlink

RX

[

DUT
CPRIREC

A

Uplink

-

X

EXBOX
B85

EX-IQ-BOX

Fig. 7-66: CPRI REC test - schematic representation
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The settings dialogs for the transmitter (Tx) and the receiver (Rx) are identical in both

CPRI test modes (RE / REC).

Accordingly, the DL (downlink) dialog of CPRI RE and the UL (uplink) of CPRI REC are
similar, and vice versa, the UL dialog of the CPRI RE test is identical to the DL dialog of

CPRI REC.

direction, are separately expressed.

The following description comprises the parameters of both dialogs, the UL and the DL,
since they use the same parameters. Specific settings that relate to a particular link

(@ Hardware | L1 Analysis | [Downink (70 ] { Uplink (Rx) | © & M

Signal State

SiEnaI 1

YWave file

Signal Mame

Sample Rate

Physical Source

Signal Definition

T\/endur Data TDia_anStics TAREI

TRecurder ]

C |

signal_2

IAREI 1

=l

gpsk_dirac_3_S4MHz wy

AxC Container Definition

CPRI Basic Frame
w=0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15

1

Ocortral wiord Mlsional_1

| | Available Data Rate (1/3)

3 840 000.000 Hz

Assigned Data Rate (AxC)

Esignal_2

<< Hide Signal Details

Murneric Format

1/Q Resalution

Gain

|2's Complement

=

I¥Q Data Interleaving

92160 Mbit/s

122 Batbit/s
~

Word | Bit | Size =
Mame Source addr | s | mits Conf
18 AxC 0 DIG 2 1M 1 1 0 32
AxCH ARB 1 1 0 32

D.DDIdEI -

Crest Factor

D.DDIdB -

RMS Level

D.DDIdBFSj

AxC Allocation
AxCls) / Data Rate
(Assigned)

Murnber Of Groups

IF'acked

14 122.88Mbit/s

14 122.88Mbit/s

> [e)

G#H|G# | G# =
Repetition 1 1 1
State -
’ Append ] ’Copy +Append] ’ Delete

Start Condition IElasic Frarme j Arrn
» Apply Setup

Fig. 7-67: CPRI downlink dialog
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[. HardwareT L1 Analysis TDown\ink Tx) ] Uplink (Rx) [C &M T\r’endor Data TDiaqnostics TAREI TRecorder ]
Signal Definition AxC Container Definition
signal_1 . CPRI Basic Frame
m Signal State l off l 6 7 & 9 101 12 13 14 15
Signal Mame signal_2
Signal Output |DIG 10 OUT 2/ Recorder =
Ccontralwiord Msignal_1 Esignal_2
Standard |3GPP FOD |
Awailable Data Rate (1/Q) 921 .60 Mbit/s
Sample Rate 3.840 000 DDDIMHZ j
Asgsigned Data Rate (AxC) 0.00Mbit/s
Oversampling |1 j . .
1/Q Data Deinterleaving v
<<< Hide Signal Details ) wiord | Bit | Size a
. Mame Sink addr | dddr | mits Conf
MNumeric Farmat |2s Complerment j - DIG 10 OUT 1 ol =2
1¥Q Resalution 16| || &=c1 DIG G OUT 3 0] 32
AxC Allocation IF'acked -
AxC(s) / Data Rate 1/ 122.85Mbit/s
o
(Assigned) 1/ 122.88Mbit/s
MNumber Of Groups 3
G#H|G# |G# =
Repetition 1 1 1
State -
Start Condition Basic Frame j Arm
i Append ] ’Cnpy +Appendl ’ Delete Apply Setup

Fig. 7-68: CPRI uplink dialog

7.2.9.1 Signal Definition

Section "Signal Definition" contains all information which is important to define the 1/Q
signals to be transmitted, or received via the CPRI link. On the left the table lists all defined
signals, and on the right of it input and display fields show the respective settings of the
selected signal. Signals are added, copied or removed by means of buttons and a groups
table indicates the AxCs assigned to a group.

The active AxCs are shown on the top right of this tab graphically. You find the description
to this graphic under chapter 7.2.9.2, "AxC Container Definition", on page 186.

Signal Table
The table lists the all defined signals. Select a signal in the table, to view the current
settings of this signal.

The list can take up at most 24 signals, according to the maximum number of AxCs, since
a signal needs at least one AxC.
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Note: By default, R&S DiglConf names the signals signal with an attached
<index> number. The index number represents the position in the list. In order to assign
a user defined name, enter the name in the field "Signal Name" on the right.

Append
Add a new signal to the list. R&S DiglConf attaches a signal with default parameter val-
ues, a predetermined name and a name index following the last list entry.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI:TX|RX:SIGNal:APPend on page 337

Copy + Append
Create a copy of a selected signal. This function copies the parameter values and assigns
the same name with suffix for distinction. The new signal is added at the end of the list.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX|RX:SIGNal<ch>:COPY on page 342

Delete
Remove the currently selected signal from the list. The function removes the correspond-
ing AxCs from the list of used AxCs.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX |RX:SIGNal<ch>:DELete on page 343

Signal State
Activate a selected signal.

Remote command:
[ : SOURce<hw>] :EBOX:CPRI:TX |RX:SIGNal<ch>:STATe on page 352

Signal Name
Enter or change the signal name.

By default, R&S DiglConf assigns the name signal with an attached <index> num-
ber. The index number represents the position in the list.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX|RX:SIGNal<ch>:NAME on page 346

Physical Source

Select the signal source for signal transmission to the DUT. The signal comes either from
an R&S instrument via the digital interface of the R&S EX-IQ-BOX, or the signal is gen-
erated internally or by means of the waveform memory in the R&S EX-1Q-BOX.

The R&S EX-IQ-BOX converts the 1/Q format of the signal into the CPRI protocol format.
Embedded with additional control information, the link transfers the data to the DUT.

Note: You can select the signal source if the R&S EX-IQ-BOX works as transmitter, that
means if it sends a signal to the DUT. That is, if you work in the RE Test Downlink or
the REC Test Uplink mode. Hence, the parameter is available only in the corresponding
DL or UL tab.
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However, when the R&S EX-IQ-BOX receives a signal, "Signal Output” is available in the
corresponding tabs instead of "Physical Source". See also "Signal Output"
on page 174.

"Sync Pattern” Use the internal pattern generator as signal source.

"DIGIQIN 1"  An R&S instrument applies a digital baseband signal at DIG IQ IN 1
connector of the R&S EX-IQ-BOX.
The green IN/OUT LED of this interface indicates, that it operates in
input mode.

"ARB 1...4" Selects one of the waveform memories with a loaded 1/Q signal.

Note:
e This feature requires, that the R&S EX-IQ-BOX is equipped with the
appropriate waveform memory option.

e A conflict arises, if no signal is loaded in the memory, or is not acti-
vated. The LED next to "Wave File" and "Sample Rate" tuns red.

The Multi Waveform option supports simultaneous playback of up to
four signals. For information on the available options refer to chap-
ter 3.2.2.3, "Waveform Memory, Multi Waveform Playback and Record-
ing Memory ", on page 23.

"Static Frame" Enables you to fill the complete CPRI frame with a static pattern for

debugging purposes. This pattern is transmitted as it is, without scaling,
rounding or interleaving.

"PRBS" Generates a PRBS pattern.
If you additionally set Signal Output to "BER Test", you can perform a
bit error test with this pattern, to evaluate the signal transmission in the
Rx path.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX:SIGNal<ch>:SOURce on page 332

Signal Output
Select an output interface, to transmit the received baseband signal from the DUT to an
R&S instrument and/or to the built-in I/Q recorder.

The R&S EX-IQ-BOX extracts the I/Q baseband signal of the CPRI protocol, and forwards
it to an R&S instrument. Simultaneously, you can also record the signal with the 1/Q
recorder, see chapter 7.2.14, "Recorder", on page 207.

Note: You can select "Signal Output" if the R&S EX-IQ-BOX works as receiver, that
means if it receives a signal from the DUT. That is, if you work in the RE Test Uplink or
the REC Test Downlink mode. Hence, the parameter is available only in the corre-
sponding DL or UL tab.

However, when the R&S EX-IQ-BOX transmits a signal, "Physical Source" is available
in the corresponding tabs instead of "Signal Output". See also "Physical Source"

on page 173.

"DIG IQ OUT <n>/ Recorder"
Selects the digital output interface DIG IQ IN 2 of the R&S EX-IQ-BOX
to send the signal to an R&S instrument.
The yellow IN/OUT LED of this interface indicates, that it operates in
input mode.
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"Recorder" Selects the built-in 1/Q recorder as the destination for the received sig-
nal.
This feature requires, that the R&S EX-IQ-BOX is equipped with the
appropriate recording memory option. For information on the available
options refer to chapter 3.2.2.3, "Waveform Memory, Multi Waveform
Playback and Recording Memory ", on page 23.

"Sync Pattern” Enables you to check one AxC inside the CPRI frame against a static
synchronization pattern. If you additionally select "Sync Pattern" as start
condition in the Rx path, Start Condition, the scheduling starts as soon
as the specified pattern is detected.

"BER Test" Enables you to measure the Bit Error Rate of the link, provided the
Physical Source "PRBS " is selected.
Section "LOW Level BER Test" appears with the corresponding param-
eters. You can find the setting parameters described in chapter 7.2.9.3,
"Low Level BER Test", on page 191, including details to the BER Test.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI :RX:SIGNal<ch>:0UTPut on page 331

Standard

Select a communication standard. R&S DiglConf provides the selection of a standard
signal with automatically assigned sample rate. Alternatively, select a signal from a
waveform file, the ARB function, or assign user-specific values.

R&S DiglConf supports all current standards and their variants. When selecting a stand-
ard signal, the program automatically sets the relevant parameters and values.

For example, a loaded digital standard automatically adjusts the needed AxCs, assigns
the sample rate, and sets up several other relevant parameters.

Note: The digital standard signals, or user defined signals refer to external signal input
or output, that means the physical signal sources DIG IQ IN or DIG IQ OUT.

"GSM/EDGE" Select a signal that follows te GSM/EDGE standard.
GSM/EDGE (Global System for Mobile Communications/Enhanced
Data Rates for GSM Evolution) covers the 2nd generation mobile radio
technology. Selecting this signal standard, the sample rate is set to
270,833333 kSps. This sample rate does not fit well into the CPRI basic
frame rate. Therefore, the sampling rate of GSM/EDGE is only achieved
by using a rather complicated group setup, the AxC settings over time.

"3GPP FDD" Select the parameters of the W-CDMA standard 3GPP FDD.
W-CDMA (Wideband Code Division Multiple Access) covers the radio
technology UMTS (Universal Mobile Telecommunications System).
3GPP (3rd Generation Partnership Project) is a collaboration between
groups of telecommunication associations, which define a globally
applicable third generation mobile phone system specification. 3GPP
standardization comprises all GSM and W-CDMA specifications.

"CDMA 2000" Select a signal that follows the CDMA standard.
CDMAZ2000 (Code Division Multiple Access) uses a multiple access
scheme for digital radio, to send voice, data, and signaling data (such
as a dialed telephone number) between mobile phones and cell sites.

1
User Manual 1409.5570.32 — 05 175



R&S®EX-1IQ-BOX Protocol Settings

CPRI

"LTE" Select an LTE (Long Term Evolution) signal. Based on UMTS, LTE
provides a wireless broadband internet system with voice and other
services built on top, like for example authentication.

LTE bandwidths: 1.4 |3.0|5.0| 10.0 | 15.0| 20.0 MHz

"IEEE 802.16 WiMAX"
Select the digital standard IEEE 802.16 WiMAX (Worldwide Inter-oper-
ability for Microwave Access). WIMAX provides wireless transmission
of data using a variety of transmission modes, as for example point-to-
multipoint links or mobile internet access.
WiMAX bandwidths: 3.5|5.0|7.0|8.75| 10.0 | 20 MHz

"User defined" Specify a user defined signal for transmission, define a signal with arbi-
trary parameters.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX|RX:SIGNal<ch>:STANdard on page 350

Wave file
Indicates the loaded waveform file, if the physical signal source is one of the waveform
memories.

Note: This parameter is relevant when operating with ARB. If you load a file and select
the signal source ARB, R&S DiglConf indicates the file name. For standard communica-
tion signals, the field is hidden.

R&S DiglConfloads waveforms calculated by simulation software such as Matlab or R&S
WinlQSIM2 into the memory of the R&S EX-IQ-BOX. With the aid of the CPRI breakout
board, the R&S EX-IQ-BOX then embeds the signal into the CPRI protocol.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI : TX|RX:SIGNal<ch>:ARB:FILE? on page 338

Frame Data
Sets the user defined pattern of the frame.

Note: The parameter applies to the physical source "Static Frame".

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:SFRame<st>:DATA on page 332

Sample Rate
Shows the sample rate. If you process user defined signals, you can set the value.

Note: Consider that the sampling rate of the R&S signal generator fits to the sampling
rate of R&S DiglConf, as well as to the sampling rate of the R&S signal analyzer.

The table shows the predefined sample rates of the available signals. The sample rate
of a digital standard varies corresponding to the frequency.

Table 7-5: Sample rate values, depending on the signal type

Standard Frequency variant Sample Rate
GSM/EDGE 270.8333 kHz
3GPP FDD 3.84 MHz
CDMA 2000 1.228 MHz
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Standard Frequency variant Sample Rate
LTE 1.4 MHz 1.92 MHz

3.0 MHz 3.84 MHz

5.0 MHz 7.68 MHz

10.0 MHz 15.36 MHz

15.0 MHz 23.04 MHz

20.0 MHz 30.72 MHz
WIiMAX 3.5 MHz 4.0 MHz

5.0 MHz 5.6 MHz

7.0 MHz 8.0 MHz

8.75 MHz 10.0 MHz

10.0 MHz 11.2 MHz
Static Frame 3.84 MHz
Sync Pattern 3.84 MHz
PRBS 3.84 MHz

Remote command:
[ :SOURce<hw>] :EBOX:CPRT:TX |RX:SIGNal<ch>:SRATe on page 349

Pattern Length
Define the length of the pattern used by the internal pattern generator.

Note: The parameter applies to the physical source "Sync Pattern" and the PRBS
sequence length.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX|RX:SIGNal<ch>:PLENgth on page 348

Oversampling
Determine the oversampling factor.
Values: 1|24

Note: Oversampling refers to external signals, like digital standards or to user defined
signals. If the R&S EX-IQ-BOX is working with an internal signal, that is generated by a
pattern or a waveform file, the parameter is already considered and therefore not relevant.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI : TX|RX:SIGNal<ch>:0SAMpling on page 348

Show/Hide Signal Details
Shows/hides a section with additional parameters for more detailed signal definition.

Numeric format
Select a numeric representation for data transmission.

1
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"2's Complement"
Format the signal in two's-complement.
The most significant bit has a value of -2, the bits of lesser significance
follow as:
+272,, 420

"Binary Offset" Format the data in binary offset.
A binary offset of -2~ is added such that the final values are always
positive.

Example:
n=4--8<z<8
Table 7-6: CPRI > Numeric format coding

z | | 2’s Complement Binary Offset
-8 1 0 0 0 0 0 0 0
7)1 0 0 1 0 0 0 1
6| [1 0 1 0 0 0 1 0
511 0 1 1 0 0 1 1
4| |1 1 0 0 0 1 0 0
-3 1 1 0 1 0 1 0 1
-2 1 1 1 0 0 1 1 0
-1 1 1 1 1 0 1 1 1
o]0 0 0 0 1 0 0 0
1110 0 0 1 1 0 0 1
2|0 0 1 0 1 0 1 0
3110 0 1 1 1 0 1 1
4110 1 0 0 1 1 0 0
510 1 0 1 1 1 0 1
6|10 1 1 0 1 1 1 0
7110 1 1 1 1 1 1 1
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"2's Complement 9E2"
Format the signal in two's-complement variant 9E2.
9E2 encoding format is used in mobile base stations to extend the
dynamic range of | and Q, while reducing the needed amount of bits.
The coding is 9E2 with 9 bits mantissa and 2 bits exponent, that are
shared from | and Q, as shown in the figure:

| mantissa

l

lo I1 I2 I3 la Is le I7 Is I

Qo | Q1 Q2 | Q3| Q4 Qs | Q6 | Q7 | Qs | Qo

]

Common Q mantissa
exponent

Fig. 7-69: 2's complement 9E2

The I and Q samples of the 2's complement 9E2 are calculated with the
formulas:
| sample 10 bits = 9 bits mantissa + 1 bit, bit_0 exponent

/:[[igf /. J_QB./ ].2(2-00%)
i+1 9

/=0

Q sample 10 bits: 9 bits Q mantissa + 1 bit, bit_1 exponent

[
Q-= ([22/ .QM]_QS .Qg].2(2'00+/0)
i=0

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX |RX:SIGNal<ch>:NFORmat on page 346

I/Q Resolution

Set the 1/Q resolution in bits. The resolution is valid for both, the | and the Q values. l.e,
if you set the resolution to 16 bits, the sample rate is 32 bits wide, composed of 16-bit |
and 16-bit Q.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX|RX:SIGNal<ch>:IQResolution on page 345

Gain

Set a gain value for the 1/Q signal. Positive values lead to a digital signal amplification,
and negative values correspond to a digital signal attenuation. A gain value of 0 dB results
in an unchanged level of the 1/Q signal. By default, the value is set to 0 dB.

Remote command:
[ :SOURce<hw>] : EBOX:CPRI:TX |RX:SIGNal<ch>:GAIN on page 343
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Crest Factor
This parameter is required for the correct display of the RMS Level value.

The rms level is calculated with the formula:
RMS [dB] = Peak [dB] - Crest Factor [dB] + Gain [dB]

The crest factor must correspond to the input signal. Enter the value, for example a con-
nected baseband generator provides.

Note: Crest factor applies to external signals, like digital standards or to user defined
signals. If the R&S EX-IQ-BOX is working with an internal signal, that is generated by a
pattern or a waveform file, the parameter is already known must not be entered manually.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI:TX|RX:SIGNal<ch>:CRESt on page 342

RMS Level
Indicates the rms level of the signal. The signal level is expressed in terms of an rms
value. It always refers to both signal components:

(SQR(I12+Q2)).

In order to get the RMS value correctly, the Crest Factor of the signal must be entered.
The rms level is calculated with the formula:

RMS [dB] = Peak [dB] - Crest Factor [dB] + Gain [dB]

Note: The RMS level refers to external signals, like digital standard or user defined sig-
nals. If the R&S EX-IQ-BOX is working with an internal signal, that is generated by a
pattern or a waveform file, the parameter is already known must not be entered manually.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI : TX |RX:SIGNal<ch>:RMS? on page 348
Response: -10 dbFs

AxC Allocation
Define how to allocate the AxCs to the signal. R&S DiglConf automatically assigns the
AxCs to a signal, and this parameter specifies the method.

"Packed" The AxCs allocate a continuous area inside the CPRI basic frame. Word
address and offset address of the first AxC define the starting position.
If possible, the following AxCs are placed successively. The signal
AxCs are automatically laid in a free area of the CPRI frame. If there is
not enough free space, the signal AxCs are placed at the beginning of
the base frame, at the position of word 1.

"Flexible" Manually assign the position of the AxCs by word address and offset
address.
Tip: Use this setting, to embed each sample of a signal individually
within the CPRI basic frame.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX |RX:SIGNal<ch>:AXC:ALLocation
on page 339

AxC(s) / Data Rate
Indicates the needed number of AxCs and the required data rate.
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Depending on the sample rate, a signal needs one or more AxCs to carry its I/Q data. If
possible, R&S DiglConf automatically assigns the number of needed AxCs to the signal.

Note: The maximum number of AxCs for all signals is 24.
The needed number of AxCs is calculated with the formula:

AxCs, ., =cei l( Sample Rate - Oversampling )

3.84[MHz]

The data rate is calculated with the formula:

DataRate [Mbit/ s]= SampleRate-Oversampling -2 -1/ QResolution

needed

Note: For signal source "Pattern" the needed number of AxCs is 1.

Remote command:
[ : SOURce<hw>] :EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:COUNt :NEEDed?
on page 340

(Assigned)

Displays the assigned number of AxCs and the assigned data rate. The assigned data
rate depends on the signal group settings, that means on the repetition rate and the
number of active AxCs per group.

The assigned data rate is calculated with the formula:

Data Rate sgigneqMbit / s ]= 3.84[MHz] 2.1/ QRe so/ution( AssignedAx Cs - OnTime ]

OnTime + OffTime

Note: In case of "Sync Pattern" signals, the assigned data rate depends on the pattern
length and the sample rate. It is calculated by the sample rate as shown:

Data Rate

assigned

= Sample Rate- Pattern Length

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:COUNt:ASSign?
on page 339

Status LED
In case of mismatch between the assigned data rate and the required data rate, the LED
turns red. Blue indicates that the data rates fit.

Note: Deviations in data rates!. Refer to the example under chapter 7.2.9.2, "AxC Con-
tainer Definition", on page 186, on what to do if the status LED turns red.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:DRATe:STATus?
on page 341

Show/Hide Group Details
Shows/hides the section with the parameters for group definition.
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Number of Groups

Determine the number of groups for a signal. The grouping enables to achieve arbitrary
sample rates that are not necessarily integer multiples of the CPRI basic frame rate. Each
group defines an AxC configuration for a certain time (means repetitions). Thus you can
change the AxC assignment over time by using more than one group with different set-
tings.

Remote command:

[ : SOURce<hw>] : EBOX:CPRI : TX |RX:SOURce<ch>:GROup:COUNt on page 344

Auto
Automatically calculates the recommended scheduling sequences.

According to the standard, the following relations are taken as calculation basis:

_LCM-(fs.fc)
fs

K

Ne =cei/(NA'Sj
K

Nv=Nc'K—NA'S

_LCM - (fs.fc)
fc

S

LCM = Last Common Multiple

Ny =1

Number of stuffing samples to match the CPRI frame rate of 3.84 MHz
Number of active samples

= sample rate of digital standard

fc = CPRI basic frame rate (3.84 MHz)

Ny
S
fs

The standard recommends the following settings for listed digital standards:
Table 7-7: IEEE 802.16 (WiMAX™: recommended number N, of stuffing samples for Ny=1, Ny=2

fs [MHz] Na s K N¢ Ny= Nc*K- No*S
4.0 1 25 24 2 23
5.6 1 35 24 2 13
8.0 1 25 12 3 1
10.0 1 125 48 3 19
11.2 1 35 12 3 1
22.4 1 35 6 6 1
4.0 2 25 24 3 22
5.6 2 35 24 3 2
8.0 2 25 12 5 10
10.0 2 125 48 6 38
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fs [MHz] Na S K Nc Ny= Nc*K- N,*S
11.2 2 35 12 6 2

22.4 2 35 6 12 2

Table 7-8: EUTRA/LTE: recommended number N\, of stuffing samples for Ny=1, Ny=2

fs [MHz] Na S K Nc Ny= Nc*K- N,*S
1.92 1 1 2 1 1

3.84 1 1 1 1 0

7.68 1 2 1 2 0

15.36 1 4 1 4 0

23.04 1 6 1 6 0

30.72 1 8 1 8 0

1.92 2 1 2 1 0
Table 7-9: GSM/EDGE: recommended number N), of stuffing samples

fs [MHz] Na S K Nc Ny= Nc*K- N,*S
1625/6 1 325 4608 1 4283

1625/6 8 325 4608 1 2008

1625/6 14 325 4608 1 58

325 1 65 768 1 703

325 6 65 768 1 378

325 1" 65 768 1 53

960 1 1 4 1 3

960 4 1 4 1 0

1625 1 325 768 1 443

1625 2 325 768 1 118

3250 1 325 384 1 59

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX |RX:SOURce: GROup:CALC on page 344

Groups Table

Set the AxC group settings. The displayed columns correspond to the groups, as dis-
played in the table header. The following rows indicate group repetition and state or pat-
tern of the assigned physical source.

Note: The groups settings apply to a single physical source, which can be switched "On"
for a number of basic frames and switched "Off" for another period of frames. If more
than one signal uses the same physical source, the group settings for the fractional "ON/
Off" transmission apply to all signals using this physical source.
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"G#0 ... G#3" Displays a column for each determined group. The maximum number
of groups is 4. In remote control, the group is addressed in the repetition
command, see below.

"Repetition" Enter the number of repetitions, that means how many CPRI basic
frames follow the current group setting.

"State" Indicates the status of the respective physical source. By default, all
sources are "On". Click the desired field or press the enter key to switch
between On and Off.

1
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Shows the binary data pattern of an AxC in hexadecimal format. By
default, all data pattern is set to zero. Click a field or press the
ENTER key to insert the required pattern. You can basically set up to
36 bits, but the currently possible number depends on the signal length
that is specified in Pattern Length.

Note: Pattern is displayed when you are working with "Sync Pattern”
signals.

Example:
The following example explains the need of the CPRI group definition:

Let us assume we want to transmit an 1/Q signal over the CPRI link with
a sampling rate of 5.76 MS/s. The CPRI basic frame rate amounts the
defined 3.84 MHz.

This means, if we assign one AxC per basic frame, we have the sample
rate of 3.84 MS/s. If we assign two AxCs, we get a sample rate of
7.68 MS/s.

Note: An AxC is a container for one 1/Q sample.

But, for the required sample rate of 5.76 MS/s, we would need 1.5 AxCs
per basic frame.

How can we reach that?

MNumber Of Groups E Auto |

G#l [G#
Repetition 3 1
State

e We allocate 2 AxCs in the AxC container definition which corre-
sponds to: ceiling = 1.5. For example, we use "AxC0" and "AxC1".

e In the "Number of Groups" entry field, we define two groups.

e Then, in the groups table, we define:
— G#0: Repetition = 3, State = On

— G#1: Repetition = 1, State = Off

With these settings, we transmit 2 samples (G#0) for one basic frame,
and only 1 sample (G#1) for the following.

Now we have achieved the required average sample rate of 5.76 MS/
s.

Tip: By changing the repetition in combination with the AxC states, you
can achieve almost any sample rate.

Remote command:

[ : SOURce<hw>]
on page 345

[ : SOURce<hw>]
on page 345

[ : SOURce<hw>]

[ :SOURce<hw>]

:EBOX:CPRI:TX|RX:SOURce<ch>:GROup<user(0>:REPetition
:EBOX:CPRI:TX|RX:SOURce<ch>:GROup<user(0>:STATe

:EBOX:CPRT: TX|RX:GROup<user0>:PATTern on page 344
:EBOX:CPRTI :TX|RX:SOURce : GROup : CALC on page 344
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7.2.9.2 AxC Container Definition

The AxC Container Definition section graphically displays the CPRI basic frame and
indicates the 1/Q and AxC data rates. The table in the lower part contains the used AxCs
with their assigned signals, and basic signal parameters such as word address, bit
address and word size. LEDs in the last column indicate emerging conflicts between
AxCs.

AxC Container Definition———————

CPRI Basic Frame
w=0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15

I‘ N

1

Ccontrolvwiord  Msignal_1 Hsignal_2

Available Data Rate (1/Q) 921.60Mbit/s

Assigned Data Rate (AxC) 215.04 Mbit/s

IQ Data Interleaving r
Mame Source \';V;;rd .E;tdr i;: Conf —

AxC 0 DG 13 I 1 1 G 32

AxCA ARB 1 3 12 24

CPRI Basic Frame Graph

The basic frame graph indicates the 16 words of a CPRI basic frame in a control matrix.
First the control word is shown, then the remaining words follow, carrying the I/Q data.
The data words are structured in AxCs (antenna carriers). A signal needs one or more
AxCs for carrying the 1/Q data, depending on the sample rate.

CPRI Basic Frame

w=0 1 2 3 4 5 6 ¥ & 9 10 11 12 13 14 15

Ccontral vord  lzigral_1 E=ignal_2

The word length depends on the CPRI line bit rate parameter. This parameter defines
the number of bits transferred per second over the CPRI communication link, including
control and 1/Q data.

The following table shows the word length related to the bit rate.

Table 7-10: CPRI Line bit rate vs. Word length

Line bit rate [Mbit/s] Word length [bits] [Bytes]
1x (614.4) 8 1
2x (1228.8) 16 2
4x (2457.6) 32 4
5x (3072.0) 40 5
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Line bit rate [Mbit/s] Word length [bits] [Bytes]
8x(4915.2) 64 8
10x (6414.0) 80 10
16x (9830.4) 128 16

Note: When a word consists of more than 1 byte, the graph indicates these bytes and
separates them with a hyphen.

The first word contains control information while the following words carry the AxCs, that
means the 1/Q data.

R&S DiglConf shows the signals in different colors, as well as the related AxCs. Active
signals are strongly colored, while the inactive signals are shown in pale colors. If the
signals in the graph overlap, the active signals are always in the foreground. Below the
graph, a legend explains the signals and their assigned colors.

Available Data Rate (1/Q)
Displays the available data rate of the I/Q data, calculated with the formula:

[Mbit/ 5] = DataWord Count-Word Lengthlpit | 3.84[MHz]
=15-Word Lengthlpit | 3.84[MHz]

Data Rate

avaliable

Note: The word length depends on the line bit rate, as listed in "CPRI Basic Frame
Graph" on page 186.

Remote command:

[ :SOURce<hw>] :EBOX:CPRI:TX |RX:DRATe:AVAilable? on page 337

Assigned Data Rate (AxC)
Displays the assigned I/Q data rate of all active signals. This parameter depends on the
size of each assigned AxC and is calculated with the formula:

DataRate,,,,[Mbit/s]=" AxC _size,, -3.84[MHz]

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX|RX:DRATe:ASSigned? on page 336

I/Q Data Interleaving
Activates 1/Q data interleaving.

The following graphs show the sample arrangement and transmission order for uplink

and downlink:
e |/Q data interleaved

| [ [

Bl [o] [o]

Fig. 7-70: Interleaved I/Q data transmission within a CPRI link

e |/Q data non interleaved.
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0 v e

Fig. 7-71: Non Interleaved I/Q data transmission within a CPRI link

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX|RX:INTerleaving on page 337

AxC Table

Shows the settings of the assigned AxCs. An AxC is defined by the position inside the
CPRI basic frame and its length.

"Source" Indicates the signal the AxC is assigned to.

"Word Address"
The position of the AxC within the CPRI basic frame is defined by word
address and bit address. The word address specifies, with which word
the AxC begins, while the bit address specifies the bit index inside the
word.

"Bit Address" Specifies the starting bit inside the word.

"Size /bits" Displays the size of the AxC in bits. The size depends on the selected
signal source. With the exception of signals from the signal source Sync
Pattern, the size is calculated using the following formula:

AxC _size,, [bit]: I/ QResolution,,, -2

For Sync Pattern signals, calculate the source with the formula:

AxC _size [bit]: Pattern Length

axc signal

"Conflict" A conflict arises, when AxCs overlap. A red LED indicates the overlap-
ping with a previous AxC.

Remote command:

[ : SOURce<hw>] : EBOX:CPRI: TX |RX:AXC<ch0>:SOURce? on page 335

[ :SOURce<hw>] : EBOX:CPRI:TX|RX:AXC<ch0>:WADDress on page 336

[ :SOURce<hw>] :EBOX:CPRI:TX|RX:AXC<ch0>:BADDress on page 334

[ ]

[ ]

:SOURce<hw>] : EBOX:CPRTI : TX |RX:AXC<ch0>:STIZE? on page 335
:SOURce<hw>] : EBOX :CPRT : TX|RX :AXC<ch0>:CONFlict? on page 334
Start Condition
Defines the start condition for the scheduler, for data transmission and analysis.
Note:

To define a fractional scheduling scheme, consider the following:

e align the start of the scheduling scheme either to a Hyper Frame, or a Node B Frame.
e make sure that the total number of repetitions, for example "1 On"; "3 Off" is an integer
multiple of basic frames inside a Hyper Frame (256) or Node B Frame (38400).

Otherwise
e use a Sync Pattern in both, the Tx and Rx path.
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"Software" Starts scheduling and data transmission/reception after a software trig-
ger.

"Ext. Trigger 1...3"
Starts the scheduling and data transmission/reception with an external
trigger signal. To supply the trigger signal use one of the GPIOs and
configure it accordingly in the "Hardware" tab.

"Basic Frame" Starts scheduling and data transmission/reception with the next Basic
Frame. This corresponds to a free running trigger.

"Hyper Frame" Aligns scheduling and data transmission/reception to the next Hyper
Frame.

"Node B Frame"
Aligns scheduling and data transmission/reception to the next Node B
Frame.

"Sync Pattern"  Aligns the timing and data transmission/reception in the Rx path accord-
ing to a received sync pattern defined within a specified AxC. This trig-
ger mode requires that you have assigned "Sync Pattern" to one of the
signals.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TX|RX:TRIGger : SOURce on page 332

Arm
Stops the data transmission, the scheduler and analysis. A subsequent trigger event
restarts the activities.

To select the trigger signal source, see Start Condition

Remote command:
[ : SOURce<hw>] : EBOX:CPRT: TX |RX:APPLy on page 333

Run
Restarts data transmission, the scheduler and analysis manually.

Remote command:
[ :SOURce<hw>] :EBOX:CPRT:TX|RX:TRIGger : ARM on page 332

Apply Setup
Assign the settings in order to become effective.

If you have modified settings, and not yet confirmed, the red =% arrow next to the "Apply
Setup" button prompts you to confirm your settings.

Remote command:
[ : SOURce<hw>] : EBOX:CPRT : TX | RX:WARNing? on page 352
[ :SOURce<hw>] : EBOX:CPRI:TX |RX:APPLy on page 333

Example to CPRI Groups Concept

Note: Since the CPRI protocol is based on the standards of 3G and LTE, the CPRI basic
frame length uses the UTRA FDD Chip period, 1/3.84 MHz, that means the resulting data
rate amounts 3.84 MHz.
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Therefore, variations in the data rate appear with all signals whose data rate do not fit in
this 3.84 MHz pattern. The reason is that for these signals, the total sampling rate per
AxC group is not an integer multiple of the CPRI basic frame rate.

CPRI has developed a special method for the adjustment. By adjusting the grouping, the
repetitions and variable allocations of the AxCs, each signal can be individually custom-
ized to this pattern. In addition, CPRI adds stuffing samples, for example, vendor specific
bits, in order to adjust the data rate to an integer multiple of the CPRI frame rate.

Example:

By means of a 10 MHz WiMAX signal, with an oversampling factor of 1 and an I/Q res-
olution of 16 Bit, the following settings present a possible solution.

[Hardware | L1Analysis | Downlink (Tx) | Uplink (R%) | C&M | Vendor Data | Diagnoestics | ARB | Recorder |
Signal Definition AxC Container Definition
@ignal_1 Signal State _ CPRI Basic Frame
w=0 1 2 3 4 5 6 7 & 9 10 11 1213 14 15
Signal Mame |3|gnal_1 .
Physical Source |DIG QN |
Standard I\]'\"'m"ll"ﬁ\>< 10 MHz j Clcontrolvord  Msioral_1
Sample Rate | 11200000 000MHz <[ | |Available Data Rate (1/Q) 521 BOMbit/s
Oversampling |1 j Assigned Data Rate (AxC) 368 .64 hbit/s
1) Data Interleaving r
<= Hide Signal Details
Mame Source W | B Si.ze Conf -
Nurmeric Format |25 Complement | PRl || el ||
1 5 32
1/Q Resolution I 16 AxeD
AxC 1 3 8 32
Gain | 0008 x| ||lmea a d =
Crest Factor | D.DDIdEI j
RMS Level | 0.00 [dBFs ~|
AxC Allocation |Packed j
AxCig) / Data Rate 3/ 355.40Mbit's
(Assigned) 3/ 350.40Mbit/s
Mumber Of Groups E Autol
G# [G# =
Repetition 35 1
State Off -

1| Start Condition IEIasic Frame 'l Arrm
Append | Caopy +Append| Delete | Apply Setup |

In this example, the WiMAX data rate is 11.2 MHz and requires 3 AxCs for its data. Since

3.84 MHz does not fit into 11.2 MHz, change the following parameters:
e Increase the number of groups to 2.
AxC(s) / Data Rate 3/ 358.40Mbit/s
{Assigned) 3/ 358.40Mhitis

MNumber Of Groups E Auto |

e Enter 35 repetitions for Group "G #0", and 1 for "G #1".
e Allocate all the AxCs of the first group consecutively, and from the second group only
AxCO and AxCH1.

G#l [G# -
Repetition 35 1
State
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The graph in the AXC Container Definition shows the distribution of the data in the CPRI
frame slots.

AxC Container Definition

CPRI Basic Frame
w=0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15

Ccontrolwiord Msignal_1

Available Data Rate (1/Q) 921.60Mbit/s

Assigned Data Rate (AxC) 368.64 Mbit/s

1/Q Data Interleaving I
Mame Source \';V;;rd .E;tdr i;: Conf —

AxC0 1 6 32

A1 3 B 32

A 2 5 B 32

Argument

Let us prove that using the formula:

. . [ AssignedAxCs-OnTime
Data Rate; IMbit / s |=3.84|MHz |- 2-1/ Q Re solution
assignealMbit / 5]=3.84[MHz |21/ QResolut [ OnTime + OffTime ]

DataRate ;ssigneq Mbit / s ]= 3.84[MHz ] 2-16]bit ] 3 .% =358.4[Mbit / s

7.2.9.3 Low Level BER Test

In section Low Level BER Test, you can check the data transmission in the Rx path of
the CPRI link, provided "Signal Output > BER Test" is set. The Bit-Error-Rate function
evaluates the bit error ratio with a defined data sequence.

Therefore, the PRBS AxCs of the uplink and downlink must be identical regarding "Pat-
tern Length" and position, defined with "Word Addr." and "Bit Addr.".

» To process the "Low Level BER" test, select "Tx Source > PRBS" , and "Rx Signal
Output > BER Test".

Depending on the Test mode, "Physical Source" on page 173 "(Tx)", and "Signal
Output" on page 174 "(Rx)" are given in the corresponding downlink and uplink tab.

The position and the length of the downlink and uplink AxCs must be identical and the
CPRI line must be looped back, e.g. in the DUT.

User Manual 1409.5570.32 — 05 191



R&S®EX-1IQ-BOX Protocol Settings
CPRI

Example to Low Level BER Test using CPRI RE test mode

PRBS L DL———p]
> DUT
TN e

v
BER

result

Fig. 7-72: Low Level BER Test

For testing a signal execute the following steps.

1. Define a signal in the downlink tab: Select "Physical Source > PRBS" in the downlink
tab and configure the AXC parameters regarding "Pattern Length" and position by
means of adjusting the "Word and Bit address" inside the CPRI frame.

2. Define a signal in the uplink tab: Select "Signal Output > BER Test", and set the
same values for AxC "Pattern length" and position as in the downlink tab
Note: For testing the function itself, the signals in the downlink and uplink tab must
be identical.

3. Apply the Tx and Rx settings.

4. Set the connected DUT to CPRI loopback mode.
Note: The integrated loop-back function in the CPRI breakout board provides sending
and receiving signals, without plugging in an SFP module.

5. Reset the PRBS Test, if necessary.
Note: It is recommended that you reset the "PRBS Test", after you have changed the
settings at the DUT, or unplugged external cables.

6. The function extracts received data from the uplink signal and compares it with the
expected PRBS data. The total number of received words and the calculated BER
are displayed.

The bit error rate test function embeds a known PRBS sequence in the CPRI protocol
and synchronizes the analysis on the receiver side with the received (looped) signal.
It synchronizes the data which are returned internally, compares these data with the
data being sent, and counts the bit errors. The ratio of the number of error bits to the
total number of bits is the BER-result.

Use this function to see whether the link is working properly. You can monitor the test
result continuously in the "Test & Diagnostics" tab.
Expected Results:

When you send a signal and the settings for the received signal are identical, the error
must be "0".
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Simulate an error:
1. Configure different AxC positions in uplink and downlink while in loopback mode.
2. Inthe uplink tab, you can see that the error rate is increasing steadily.

This shows that the box detects the shift between the signals, and can thus detect
the errors in real-world signals from the DUT and vice versa.

Rx Received Bits
Indicates the total number of received words. Low Level BER Test consecutively counts
the number of received words in order to compare them with the sent data and to deter-
mine the error rate.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI: TEST:BER:RX:WORDs? on page 325

Rx BER

Displays the number of bit errors. This function consecutively counts the number of dis-
crepancies that occur during the test. The BER result is the ratio, which is calculated by
dividing the number of error bits by the total number of bits.

Remote command:
[ :SOURce<hw>] : EBOX:CPRI:TEST:BER:RX:RATE? on page 324

Reset
Restarts the PRBS test.

Performing a reset is recommended after changes of CPRI link parameters or external
connections, to start from a defined initial state.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI: PRBS:RST on page 325

Control & Management

The Control & Management (C&M) tab comprises all settings related to the process of
exchanging control information between RE (Radio Equipment) and REC (Radio Equip-
ment Control) in base station systems. CPRI supports two different protocols for C&M
data, the slower variation HDLC (High-Level Data Link Control) and the fast Ethernet.

Slow C&M (HDLC)

The HDLC Settings section comprises the necessary parameters for activating HDLC
control and management data protocol.

\ In chapter chapter 4.5, "Connecting the R&S EX-IQ-BOX", on page 42, you find infor-

mation on how to connect the interface. For more information on the hardware, see the
data sheet of the R&S EX-IQ-BOX, option R&S EXBOX-B85 (CPRI breakout board).
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(. HardwareTU Analysis TDownIink (Tx) TUp\ink (Rx) ] [\/endor Data TDiaqnostics TARE TRecorder 1

A

Slow C&M (HDLC) | Fast C&M (Ethernet)

State E HOLG Active . Data Bits 8
Bit Rate |24D khit/s 'I Stop Bits 1
FCS Error o

Source ITerrninaI vI Parity Mane
- Frames Sent i
hode IHDLC Cading vI Baudrate 115200 bps -

HOLC Settings RS232 Settings

Frames Received 1}

Terrinal Mode

{Realtime)

Terminal
Single)

i Rs232
{Realtime)

Terminal
.= {Snapshot)

[

Fig. 7-73: CPRI Control & Management dialog - Slow C&M (HDLC)

R&S DiglConf provides two methods for transmitting or receiving Slow C&M Data:

Source |Rs232 =]
Mode RE232

Using the internal Terminal, you can enter text commands. With EXECUTE, the
CPRI breakout board either encodes the plain text commands in HDLC format or
transmits the raw data over the CPRI link. Then, it transmits the data over the CPRI
link.

Using the RS232 interface, the CPRI breakout board expects already HDLC encoded
data on the RS-232-C input. Then, it transmits the encoded data in direct mode to
the DUT. The internal encoding and decoding are deactivated. This method works
full duplex, that means encoded HDLC frames are received from the DUT and output
at the RS-232-C port. In the other direction, encoded HDLC frames are entered on
the RS-232-C and then transmitted via the slow C&M CPRI link to the DUT.

\ You can use this method in both test modes, the CPRI RE and the CPRI REC test mode.
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State
Activate the C&M data exchange by means of HDLC protocol.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:CM:HDLC: STATe on page 297

Bit Rate
Set the bit rate for transmission of the C&M data.

"<bit rate> kbit/s "
Selects a bit rate from the available values in the list.

Note: The maximum HDLC rate for slow C&M depends on the CPRI
Line Bit Rate. The following table shows the available HDLC bit rates
for the corresponding CPRI bit rates.

Table 7-11: Possible HDLC rates of the respective line bit rates

Bit rate [Mbit/s]

1x (614.4) 240 480

2x (1228.8) 240 480 960

4x (2457.6) 240 480 960 1920

5x (3072.0) 240 480 960 1920 2400

8x (4915.2) 240 480 960 1920 2400 3840
10x (6144.0) 240 480 960 1920 2400 4800
16x (9830.4) 240 480 960 1920 2400 7680

Remote command:
[ : SOURce<hw>] : EBOX:CPRT :CM:HDLC : BRATe on page 294

Source

Select the source of the HDLC C&M data.

"Terminal" Use the integrated terminal of R&S DiglConf for C&M data input or out-
put.

"RS232" Use the RS232 interface for C&M data input or output.
Note: This method applies to both, the CPRI RE and the CPRI REC
test mode.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI :CM:HDLC : SOURce on page 296

Mode
Selects the mode for HDLC C&M data transmission.

While the RS232 interface acts as a Real Time sink and source, the "Terminal" provides
only "Snapshot functionality".

The block diagram shows the internal connections.
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Fig. 7-74: CPRI Slow C&M internal connections

The "Terminal" sink periodically polls the internal receive buffer for new frames. When a
high bit rate HDLC signal is received over the CPRI link, not every new frame will be
captured and displayed.

On the transmitter side, only single commands can be send using the "Terminal" window.

The RS232 connection however acts as a Real Time interface in its speed limits. Every
received HDLC frame will be output via RS232 using the specified speed. If the received
signal has a higher bit rate than the RS232 interface, frames will be lost.

On the transmitter side the RS232 speed will always be slower than the CPRI slow C&M
bit rate so all frames will be transmitted.

"Direct" The R&S EX-IQ-BOX transmits the data directly to the DUT, that means
without internal encoding or decoding.

"HDLC EN/DE Coding"
The R&S EX-IQ-BOX either encodes the plain text data before trans-
mission to the DUT, or it decodes and then displays the incoming data.

Note: This mode applies to HDLC source "Terminal".

Remote command:
[ : SOURce<hw>] : EBOX:CPRI:CM:HDLC : MODE on page 295

HDLC Active
The blue LED indicates that the interface is active, red accordingly shows that it is inac-
tive.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI:CM:HDLC:ACTive? on page 293

Frames Sent
Indicates the number of sent HDLC frames.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:CM:HDLC: SFRames? on page 296
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Frames Received
Indicates the number of received HDLC frames.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI :CM:HDLC : RFRames ? on page 295

Terminal
The "Terminal" section contains an entry field for control commands, an EXECUTE but-
ton to process the entered commands or the command sequences, and a CLEAR button
for reset.

Note: You can execute this command only, if the number of symbols is divisible by 2.
Odd values [1Jare not accepted.

Remote command:

[ :SOURce<hw>] : EBOX:CPRI :CM:HDLC : COMMand on page 294

[ : SOURce<hw>] : EBOX:CPRI:CM:HDLC:EXECute on page 295

[ : SOURce<hw>] : EBOX:CPRI:CM:HDLC :RX? on page 296
[: ]

SOURce<hw>] :EBOX:CPRI :CM:HDLC:RST on page 296
RS232 Settings
This section contains information on the RS232 interface, as:
"Data Bits" number of information units.
"Stop Bits" number of stop bits.
"Parity" even or odd number of set bits in the binary representation.
"Baudrate" number of bits that are transmitted per second.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:CM:HDLC:BAUDrate on page 291

Fast C&M (Ethernet)

The Ethernet Settings section comprises the necessary parameters for activating fast
control and management data exchange via the Ethernet interface.

In chapter chapter 4.5, "Connecting the R&S EX-IQ-BOX", on page 42, you find infor-
mation on how to connect the interface. For more information on the hardware, see the
data sheet of the R&S EX-IQ-BOX, option R&S EXBOX-B85 (CPRI breakout board).
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[. HardwareTU Analysis TDownIink T} TUpIink (Rx) ] [Vendor Data TDiaqnostics TAREI TRecorder ]
Slow C&M (HDLC) | Fast CAM (Ethernet)
State E Ethernet Active C ]

Preferred Etheret Pointer 20 Ethemet Pointer 10

Bit Rate 42 24Mbit/s

Telnet Client
Host 1238 Part 23

Login user Password R————— disconnected

Command l I Execute

[

Fig. 7-75: CPRI Control & Management dialog - Fast C&M (Ethernet)

R&S DiglConf provides the following setup for transmitting or receiving Fast C&M Data:

By using the fast C&M option, the R&S EX-IQ-BOX tunnels the Ethernet protocol over
CPRI. The Ethernet port on the breakout board therefore refers to the Ethernet port of
the DUT. The Ethernet settings of the DUT are forwarded to the connector of the breakout
board. If the DUT uses IP (Internet Protocol), you can access the DUT directly with its IP
address via the Ethernet connector on the breakout board.

In CPRI RE test mode, R&S DiglConf also provides an integrated Telnet console for fast
C&M. However, this console requires that the DUT offers a telnet server on its Fast C&M
port.

State
Activate the C&M data exchange via the Ethernet interface.

Remote command:
[ : SOURce<hw>] :EBOX:CPRI:CM:ETH: STATe on page 293

Pref. Eth. Pointer

Set the CPRI Ethernet pointer. This setting determines the Fast C&M bit rate, since this
pointer represents the boundary between vendor data and Fast C&M Data in the CPRI
control block. See also chapter 7.2.2, "CPRI Transmission Protocol - Overview",

on page 129.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI :CM:ETH:PPTR on page 292

1
User Manual 1409.5570.32 — 05 198



R&S®EX-1IQ-BOX Protocol Settings

CPRI

Ethernet Pointer
Indicates the resulting Ethernet pointer after the link setup, that means the position after
the handshake between the R&S EXBOX-B85 and the DUT.

You can determine this parameter in the C&M tab, which is embedded in the CPRI pro-
tocol. RE and REC then read the value of the other, and agree on the smallest.

Valid entries range from 20..63. Depending on the line speed and the pointer the following
Ethernet bit rates are achievable:

Line rate Length of control word | min. Ethernet bit rate max. Ethernet bit rate
[Mbit/s] [bit] [Mbit/s] [Mbit/s]

1x (614.4) 8 0.48 21.12

2x (1228.8) 16 0.96 42.24

4x (2457.6) 32 1.92 84.48

5x (3072.0) 40 240 105.60

8x (4915.2) 64 3.84 168.96

10x (6144.0) 80 4.80 211.20

16x (9830.4) 128 7.86 337.92

Remote command:
[ : SOURce<hw>] : EBOX:CPRI:CM:ETH: PTR? on page 293

Ethernet Active

The LED indicates red, if the interface is inactive. Blue indicates that the Ethernet data
transfer is active.

Remote command:

[ :SOURce<hw>] :EBOX:CPRI:CM:ETH:ACTive? on page 291

Bit Rate

Displays the resulting bit rate of fast C&M data exchange. This bit rate depends on the
CPRI line bit rate and the Ethernet pointer.

Remote command:

[ :SOURce<hw>] :EBOX:CPRI:CM:ETH:BRATe? on page 291

Host
Enter the IP Address of the DUT.

Note: This functionality refers to the integrated telnet client and applies only to CPRI RE
test mode.

Port
TCP port address for the access to the Telnet server of the DUT.

Note: This functionality refers to the integrated telnet client and applies only to CPRI RE
test mode.
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Login / Password
If a specific user name and password are requested for login, enter the user name in this
field, and the password in the field right beside.

Note: This functionality refers to the integrated telnet client and applies only to CPRI RE
test mode.

Connect
Set up the Telnet connection. On the right of the connect button, R&S DiglConf indicates
the current status of the connection.

Note: This functionality refers to the integrated telnet client and applies only to CPRI RE
test mode.

Input Window, Command line, Execute

The lower part of the fast C&M tab provides an entry field to enter control commands
manually. The commands are displayed in the input window above. EXECUTE executes
the command, or the command sequence.

Note: This functionality refers to the integrated telnet client and applies only to CPRI RE
test mode.

Remote command:

[ :SOURce<hw>] :EBOX:CPRI:CM:ETH:COMMand on page 292

[ : SOURce<hw>] : EBOX:CPRI:CM:ETH:EXECute on page 292

Clear
Erases the entries and the input window.

Remote command:
n.a.

Logout
Logs off the session.

Remote command:
n.a.

Vendor Data
The Vendor Data tab provides the input of user-specific information, like for example

additional control data. The R&S EX-IQ-BOX then transmits the data embedded in the
CPRI protocol.
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Fig. 7-76: CPRI Vendor Data dialog

State
Activate the vendor data exchange.

Remote command:
[ :SOURce<hw>] : EBOX:CPRI : VENDor : STATe on page 353

Direction
Select the transmission path of the data shown in the "Vendor Data Table"
on page 203.
"Downlink" e CPRI RE test mode (Tx)
User data entered in the table is embedded in the CPRI link for
transmission to the DUT.
e CPRI REC test mode (Rx)
Vendor data is extracted from the CPRI link and displayed in the
table.
"Uplink" e CPRI RE test mode (Rx)

Vendor data is extracted from the CPRI link and displayed in the
table.

e CPRI REC test mode (Tx)
User data entered in the table is embedded in the CPRI link for
transmission to the DUT.
Remote command:
[ :SOURce<hw>] : EBOX:CPRI :VENDor:DIRection on page 353

Line Bit Rate
Indicates the line bit rate. Depending on the line bit rate, the vendor data words can be
2, 4 or 5 bytes wide.

Note: Set the bit rate in the hardware tab, under "CPRI Line Bit Rate" on page 157. The
bit rate and thus the word length is determined by the DUT.

Remote command:
[ : SOURce<hw>] : EBOX:CPRT : HIWi: LBRate on page 305
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Word Width
Indicates the word width. The word width depends on the CPRI line bit rate.

The following table shows the word width related to the line bit rate.
Table 7-12: Word width related to the line bit rate

Line bit rate [Mbit/s] Word width [bits]
1x (614.4) 8

2x (1228.8) 16

4x (2457.6) 32

5x (3072.0) 40

8x (4915.2) 64

10x (6144.0) 80

16x (9830.4) 128

Note: By determining the line bit rate, the DUT also defines the word width. See also
"CPRI Line Bit Rate" on page 157.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI :VENDor :WWIDth? on page 353

Ethernet Pointer
Indicates the resulting Ethernet pointer after the link setup, that means the position after
the handshake between the R&S EXBOX-B85 and the DUT.

You can determine this parameter in the C&M tab, which is embedded in the CPRI pro-
tocol. RE and REC then read the value of the other, and agree on the smallest.

Valid entries range from 20..63. Depending on the line speed and the pointer the following
Ethernet bit rates are achievable:

Line rate Length of control word | min. Ethernet bit rate max. Ethernet bit rate
[Mbit/s] [bit] [Mbit/s] [Mbit/s]

1x (614.4) 8 0.48 21.12

2x (1228.8) 16 0.96 42.24

4x (2457.6) 32 1.92 84.48

5x (3072.0) 40 2.40 105.60

8x (4915.2) 64 3.84 168.96

10x (6144.0) 80 4.80 211.20

16x (9830.4) 128 7.86 337.92

Remote command:
[ : SOURce<hw>] : EBOX:CPRI :CM:ETH:PTR? on page 293
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Vendor Data Table

For CPRI RE downlink or CPRI REC uplink, you can determine vendor-specific data for
transmission. In receive direction, that means in uplink for CPRI RE and downlink for
CPRI REC test modes, the table shows the received vendor specific data, and switches
into read-only mode.

Find additional information on vendor data exchange in the CPRI specification.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI :VENDor : DATA<ch> on page 352

7.2.12 Diagnostics

The "Diagnostics" tab comprises information about the optical transceiver modules.

I ARB | Recorder ]

Hardware | L1 Analysis Downlink (Tx) | Uplink (Rx) | C& M Vendor Data | Diagnosti
[ [ [ [ [ [ |

SFP1 Diaghostics FP2 Diagnostics

Yandar not connected | [Yendor not connected
Part Mumber Part Mumber
Connector Caonnector
Bit Rate Bit Rate
Wavelength Wavelength
Vo Wee
Tx/Rx Power TRy Power
Temperature Temperature
Warnings Warnings
Alarms Alarms

Tx Disabled T Fault Loss of Signal Tx Disabled Tx Fault Loss of Signal

Fig. 7-77: CPRI Diagnostics dialog (1409.7208.02)

(@ Hardwars | L1 Analysis_| Downlink T [ Uplink (R [ &M

T\f’endur Data W ARE Recorder

FP Diagnostic:
Wendor EOPTOLINK IC
Part Number EOLX-58-LB
Connector unknown connectar
Bit Rate 10700 Mbit/s
Wavelength 0 nm
Weo 329
Ti/Rx Power 0.63/0.10 miy
Temperature 3088 °C
Warnings All DK
Alarms Al OK
Tx Disabled Tx Fault Loss of Signal
L J L J L J
[ [Infu]

Fig. 7-78: CPRI Diagnostics dialog (1409.7208.04)
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SFP Diagnostics

Sections SFP1/SFP2 Diagnostics indicate the most important parameters of the SFP
transceiver modules.

Difference between the R&S EXBOX-B85 breakout board versions

/ e 1409.7208.02 covers two SFP cages.

e 1409.7208.04 has a single SFP cage.

SFP Diagnostics
Contains information on the SFP modules and their characteristics.

Note: The CPRI breakout board (1409.7208.02) covers two SFP cages, while the variant
(1409.7208.04) has a single SFP cage.

"Vendor" Displays the vendor name of the SFP module.
"Part Number" Displays the vendor part number of the SFP module.

"Connector” Displays the connector type of the plugged-in SFP module, like LC for
a typical fiber connection.

"Bit Rate" Displays the maximum supported bitrate of SFP module.

"Wave Length" Displays the wavelength of the plugged-in Laser SFP module for optical
data transmission.

"Vec" Displays the measured value of the power supply at the SFP interface
in Volts.

"Tx/Rx power"  Shows the current values of the transmitted (Tx) and the received (Rx)
optical power.

"Temperature” Displays the current operating temperature of the SFP module.

"Warnings" Displays various warnings in the case of high or low measured values
of Ve, Tx/Rx power and temperature.

"Alarms" Displays several module alarms, that is if one or more of the Vcc, Tx/
Rx power or temperature values are out of the permitted value range.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:TEST:SFP<st>:INFO? on page 327

SFP LEDs
The LEDs in sections SFP 1 and 2 indicate the states at the SFP interfaces. The LEDs
must be blue. Red LEDs indicate errors.

"Tx Disabled" Indicates, if the interface of the breakout board and the SFP transmis-
sion line is disabled.

"Tx Fault" Indicates when a transmission error occurs. If the SFP is disconnected,
R&S DiglConf displays "Not Available".
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"Loss of Signal" Indicates that data communication failed and the signal is lost.

Remote command:

[ :SOURce<hw>] :EBOX:CPRI:TEST:SFP<st>:TX:DISabled? on page 328
[ : SOURce<hw>] :EBOX:CPRI:TEST: SFP<st>:TX:FAULt? on page 328

[ :SOURce<hw>] :EBOX:CPRI:TEST: SFP<st>:L0S? on page 327

7.213 ARB

The "ARB Sources" section displays all fields that are relevant for loading a waveform
file in the waveform memory of the R&S EX-IQ-BOX.

[. HardwareTU Analysis TDown\ink (Tx) TUpIink (Rx) TC & M TVendor Data TDia_qnostics 1

ARB Sources
. q Sample Rate Level | PEP Option(s) -
File Option(s) hHz Samples 4BFS | dBFS State Conflict

ARB 1|...Farmsfgpsk_dirac_3_S4MHz.wy MNone 3.5840 2560, 0.000 0.00
AREB 2 |...veFormsfig_sin_cos_384kHz wy None 3.840 24560, 0.00 0.00
ARB 3|...IConffARBWaveF arms/i_sine.wy MNone 3.840 2560 D00 0.00
ARB 4 [None MNone 0.000 0 000 000 Of =
Reset ARB Settings] [Reload Wave Files Total Samples:  0.008MSamples /B4 MSamples

Fig. 7-79: CPRI ARB dialog

Instead of a signal generator as signal source, the R&S EX-IQ-BOX creates the signal
from a waveform file and embeds it in the CPRI protocol. The ARB functionality applies
to the transmission mode, when the R&S EX-IQ-BOX is sending to the DUT, that means
in CPRI RE test mode, the R&S EX-IQ-BOX sends in the downlink, and in CPRI REC
test mode in the uplink.

Conversely, for operating in receiver mode, the R&S EX-IQ-BOX provides a recording
memory. The signal data, coming from the DUT can be recorded over a period of time
and then saved in a file, see chapter 7.2.14, "Recorder", on page 207.

Waveform Memory and Recording Memory require that the R&S EX-IQ-BOX is equipped
with the respective options. For information on available options refer to chapter 3.2.2.3,
"Waveform Memory, Multi Waveform Playback and Recording Memory ", on page 23.

File
Open an explorer dialog for loading a waveform file.
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B4 £x-10-BOX : ARB File 1

d:/ARB

- CustomDighlod

- HDRadio

"

- pADOPSK7_BaM_OVA_2016Samples
- p4DQPSK7_BEM_0V4_2048Samples
- pADQPSKZ_BEM_OvA_AlID

- pADQPSKZ_BEM_OV4_Pattem1000
- p4DQPSKZ_BEM_OVA_Pattern] 00011

~TM1 16

~TMT 32

~TM3 8

Tml "PItH LI]

Recent File
a Select Manager...

The recent data sets directory shows the files last used.

Select the directory where waveform files are stored. The available waveform files, iden-
tifiable by the file extension * . wv are shown.

The "Select" button loads the marked file and returns to the "ARB" dialog. The "ARB
Sources" table indicates the file name and its path, that means the directory where the
file is stored.

Note: The FILE MANAGER button leads to a dialog used to copy, delete and rename
files, and to create new directories.

Remote command:
[ :SOURce<hw>] : EBOX:CPRI : ARB<ch>:FILE on page 289

Option(s)

If the wave form file is provided by R&S WinlQSIM2, and is based on a digital standard,
R&S DiglConf indicates the name of the option, like EXBOX-K242, which represents the
3GPP-FDD-Standard. "None" indicates that the loaded waveform file was created with
another software, or does not base on a digital standard signal.

Note: Find the list of supported R&S options in chapter chapter 3.2.2.4, "Digital Standards
with R&S WinlQSIM2", on page 23.

Remote command:
Installed options: [ : SOURce<hw>] : EBROX: OPT on page 250

Sample Rate /MHz
Displays the sample rate of the signal, loaded from the waveform memory. The sample
rate represents the number of samples per second that are used for digitizing.

Remote command:
[ :SOURce<hw>] : EBOX:CPRI : ARB<ch>:SRATe? on page 290

Samples
Indicates the number of samples the loaded signal is composed of.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:ARB:SAMPles:TOTal? on page 288
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Level dBFS
Displays the signal level in terms of an rms value, in dBFS (Full Scale ratio).

Remote command:
[ : SOURce<hw>] : EBOX:CPRI : ARB:RMS? on page 288

PEP dBFS

Displays the signal level in terms of a peak envelope power value (PEP). The unit of the
peak envelope power is dBFS (Full Scale ratio).

Remote command:

[ : SOURce<hw>] : EBOX:CPRT : ARB: PEAK? on page 287

State
Activate, that the signal from the ARB waveform file can be used in the CPRI link.

In order to activate signal transmission, assign the signal to the signal source of the CPRI
downlink, as described in "Physical Source" on page 173. The R&S EX-IQ-BOX then
embeds the signal into the CPRI protocol.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI : ARB<ch>:STATe on page 290

Options Conflict

A conflict arises, if a waveform requires an option, that is not installed on the R&S EX-
IQ-BOX, or is not enabled. A red LED indicates the conflict.

Remote command:

[ :SOURce<hw>] :EBOX:CPRI:ARB<ch>:CONFlict? on page 289

Reset
Erases the ARB table, that means all loaded waveform files and their settings.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI :ARB: PRESet on page 288

Reload
Update the waveform file in R&S DiglConf, in case waveform data have changed. Reload
updates all currently assigned files.

Remote command:
[ :SOURce<hw>] : EBOX:CPRI :ARB:RELoad on page 288

Total Samples
Indicates the total number of samples, added up from all active ARB files.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:ARB:SAMPles:TOTal? on page 288

Recorder

The Recorder dialog covers the parameters relevant for recording an 1/Q signal and
storing the data in a waveform file.
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[. HardwareTU Analysis TDownImk (T TUpIink [Rx) TC & M T\/endor Data TDia_qnostics TAREI 1 Recorder

Recorder 1] | Recarder 2

Data Source |S|gnal_1 (signal_1) El ) Sample Rate 3.840 000 000 |MH2 'I

Recording Length 100 ISampIes 'I Recording Time 26 ||_|s 'I

Trigger Source ISoﬂware j

Trigger Position 0 |Samples ~ i ! ! 1

I J 100

Recard @ RaM Ready /\ Arm Wit far Trigger /\ Rec Done Recard

. Run Heady @7 Triggered o

[ Record ] [ Abart ]

I Save ] I File ... l Mone

Fig. 7-80: CPRI Recorder dialog

Two recorders are available for the recording of incoming signals. In all both provide
512 MB memory. As a sample takes up 4 bytes of storage, the available recording length
is up to 128 MS.

In order to use the maximum record length, the 128 MS can be fully used by one recorder.
Alternatively, the two recorders share the memory space, as for example, each uses
64 MS.

The recording memory provides a predefined resolution of 16 bits, each for | and Q. That
means the recorded I/Q data use always 16 bits in memory, regardless of the resolution
of the source.

The R&S EX-IQ-BOX extracts the 1/Q baseband signal of the CPRI protocol, records it
over a period of time and provides storing the recorded data in a waveform file.

\ The recorder function applies to receiver mode, when the R&S EX-IQ-BOX is receiving
/ a signal from the DUT. That means, it is possible to record an uplink signal of the CPRI
RE test mode or a downlink signal of the CPRI REC test mode.

Conversely, for operating as transmitter, the R&S EX-IQ-BOX provides a waveform
memory, see chapter 7.2.13, "ARB", on page 205. Stored signal data can be replayed
and then sent to the DUT.

Waveform Memory and Recording Memory are provided, when the R&S EX-IQ-BOX is
equipped with the respective options. For information on available options refer to chap-
ter 3.2.2.3, "Waveform Memory, Multi Waveform Playback and Recording Memory ",
on page 23.
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The 1/Q signal data are stored in the R&S waveform format (.wv), the same format as
used in the ARB.

The stored waveforms can be used customer-specific, or replayed in the ARB of the
R&S EX-IQ-BOX. Use this function for post-processing the signals offline.

Data Source

Select the signal source. All Rx signals are available. In order to record a signal, the signal
must be selected and activated in the respective Rx. Either the uplink signal in CPRI RE
test mode, or the downlink signal of the CPRI REC test mode are possible.

Assign a signal and turn it on with Signal State

The LED next to "Data Source" must be blue. It indicates that the selected signal is active.
Otherwise recording cannot be started.

Remote command:

[ : SOURce<hw>] : EBOX:CPRI:RECorder<ch>:DATA:SOURce:CATalog?
on page 317

[ :SOURce<hw>] :EBOX:CPRI:RECorder<ch>:DATA:SOURce on page 317

Recording Length
Set the length of data trace in samples.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:RECorder<ch>:RLENgth on page 319

Trigger Source
Select the trigger source for starting the recording. A trigger event can be initiated by the
software itself or by hardware events.

"Software" Starts the recording immediately after the RECORD button is pressed.
No other event is necessary.

"External Trigger 1...3"
Starts recording with an external trigger event.
External trigger events are generated by the hardware and fed via the
CPRI communication link or at the GENERAL PURPOSE |0 interface.

"Tx/Rx Hyper Frame"
Starts recording after a Tx/Rx Hyper frame is received.

"Tx/Rx NodeB Frame"
Starts recording after a Tx/Rx NodeB frame is received.

"Sync Pattern"  Starts recording after a specific Sync Pattern is received.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI:RECorder<ch>:TRIGger: SOURce on page 321

Trigger Position

Determine the position of the trigger event on the waveform. The position provides to
realize a pre-trigger recording, as well as a post-trigger recording. The value is set in
samples from 0 to "Recording Length"-1.

e Post-trigger, that means position 0 at the beginning of the waveform enables you to
evaluate the signal after the trigger event.
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e Pre-trigger, the trigger position at the end of the waveform provides the evaluation
of the signal before the trigger event.

The trigger position is graphically displayed on the right.
@

I I I I I I I ! I i
0 100

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:RECorder<ch>:TRIGger:POSition on page 320

Sample Rate
Indicates the sample rate of the signal to be recorded.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI:RECorder<ch>:DATA:SRATe? on page 317

Recording Time
Indicates the duration of recording. The recording time results from the recording length
and the sample rate.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI:RECorder<ch>:RTIMe? on page 319

Recorder Status Diagram

Record Free RAM Ready m Arm Wit for Triggger Rec Done Record
ldle R Ready N
w U - -

Displays graphically the current process step of the recording.

"Idle" The recording process is inactive. Configure the recorder in that state.
The recorder remains in Idle state until you start with the "Record" but-
ton.

"Free Run" The recorder records the signal continuously in a ring memory. These

data are required for pre-trigger analyzes.

"Ready" Recording passed through the ring memory once at least, and thus
described the memory completely. At this point the data is valid and
R&S DiglConf activates the trigger signal automatically.

"Wait for Trigger"
The recorder continues recording until the trigger event occurs. Then
the process switches to the next state.

Note: If trigger source "Software" is used, the trigger event occurs
immediately.

"Triggered" After the trigger event, only the remaining samples after the trigger
position are recorded (post-trigger data).

"Record Done" If all post-trigger data are recorded, the recording is completed and the
recorder stops. All data are available in memory.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:RECorder<ch>:STATus? on page 320
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Record
Starts the recording.

Remote command:
[ :SOURce<hw>] : EBOX:CPRI:RECorder<ch>:EXECute on page 318

Abort / Discard
Stops and cancels the recording. You can abort the recording process at any time.

After recording "Record Done", the ABORT button label changes to DISCARD.

Note: Avoid data loss!. Discard erases the recorder memory. In order to keep the data,
save it first by pressing TARGET FILE....

DISCARD changes the recording status from "Record Done" back to "ldle" and is ready
for a new recording.

Remote command:
[ :SOURce<hw>] :EBOX:CPRI:RECorder<ch>:ABORt on page 317

Save to File
Save the data in a file.

Note: CPRI stores the recorded data in the R&S WinlQSim2 waveform file format with
the predefined file extension * . wv. By default, waveform files are stored in the directory

%Program Files%/Rohde-Schwarz/DiglConf/Settings, unless another directory is
selected. File name and the directory are user-selectable.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI:RECorder<ch>:FILE:CREate on page 318

Save
Open a file dialog to select directory and file name for storing the recorded data.

E#| Ex-10-BOX : REC File 1

0:/DATEN/Rohde-Schwarz/DiglConffRecorderaveForms
- Rohde-Schwarz N
. E-DiglConf
! El- ARBWYaveFarms
- Data
- DigRF Script
El-RecorderaveF orms
wamples

File Marme:
Digrf3glQ.wey

T Recent File
O see

Fig. 7-81: CPRI Recorder > File dialog

The "Recent Files" directory shows the files last used. Select the directory where recorded
files are stored. The available files, identifiable by the file extension *.wv are shown. The
"Select" button loads the marked file and returns to the "Recorder" settings dialog.
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The "File Manager" button leads to a dialog used to copy, delete and rename files, and
to create new directories.

Remote command:
[ : SOURce<hw>] : EBOX:CPRI:RECorder<ch>:FILE:SELect on page 318

View

Calls the ARB toolbox, a viewer program to dislay the loaded IQ data stream.
Remote command:

[ :SOURce<hw>] :EBOX:CPRI:RECorder<ch>:VIEW on page 321
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8 Remote Control Basics

This chapter provides basic information on operating R&S DiglConf via remote control.

@ Information on used term for R&S DiglConf

Throughout this description, the term “instrument” is used to indicate R&S DiglConf; the
terms “instrument”, “software” and R&S DiglConf are used interchangeably.

8.1 Remote Control Interfaces and Protocols

R&S DiglConf supports a LAN (Local Area Network) interface for remote control, using
socket communication protocol, i.e. Raw Socket (simple telnet). The interface is based
on TCP/IP with VISA resource string composed of:

TCPIP::<ipaddr>::<port>::SOCKET

@ No VISA installation is necessary to remote control while using socket communication.

For a description of the protocol refer to chapter 8.1.2, "LAN interface", on page 214.

SCPI (Standard Commands for Programmable Instruments)

SCPI commands - messages - are used for remote control. Commands that are not taken
from the SCPI standard follow the SCPI syntax rules. R&S DiglConf supports the SCPI
version 1999. The SCPI standard is based on standard IEEE 488.2 and aims at the
standardization of device-specific commands, error handling and the status registers.
The tutorial "Automatic Measurement Control - A tutorial on SCPI and IEEE 488.2" from
John M. Pieper (R&S order number 0002.3536.00) offers detailed information on con-
cepts and definitions of SCPI.

Tables provide a fast overview of the bit assignment in the status registers. The tables
are supplemented by a comprehensive description of the status registers.

8.1.1 Messages

There are different types of instrument messages, depending on the direction they are
sent:

e Commands
e Responses

Structure and syntax of messages are described in chapter 8.2, "SCPI Command Struc-
ture", on page 222. A detailed description of all messages available for R&S DiglConf is
provided in chapter 9, "Remote Control Commands", on page 236.
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Commands

Commands (program messages) are messages the controller sends to R&S DiglConf.
They operate functions and request information.

The commands are subdivided according to two criteria:

e According to the effect they have on the instrument:
— Setting commands cause instrument settings such as a reset of the instrument
or setting the frequency.

— Queries cause data to be provided for remote control, e.g. for identification of the
instrument or polling a parameter value. Queries are formed by directly appending
a question mark to the command header.

e According to their definition in standards:
— Common commands: their function and syntax are precisely defined in standard
IEEE 488.2. They are employed identically on all instruments (if implemented).
They refer to functions such as management of the standardized status registers,
reset and self test.

— Instrument control commands refer to functions depending on the features of
the instrument such as frequency settings. Many of these commands have also
been standardized by the SCPI committee. These commands are marked as
"SCPI compliant" in the command reference chapters. Commands without this
SCPI label are device-specific, however, their syntax follows SCPI rules as per-
mitted by the standard.

Instrument responses

Instrument responses (response messages and service requests) are messages the
R&S EX-IQ-BOX sends to the controller after a query. They can contain measurement
results, instrument settings and information on the instrument status.

LAN interface

For remote control via a network, the controller and the PC on that the R&S DiglConf is
installed (if not the same) must be connected via the LAN interface to a common network
with TCP/IP network protocol. They are connected using a commercial RJ-45 cable.

Software for remote control must be installed on the controller.

IP address

Only the IP address or the computer name (LAN device name) is required to set up the
connection. The IP address/computer name is part of the "visa resource string" used by
the programs to identify and control the instrument. The visa resource string has the form:
TCPIP::host address::[LAN device name]::[SOCKET], where:

e TCPIP designates the network protoccol

e host address is the IP address

e LAN device name is the computer name of the control device (alternative to IP
address)

e SOCKET indicates that the socket protocol is used
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In case the R&S DiglConf and the controller are installed on the same PC, the IP address
127.0.0.1 or Local Host is used. Hence the valid visa resource string is:

TCPIP::127.0.0.1::INSTR

\ Identifying instruments in a network
/' If several instruments are connected in a network, each instrument has its own IP address

and associated resource string. The controller identifies these instruments by means of
the resource string.

Socket communication

An alternative way for remote control of the software is to establish a simple network
communication using sockets. The socket communication, also referred as “Raw Ether-
net communication” or "Raw socket", does not require a VISA installation on the remote
controller side. Connection can also be performed with "Win Socket" communication.

\ An alternative way to establish a socket communication is to use a build-in telnet program.
/ The telnet program is part of every operating system and supports a communication with

the software on a command-by-command basis. For better utilization and to enable auto-
mation by means of programs, user defined sockets can be programmed.

8.1.3

8.1.4

Socket connections are established on a specially defined port. The socket address is a
combination of the IP address or the host name of the instrument and the number of the
port configured for remote-control. R&S DiglConf uses port number 5026 for this purpose
by default, but can be set. The port is configured for communication on a command-to-
command basis and for remote control from a program.

Starting a Remote Control Session

The instrument and the controller have to be connected with the suitable cable and
switched on.

A remote control program must open a connection to R&S DiglConf (using Raw socket
or VISA functionality), before it can send commands to and receive device responses
from R&S DiglConf.

Refer to chapter 8.1.5, "Examples", on page 216 for practical examples on setting up of
a remote control link and starting of a remote control session.

Switching to Remote Control

When it is started, the software is always in the manual operating state and can be oper-
ated via the block diagram.

Starting remote control

Send a command from a controller to the signal generation software.
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The software is in a remote control state as soon as it receives a command from the
controller.

8.1.5 Examples

These sections provides examples for setting up of remote control connection and start-
ing a remote control session over LAN interface.

This section assumes basic knowledge of programming and operation of the controller.
A description of the interface commands can be obtained from the relevant manuals.

8.1.5.1 Remote Control Over LAN Using Socket Protocol

Through the examples in this section, the program 'Measurement & Automation Explorer
from National Instruments under Windows operating system is used for setting up a LAN
remote control link and starting a remote control session.

Configuring the controller

To enable the external controller to communicate with the software via TCP/IP protocol,
set up a remote control link as follow:

1. Connect the controller and the instrument to the network (network cable) and switch
them on.

2. Start the 'Measurement & Automation Control' program on the controller.

3. Select "Devices and Interfaces > Create New".

¥ Devices and Interfaces - Measurement & Automation Explaorer
Fim Edt Vew Tools Help

44 Crmabe toew.,

Devices and Interfaces

What is Devices and Interfaces?
Mevicas and Tntarfacess lists inaralled and dakesrad CARL i
P e |

4. Select "VISA TCP/IP Resource" and confirm with "Next".
Create New ...

Measurement &
Automation Explorer

= i Devices znd Inteifacs:
GRIBEAE] Inbeiface
Pait [Senel e Parall=l]
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5. Choose the type of TCP/IP resource you wish to add and select "Next".

Measurement & QZ

Automation Explorer

Chooge the type of TCPAIP rezource you wigh to add.

7 %1-17 LAN [nstrument

This iz for Test and Measurement instiuments that confarm
ta the W17 LAM instrument specification.

This iz for communicating with an Ethemet device over a
specific port humber.

< Zuriick | Wieiter » | | Abbrechen|

6. Enter the IP address or the host name of R&S DiglConf and select "Next".

Measurement & QZ

Automat:on Explorer

Enter the TCPAP address of your VIS4 network resource in the
form of wes, wa w e, the hostname of the device, or a
computer@zome. domain

Hostname or IP address

|12?.u.u.1

Part Mumber

B02H Y alidate

< Zuriick | Weiter » | Beendenl Abbrechen|

7. Enter the alias name if required.
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Automation Explorer

'ou can specify an alias for this device. An alias iz a logical name
for a device that makes it eagier to identify your instrument.

Measurement & QZ

Use aliases in your code when opening sessions to devices
without specifying their full WISA rezaurce strings.

“Y'ou may assign or change the aliaz at a later time through the
aliaz editar or by clicking on the device to renare it.

Type in the alias you want to assign to this device or leave the
aliaz field blank to naot azzign an alias to this device.

Rezource Mame: TCPIF:127.0.0.1::5026: 5S0OCKET

Alias: |DigICc-nﬂ

£ Zurick | Wieiter » | Beendenl Abbrechen|

The alias name must not be mistaken for the computer name. It is only used for
instrument identification within the program and displayed in the menu as an option
in case of an Ethernet link.

8. Confirm the settings with "Finish".

Measurement & (¢
Automati Q

on Explorer

e I Measurement & Automation Explorer iz ready to create the

following device(s):

-$
/ TCPIP::127.0.0.1::5026::5S0CKET

Click Finish to create vour device(s].

Click Cancel to leave this wizard without creating your device(s).

r

£ Zurick Beenden | Abbrechen
| | | |

The instrument is configured and the settings are displayed in the "TCP/IP Settings"
tab.
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¥ DiglConf - Measurement & Automation Explorer
Datei Bearbeiten Ansicht Werkzeuge Hilfe

Dpen VISATestPanel |-l save £ Hilfe einblenden
= @ Mein System
= Gerate und Schnittstellen El ﬂ
= y Parts (Serial & Parallel) TCPIP:127.000.1:5026::50CKET
1 comt
y LPT1 Hosthame or |P address
PX1 PXI System (Unidentified) |1 27.0.0.1
-k VISA TCP{IP Resources
&. Fort Mumber
+ Software 5026 W
+ @ Metzwerkumgebung
Validate
=
(&7 Genersl £ TCP/IP Settings

9. To test the connection, select "Validate".

Measurement & Automation Explorer

. | ) Successfully opened a VISA session to "TCPIP::127.0.0, 1::5026::SOCKET™

A message indicates whether the link to the instrument can be set up or not.

If a connection cannot be set up, check whether the controller and the instrument are
connected to the network (network cable) and switched on. Correct spelling of the IP
address or the computer name can also be checked. For further error location, inform
the network administrator. In large networks, specification of additional addresses
may be required for link setup, e.g. gateway and subnet mask, which are known to
the network administrator.

R&S DiglConf is now registered in the program and can be addressed via the
resource string or alias name.

Starting a remote control over LAN

1. Start the 'Measurement & Automation Explorer' on the controller.

2. Inthe "Configuration" window, select "Device and Interfaces > VISA TCP/IP Resour-
ces", select the required instrument and select "Open VISA Test Panel".
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¥ DiglConf - Measurement & Automation Explorer
Datei Bearbeiten Ansicht Werkzeuge Hilfe

Konfiguration Bhopen visa TestPanel | save {PHilfe einblenden

= @ Mein System
- Gerate und Schnittstellen =] 1=l
= ‘_l‘,i Ports (Serial & Parallel) E.-‘E TCPIP::1Z27.0.0.1::5026: SOCKET
5 comt
y LFT1 Hostname or IF address
PX1 PXI System (Unidentified) |12?.u.u.1
=gy VISA TCP/IP Resources
=1t Mumbier
+ Soﬂ'%re b save o5 —

Rename Alias

X Delete Validate |

Open VISA Test Panel

[ General A TCP/IP Settings

Opens a VISA session so you can communicate with (not configure) this resource,

+ g MNetzwerkumgel

3. Inthe "viWrite" tab, write the command to be send to the instrument and select "Exe-
cute".

% TCPIPO::127.0.0.1::5026::SOCKET (Session 0x011812D0)

visetAttrbute | viiite | viRead | viCiear | I™ Show All VISA Operations
*TDN7 ] =
[ -]
Retum Court

[ Async FE
Retum Status

sA
abo~ | WWrite data to @ message-based bus or device. Execute
e (L]

Instrument responses are displayed on the "viRead" tab.

1
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% TCPIP0::127.0.0.1::5026::S0CKET (Session 0x011812D0)

visetattribute | vivite | viRead | viciear | I Show All VISA Operations
Count: Buffer View mixed ASCIl/hexadecimal |
RohdeiSchwarz, DigIConf , 02 .10.193 Build -]
62%n
I
Retum Count
I~ Async I:|42
Retum Status
Ix BFFFO015
e
abc~, | Read data from a message-based bus or device. Execute
R

@ For further program operation refer to the online help of the program.

Setting up a Telnet Connection

This chapter provides an example on how to establish a remote control connection over
telnet protocol and a simple sockets-based program example that can be further devel-
oped.

To control the software, only a telnet program is required. The telnet program is part of
every operating system.

1. To establish a Telnet connection with R&S DiglConf, start the telnet program and
enter the socket address.
The socket address is a combination of the IP address or the host name of the R&S
DiglConf and the number of the port configured for remote-control via telnet.

Tip:
R&S DiglConf uses the port number 5026 for remote connection via Telnet.
Run E|
= Type the name of a program, folder, document, or
9 Internet resource, and Windows will open it for you.
0 et 127.0.0.1 5026 v|

I Ok ][ Cancel H Browse... ]

The connection to the instrument is set up and remote-control commands can be
sent.

1
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R - |

2. Even if the cursor is not visible on the screen, enter blind a remote-control command
and confirm with Enter.

N - |

] DY
Rohde&Schuware, DiglConf .82 _.18.193 Build 62

After the first remote-control command had been send, R&S DiglConf is in remote-
controlled state.

Sraeczoor AR
|

Rohde&Schwarz . DiglConf .82 .18.123 Build 62
SOUR:EBOW :OPT?
UERBOR-K255, ERBOX-KA. EXBOXN-KZ248. EXBOXN-KZ41. EXBON-K259. EXBON-K242. EXBON-KZ4

3. EXBOX-K?8. EXBOX-K?1. EXBOX-K245. EXBOX-K94. ERXRBOX-B81. EXBOX-K248. EXBOX-K18
- EXBOX-B9%, EXBOX-Kii, EXBOX-K258, EXBOX-K251i, EXBOX-B85"

Instrument response is displayed after the command has been sent.

8.2 SCPI Command Structure

SCPI commands consist of a so-called header and, in most cases, one or more param-
eters. The header and the parameters are separated by a "white space" (ASCII code 0
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to 9, 11 to 32 decimal, e.g. blank). The headers may consist of several mnemonics (key-
words). Queries are formed by appending a question mark directly to the header.

The commands can be either device-specific or device-independent (common com-
mands). Common and device-specific commands differ in their syntax.

@ Restrictions in the use of SCPl commands in R&S DiglConf

R&S DiglConf does not support the entire functionality of the SCPI commands. Note the
following restrictions:

e 2 commands entered in a row are not provided (usually divided by a semicolon)
e only a limited subset of Common Commands is available
e no status reporting system

8.2.1 Syntax for Common Commands

Common (=device-independent) commands consist of a header preceded by an asterisk
(*) and possibly one or more parameters.

Example:

*RST RESET Resets the instrument.

*IDN? IDENTIFICATION QUERY Queries the instrument identification string.

*OPT? OPTION IDENTIFICATION QUERY Queries the options included in the instru-
ment.
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8.2.2 Syntax of Device-Specific Commands

Optional note heading
Not all commands used in the following examples are necessarily implemented in the
instrument.

For demonstration purposes only, assume the existence of the following commands for
this section:

e DISPlay[:WINDow<l...4>]:MAXimize <Boolean>

e FORMat:READings:DATA <type>[,<length>]

e HardCOPy:DEVice:COLor <Boolean>

e HardCOPy:DEVice:CMAP:COLor:RGB <red>,<green>,<blue>
e HardCOPy[:IMMediate]

e HardCOPy:ITEM:ALL

e HardCOPy:ITEM:LABRel <string>

e HardCOPy:PAGE:DIMensions:QUADrant [<N>]

e HardCOPy:PAGE:0ORIentation LANDscape | PORTrait

e HardCOPy:PAGE:SCALe <numeric value>

e MMEMory:COPY <file source>,<file destination>

e SENSE:BANDwidth|BWIDth[:RESolution] <numeric value>
® SENSe:FREQuency:STOP <numeric value>

e SENSe:LIST:FREQuency <numeric_ value>{,<numeric value>}

Long and short form

The mnemonics feature a long form and a short form. The short form is marked by upper
case letters, the long form corresponds to the complete word. Either the short form or the
long form can be entered; other abbreviations are not permitted.

Example:
HardCOPy:DEVice:COLor ON is equivalent to HCOP:DEV:COL ON

Case sensitivity
Upper case and lower case notation only serves to distinguish the two forms in the man-
ual, the instrument itself is case-insensitive.

Numeric suffixes

If a command can be applied to multiple instances of an object, e.g. specific channels or
sources, the required instances can be specified by a suffix added to the command.

Numeric suffixes are indicated by angular brackets (<1...4>, <n>, <i>) and are replaced
by a single value in the command. Entries without a suffix are interpreted as having the
suffix 1.

1
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Example:
Definition: HardCOPy: PAGE : DIMensions : QUADrant [<N>]
Command: HCOP: PAGE : DIM: QUAD?2

This command refers to the quadrant 2.

N\ Different numbering in remote control

/' For remote control, the suffix may differ from the number of the corresponding selection
used in manual operation. SCPI prescribes that suffix counting starts with 1. Suffix 1 is
the default state and used when no specific suffix is specified.

Some standards define a fixed numbering, starting with 0. With GSM, for instance, slots
are counted from 0 to 7. In remote control, the slots are selected using the suffixes 1 to
8. If the numbering differs in manual operation and remote control, it is indicated for the
corresponding command.

Optional mnemonics

Some command systems permit certain mnemonics to be inserted into the header or
omitted. These mnemonics are marked by square brackets in the description. The instru-
ment must recognize the long command to comply with the SCPI standard. Some com-
mands are considerably shortened by these optional mnemonics.

Example:
Definition: HardCOPy [ : IMMediate]
Command: HCOP: IMM is equivalent to HCOP

N\ Optional mnemonics with numeric suffixes

/Do not omit an optional mnemonic if it includes a numeric suffix that is relevant for the
effect of the command.

Example:
Definition: DISPlay [ :WINDow<1l...4>] :MAXimize <Boolean>
Command: DISP:MAX ON refers to window 1.

In order to refer to a window other than 1, you must include the optional WINDow param-
eter with the suffix for the required window.

DISP:WIND2 :MAX ON refers to window 2.

Parameters

Parameters must be separated from the header by a "white space". If several parameters
are specified in a command, they are separated by a comma (,). For a description of the
parameter types, refer to chapter 8.2.3, "SCP| Parameters", on page 226.

Example:
Definition: HardCOPy: DEVice:CMAP:COLor:RGB <red>,<green>,<blue>
Command: HCOP: DEV:CMAP:COL:RGB 3,32, 44

1
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Special characters

| Parameters

A vertical stroke in parameter definitions indicates alternative possibilities in the sense of "or". The
effect of the command differs, depending on which parameter is used.

Example:

Definition: HardCOPy: PAGE:ORIentation LANDscape | PORTrait
Command: HCOP: PAGE : ORI LAND specifies landscape orientation
Command: HCOP: PAGE : ORI PORT specifies portrait orientation
Mnemonics

A selection of mnemonics with an identical effect exists for several commands. These mnemonics
are indicated in the same line; they are separated by a vertical stroke. Only one of these mnemonics
needs to be included in the header of the command. The effect of the command is independent of
which of the mnemonics is used.

Example:

Definition: SENSE : BANDwidth |BWIDth[:RESolution] <numeric value>
The two following commands with identical meaning can be created:

Command: SENS:BAND:RES 1

Command: SENS:BWID:RES 1

[1 mnemonics in square brackets are optional and may be inserted into the header or omitted.
Example:
Command: HardCOPy[:IMMediate]

Command: HCOP: IMM is equivalent to HCOP

{} Parameters in curly brackets are optional and can be inserted once or several times, or omitted.
Example:

Definition: SENSe : LIST: FREQuency <numeric value>{,<numeric value>}

The following are valid commands:

Command: SENS:LIST:FREQ 10

Command: SENS:LIST:FREQ 10,20

Command: SENS:LIST:FREQ 10,20,30,40

8.2.3 SCPI Parameters

Many commands are supplemented by a parameter or a list of parameters. The param-
eters must be separated from the header by a "white space" (ASCIll code 0t0 9, 11 to 32
decimal, e.g. blank).

Allowed parameters are:

e Numeric values

e Special numeric values

e Boolean parameters

e Text

e Character strings

e Block data
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The parameters required for each command and the allowed range of values are speci-
fied in the command description.

Numeric values

Numeric values can be entered in any form, i.e. with sign, decimal point and exponent.
Values exceeding the resolution of the instrument are rounded up or down. The mantissa
may comprise up to 255 characters, the exponent must lie inside the value range -32000
to 32000. The exponent is introduced by an "E" or "e". Entry of the exponent alone is not
allowed. In the case of physical quantities, the unit can be entered. Allowed unit prefixes
are G (giga), MA (mega), MOHM and MHZ are also allowed), K (kilo), M (milli), U (micro)
and N (nano). If the unit is missing, the basic unit is used.

Example:
SENSe:FREQ:STOP 1.5GHz = SENSe:FREQ:STOP 1.5E9

Units

For physical quantities, the unit can be entered. Allowed unit prefixes are:
e G (giga)

e MA (mega), MOHM, MHZ

e K (kilo)

o M (milli)

e U (micro)

e N (nano)

If the unit is missing, the basic unit is used.

Example:
SENSe:FREQ:STOP 1.5GHz = SENSe:FREQ:STOP 1.5E9

Some settings allow relative values to be stated in percent. According to SCPI, this unit
is represented by the PCT string.

Example:
HCOP:PAGE:SCAL 90PCT

Special numeric values

The texts listed below are interpreted as special numeric values. In the case of a query,
the numeric value is provided.

e MIN/MAX
e MINimum and MAXimum denote the minimum and maximum value.
e DEF

e DEFault denotes a preset value which has been stored in the EPROM. This value
conforms to the default setting, as it is called by the *RST command.

e UP/DOWN
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e UP, DOWN increases or reduces the numeric value by one step. The step width can
be specified via an allocated step command for each parameter which can be set via
UP, DOWN.

e INF/NINF

e [NFinity, Negative INFinity (NINF) represent the numeric values 9.9E37 or -9.9E37,
respectively. INF and NINF are only sent as instrument responses.

e NAN

o Not A Number (NAN) represents the value 9.91E37. NAN is only sent as a instrument
response. This value is not defined. Possible causes are the division of zero by zero,
the subtraction of infinite from infinite and the representation of missing values.

Example:
Setting command: SENSe:LIST: FREQ MAXimum
Query: SENS:LIST:FREQ?, Response: 3.5E9

\ Queries for special numeric values
/' The numeric values associated to MAXimum/MINimum/DEFault can be queried by

adding the corresponding mnemonics to the command. They must be entered following
the quotation mark.

Example:
SENSe:LIST:FREQ? MAXimum

Returns the maximum numeric value as a result.

Boolean Parameters

Boolean parameters represent two states. The "ON" state (logically true) is represented
by "ON" or a numeric value 1. The "OFF" state (logically untrue) is represented by "OFF"
or the numeric value 0. The numeric values are provided as the response for a query.

Example:
Setting command: HCOPy : DEV: COL ON
Query: HCOPy : DEV: COL?

Response: 1

Text parameters

Text parameters observe the syntactic rules for mnemonics, i.e. they can be entered
using a short or long form. Like any parameter, they have to be separated from the header
by a white space. In the case of a query, the short form of the text is provided.

Example:

Setting command: HardCOPy: PAGE : ORIentation LANDscape
Query: HCOP : PAGE: ORI?

Response: LAND
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Character strings

Strings must always be entered in quotation marks (' or ").

Example:
HCOP:ITEM:LABel "Testl" or HCOP:ITEM:LABel 'Testl'

Block data

Block data is a format which is suitable for the transmission of large amounts of data. A
command using a block data parameter has the following structure:

Example:

FORMat :READings:DATA #45168XXXXXXKXX

The ASCII character # introduces the data block. The next number indicates how many
of the following digits describe the length of the data block. In the example the 4 following

digits indicate the length to be 5168 bytes. The data bytes follow. During the transmission
of these data bytes all end or other control signs are ignored until all bytes are transmitted.

#0 specifies a data block of indefinite length. The use of the indefinite format requires a
NLAEND message to terminate the data block. This format is useful when the length of

the transmission is not known or if speed or other considerations prevent segmentation
of the data into blocks of definite length.

Overview of Syntax Elements

The following table provides an overview of the syntax elements:

The colon separates the mnemonics of a command. In a command line the separating semicolon
marks the uppermost command level.

; The semicolon separates two commands of a command line. It does not alter the path.

The comma separates several parameters of a command.

? The question mark forms a query.

* The asterisk marks a common command.

Quotation marks introduce a string and terminate it.

# The hash symbol introduces binary, octal, hexadecimal and block data.

e  Binary: #B10110
e  Qctal: #07612
o  Hexa: #HF3A7
e  Block: #21312

A "white space" (ASCII-Code 0 to 9, 11 to 32 decimal, e.g. blank) separates the header from the
parameters.
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Structure of a Command Line

A command line may consist of one or several commands. It is terminated by one of the
following:

e a<New Line>

e a<New Line> with EOI

e an EOI together with the last data byte

Several commands in a command line must be separated by a semicolon ";". If the next
command belongs to a different command system, the semicolon is followed by a colon.

Example:

MMEM:COPY "Testl", "MeasurementXY"; :HCOP:ITEM ALL

This command line contains two commands. The first command belongs to the MMEM
system, the second command belongs to the HCOP system.

If the successive commands belong to the same system, having one or several levels in
common, the command line can be abbreviated. To this end, the second command after
the semicolon starts with the level that lies below the common levels. The colon following
the semicolon must be omitted in this case.

Example:
HCOP:ITEM ALL; HCOP:IMM
This command line is represented in its full length and contains two commands separated

from each other by the semicolon. Both commands are part of the HCOP command sys-
tem, i.e. they have one level in common.

When abbreviating the command line, the second command begins with the level below
HCOP. The colon after the semicolon is omitted. The abbreviated form of the command
line reads as follows:

HCOP:ITEM ALL; IMM
However, a new command line always begins with the complete path.

Example:
HCOP:ITEM ALL
HCOP: IMM

Responses to Queries

A query is defined for each setting command unless explicitly specified otherwise. It is
formed by adding a question mark to the associated setting command. According to
SCPI, the responses to queries are partly subject to stricter rules than in standard IEEE
488.2.

e The requested parameter is transmitted without a header.
Example:
HCOP:PAGE:0ORI?, Response: LAND

e Maximum values, minimum values and all other quantities that are requested via a
special text parameter are returned as numeric values.
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Example:
SENSe:FREQuency:STOP? MAX, Response: 3.5E9

o Numeric values are output without a unit. Physical quantities are referred to the basic
units or to the units set using the Unit command. The response 3.5E9 in the previous
example stands for 3.5 GHz.

e Truth values (Boolean values) are returned as 0 (for OFF) and 1 (for ON).
Example:
Setting command: HCOPy : DEV: COL ON
Query: HCOPy : DEV: COL?
Response: 1

e Text (character data) is returned in a short form.
Example:
Setting command: HardCOPy : PAGE:ORIentation LANDscape
Query: HCOP : PAGE : ORI ?
Response: LAND

8.3 Command Sequence and Synchronization

IEEE 488.2 defines a distinction between overlapped and sequential commands:

e A sequential command is one which finishes executing before the next command
starts executing. Commands that are processed quickly are usually implemented as
sequential commands. Sequential commands are not implemented in the instrument,
however the execution time of most commands is so short that they act as sequential
commands when sent in different command lines.

e Anoverlapping command is one which does not automatically finish executing before
the next command starts executing. Usually, overlapping commands take longer to
process and allow the program to do other tasks while being executed. If overlapping
commands do have to be executed in a defined order, e.g. in order to avoid wrong
measurement results, they must be serviced sequentially. This is called synchroni-
zation between the controller and the instrument.

Setting commands within one command line, even though they may be implemented as
sequential commands, are not necessarily serviced in the order in which they have been
received. In order to make sure that commands are actually carried out in a certain order,
each command must be sent in a separate command line.
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Example:
Commands and queries in one message

The response to a query combined in a program message with commands that affect the
queried value is not predictable.

The following commands always return the specified result:

:FREQ:STAR 1GHZ;SPAN 100 :FREQ:STAR?

Result:

1000000000 (1 GHz)

Whereas the result for the following commands is not specified by SCPI:

:FREQ:STAR 1GHz;STAR?;SPAN 1000000

The result could be the value of STARt before the command was sent since the instru-
ment might defer executing the individual commands until a program message terminator

is received. The result could also be 1 GHz if the instrument executes commands as they
are received.

\ As a general rule, send commands and queries in different program messages.

Example:

Overlapping command with *OPC

The instrument implements INITiate[:IMMediate] as an overlapped command.
Assuming that INITiate[:IMMediate] takes longer to execute than *OPC, sending

the following command sequence results in initiating a sweep and, after some time, set-
ting the OPC bit in the ESR:

INIT; *OPC

Sending the following commands still initiates a sweep:

INIT; *OPC; *CLS

However, since the operation is still pending when the instrument executes *CLs, forcing

it into the "Operation Complete Command Idle" State (OCIS), *0oPcC is effectively skipped.
The OPC bit is not set until the instrument executes another *OPC command.

Example:

Overlapped command followed by non-conflicting commands

Suppose that the instrument is switched on to provide a real time test signal that requires
some calculation time. At the same time some settings for the configuration of a different
signal are made which do not interact with the generated signal (e.g. the signal may be
used later on). The signal generation and the signal configuration are independent from
each other, so none of the following overlapped commands needs to be synchronized:

SOUR:BB:3GPP:STAT ON
SOUR:BB:GSM:FORM FSK2
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Preventing Overlapping Execution

To prevent an overlapping execution of commands, one of the commands *0PpcC,
*QPC? or *WAT can be used. All three commands cause a certain action only to be carried
out after the hardware has been set. By suitable programming, the controller can be
forced to wait for the corresponding action to occur.

Command Action Programming the controller
*OPC Sets the Operation Complete bit in the ESR | Setting bit 0 in the ESE
ift::rdall previous commands have been exe- Setting bit 5 in the SRE
uted.

Waiting for service request (SRQ)

*OPC? Stops command processing until 1 is Sending *OPC? directly after the command
returned. This is only the case after the Oper- | whose processing should be terminated
ation Complete bit has been set in the ESR. | before other commands can be executed.
This bit indicates that the previous setting has
been completed.

*WAI Stops further command processing until all Sending *WAI directly after the command
commands sent before *WAI have been exe- | whose processing should be terminated
cuted. before other commands are executed.

Command synchronization using *WATI or *OPC? appended to an overlapped command
is a good choice if the overlapped command takes only little time to process. The two
synchronization techniques simply block overlapped execution of the command.

For time consuming overlapped commands it is usually desirable to allow the controller
or the instrument to do other useful work while waiting for command execution. Use one
of the following methods:

*OPC with a service request

1. Set the OPC mask bit (bit no. 0) in the ESE: *ESE 1

2. Setbitno. 5in the SRE: *SRE 32 to enable ESB service request.
3. Send the overlapped command with *OpC

4. Wait for a service request

The service request indicates that the overlapped command has finished.
*OPC? with a service request

1. Setbit no. 4 in the SRE: *SRE 16 to enable MAV service request.
2. Send the overlapped command with *OpC?

3. Wait for a service request

The service request indicates that the overlapped command has finished.
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General Programming Recommendations

Event Status Register (ESE)

1. Set the OPC mask bit (bit no. 0) in the ESE: *ESE 1
2. Send the overlapped command without *OPC, *OPC? or *WAT

3. Poll the operation complete state periodically (by means of a timer) using the
sequence: *OPC; *ESR?

A return value (LSB) of 1 indicates that the overlapped command has finished.
*OPC? with short timeout

1. Send the overlapped command without *OPC,*OPC? or *WATI

2. Poll the operation complete state periodically (by means of a timer) using the
sequence: <short timeout>; *OPC?

3. Areturn value (LSB) of 1 indicates that the overlapped command has finished. In
case of a timeout, the operation is ongoing.

4. Reset timeout to former value

5. Clear the error queue with SYStem: ERRor? to remove the "-410, Query interrupted"”
entries.

Using several threads in the controller application

As an alternative, provided the programming environment of the controller application
supports threads, separate threads can be used for the application GUI and for controlling
the instrument(s) via SCPI.

A thread waiting for a *OPC ? thus will not block the GUI or the communication with other
instruments.

General Programming Recommendations

Initial instrument status before changing settings

Manual operation is designed for maximum possible operating convenience. In contrast,
the priority of remote control is the "predictability” of the instrument status. Thus, when a
command attempts to define incompatible settings, the command is ignored and the
instrument status remains unchanged, i.e. other settings are not automatically adapted.
Therefore, control programs should always define an initial instrument status (e.g. using
the *RST command) and then implement the required settings.

Command sequence

As a general rule, send commands and queries in different program messages. Other-
wise, the result of the query may vary depending on which operation is performed first
(see also Preventing Overlapping Execution).

1
User Manual 1409.5570.32 — 05 234



R&S®EX-1Q-BOX Remote Control Basics
|

General Programming Recommendations

Reacting to malfunctions

The service request is the only possibility for the instrument to become active on its own.
Each controller program should instruct the instrument to initiate a service request in case
of malfunction. The program should react appropriately to the service request.

Error queues

The error queue should be queried after every service request in the controller program
as the entries describe the cause of an error more precisely than the status registers.
Especially in the test phase of a controller program the error queue should be queried
regularly since faulty commands from the controller to the instrument are recorded there
as well.

1
User Manual 1409.5570.32 — 05 235



R&S®EX-1Q-BOX Remote Control Commands

Common Commands

9 Remote Control Commands

In the following, all remote-control commands are presented in detail with their parame-
ters and the ranges of numerical values.
Commands to the respective transmission protocols are described in separate chapters:

® User Defined chapter 9.3, "User Defined - Remote Control Commands",
on page 257

e chapter 9.4, "CPRI Remote Control Commands", on page 286

For an introduction to remote control, refer to chapter 8, "Remote Control Basics",
on page 213.

The remote-control commands are structured in subsystems according to the SCPI syn-
tax, and then listed in alphabetical order.

Addditionally, find a list of all commands for the R&S EX-IQ-BOX at the end of the manual,
see "Alphabetical List of Commands".

9.1 Common Commands

Common commands are described in the IEEE 488.2 (IEC 625-2) standard. These com-
mands have the same effect and are employed in the same way on different devices.
The headers of these commands consist of "™*" followed by three letters. Many common
commands are related to the Status Reporting System.

Available common commands:

O I 236
FIDIN 2 ettt e e e e e e e e e e e e e e s e e 237
B TP 237
L L I PP 237
L TP 238
3 PP 238
ESAV ettt e e e a e e e e et e e ne e e er e e r e e e s ne e e 238
ERR 2 238

*CLS <*cls>
ClLear Status

Sets the status byte (STB), the standard event register (ESR) and the EVENt part of the
QUEStionable and the OPERation registers to zero. The command does not alter the
mask and transition parts of the registers. It clears the output buffer.

Setting parameters:
<*cls> string

Usage: Setting only
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*IDN?
IDeN:tification query.
Queries the identificaion of the R&S EX-IQ-BOX.

The query returns "Rohde&Schwarz,<device type>,<serial number>,<firmware ver-
sion>". The information is returned at fixed positions in a comma-separated string.

Return values:
<*idn > string

Example: *IDN?
query instrument identification.
Rohde&Schwarz, <EX-IQ-BOX>,<101211>,
<000.00.01-0>

Usage: Query only

*OPC <*opc >
OPeration Complete

Sets bit 0 in the event status register when all preceding commands have been executed.
This bit can be used to initiate a service request. The query form writes a "1" into the
output buffer as soon as all preceding commands have been executed. This is used for
command synchronization.

Parameters:
<*opc > string

*OPT?
OPTion identification query.

Queries the options included in the R&S EX-IQ-BOX. For a list of all available options
and their description refer to chapter 3.2.2, "Options", on page 22 or the R&S website of
the R&S EX-IQ-BOX: http://www.rohde-schwarz.com/product/EX-1Q-Box.html.

Return values:

<*opt > string
The query returns a list of options. The options are returned at
fixed positions in a comma-separated string. A zero is returned for
options that are not installed.

Example: *OPT ?

query installed options.
EXBOX-B85, EXBOX-K90, EXBOX-K91, EXBOX-K94,
EXBOX-K240

Usage: Query only
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*RCL <*rcl>

ReCall calls up the instrument settings from an intermediate memory identified by the
specified number. The instrument settings can be stored to this memory using the com-
mand *SAV on page 238 with the associated number.

It also activates the instrument settings which are stored in a file and loaded using the
MMEMory:LOAD <number>, <file name.extension>command.

Setting parameters:

<*rcl> string
Usage: Setting only
*RST <*rst>

ReSeT

Sets the R&S EX-IQ-BOX to a defined default status. It is equivalent to
SYSTem:PRESet. The default settings are indicated in the description of commands.

Setting parameters:

<*rst> string
Usage: Setting only
*SAV <*sav>

SAVe stores the current instrument settings under the specified number in an intermedi-
ate memory. The settings can be recalled using the command *RC1 with the associated
number.

To transfer the stored instrument settings in a file, use the command MMEMory :
STORe: STATe.

Setting parameters:

<*sav> string
Usage: Setting only
ERR?
Return values:
<Err > string

0

No error, i.e the error queue is empty.

positive value

Positive error numbers denote device-specific errors.

negative value

Negative error numbers denote error messages defined by SCPI.
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9.2

9.21

R&S EX-IQ-BOX - Remote Control Commands

Example: ERR?
queries all entries in the error queue.
Response: 0, no error
no errors have occurred since the error queue was last read out.

Usage: Query only

R&S EX-IQ-BOX - Remote Control Commands

The following subsystems relate to the R&S EX-IQ-BOX and R&S instruments, as well
as some general functions. The specific commands are described in the associated sub-
systems.

Device Subsystem

The DEVice subsystem contains remote control commands of the device manager dialog
of R&S DiglConf.

[:SOURce<hw>]:EBOX:DEVICE:CATAlIOG?. ... ceueeuieteeeee et ettt ee e e e e e e e e e 239
[:SOURce<hw>]:EBOX:DEVIiCe:CONTIOIEI?. ...ttt e e 240
[:SOURCe<hW>]:EBOX:DEVICE:ICPLD ...ttt ee e 240
[:SOURce<hw>]:EBOX:DEVICE:FPG:BASE?......cceeeeeeeeeeeeeeeeeeteeeeaeae e e e e e e e e e e e e eeeeeeeeeeneeas 240
[:SOURCe<hw>]:EBOX:DEVICE:FPG:BOB?.....uuciiieieeeiiieeettiiieieeeeeeeeeeeertateaeeeeeeeeseeessssanns 241
[:SOURCce<hw>]:EBOX:DEVICE:FPG:DIGIO?.....ccceeeeeeeieeeeeeeieriititciaeieseeeeeeeeeeseeeeeeesessssananns 241
[:SOURCEe<hW>]:EBOX:DEVICEIPART ...uuiteiittiieeeeeetttieeee s ettt e eesertanaeeeeseesnnsesseesanneeasersnns 241
[:SOURCe<hw>]:EBOX:DEVICE:PPCVEISION?......ccvuieeeieriieeeeieeieeeeeeetiaeeseesniaeeesessnesaesenns 241
[:SOURce<hw>]:EBOX:DEVice:BOARA:PART 2. ... e 242
[:SOURce<hw>]:EBOX:DEVice:BOARA:REVISION?.....cciieeie et 242
[:SOURce<hw>]:EBOX:DEVice:BOARA:SERIaI?........ccceeeeieiiieieiiiieeaeae e e e e e e eeeeeeeeeees 242
[:SOURce<hw>]:EBOX:DEVice:BOB:REVISION?.......ccceevrieeieeeeeeeeeeeeeeeeeeeeeseeesseesssesemmmsmmnnes 242
[:SOURce<hw>]:EBOX:DEVice:BOB:SERIAI?.....ccuvuruieeieiieieeeieieeeeeiiiiieieeeeeeeesereeesessannnns 243
[:SOURCe<hw>]:EBOX:DEVICE:BOB:TYPE?....uciiiiiteeeeitiieeeetieeeeeeteeeeeenaeeeeenaeesenneeeseens 243
[:SOURCce]:BBIN:EXTernal:FIRMware:SUPPOMEd?.......c.uciieiieieieeeice e eeeiee e e eeie e e e eeiee e eeen 243
[:SOURce<hw>]:1Q:OUTPut:EXTernal:FIRMware:SUPPorted?..........ccuuueeeieeeeuceeeereeieeeeeees 243
[:SOURce<hw>]:EBOX:USER:FIRMware:SUPPOMed?.......c.ccoeeviueeieeeiiieeceeiceeeeenn e e eee e eeeeen 243
[:SOURce<hw>]:EBOX:DEVice:FIRMWare:SUPPOMEA?......cccceviieerieeerieereeeeeeeeeeeeeeeeeeeeeeeees 243
[:SOURCe<hW>]:EBOX:DEVICE:SELECL.......ccvvevririiieieieeeeeeeeieeeeerestiraeieeeeeeeeeeeereeessssannnns 244
[:SOURCe<hw>]:EBOX:DEVICE:SERIAL.c..uciiiieteieiiiiieeieetieee et e e e ette e e e et e e e eeneeeeenbeeeeeens 244

[:SOURce<hw>]:EBOX:DEVice:CATalog?

The command queries the R&S EX-IQ-BOXes operated by R&S DiglConf. The query
returns the serial numbers in a comma-separated string.

Return values:
<Catalog> string
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Example: SOUR:EBOX:CAT?
list the connected R&S EX-IQ-BOXes.

Response:
900002, 900010

currently the R&S EX-IQ-BOXes 90002 and 90010 are connec-
ted.

Usage: Query only
Manual operation: See "EX-IQ-BOX Device" on page 66

[:SOURce<hw>]:EBOX:DEVice:CONTroller?
The command queries the controller type the R&S EX-IQ-BOX is equipped with.

Return values:
<cnt> string

Example: SOUR:EBOX:DEV:CONT?
shows the controller type of the R&S EX-IQ-BOX.

Usage: Query only

Manual operation: See "Hardware Info" on page 66

[:SOURce<hw>]:EBOX:DEVice:CPLD?

Queries the version of CPLD (Complex Programmable Logic Device). This command is
model specific and applies to R&S EX-1Q-BOX1409.5505.02.

Return values:
<cpld> string

Example: SOUR:EBOX:DEV:CPLD?
query the CPLD of the R&S EX-IQ-BOX.

Usage: Query only

Manual operation: See "Hardware Info" on page 66

[:SOURce<hw>]:EBOX:DEVice:FPG:BASe?
Queries the version of the FPGA (Field Programmable Gate Array) basic design of the

R&S EX-IQ-BOX.

Return values:

<base> string

Example: SOUR:EBOX:DEV:FPG:BAS?

query the FPGA version of the R&S EX-1Q-BOX.
Usage: Query only

Manual operation: See "Hardware Info" on page 66
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[:SOURce<hw>]:EBOX:DEVice:FPG:BOB?

Queries the FPGA (Field Programmable Gate Array) version of the breakout board con-
nected to the R&S EX-IQ-BOX.

Return values:
<bob> string

Example: SOURce:EBOX:DEV:FPG:BOB?
query the FPGA of the breakout board.

Usage: Query only

Manual operation: See "Hardware Info" on page 66

[:SOURce<hw>]:EBOX:DEVice:FPG:DIGio?

Queries the version of the digital interface standard. This command is model specific and
applies to R&S EX-IQ-BOX 1409.5505K04.

Return values:
<fpga> string

Example: SOUR:EBOX:DEV:FPG:DIG?
query the digital interface standard.

Usage: Query only

Manual operation: See "Hardware Info" on page 66

[:SOURce<hw>]:EBOX:DEVice:PART <part>
Queries the part number of the R&S EX-IQ-BOX.
Parameters:

<part> string

Example: SOUR:EBOX:DEV: PART?
query the part number of the selected R&S EX-IQ-BOX.

Response:
101211

currently the R&S EX-1Q-BOX with part number 101211 is con-
nected.

Manual operation: See "Hardware Info" on page 66

[:SOURce<hw>]:EBOX:DEVice:PPCVersion?

Queries the R&S EX-IQ-BOX PPC firmware version, i.e. the version of the built-in power
PC.

Return values:
<ver> string
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Example: SOUR:EBOX:DEV:PPCV?
query version of the PPC.

Usage: Query only

Manual operation: See "Hardware Info" on page 66

[:SOURce<hw>]:EBOX:DEVice:BOARd:PART?
Queries the part number of the R&S EX-IQ-BOX’s internal board.

Return values:
<pn> string

Example: SOUR:EBOX:DEV:BOAR: PART?
query the part number.

Usage: Query only

Manual operation: See "Hardware Info" on page 66

[:SOURce<hw>]:EBOX:DEVice:BOARd:REVision?
Queries the revision number of the R&S EX-IQ-BOX’s internal board.

Return values:
<rev> string

Example: SOUR:EBOX:DEV:BOAR:REV?
query the board revision number.

Usage: Query only

Manual operation: See "Hardware Info" on page 66

[:SOURce<hw>]:EBOX:DEVice:BOARd:SERial?
Queries the serial number of the R&S EX-IQ-BOX’s internal board.

Return values:
<serial> string

Example: SOUR:EBOX:DEV:BOAR: SER?
query the board serial number.

Usage: Query only

Manual operation: See "Hardware Info" on page 66

[:SOURce<hw>]:EBOX:DEVice:BOB:REVision?
Queries the revision number of the connected breakout baord.

Return values:
<rev> string

1
User Manual 1409.5570.32 — 05 242



R&S®EX-1Q-BOX Remote Control Commands

R&S EX-IQ-BOX - Remote Control Commands

Example: SOUR:EBOX:DEV:BOB:REV?
query the breakout board revision number.

Usage: Query only

Manual operation: See "Hardware Info" on page 66

[:SOURce<hw>]:EBOX:DEVice:BOB:SERial?
Queries the serial number of the connected breakout board.

Return values:
<sn> string

Example: SOUR:EBOX:DEV:BOB: SER?
query the breakout board serial number.

Usage: Query only

Manual operation: See "Hardware Info" on page 66

[:SOURce<hw>]:EBOX:DEVice:BOB:TYPE?
Queries the type of the connected breakout board.

Return values:
<typ> string

Example: SOUR:EBOX:DEV:BOB:TYP?
Response: "EXBOX-B85"
a CPRI breakout board is connected.

Usage: Query only

Manual operation: See "Hardware Info" on page 66

[:SOURce]:BBIN:EXTernal:FIRMware:SUPPorted?
[:SOURce<hw>]:1Q:OUTPut:EXTernal:FIRMware:SUPPorted?
[:SOURce<hw>]:EBOX:USER:FIRMware:SUPPorted?
[:SOURce<hw>]:EBOX:DEVice:FIRMware:SUPPorted?

Queries the firmware available for the R&S EX-IQ-BOX 1407.5505.02.

Return values:
<Supported> string

Example: SOUR:EBOX:DEV:FIRM: SUPP?
check the supported firmware.

Usage: Query only
Manual operation: See "Update EX-IQ-BOX Firmware" on page 68
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[:SOURce<hw>]:EBOX:DEVice:SELect <Select>

Select a currently connected R&S EX-IQ-BOX by means of its serial number.

Parameters:

<Select> float

Example: SOUR:EBOX:DEV:SELect 100112
select the connected R&S EX-IQ-BOX with serial number
'10112

Manual operation: See "EX-IQ-BOX Device" on page 66

[:SOURce<hw>]:EBOX:DEVice:SERial <serial>
Queries the serial number of the R&S EX-IQ-BOX.

Parameters:
<serial> float
Example: SOUR:EBOX:DEV:SER?

query the R&S EX-IQ-BOX serial number.

Manual operation: See "Hardware Info" on page 66

Diagnostic Subsystem

The DIAGnostic subsystem contains the commands used for instrument diagnosis and
servicing. SCPI does not define any DIAGnostic commands; the commands listed here
are all device-specific. DIAGnostic commands are query commands which are not
influenced by *RST.

DIAGNOSHICIEBOX:CATAIOG?. ..ceeituuieieeiieteieeeeettiaeeeeetataseeeseetateeeseestaeeeesesnnasaeseesnnaaansens 244
IDIAGNOSHICEBOX: CPRIEEXECULE. ...ttt ettt e e e e e e e e e eae e e ranrenaens 245
DIAGNOSHC EB O X CP R T ES T 2 ittt ittt e e e e e e a e e s eaes s eseesneannns 245
IDIAGNOSHICEBOX: CPRITEST:STORE. ..ttt ettt e e e eeeaeaas 245
:DIAGNOSHC:EBOX:LVDS:BER?....cen et et ettt et e e e e e e e e e eaae e e e eenneeeen 246
'DIAGNOSHC:EBOX:LVDS:DCM?...ceeieeeeeeee et e et e et e e e e e e e e e e s e e e eean e e eennerean 246
‘DIAGNOSHIC:EBOX:LVDS:ERROIS?....ccttttieieeeeitteieeseettiiieseesestaaeeeesestnnaeseesesnnasessessnnaaeneens 246
DIAGNOSHIC:EBOX:LVDS:NDATA?. . .ciittueieeeitiaeeerettieeeeettaeeseessaeesestaeeesernteesestaaeesessnnaaens 246
IDIAGNOSHCIEBOX LY DS PLL . e eiiiiiiie et e et e e e e ea e eee e enes e raernenanns 247
IDIAGNOSHICIEBOX:LVDS:RCV 2. ittt ettt ettt et e e e e e e e e e eaerenanns 247
:DIAGNOStIC:EBOX:LVDS:RX|TX:SOURCE. ... ettt ettt 247
DIAGNOSHC:EBOX LY DS R  TX ST AT it eeeeeeeeeietaee e e e e eeeeeeeeeae e e e e eeeeeentnnaaeeeeeeeeeeeesnnnn 247
DIAGNOSHCEBOX:POINL....cvtttiteeieieeeeeiieeetitiieieeseeeeeeeeetsttaaeseeeeesssrrestasaaaesaeesereeessnnanns 247
‘DIAGNOSHIC:EBOX:POINEVALUB?....cetieieeeeetieeee ettt eeeeettee e e e eeete s e e s eetaeeeesessnaeeseernnaaaens 248
DIAGNOSHCIEBOX:SELEC.....cciiittiieeieiieiee e ee e eetee e e e eeteee e e e e eetee e e e e eebaaeeeeseraaeseesensanaaaeens 248

:DIAGnostic:EBOX:CATalog?

The command queries the R&S EX-IQ-BOX instruments operated by R&S DiglConf. The
query returns the serial numbers in a comma-separated string.
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Return values:

<Catalog> string

Example: DIAG:EBOX:CAT?
list the connected R&S EX-IQ-BOXes.
Response:

900002, 900010

R&S DiglConf currently operates with the R&S EX-IQ-BOXes
90002 and 90010

Usage: Query only

:DIAGnostic:EBOX:CPRI:EXECute

The command starts the CPRI test for service purposes, see: DIAGnostic:EROX:
CPRI:TEST? on page 245 .

Example: DIAG:EBOX:CPRI:EXEC?
executes the CPRI diagnostic test.
Response:
running, finished

Usage: Event

:DIAGnostic:EBOX:CPRI:TEST?
The command checks the CPRI communication link for service purposes.

Return values:

<Test> 0]1]OFF|ON
*RST: 1
Example: DIAG:EBOX:CPRI:TEST?

query the test result of the CPRI link.
Response: 0 = passed, 1 = failed

Usage: Query only

:DIAGnostic:EBOX:CPRI:TEST:STORe <Store>

Saves the test report of the CPRI diagnostic test in a log file. This function is protected
and used for service purposes.

Setting parameters:
<Store> string

Example: MMEM:CDIR "d:/user/diagnostic"
set the default directory to d: /user/diagnostic
DIAG:EBOX:CPRI:TEST:STOR "CPRITest.log"
saves the test report in the default directory with file name
CPRITest.log.

Usage: Setting only
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:DIAGnostic:EBOX:LVDS:BER?

The command checks the LVDS interface. This function is protected and used for service

purposes.

Return values:

<ber> float

Example: DIAG:EBOX:LVDS:BER?

query the results of the LVDS test.
Response: 0 = passed, 1 = failed

Usage: Query only

:DIAGnostic:EBOX:LVDS:DCM?

Checks the LVDS DCM lock state. This function is protected and used for service pur-

poses.
Return values:
<dcm> ON | OFF
*RST: OFF
Example: DIAG:EBOX:LVDS:DCM?

query the state DCM.
Response: 0 = locked, 1 = unlocked

Usage: Query only

:DIAGnostic:EBOX:LVDS:ERRors?

The queries the number of errors in LVDS test. This function is protected and used for
service purposes.

Return values:
<err> float

Example: DIAG:EBOX:LVDS:ERR?
counts the errors occured during LVDS test.

Usage: Query only

:DIAGnostic:EBOX:LVDS:NDATa?

Zeroes the received bit for the LVDS test. This function is protected and used for service

purposes.
Return values:
<dat> ON | OFF

*RST: OFF
Example: DIAG:EBOX:LVDS:NDAT?
Usage: Query only
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:DIAGnostic:EBOX:LVDS:PLL?

Checks the PLL lock state during LVDS test. This function is protected and used for
service purposes.

Return values:
<pll> ON | OFF

Example: DIAG:EBOX:LVDS:PLL?
query the state of the PLL.

Usage: Query only

:DIAGnostic:EBOX:LVDS:RCV?
The command checks the number of received bits.

Return values:
<received> float

Example: DIAG:EBOX:LVDS:RCV?
count the number of received bits.

Usage: Query only

:DIAGnostic:EBOX:LVDS:RX|TX:SOURce <source>

Selects LVDS test source. This function is protected and used for service purposes.

Parameters:
<source> PRBS | COUNTER
Example: DIAG:EBOX:LVDS:TX:SOUR PRBS

test the TX channel with the PRBS signal pattern.

:DIAGnostic:EBOX:LVDS:RX|TX:STATe <state>

Starts the LVDS test. This function is protected and used for service purposes.

Parameters:
<state> 0]1]OFF|ON
*RST: OFF
Example: DIAG:EBOX:LVDS:TX:STAT ON

start the LVDS test in the TX channel.

:DIAGnostic:EBOX:POINt <point>

Selects the diagnostic points. This function is protected and used for service purposes.
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Parameters:

<point> Ul | U2V5 | AVTT | AVCC_PLL | AVCC_MGT | U1V8 | U24V |
GND | VIN | COM3V3 | AUX2V5 | DIV3V3 | CORE1VO0 | VCO |
GND1 | PPC_VCC_INT | PPC_TEMP | PPC_VCC_AUX

Example: DIAG:EBOX:POIN UI

:DIAGnostic:EBOX:POINt:VALue?
Queries the voltage value at the selected diagnostic point of the R&S EX-1Q-BOX.

Return values:
<val> string

Example: DIAG:EBOX:POIN:VAL?
query the voltage value at the diagnostic point.

Usage: Query only

:DIAGnostic:EBOX:SELect <Select>

Select a currently connected R&S EX-IQ-BOX in the chapter 6.1.6.1, "EX-IQ-BOX Device
Manager", on page 65 dialog by means of its serial number. This function is protected
and used for service purposes.

Parameters:
<Select> float
Example: DIAG:EBOX:SEL 100112

select the connected R&S EX-IQ-BOX with serial number '10112'.

9.2.3 EBOX Subsystem

The EBOX subsystem describes all remote-control commands regarding the configuration
of the R&S EX-1Q-BOX. Configuration parameters are set via the configuration software
R&S DiglConf.

R&S DiglConf may handle up to four R&S EX-IQ-BOX devices simultaneously. There-
fore, all commands regarding to the R&S EX-IQ-BOX start with [ : SOURce<hw>:] in
order to select a device.

The numeric suffix <hw> to SOURce distinguishes the selected R&S EX-IQ-BOX
[:SOURce<[1]|12|3|4>1]....
¢ SOURce[1] = R&S EX-IQ-BOX 1
If only one R&S EX-IQ-BOX is connected the keyword SOURce is optional and can
be omitted.
® SOURce2 = R&S EX-IQ-BOX 2 (up to four are possible simultaneously)

If you work with more devices, the keyword is mandatory, i.e. the command must
contain the keyword with suffix.
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[:SOURCce<hw>]:EBOX:ARBICATAIOG?. ... ueeeeeeeeeieeeieeininaaaaeeeeeeeeeeeeaessnnnaaaeesseeeseeennsnnnnnnn 249
[:SOURCe<hW>]:EBOX:ARB:DELEIE......ciiiiiiiiieieeeeeieicce e ee ettt et e e e et e e e e ee e e e e eeenas 249
[:SOURCE<hWS:EBOX:CATAIOG?...cetuuueeeeeetnreaeeeerettuieeeerersuaseesersnnaeeseressaeeessestanaeeesessnns 249
[:SOURCEe<hW>:EBOX:COUNL.....iiiiiiiiii et e e s e e e e s e e e 250
RS 1O 18 (o= 1Y o =1 = 1@ ) 1 I 250
[:SOURCESNWS [ EBO X OPT ... ieeieiieee et e e et et et e e e et et e e e e e s e e e e e e e a e e enens 250
[[SOURCESNWS]:EBOX:SELECE....ceeiieieeeeeee e eeeeeeeieieie e eeese e s e e e e e e e e e e e e e e e eeeeeeeeeeeenennnnanennn 251
[[SOURCESNWS:EBOX:STATE?...ccieeeetttriiiieieeeeeieeeeertataasaeeeeeserrerssstanaiaeseeeseserssessnnnnns 251

[:SOURce<hw>]:EBOX:ARB:CATalog?

The command queries the available waveform files in the specified default directory. Only
files with the file extension * . wv will be listed.

Return values:
<Catalog> string

Example: MMEM:CDIR "d:/user/waveform"
set the default directory to d: /user/waveform.
SOUR:EBOX:ARB:CAT?
list out all waveform files in the default directory.
Response:
wavl, wav2

the directory contains the configuration files wav1.wv and
wav2.wv.

Usage: Query only

[:SOURce<hw>]:EBOX:ARB:DELete <Delete>

The command removes a waveform file from the specified directory. Determine the file
by adding directory, file name and extension of the file.

Setting parameters:

<Delete> <file_name>
String parameter to specify the name and directory of the file to be
removed.

Example: SOUR:EBOX:ARB:DEL "D:/USER/wavl.wv"

delete the file wavl.wv in the USER directory on drive d: /.

Usage: Setting only

[:SOURce<hw>]:EBOX:CATalog?

Queries the R&S EX-1Q-BOXes operated by R&S DiglConf. The query returns the serial
numbers in a comma-separated string.

Return values:
<Catalog> string
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Example: SOUR:EBOX:CAT?
list the connected R&S EX-IQ-BOXes.

Response:
Undefined, 900002, 900010

R&S DiglConf currently operates with the R&S EX-IQ-BOXes
90002 and 90010.

Usage: Query only

[:SOURce<hw>]:EBOX:COUNt <Count>
Queris the number of connected R&S EX-IQ-BOXes.

Parameters:
<Count> float

Range: 0 to 4
Example: SOUR : EBOX : COUN?

Response: "2"

Manual operation: See "Block Diagram" on page 56

[:SOURce<hw>]:EBOX:ID?

Queries the Id of the R&S EX-IQ-BOX. The Id is composed of <part_num-
ber><serial_number> and <checksum>.

Return values:
<|d> string

Example: EBOX:ID?
Response: "1409.5505K04-100005-Av"

Usage: Query only

Manual operation: See "Options" on page 67

[:SOURce<hw>]:EBOX:OPT <Opt>

The command queries the options installed on the R&S EX-IQ-BOX. The query returns
a list of options in a comma-separated string.

Parameters:
<Opt> string
Example: SOUR:EBOX:0PT?

check the installed options.
Response: EXBOX-B85, EXBOX-K10, EXBOX-K11,
EXBOX-K90, EXBOX-K242,

Manual operation: See "Options" on page 67
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[:SOURce<hw>]:EBOX:SELect <Select>

Select a currently connected R&S EX-IQ-BOX by means of its serial number.

Parameters:
<Select> float
Example: SOUR:EBOX:DEV:SELect 100112

select the connected R&S EX-IQ-BOX with serial number 10112,

[:SOURce<hw>]:EBOX:STATe?

Queries the current state of the R&S EX-IQ-BOX. The state can only be activated with
commands switching on a transmission protocol, e.g. EBOX: USER: STAT ON.

Return values:

<State> OFF | ON
*RST: OFF
Example: SOUR1 : EBOX: STAT?

check whether a standard is active.

Usage: Query only

9.2.4 INSTrument Subsystem

The INStrument subsystem contains remote control commands to query the interface
and identity of connected R&S instruments.

The numeric suffix INST<ch> distinguishes between the instruments connected to the
R&S EX-IQ-BOX. If only one R&S instrument is connected the suffix INST[1] is optional
and can be omitted.

[:SOURCce<hw>]:EBOX:INST<CH>INAME?....c.cceiiiiivetiieieeeeeeeeeetieeeeeeeseeeessbaeaeeeeeeseeessanas 251
[:SOURCe<hw>:EBOX:INST<Ch>:PORT ...ttt e 252
[:SOURce<hw>:EBOX:INST<Ch>:SERIAl?.....ccciiiiiiiiiiiiie e 252
[:SOURCe<hW>:EBOX:IINST<Ch>:TY PE 2. . i e e e 252

[:SOURce<hw>]:EBOX:INST<ch>:NAME?
Queries type and serial number of an R&S instrument connected to the R&S EX-IQ-BOX.

Return values:
<Name> string

Example: SOUR2 :EBOX:INST1:NAME?
query the symbolic name of the connected instrument.
Response: AMU 2002 (100201)
the second connected instrument is an R&S AMU200A with serial
number 100201.

Usage: Query only
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Manual operation: See "Connected Instrument" on page 71

[:SOURce<hw>]:EBOX:INST<ch>:PORT?

Queries the instrument's port the R&S EX-IQ-BOX is connected to. The response differs
depending on the connected instrument type. In a two-path instrument the path is also
given.

Return values:
<Port> string

Example: SOUR2 : EBOX : INST2 : PORT?
query the digital interface of the instrument to which the R&S EX-
IQ-BOX is connected.
Response: In, Out A

Usage: Query only

Manual operation: See "Port" on page 71

[:SOURce<hw>]:EBOX:INST<ch>:SERial?
Queries serial number of the R&S instrument connected to the R&S EX-IQ-BOX.

Return values:

<Serial> string

Example: SOUR1 :EBOX:INST1:TYPE?
query the serial number of the instrument connected the R&S EX-
1Q-BOX.

Response: 100201
the serial number of the first connected instrumentis 100201.

Usage: Query only

Manual operation: See "Serial Number" on page 71

[:SOURce<hw>]:EBOX:INST<ch>:TYPE?
Queries the type of an R&S instrument connected to the R&S EX-IQ-BOX.

Return values:
<Type> string

Example: SOUR1 :EBOX:INST1:TYPE?
query the type of the connected instrument.
Response: AMU 200A
the first connected instrument is an R&S AMU200A.
Usage: Query only

Manual operation: See "Instrument Type" on page 71

1
User Manual 1409.5570.32 — 05 252



R&S®EX-1Q-BOX Remote Control Commands

R&S EX-IQ-BOX - Remote Control Commands

9.2.5 MMEMory Subsystem

The MMEMory subsystem (Mass Memory) contains the commands for managing files
and directories as well as for loading and storing complete instrument settings in files.

The various drives can be selected using the "mass storage unit specifier " <msus>. The
internal hard disk is selected with D: \, and a memory stick which is inserted at the USB
interface is selected with E: \. The resources of a network can also be selected with
<msus> in the syntax of the respective network, e.g. using the UNC format (Universal
Naming Convention): \\server\share.

The default drive is determined using the command MMEMory :MSIS <msus>.

N\ The C: drive is a protected system drive. This drive should not be accessed. Recon-
/ struction of the system partition will not be possible without loss of data..

9.2.5.1 File Naming Conventions

To enable files in different file systems to be used, the following file naming conventions
should be observed.

The file name can be of any length and no distinction is made between uppercase and
lowercase letters. The file and the optional file extension are separated by a dot. All letters
and numbers are permitted (numbers are, however, not permitted at the beginning of the
file name). Where possible, special characters should not be used. Use of the slashes
"\" and "/" should be avoided since they are used in file paths. A number of names are
reserved by the operating system, e.g. CLOCKS$, CON, AUX, COM1...COM4,

LPT1...LPT3, NUL and PRN.

Inthe R&S DiglConf all files in which lists and settings are stored are given a characteristic
extension.

The extension is separated from the actual file name by a dot (see chapter 9.2.5.2,
"Extensions for User Files", on page 254 for an overview the file types).

The two characters * and 2 function as wildcards, i.e. they are used for selecting several
files. The 2 character represents exactly one character, while the * character represents
all characters up to the end of the file name. * . * therefore stands for all the files in a
directory.

When used in conjunction with the commands, the parameter <file name> is specified
as a string parameter with quotation marks. It can contain either the complete path
including the drive, only the path and file name, or only the file name. The file name must
include the file extension. The same applies for the parameters <directory name>
and <path>.

Depending on how much information is provided, either the values specified in the
parameter or the values specified with the commands MMEM: MSIS (default drive) and
MMEM: CDIR (default directory) are used for the path and drive setting in the commands.

Before the instrument settings can be stored in a file, they have to be stored in an inter-
mediate memory using common command *SAV <number>. The specified number is
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subsequently used in the MMEM: STOR: STATe<number>, <file>command. Also, sub-
sequently to loading a file with instrument settings with command MMEM: LOAD: STAT
<number>, <file>, these settings have to be activated with the common command
*RCL <number>.

Example:

In this example, the current instrument setting is always stored in the file
testl.savrcl in the directory user on the internal hard disk.

*SAV 4
MMEM:STOR:STAT 4,"d:\user\testl.savrcl"

If the complete path including the drive letter is specified, the file is stored in the specified
path.

MMEM:MSIS 'D:'*SAV 4
MMEM:STOR:STAT 4, "\user\testl.savrcl"

If the parameter only contains the path and file name, the default drive set with the
MMEM:MSIS command is effective.

Extensions for User Files

The following table list all available file extensions for user files. The currently available
files on the instrument depend on the installed options.

Table 9-1: List of the automatically assigned file extensions in R&S DiglConf

Function/Digital List type Contents File suffix
Standard
CPRI Settings CPRI configuration, vendor data included * cpri

Instrument settings

Waveform Waveforms and multi segment waveforms * . wv
User Defined Settings User Defined Protocol configuration * . igbox
Configuration Soft- | Settings R&S DiglConf settings *.savrcl

ware

Remote Control Commands

MM EMOTY:CATAI0G 2. -t eeeeeeeeeeeetet e e e e e e e e et e et eeetaa e e e e e eaaeeeeeeeessn s aaeeeeaeeeeenaeennnnnnnns 254
Y V1Y T T YA @ I =Y o1 ) PP 255
Y V1Y T T I Y 255
MIMEMOTY L O A D S T AT €.ttt it etietee e e ettt e i e e e ettt aa e e e e ettt s eeseettaaeesestansaesrssnansaesentanneaesenrnnn 255
MMEMOTY:MDIRECIOINY...ctuueeiitteeeeettaeeeeetteeeeeettaeeeeetatteeeeetasaesesaneesestasaeresnneeesrsnnnseerennn 256
MMEMOIY:RDIRECIOIY....ciiiieeeeeeeeeeeeeetiitieeeese e e s e eeeeeeeeeeeeeeeteetas i aaseeeaaaaaserereensnsensnnnnnnns 256
MMEMOTY: ST ORE: S T AT ..ttt ettt ettt e e e et e et e e e e e e e e e e e anaaeenaeen 256

MMEMory:CATalog?

Returns the content of the current or a specified directory.
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Return values:
<Catalog> string

String parameter to specify the directory. If the direcory is omitted,
the command queries the content of the current directory, queried
with MMEM : CDIR command.

<path> <used_memory>,<free_memory>,<file_name> <file_entry>,...

<used_memory>
Total amount of storage currently used in the directory, in bytes.

<free_memory>
Total amount of storage available in the directory, in bytes.

<file_entry>
All files of the directory are listed with their file name, format and
size in bytes.

Example: MMEM: CAT?

Usage: Query only

MMEMory:CDIRectory <Cdirectory>

Changes the default directory for mass memory storage. The directory is used for all
subsequent MMEM commands if no path is specified with them. Itis also possible to change
to a higher directory using two dots ".." .

Setting parameters:

<Cdirectory> <directory_name>
Example: MMEM:CDIR ‘'var/user'*SAV 4
Usage: Setting only

MMEMory:DELete <Delete>

Removes a file from the specified directory.

Parameters:

<Delete> <file_name>
String parameter to specify the name and directry of the file to be
removed.

Example: MMEM:DEL "c:/temp/test"

MMEMory:LOAD:STATe <State>
Loads the specified file stored under the specified name in an internal memory.

After the file has been loaded, the instrument setting must be activated using an *RCL
command.
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Parameters:
<sav_rcl_state_numbeBetermines to the specific <number> to be used with the *RCL
command, e.g. *RCL 4.

<file_name> String parameter to specify the file name with extension
*.savrcl.

Setting parameters:

<State> string
Example: MMEM: STOR:STAT 4, "test.savrcl"
Usage: Setting only

MMEMory:MDIRectory <Mdirectory>

Creates a new subdirectory for mass memory storage in the specified directory. If no
directory is specified, a subdirectory is created in the default directory. This command
can also be used to create a directory tree.

Setting parameters:

<Mdirectory> string
Example: MMEM:MDIR "d:/test"
Usage: Setting only

MMEMory:RDIRectory <Rdirectory>

Removes an existing directory from the mass memory storage system. If no directory is
specified, the subdirectory with the specified name is deleted in the default directory.

Setting parameters:

<Rdirectory> string

String parameter to specify the directory to be deleted.
Example: MMEM:RDIR "d:/test"
Usage: Setting only

MMEMory:STORe:STATe <State>
Stores the current instrument setting in the specified file.

The instrument setting must first be stored in an internal memory with the same number
using the common command *SAV.

Parameters:
<sav_rcl_state_numbeBorresponds to the specific <number> defined with the *sav
command, e.g. *SAV 4.

<file_name> String parameter to specify the file name with extension
*.savrcl.
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Setting parameters:
<State> string

String parameter to specify the file name with extension
*.savrcl.

Example: MMEM: STOR:STAT 4,"d:\user\test.savrcl"

Usage: Setting only

User Defined - Remote Control Commands

This chapter describes all remote-control commands for user defined applications, includ-
ing their parameters and value ranges.

Based on the R&S DiglConf commands, the description is structured according to the
SCPI subsystems. Within each chapter, the order is alphabetical.

As a special feature you can find most of the commands summarized in a set of com-
mands. This is required for test setups of the R&S EX-IQ-BOX, modell 1409.5505.02,
when not controlled by R&S DiglConf.

A command set defines first the commands of the R&S instruments. See also chap-
ter 9.3.1, "Explanation to the Device Specific SCPI Syntax”, on page 257 for more details.

Specific properties that relate to a particular instrument, are clearly expressed.

The command for R&S DiglConf is always listed as last command, thus directly with the
explanation.

Explanation to the Device Specific SCPI Syntax

This chapter briefly describes the variants in SCPI notation, depending on the controlling
device.

Basically, if you run an R&S EX-IQ-BOX, model 1409.5505.02 directly with an R&S
instrument, you have to set the same parameters as if controlled by R&S DiglConf. Since
the devices communicate directly with each other, however, the transmission direction
must be determined within the command. |.e. there are separate commands defined for
the transmission and the receiver mode.

The following example shows you the notation to use, according to the controlling device.

The <placeholder> represents the variants in notation.
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Example:

<placeholder>:L0Gic:TYPE

The command in this example selects the digital signaling system used for transmitting
the baseband signal from or to the DUT.

Table 9-2: Command Variants

SCPI used with ... Transmission path
[:SOURce<hw>] :EBOX:USER:LOGic[:TYPE] R&S DiglConf determined by a separate command
[SOURce<[1] |2>:]BBIN:EXTernal:LOGic[:TYPE] R&S Signal Generators | digital IQ IN (BBIN)

[SOURce<[1][2>:]IQ:0UTPut:EXTernal:LOGic[:TYPE] | R&S Signal Generators | digital IQ OUT (IQ OUT)

[SOURce: ]RECeiver:LOGic[:TYPE] R&S Signal Analyzer digital 1Q IN (receiver)

[SOURce: ] TRANsmitter:LOGic[:TYPE] R&S Signal Analyzer digital IQ OUT (transmitter)

9.3.2 User Defined - Main Control Commands

The main controls commands provide the selection of the transmission "Direction”, and
commands as "State" for activating, "Set to Default" for preset and "Save/Recall" for
storing or loading previously defined settings.

[:SOURCE]:BBIN:EXTErnal:DIRECHON. ......uieieiiiiteieeeeetieeeeeeeteeeeeeeeteeeeeeeebeeeeeeeesaeeeeeeenns 258
[:SOURce<hw>]:1Q:OUTPUt:EXTernal:DIRECON. ....ccvuiieeeieeeeeeie e e e e e ee e e 258
[:SOURce<hw>]:EBOX:USER:DIRECHON......ccuiieieiie ettt e 258
[:SOURCce]:BBIN:EXTernal:LOGICI: TYPE].....ccettieeeeieeeeeeeeeiieeieeeaeae e e e e eeeeaeeeeeeeeeeeeeenennnnnas 259
[:SOURce<hw>]:1Q:OUTPUt:EXTernal:LOGICTYPE]....uuuceieeeeeeeeeerieeseeeseeeeennaaeeeeeeeeeeennas 259
SOURCE: TRANSMItIEr:LOGICIYPE. .. ceeeerreieeieitiieeeeeeeee e e e tenee e e e e eeree e e e e eete s e e e eetnaeeeeeesananns 259
SOURCE:RECEIVEILOGICYPE.cuuuueieeieerreieeeeeitiieteeeteettaeeeeeesstaeeeeseeranaeeeerestasasserssnans 259
[:SOURCE<hW>]:EBOX:USER:LOGICT: TYPE]. e eeeeeeeeeeeeeeeeeeesereseseseseseseseseseseseseseseseseseeen. 259
[:SOURCce<hw>]:EBOX:USER:PRESEL!......cceieeeieie et 260
[[SOURCE]:RECEIVEISENDIO. .. .uieiiiiiieiieiee e eeeie e e e e eie e e e e s e e e et e e e e et s e e eeanneeerenaeeeeennn 260
SOURCE: TRANSMIIEr:SENDLO. ....eeveueiieiiiieeeeeie i e e e etiee e e e sete e e e s e e e eeta e e e eeta e e reaneeeeeananns 260
[[SOURCESNWS:EBOX:USER:STATE. 1uuuuiieeieieeeieieeeerstinaiieeseeeeesereeessssanaseeseesseseresesssnnnns 261

[:SOURce]:BBIN:EXTernal:DIRection <Direction>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DIRection <Direction>
[:SOURce<hw>]:EBOX:USER:DIRection <Direction>

Note: This command applies to R&S Signal Generators and R&S DiglConf. Setting the
direction of transmission for analyzers, refer to [ : SOURce] :RECeiver:SENDto
on page 260 or SOURce : TRANsmitter: SENDto on page 260.

The command determines the direction of signal transmission from the DUT to the
R&S EX-1Q-BOXor vice versa.

Setting direction and activating transmission depends on the R&S Device:

e R&S DiglConf
Signal direction is selected in the "Direction"” field of the R&S EX-IQ-BOX "User
Defined" settings dialog. Select "Transmitter/Receiver" in the list.
The transmission is activated by switching On the "State" button.
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o RA&S signal analyzers
Signal direction is selected in the "Select Type" field of the "EXIQ-Box Settings" dia-
log. Select "Transmitter/Receiver" in the drop down list, as described in chap-
ter 6.1.1.6, "Dialogs", on page 57

e R&S signal generators
The direction of signal transmission is determined by the connection at the interface,
either DIGITAL IQ IN or OUT. The parameters are provided respectively in the "EX-
IQ-BOX BBIN" and "EX-IQ-BOX BBOUT" dialogs. Therefore, the "Direction" field is
not needed.

Signal transmission is activated with "State".

Parameters:
<Direction> RECeiver | TRANsmitter
RECeiver
The connected R&S EX-IQ-BOX receives the signal from the DUT
and forwards it to an R&S instrument.
TRANsmitter (Output)
The R&S EX-IQ-BOX receives data from an R&S instrument and
sends it to the DUT.
The baseband signal is transmitted in Single Data Rate (SDR)
mode from the DUT to the R&S EX-IQ-BOX or vice versa. The
data transmission is triggered by the rising edge of the data clock.
Example: EBOX:USER:DIR TRAN

set the R&S EX-IQ-BOX to transmit the data to the DUT.

Manual operation: See "Direction” on page 99

[:SOURCce]:BBIN:EXTernal:LOGic[:TYPE] <Type>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:LOGic[:TYPE] <Type>
SOURce:TRANsmitter:LOGictype <Type>
SOURce:RECeiver:LOGictype <Type>
[:SOURce<hw>]:EBOX:USER:LOGic[:TYPE] <Type>

Selects the signaling system used from the DUT for the baseband signal.
Note:
Avoid connector overload

The type of the electrical signals are based on various logic types (TTL or CMOS stand-
ard) performing different logic levels. The logic type of the DUT connected must be com-
patible to the logic type of the R&S EX-IQ-BOX. Inappropriate logic types may cause
damage to the R&S EX-IQ-BOX and/or to the DUT.

Note: SCPI notation varies

The SCPI notation varies, when you remotely control the R&S EX-IQ-BOX on R&S EX-
IQ-BOX or R&S signal generators and R&S signal analyzers, as described below.
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Parameters:

<Type> LVDS | LVTTL | CMOS33 | CMOS25 | CMOS18 | CMOS15 |
CMOS12, or LVDS | LVTTL | CM33 | CM25 | CM18 | CM15 |
CM12, respectively | SSI12 | SI18
*RST: CMOS33

CMOS33... Enter the respective string, if you run R&S DiglConf or R&S signal
generators.

CM33... Select the logic type as shown, when you remotely control R&S
signal analyzers.
LVDS

The signal is transmitted by using the signaling system LVDS (Low
Voltage Differential Signaling).

LVTTL

The signal is transmitted in LVTTL technology (Low Voltage Tran-
sistor Transistor Logic) with 3.3 V voltage level.

CMOSxx / CMxx

The signal is transmitted by using the CMOS technology (Comple-
mentary Metal Oxide Semiconductor technology).

xX represents the according voltage values.

Available level values: 3.3V, 2.5V,18V,15V,1.2V.

SSIxx (R&S instruments only)

The signal is transmitted by using the SSI technology (Serial
Synchronuos Interface).

Note:

SSI signal are only supported by R&S signal generators and R&S
signal analyzers. Due to the very specific application, it is listed
here for completeness, but not described explicitly.

Voltage levels are 1.5V and 1.8 V.

Manual operation: See "Logic Type" on page 99

[:SOURce<hw>]:EBOX:USER:PRESet

Set all parameters to default values. Refer to table Preset - User defined default settings
which contains an overview of the most important default settings.

Example: SOUR1 :EBOX:USER: PRES
setup all User Defined parameters to the default value.

Usage: Event

Manual operation: See "Set To Default" on page 100

[:SOURce]:RECeiver:SENDto
SOURce:TRANsmitter:SENDto

The command determines the direction of signal transmission from the R&S EX-IQ-BOX
to the DUT.
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Example: SOUR:TRAN: SEND
The connected R&S EX-IQ-BOX receives data from an R&S signal
analyzer and transmits this data to the DUT.

Manual operation: See "Send to" on page 94

[:SOURce<hw>]:EBOX:USER:STATe <State>
Activates signal transmission.

This function applies to R&S DiglConf, since R&S signal generators and analyzers start
signal transmission directly in the instrument.

Note: Data transmission requires that the respective breakout board is connected.

Parameters:
<State> OFF | ON

*RST: OFF
Example: EBOX:USER:STAT ON

switch on signal data transmission.

Manual operation: See "State" on page 99

Settings Subsystem

The USER: SETTings subsystem contains the commands for loading and storing appli-
cation settings in files.

[:SOURce<hw>]:EBOX:USER:SETTING:CATAlOG?.c..uuueeieeeeeeeieeinnaaeeeeeeeeenennnaaeeeeeeseeennnnns 261
[:SOURce<hw>]:EBOX:USER:SETTING:DELEtE.....uuciieiieriieeieeicn et e e 262
[:SOURCce<hw>]:EBOX:USER:SETTING:LOAD......uciiiiiiitiieieeteeieeeeeeetiieeeeeenneeeseeraneeeeeenns 262
[:SOURce<hw>]:EBOX:USER:SETTING:STORE.....ctuiiiieiiii ettt et e e 262

[:SOURce<hw>]:EBOX:USER:SETTing:CATalog?

Queries the available settings files in the specified directory. Settings files are used to
store current application settings. Only files with the file extension * . i gbox will be listed.
Access to the files via remote is possible using the commands of the MEMM subsystem.

Return values:

<Catalog> string
String parameter to select the directory where settings files are
stored.

Example: MEMM:CDIR "d:\DigIConf\Settings\User"

Set the default directory and path to
d:\DigIConf\Settings\User.

SOUR1 :EBOX:USER:SETT:CAT?

read out all settings files of the DigIConf\Settings\User
directory on drive d:
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Usage: Query only

[:SOURce<hw>]:EBOX:USER:SETTing:DELete <Delete>

The command removes a settings file from the specified directory. Determine the file by
adding directory, file name and extension of the file.

Setting parameters:

<Delete> <directory>, <file_name>, <ext>
Determine the file to be deleted by adding directory, file name and
the file extension (* . igbox).

Example: SOUR1 :EBOX:USER:SETT:DEL "d:
\DigIConf\Settings\User\converter test.igbox"
delete the file converter test.igbox.

Usage: Setting only

[:SOURce<hw>]:EBOX:USER:SETTing:LOAD <Load>

The command loads a previously saved user defined configuration. Define directory and
file name, R&S DiglConf automatically assigns the file extension * . igbox.

Setting parameters:

<Load> <directory>, <file_name>
String parameter to determine the target directory and the file-
name for loading the settings file.

Example: SOUR1:EBOX:USER:SETT:LOAD "d:
\DigIConf\Settings\User\converter test"
load the settings file converter test.igbox from the directory
d:\DigIConf\Settings\User

Usage: Setting only

Manual operation: See "Save/Recall" on page 100

[:SOURce<hw>]:EBOX:USER:SETTing:STORe <Store>

Saves the current signal configuration of user defined mode. Specify the directory and
file name. R&S DiglConf automatically assigns the file extension * . igbox to user
defined configuration files.

Setting parameters:

<Store> <directory>, <file_name>
String parameter to determine the target directory and the file-
name for storing the settings file.

Example: SOUR1:EBOX:USER:SETT:STOR "d:
\DigIConf\Settings\User\converter test"
save the settings in the file converter test.igbox in the
directory d: \DigIConf\Settings\User.
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User Defined - Remote Control Commands

Usage: Setting only

Manual operation: See "Save/Recall" on page 100

Protocol Commands

This section contains the commands for setting the parameters of user defined trans-
mission protocols.

[:SOURCE]:BBIN:EXTEIrNaAIDRATE. .. .uceieeeeeeeeeiietiaaaeeeeeeeeeeeeinaaa e e eeeaeeeeeaennaaaeeeeeeeeeeeennnnnn 263
[:SOURce<hw>]:IQ:OUTPUL:EXTErnaliDRATE. ......coeeeviiriieeieeeeeeeeeeeeeerrreae e e e e eeeeeeeeeseaaanas 263
SOURCE: TRANSMItEEIDRATE. .eetiieeeeeiieiccciitirteeeeeesaesesesseetnrrrrrerreaeaeesessaaasnrrsrerereasaaesans 263
SOURCE:RECEIVEIDRATE. ..ciiiiitiitieieieeeee et eeetettaaaeseeeaeeeeeeeetateaaeeeeaeesererestnrannaeeaes 263
[:SOURCe<hW>:EBOX:USER:DRAT ...ttt ittt ettt e e e e s e eas 263
[:SOURCe]:BBIN:EXTernal:FORMAL........ccueieiiie et e e e e e e e e e e e e 264
[:SOURce<hw>]:1Q:OUTPUt:EXTernal:FORMEaL.......ccuciieiieieeeeieiee et e ee e e e eei e e eeie e eeeee 264
SOURCE: TRANSMILEr:FORMEL. ... . iiieeiiiieeeeeiiiee e e e et e e e e et e e e e e e e e s e et e e e ereaa e e e erennanes 264
SOURCE:RECEIVENFORMEL......ccciiiiecceiiiieieeeeeeeeeessessterereeeeeeeaesessesaanssseneneeeeeessessnnannns 264
[:SOURCe<hw>]:EBOX:USER:FORMEL......cuciiiieiitiieieeiiitieieeeeetee e e e eete e e e eeeteeeseeraneeeenenns 264
[:SOURCE]:BBIN:EXTErNalslLEAVING.....uueiieereieeietiieeeeieteeeeeettieeeeetaaeeeeeteeeeetnseesesnneeerenns 264
[:SOURce<hw>]:1Q:OUTPUt:EXTernal:ILEaVving.......cuuueiieiierieieeeiieeeeeeiice e e e eeneeeeeeeneeeeeeens 264
SOURCE: TRANSMILEITILE@VING. . cetttttrernintnnnaaaaaa e e e e e e e e e e eaeaeeeeeeeeeeeeeeentnsnnee e e e e e e aeeeeas 264
SOURCE:RECEIVEIILEAVING....cttteetuuaaieeeeeeeeieiiieiieeaae e e e eeeeeeeaeneenaasaeeeaeeeeeeeeensnnaaaeeeens 265
[:SOURCe<hw>]:EBOX:USER:ILEGVING.......cetetrerireririiririiiiaieieseeeeseeaaeeaeesesereereessserssssnanes 265
[:SOURCE]:BBIN:EXTEIrNaAl:SRATE?...uvututuriiieieieeeeeeeeieieeeeeeersstasnaieseeseeeeseesereereessssssnnnnns 265
[:SOURCe<hw>]:1Q:OUTPULEXTErNal:SRATE?....cciiiiei e et e eeeteee et e e e et e e e et e e e eebeeeeeeen 265
SOURCE: TRANSMIEI I SRATE. . ieie i e e e eeeeeeeeeeeeeeeee s e e e e e e e e e e e e e e e e e e e eeeee et aaeeeeaaaeas 265
SOURCE:RE CEIVEISRAT €. ettt ieiete et et eetie e e et ee e e et e e e e et e e e e et e et eab s e e reaaaeeereteeeeaananes 265
[:SOURCE<hW>:EBOX:USER:SRAT & 2. ittt ettt ettt et e e e e e e e e eas 265

[:SOURce]:BBIN:EXTernal:DRATe <Drate>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DRATe <Drate>
SOURce:TRANsmitter:DRATe <Drate>
SOURce:RECeiver:DRATe <Drate>
[:SOURce<hw>]:EBOX:USER:DRATe <Drate>

Sets the data rate mode of the R&S EX-1Q-BOX for receiving/sending a baseband signal
from/to an external device (DUT).
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Parameters:
<Drate> SDR | DDR

SDR

Transmits the baseband signal in Single Data Rate (SDR) mode
from the DUT to the R&S EX-IQ-BOX or vice versa. The rising
eddge of the clock signal triggers data transmisison.

DDR

Transmits the baseband signal in Double Data Rate (SDR) mode
from the DUT to the R&S EX-IQ-BOX or vice versa. The rising and
the falling edge of the clock signal trigger data transmission (dou-
ble speed transfer).

*RST: SDR

Example: SOUR1 :EBOX:USER:DRAT SDR
sets the data rate mode to "Single".

Manual operation: See "Data Rate" on page 102

[:SOURce]:BBIN:EXTernal:FORMat <Format>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:FORMat <Format>
SOURce:TRANsmitter:FORMat <Format>
SOURce:RECeiver:FORMat <Format>
[:SOURce<hw>]:EBOX:USER:FORMat <Format>

Sets the signal transmission protocol of the R&S EX-IQ-BOX for receiving/sending a
baseband signal from/to an external device (DUT) via the user interface of the R&S EX-

IQ-BOX.

Parameters:

<Format> SERial | PARallel
SERial
Transmits each sample serially, i.e. "bitwise" from the DUT to the
R&S EX-IQ-BOX or vice vera. In sereial mode, | and Q data are
sent via the input and output pins IO and QO, respectively.
PARallel
Transmits parallel, i.e. "wordwise" from the DUT to the R&S EX-
IQ-BOX or vice versa. The input and output pin assignment
depends on the bits alignment and the bit order settings.
*RST: PARallel

Example: SOUR1:EBOX:USER:FORM SER

sets the transmission protocol of the R&S EX-IQ-BOX to "serial".

Manual operation: See "Format" on page 101

[:SOURce]:BBIN:EXTernal:ILEaving <lleaving>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:ILEaving <lleaving>
SOURce:TRANsmitter:ILEaving
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SOURce:RECeiver:ILEaving
[:SOURce<hw>]:EBOX:USER:ILEaving <lleaving>

Switches on interleaving and selects the interleaving mode.

Depending on the interleaving settings, the baseband signal is either sent simultaneously
or in 1/Q or Q/I order from the DUT to the R&S EX-IQ-BOX or vice versa.

Parameters:

<lleaving> OFF |1Q|Ql
OFF
Transmits the baseband signal without not Interleaved on the | and
Q data lines.
1Q
Transtmits the baseband signal on the | data line starting with |
data, i.e. "I/Q Interleaved".
Serial transmission, SDR: The strobe signal Ul_RES1 lasts for
2 clock cycles. The first clock cycle triggers the | data, the second
the Q data.
Serial transmission, DDR: The strobe signal (Ul_Res1) lasts for
1 clock cycle. The rising edge triggers the | data, the falling edge
triggers the Q data.
Parallel transmission, SDR: The | marker output at the
Reserved1 pin Ul_RES1 of the user interface marks the | data.
Parallel transmission, DDR: The rising edge of the clock signal
triggers the | data, the falling edge the Q data.
Ql
Transmits the baseband signal on the | data line starting with Q
data, i.e. "Q/I Interleaved". With interchanged order of the | and Q
data the 1/Q signal is transferred similarly as described under 1/Q
Interleaved.
*RST: OFF

Example: SOUR1 :EBOX:USER:ILE IQ

sets the interleaving mode to "1Q".

Manual operation: See " Interleaving" on page 104

[:SOURce]:BBIN:EXTernal:SRATe?
[:SOURce<hw>]:1Q:OUTPut:EXTernal:SRATe?
SOURce:TRANsmitter:SRATe
SOURce:RECeiver:SRATe
[:SOURce<hw>]:EBOX:USER:SRATe?

Note: This command refers to R&S DiglConf and R&S Signal Generators.
This command queries the current sample rate of the external digital baseband signal.

Return values:
<Srate> float

1
User Manual 1409.5570.32 — 05 265



9.3.5

User Defined - Remote Control Commands

Example: SOURL :EBOX:USER: SRAT?
queries the "sample rate" of the externally applied baseband sig-
nal.

Usage: Query only

Clock Subsystem

The USER:CLOCk subsystem contains the commands for configuration of the clock sig-
nal, and the corresponding output and input connectors.

[:SOURCce]:BBIN:EXTernal:CLOCK:PHASE. ......cctvuuieieeiieieeeeeeeeee s e e s eeis e e eeee e e e e etaae e e eeenan 267
[:SOURce<hw>]:IQ:OUTPut:EXTernal:CLOCK:PHASE. ... e 267
SOURCE: TRANSMIttEr:CLOCK I PHASE. .. cu e e e 267
SOURCE:RECEIVENCLOCKIPHASE. ...c.uiiiite ettt e e e e e 267
[:SOURCce<hw>]:EBOX:USER:CLOCK:PHASE........cteerturerieieeeeeeeeeeeeeertiieaeeeeeeeeeeeeeessnnanns 267
[:SOURCce]:BBIN:EXTernal: CLOCK:POLAIY.....cuuuuuuuceieeeereeeeeeeeeeeieninieasseseeeeeeseseeeeesnnnnnes 267
[:SOURce<hw>]:1Q:OUTPuUt:EXTernal: CLOCK:POLAIItY......uieieeereereieeeeeeiniaeseeeeeeiianeeeaeeenns 267
SOURCce: TRANSMIttEr:CLOCKIPOLAIY. . .cieeeeereiteiee e e e e e ee ettt e e e et e e 267
SOURCE:RECEIVEr:CLOCKIPOLAIY....eetitieeieeeieeiieieteeeeaae e e e e e e e e e e e ee e e eeeeeen e e e e e e eeas 267
[:SOURce<hw>]:EBOX:USER:CLOCK:POLAItY......ieeuieiiiiieniiiiiie e eeieeee e e e e e eea e 267
[:SOURCce]:BBIN:EXTernal:CLOCK:RATE ......uututuieeieeeeieeeeeeeeeeeeettstieaeseeeeeeeseeeereeessssnnnnns 267
[:SOURce<hw>]:IQ:OUTPut:EXTernal:CLOCK:RATE........cccvvueeieeeeeeeeicee e e e eeeeniee e e e eeeeeneas 267
SOURCE: TRANSMItEr:CLOCKIRATE ...t iiiieiieiiiiie e e e e e e eeeeeeeeetaere s e s e e e e e s e s e eeeeabana e e eaeas 267
SOURCE:RECEIVENCLOCK:RATE . ...t i iiieiieie i eeeetiie e e ettt s e e ee e s e e e e e s e e e e eab e e e eeeaaa s 268
[:SOURce<hw>]:EBOX:USER:CLOCK:RATE. ...ttt ettt 268
[:SOURce<hw>]:EBOX:USER:CLOCk:REFerence:FREQUENCY........uuuuaaaeeeeeaeaaeeeeeeeaeiennnnas 269
[:SOURce<hw>]:EBOX:USER:CLOCK:REFerence:VALUE?.........coceeiruimiuaaaaeeeeeeaeeeeeeeeenennas 269
[:SOURCce]:BBIN:EXTernal: CLOCK:SKEW:IN....uuueeeieeieeeeeeeieeieererrsrinaieseeeeeeessesereeessssannnns 269
[:SOURce<hw>]:1Q:OUTPut:EXTernal:CLOCK:SKEW:IN......ccuuueeiieeeeeiecie e eee e e e e e eeeeeen 269
SOURce: TRANSMItter:CLOCK:SKEW:IN. ....utiiicieie e e e eeeee ettt s e s e e e e e e e eeee e e e e e e 269
SOURCe:RECEIVEr:CLOCK:SKEW:IN.....ccctteieieeiiiitee e e et e e e e eeees e e e s e e e e e e e eea e e e e eeeeen 269
[:SOURce<hw>]:EBOX:USER:CLOCK:SKEW:IN......cuiiiiiieieii et 269
[:SOURce]:BBIN:EXTernal: CLOCK:SKEW:OUT.....ciiiiiiiieieeien et eee e 270
[:SOURce<hw>]:IQ:OUTPut:EXTernal:CLOCK:SKEW:OUT....cccviviiiieeeeeeeeeeeeesceescenennnenns 270
SOURce: TRANsmitter:CLOCK:SKEW:OUT....cciiiiiiieieeceeee e 270
SOURCe:RECEIVErCLOCK:SKEW:OUT ....ciiieiiieiiiiieie e e e e eeeeeeeeevetse s e s e e e s e s e e e eeeennnna e e e e e 270
[:SOURce<hw>]:EBOX:USER:CLOCK:SKEW:OUT......citiitteeeiiiiieeieeiiieeeeeieeeeeeneeeeeraeeeeees 270
[:SOURCce]:BBIN:EXTernal:CLOCK:SOURCE. ......ccieeieeiieiieeeriiiiieeeerinneeeeesenreseesseanneesaenenns 270
[:SOURce<hw>]:1Q:OUTPut:EXTernal:CLOCK:SOURCE. ......utieeeieeeeiieie e e eeeeeieee e e eeeeeaeas 270
SOURCce: TRANSMItter:CLOCK:SOURGCE. .. .ceeeeieieieeeieiieeeeeetiee e e eeetie s e e s eeie e e e eeeaneeeeesennanns 270
SOURCE:RECEIVENCLOCK:SOURCE. ... ..uurerieiieeeeeraeesiessaisreeeeeeeeesasesesssssssssneereeeasaaesann 270
[:SOURce<hw>]:EBOX:USER:CLOCK:SOURCE.....uuuieieiieeeeeieieeeeeriiriseieseeeeeeeesereeesessnnnnes 270
[:SOURCE]:BBIN:EXTErNal:SCRALIO. ... ceeeeriieeeeeriiieeeeietteeieereeteseeeeertaeeeseeraeeeseeraneeeerenns 271
[:SOURCce<hw>]:1Q:OUTPUt:EXTErnal:SCRAtIO. ....ccuvuuieieeiiiiieieeeeeeiice e e e eeevene s e e e eeene e aeeens 271
SOURCE: TRANSMIEr:SCRAIO. .. eeevuueeeeeiiie e eeeeice e e e e e e e e e etee e e e e e e s e e e e e e e e anaaeeeeeennanes 271
SOURCE:RECEIVEISCRALIO. 1.1t i ieieetiieeeeeeiiee e e e e eetie e e e e eetes e e e e e etee e e e e eea e e e eeet e e e ereanaeas 271
[:SOURCe<hw>]:EBOX:USER:SCRALIO. .....iituieeiiiiiiaiie ettt ee e e e e e e e 271
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[:SOURce]:BBIN:EXTernal:CLOCk:PHASe <Phase>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:CLOCk:PHASe <Phase>
SOURce:TRANsmitter:CLOCk:PHASe <Phase>
SOURce:RECeiver:CLOCk:PHASe <Phase>
[:SOURce<hw>]:EBOX:USER:CLOCk:PHASe <Phase>

Sets a phase shift of the active clock edge in 90° steps related to the data bits.
Note: SCPI notation varies

The SCPI notation differs between the commands of R&S generators, R&S DiglConf and
the R&S analyzers, as described below.

Parameters:

<Phase> 0]90|180]| 270, or PO | P90 | P180 | P270, respectively
*RST: 0

0190|180 270 Enter the value for the phase shift of the clock signal, if you
remotely control R&S DiglConf or R&S signal generators.

PO | P90 | P180 | Enter the value with P, when you remotely control R&S signal
P270 analyzers.
Example: SOUR1 :EBOX:USER:CLOC:PHAS 180

define a phase shift of 180 degree for the clock edge.

Manual operation: See "Clock Phase" on page 118

[:SOURce]:BBIN:EXTernal:CLOCk:POLarity <Polarity>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:CLOCk:POLarity <Polarity>
SOURce:TRANsmitter:CLOCk:POLarity <Polarity>
SOURce:RECeiver:CLOCk:POLarity <Polarity>
[:SOURce<hw>]:EBOX:USER:CLOCKk:POLarity <Polarity>

Sets the clock polarity of the active clock edge for triggering the signal transmission.
Note: Setting the clock polarity negative is equivalent to setting the clock phase to 180°.
Parameters:

<Polarity> POSitive | NEGative

Positive
Activates the rising edge of the clock signal.
Negative
Activates the falling edge of the clock signal.

*RST: POSitive

Example: SOUR1 : EBOX: USER:CLOC: POL NEG
sets negative polarity.

[:SOURce]:BBIN:EXTernal:CLOCk:RATE <Rate>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:CLOCk:RATE <Rate>
SOURce:TRANsmitter:CLOCk:RATE <Rate>
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SOURce:RECeiver:CLOCk:RATE <Rate>
[:SOURce<hw>]:EBOX:USER:CLOCk:RATE <Rate>

Sets/queries the clock rate (frequency) for signal transmission between the R&S EX-1Q-
BOX and the external device (DUT). Depending on the logic type and the clock source
the clock rate range varies).

_f-WS-INT
¢k~ "DDR-SCR

Fig. 9-1: User defined > Clock rate

fox = clock rate

fs = sample rate

WS = Word size

INT = Interleaving mode
DDR = double rata rate

SCR = sample/clock rate ratio

Value range
fs = Sample rate 1kHz ... 100 MHz
fox == Clock rate LVTTL: 1 (25) kHz - 100 MHZz" LVDS: 1 (25) kHz - 400
MHz*)
WS == Word size 4 ... 18 (serial mode) 1 (parallel mode)
Int == Interleaving mode 1 (non interleaved) 2 (I/Q and Q/I interleaved)
DDR == Double data rate 1 (SDR) 2 (DDR)
SCR == Sample/Clock rate 1, 415, 2/5, 1/5, 1/10, 1/20
ratio
") 1 kHz represents the internal clock source, fed in from the R&S Instrument, 25 kHz are given from the
external reference at the user interface.

Note: The value range of the clock rate depends on Protocol, Logic Type and Signal

Type settings.
Parameters:
<Rate> float
Range: 1 kHz to 400 MHz
*RST: 10 MHz
Example: SOUR1 :EBOX:USER:CLOC:RATE?
query the current frequency of the clock signal of the R&S EX-1Q-
BOX.

SOURL :EBOX:USER:CLOC:RATE 10MHZ
set the clock rate of the R&S EX-IQ-BOX to 10 MHz.

Manual operation: See "Clock Rate" on page 115
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[:SOURce<hw>]:EBOX:USER:CLOCk:REFerence:FREQuency <Frequency>

Note: This command applies to R&S DiglConf and is relevant for the internal clock
source.

Defines the frequency value of the reference clock.

The R&S EX-IQ-BOX supports different reference frequencies to be input at REF IN. This
value must be set on the frequency currently supplied.

Parameters:
<Frequency> 5MHZ | 10MHZ | 13MHZ
*RST: 10 MHz
Example: SOUR1:EBOX:USER:CLOC:RATE 13MHZ

set the reference frequency to "13 MHz":

Manual operation: See "Frequency" on page 118

[:SOURce<hw>]:EBOX:USER:CLOCk:REFerence:VALue?
Queries the value of the clock signal at REF IN.

Return values:
<RefVal> float

Example: SOUR1 :EBOX:USER:CLOC:REF:VAL?
query the clock value.

Usage: Query only

Manual operation: See "Freq. Counter" on page 119

[:SOURce]:BBIN:EXTernal:CLOCk:SKEW:IN <SkewIn>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:CLOCk:SKEW:IN <SkewIn>
SOURce:TRANsmitter:CLOCk:SKEW:IN <SkewIn>
SOURce:RECeiver:CLOCKk:SKEW:IN <SkewlIn>
[:SOURce<hw>]:EBOX:USER:CLOCk:SKEW:IN <SkewIn>

Sets a time shift of the active clock edge related to the data bits. This feature is used to
compensate an internal clock skew which is caused by differences of the clock and data

line lengths.
Parameters:
<SkewlIn> float
Range: -100.0 ns to 100.0 ns
*RST: Ons
Example: SOUR1 :EBOX:USER:CLOC:SKEW: IN 2ns

sets a time shift of 2 ns.

Manual operation: See "Clock In Skew" on page 118
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[:SOURce]:BBIN:EXTernal:CLOCk:SKEW:OUT <Skew>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:CLOCk:SKEW:OUT <Skew>
SOURce:TRANsmitter:CLOCk:SKEW:OUT <Skew>
SOURce:RECeiver:CLOCk:SKEW:OUT <Skew>
[:SOURce<hw>]:EBOX:USER:CLOCk:SKEW:OUT <Skew>

Sets a time shift of the active clock edge related to the data bits. This feature is used to
compensate an external clock skew which is caused by differences of the clock and data

line lengths.
Parameters:
<Skew> float
Range: -5ns to 5ns
*RST: Ons
Example: SOUR1 : EBOX:USER:CLOC : SKEW: OUT 2ns

sets a time shift of 2 ns.

Manual operation: See "Clock Skew" on page 118

[:SOURce]:BBIN:EXTernal:CLOCk:SOURce <Source>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:CLOCk:SOURce <Source>
SOURce: TRANsmitter:CLOCk:SOURce <Source>
SOURce:RECeiver:CLOCk:SOURce <Source>
[:SOURce<hw>]:EBOX:USER:CLOCk:SOURce <Source>

Selects the clock source for data transmission. Either the R&S instrument or the external
device (DUT) can deliver the reference, irrespective of the transmission path.

Parameters:

<Source> INTernal | EXTernal | REF
INTernal
The BNC reference of the frequency input is used. The R&S EX-
IQ-BOX synthesizes the clock and forwards it to the external
device.
Note: When using the internal clock frequency, the reference out-
put of the R&S instrument must be connected to the REF IN of the
R&S EX-IQ-BOX at the rear panel. The connection can be kept
during the entire operation even if an external clock reference is
used.
EXTernal
The clock reference is fed in from the external device (DUT) to the
user interface of the R&S EX-IQ-BOX.
*RST: REF

Example: SOUR1 :EBOX:USER:CLOC:SOUR EXT

select the "EXTernal" clock source.

Manual operation: See "Clock Source" on page 116
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[:SOURce]:BBIN:EXTernal:SCRatio <Scratio>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:SCRatio <Scratio>
SOURce:TRANsmitter:SCRatio <Source>
SOURce:RECeiver:SCRatio <Source>
[:SOURce<hw>]:EBOX:USER:SCRatio <Scratio>

Sets the sample to clock rate ratio in parallel data transmission mode. The parameter
characterizes the ratio of the sample rate to the clock rate.

Note: SCPI notation varies

The SCPI notation differs between the commands of R&S generators, R&S DiglConf and
the R&S analyzers, as described below.

Parameters:

<Scratio> SCR1 | SCR4D5 | SCR2D5 | SCR1D5 | SCR1D10 |
SCR1D20,0r1|0.8]0.4]0.2]0.1]0.05, respectively
*RST: SCR1

SCR1| SCR4D5...  Enter the respective string, if you run R&S DiglConf or R&S signal
generators.
SCR = Sample Clock rate Ratio, and D represents the decimal
point, according to the following values: SCR = 1, 4/5, 2/5, 1/5,
1/10, 1/20

1]0.8... Enter the value numerically, when you remotely control R&S signal
analyzers.

1, 4/5, 2/5, 1/5, 1/10, 1/20
Set a sample clock rate ratio.

For SCR<1:

Dummy samples are added.

The signal output SCR_VALID at the ReservedO pin
(Ul_RESERVE_PO) of the user interface marks the validity of the
data.

Note: The values of the sample/clock rate depend on the param-
eter settings of "Word Size", "Interleaving" and "Data Rate" (see
also [ : SOURce<hw>] : EBOX:USER:CLOCk : RATE on page 268.

Example: SOUR1 :EBOX:USER:SCR SCR4D5
set the sample clock rate ratio to "4/5".

Manual operation: See "Sample / Clock Rate Ratio" on page 107

9.3.6 Data Subsystem

The USER:DATA subsystem contains the commands for configuration of the digital I/Q
baseband signal.

[:SOURCce]:BBIN:EXTernal:DATA:ALIGNMENt......iiiieeeeieeieeeeeeeeete e eer e e e e e e e eeaa e ereens 272
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DATA:ALIGNMENt......ccvvrveereiaaaie e e e eeeeeeeeeeeeeeeeennnnas 272
SOURce: TRANSMItter:DATAIALIGNMEN .. ..ueie et e eeieeeieiieeeie e e e e eeeeeeeteee e e e e e e e e reenraa e as 272
SOURCE:RECEIVEIDATAALIGNMENL . c.ettttuteaieieeeeeeeeeeeeeeeeiarteaaeseeaseeeeeeeeereseesnaeaeeaeas 272
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[:SOURce<hw>]:EBOX:USER:DATA:ALIGNMENt.....uuuieieeeeeiieiiriiieeeieeeeeeeeerrarieeeeeeeereeesannas 272
[:SOURCe]:BBIN:EXTernal:DATA:BORDET........uuuieeieeeeeieietistiiieeseeeseeeeestasnaseeeaeeseressssnnes 273
[:SOURce<hw>]:1Q:OUTPUt:EXTernal:DATABORDETN.....c..ciiiiiiiiiieiieriiinseeeiniinsaeeeanesaeneens 273
SOURCE: TRANSMIttEr:DATAIBORDET....ccuuuieiieitiieti ettt eeceiee e e e e e e et s e er e e s rern e e eeaaans 273
SOURCE:RECEIVEIDATABORDEN ... it iieeeeeeeeeiiie e e e et e e e e eetas e s e e et e s e eeenaaeeeeeannneeeeennanns 273
[:SOURce<hw>]:EBOX:USER:DATABORDET.....ccuiiiiiieeieeee et 273
[:SOURCce]:BBIN:EXTernal:DATA:NFORMAL. ...ccuuuutueaaaeeeeeeeeeeeeceeeieiieaae e e e e eeeeeeeeeeeennennanas 273
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DATA:INFORMAL.....cccieieieeeeeeeeeeeeeeeeeeeeeeeeeererearenannne 273
SOURce: TRANSMIitter:DATAINFORMAL....ciiiiiiieeeeee e e e e e ee e et e rreere e e e e e eeaaaaeaeeeeeeean 273
SOURCe:RECEIVEr:DATAINFORMAL........ccciiiiiiieiieiiiiccrie s e s e e e e e e e e e e e e e eeeeeen e e e e eeaeas 273
[:SOURce<hw>]:EBOX:USER:DATA:NFORMAL.....cciiiiiiiiiiiiiiie e 273
[:SOURCce]:BBIN:EXTernal:DATA:POLArity:IQ......cccuuieireeeieiieeeeieeieiee s e e e eeeee s e s e eeeennn e eeeees 275
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DATA:POLarity:IQ......ccevuiiiieieiieiiieeeeeiee e 275
SOURce: TRANsmitter:DATAPOLAritY:IQ......coceeeieiiiiiiiiiciieieieeeeeeeeeeeeeeeeereerer e e e eeaeas 275
SOURce:RECeiver:-DATA:POLAritY:IQ......ccevvurueeieeeeeeieeereiiieieeeeeeeeeeeeriaaeseeeeeeeeesrannenens 275
[:SOURce<hw>]:EBOX:USER:DATA:POLArity:1Q......ccuueiiiiiriiuiieiieiiiiiaeseereeieseseeeenanesaeeenns 275
[:SOURCE]:BBIN:EXTErNal:DATA:ISIZE......uue e ettt e et e e et s e e e et e e e eenaeeeeeenas 275
[:SOURce<hw>]:IQ:OUTPUt:EXTernal:DATA:SIZE.......cciiiii e 275
SOURCE: TRANSMILLEr:DATAISIZE. ... .o e e e r e e e en e eans 275
SOURCE:RECEIVEINDATAISIZE. ... et r st eneans 275
[:SOURCce<hw>]:EBOX:USER:DATAISIZE......cc ittt 275
[:SOURCce]:BBIN:EXTernal:DATA:SPOLAIY......uieieeieereieeeeeiiiieeeeeintaeeeeeenteseseerenneeeeeeenns 275
[:SOURce<hw>]:1Q:OUTPuUt:EXTernal:DATA:SPOLACY....ccuuiiiiierieieieiiieeeeiie s eeeeieeeeeeaeneeeen 275
SOURCe: TRANSMIttEr:DATAISPOLAIIY. .. .ueieieeeeeeeei ettt e e e e e e e e e e e 275
SOURCE:RECEIVEIDATAISPOLAIY. ¢.ctutetuaaaaaaa e e e e e e e e e e e e e e ee e eeeeeeeeeeee e e e e e e e e e eeas 275
[:SOURce<hw>]:EBOX:USER:DATA:SPOLAITY....ccuuiiiietieieieeeieei ettt 275
[:SOURCce]:BBIN:EXTernal:DATA:SPOSIHION. ....iitieeeieiie et eee e e eee e e e e e ee e e e 276
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DATA:SPOSIION.........cevvrurieereeereeeeeriiieieeeeeeseeesennns 276
SOURCce: TRANSMIttEr:DATA:SPOSIHION. 1ettiiieeeeeeeieiccccrrrrirrrreereeeaeeesessesnnrsrrrrereereaeaaesees 276
SOURCE:RECEIVErDATAISPOSIION. .. ctiiiiieiiieieeeeeeieeeieiieieseeeeeerereannnaaeseeeeeesresrnnnaeeas 276
[:SOURce<hw>]:EBOX:USER:DATA:SPOSItION....cuiiiiiiiiiiiiieiie et 276
[:SOURCE]:BBIN:EXTEernal: DAT A ST Y Pe. . ittt e e e 276
[:SOURce<hw>]:1Q:OUTPUt:EXTernal:DATA I STYPE. . oot ie et eee e 276
SOURCE: TRANSMIttErDATAISTYPE. . .uuiueiieiiieiieierereeeeeeeeereeerereeetaeaaaaaaaaaaaaaaeaeeeeeaeeaaneanns 276
SOURCE:RECEIVENDATAISTYPE. . uuuuiiiiiiiiiiieeieietieeeeaee e e e s e s ssessessesrrerrererererereaaaaaaaeeesens 276
[:SOURCe<hW>:EBOX:USER:DATA:STY P ettt et ee et e e et e e e eeae e e e et e e s eebeeeeeean 276
[:SOURCE]:BBIN:EXTErNal:DATATYPE....c.cttuiieeieeteieeeeeteeeeeeetieeeeeetaaeeeeeaanaeeeeeraneeaerenas 277
[:SOURce<hw>]:IQ:OUTPUt:EXTernal:DATA:TYPE. ...t 277
SOURCE: TRANSMIE D AT A TY Pe.tuii i i e e ettt e e e e e e ettt e e e e e e e e e e tab e e e e e e e e eeeraaaaeens 277
SOURCE:RECEIVEIDATAITY P, ..ttt et ee et e e e e e e e e e e e e e e e e enaees 277
[:SOURCe<hw>]:EBOX:USER:DATAITYPE.....citii ittt et e st s e e e e e e e eane e e eeeean 277

[:SOURce]:BBIN:EXTernal:DATA:ALIGnment <Alignment>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DATA:ALIGnment <Alignment>
SOURce:TRANsmitter:DATA:ALIGnment <Alignment>
SOURce:RECeiver:DATA:ALIGnment <Alignment>
[:SOURce<hw>]:EBOX:USER:DATA:ALIGnment <Alignment>

Note: This command refers to parallel transmission mode.
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Sets the alignment of the data bits on the data lines. Either the MSB or the LSB is mapped
firmly to one data line. Depending on the word size the equivalent bit moves to the appro-
priate data line.

Parameters:

<Alignment> MSB | LSB
MSB
The MSB (Most Significant Bit) is mapped firmly to the same data
line and the data line of the LSB varies in dependency of the word
size.
LSB
The LSB (Last Significant Bit) is mapped firmly to the same data
line and the data line of the MSB varies in dependency of the word
size.
*RST: LSB

Example: SOUR1 :EBOX:USER:DATA:ALIG LSB

sets the word alignment to "LSB".

Manual operation: See "Word Alignment" on page 109

[:SOURce]:BBIN:EXTernal:DATA:BORDer <Border>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DATA:BORDer <Border>
SOURce:TRANsmitter:DATA:BORDer <Border>
SOURce:RECeiver:DATA:BORDer <Border>
[:SOURce<hw>]:EBOX:USER:DATA:BORDer <Border>

Sets the order of the data bits. In "Parallel mode", either the LSB or the MSB is transmitted
on the first used data line. In "Serial mode" either the LSB or the MSB is transmitted as

first bit.

Parameters:

<Border> MSB | LSB
MSB
Transmits the MSB (Most Significant Bit) first.
LSB
Transmits the LSB (Last Significant Bit) first.
*RST: LSB

Example: SOUR1 : EBOX:USER:DATA:BORD MSB

sets the data bit order to MSB.

Manual operation: See "Bit Order" on page 110

[:SOURce]:BBIN:EXTernal:DATA:NFORmat <Nformat>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DATA:NFORmat <Nformat>
SOURce:TRANsmitter:DATA:NFORmat <Nformat>
SOURce:RECeiver:DATA:NFORmat <Nformat>
[:SOURce<hw>]:EBOX:USER:DATA:NFORmat <Nformat>

Selects the format of the transmitted data.
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Allowed number range for word size n Bit:

201 < n < 201

Table 9-3: User defined > Numeric format coding

z 2’s Complement Binary Offset
8| |1 0 0 0 0 0 0 0
7] |1 0 0 1 0 0 0 1
6| |1 0 1 0 0 0 1 0
5101 0 1 1 0 0 1 1
4] |1 1 0 0 0 1 0 0
3|1 1 0 1 0 1 0 1
2] |1 1 1 0 0 1 1 0
-1 1 1 1 1 0 1 1 1
0 0 0 0 0 1 0 0 0
1 0 0 0 1 1 0 0 1
2 0 0 1 0 1 0 1 0
3 0 0 1 1 1 0 1 1
4] |0 1 0 0 1 1 0 0
5| |0 1 0 1 1 1 0 1
6| |0 1 1 0 1 1 1 0
7| |0 1 1 1 1 1 1 1

Parameters:

<Nformat> TCOMplement | OBINary

Example:

Manual operation:

TCOMplement

Formats the value of the transmitted data in 2’s complement.
The most significant bit has a value of -2™', the bits of lesser sig-
nificance follow as:

+2n2 | +20

OBINary

Formats the value of the transmitted data in binary offset.
Example

Adds a binary offset of -2™" such that the final values are always

positive.
n=4--8<z<8
*RST: TCOMplement

SOUR1 : EBOX:USER: DATA:NFOR TCOM
sets the numeric format to two’s-complement.

See "Numeric Format" on page 112
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[:SOURce]:BBIN:EXTernal:DATA:POLarity:1Q <lg>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DATA:POLarity:1Q <Ig>
SOURce:TRANsmitter:DATA:POLarity:1Q <Ig>
SOURce:RECeiver:DATA:POLarity:1Q <Ig>
[:SOURce<hw>]:EBOX:USER:DATA:POLarity:1Q <Ig>

The command sets the polarity of the | and Q data lines of the R&S EX-IQ-BOX.

Parameters:
<lg> POSitive | NEGative
POSitive
High level stands for a logic 1, low level for a logic 0.

NEGative
High level stands for a logic 0, low level for a logic 1.

*RST: POSitive

Example: SOUR1:EBOX:USER:DATA:POL:IQ NEG
set the inversion of the | and Q data signal.

[:SOURce]:BBIN:EXTernal:DATA:SIZE <Size>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DATA:SIZE <Size>
SOURce:TRANsmitter:DATA:SIZE <Size>
SOURce:RECeiver:DATA:SIZE <Size>
[:SOURce<hw>]:EBOX:USER:DATA:SIZE <Size>

Sets the word size resolution of a sample. If the word size is set to a value n, the | word
uses these n bits and the Q word uses n bits. The R&S EX-IQ-BOX supports word sizes
from 4 to 18 bits.

Parameters:
<Size> float
Range: 4 to 18
*RST: 16
Default unit: Bit
Example: SOUR1 :EBOX:USER:DATA:SIZE 8

sets the word size resolution to 8 bit.

Manual operation: See "Word Size" on page 109

[:SOURce]:BBIN:EXTernal:DATA:SPOLarity <Spolarity>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DATA:SPOLarity <Spolarity>
SOURce:TRANsmitter:DATA:SPOLarity <Spolarity>
SOURce:RECeiver:DATA:SPOLarity <Spolarity>
[:SOURce<hw>]:EBOX:USER:DATA:SPOLarity <Spolarity>

Determines the polarity of the strobe marker signal. During a serial data transmission
every data sample is marked by the strobe marker signal. The strobe marker is output at
the Ul_GP5 of the user interface..

Note: Clock Phase or Clock Skew settings do not affect the strobe marker signal.
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Parameters:
<Spolarity> POSitive | NEGative
POSitive
Sets the strobe polarity to high level.
NEGative
Sets the strobe polarity to low level.

*RST: POSitive

Example: SOUR1 :EBOX:USER:DATA: SPOL NEG
inverts of the strobe marker signal.

Manual operation: See "Strobe Polarity" on page 113

[:SOURce]:BBIN:EXTernal:DATA:SPOSition <Sposition>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DATA:SPOSition <Sposition>
SOURce:TRANsmitter:DATA:SPOSition <Sposition>
SOURce:RECeiver:DATA:SPOSition <Sposition>
[:SOURce<hw>]:EBOX:USER:DATA:SPOSition <Sposition>

Note: This command refers to serial data transmission.

Sets the sample position of the strobe marker output. The strobe marker is output at the
Ul_GPS5 of the user interface.

Parameters:
<Sposition> float
Range: 0 to word size-1
*RST: 0
Example: SOUR1 :EBOX:USER:DATA:SPOS 10

sets the strobe marker output to sample position 10.

Manual operation: See "Strobe Position" on page 114

[:SOURce]:BBIN:EXTernal:DATA:STYPe <Stype>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DATA:STYPe <Stype>
SOURce:TRANsmitter:DATA:STYPe <Stype>
SOURce:RECeiver:DATA:STYPe <Stype>
[:SOURce<hw>]:EBOX:USER:DATA:STYPe <Stype>

Selects the signal mode of the transmission. The digital | and Q signals are either trans-
mitted separately or the | and Q samples are assembled to a carrier signal and shifted to
an intermediate frequency (IF).

Note: Currently the signal type is firmly set to "IQ" and read only. IQ transmits the digital
I and Q signal components separately.

Signal type "IF" is intended for future use.
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Parameters:

<Stype> 1Q|IF
1Q
Transmits the digital | and Q signals separately.
*RST: 1Q

Example: SOUR1 : EBOX:USER:DATA:STYP?

queries the set signal type.

Manual operation: See "Signal Type" on page 108

[:SOURce]:BBIN:EXTernal:DATA:TYPE <Type>
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DATA:TYPE <Type>
SOURce:TRANsmitter:DATA:TYPe
SOURce:RECeiver:DATA:TYPe
[:SOURce<hw>]:EBOX:USER:DATA:TYPE <Type>

Selects the signal data type.

Data type "PFSamples” is intended for future use.

Parameters:

<Type> SAMPIles | PFSamples
SAMPles
Sets signal type to samples.
*RST: SAMPles

Example: EBOX:USER:DATA:TYPE?

queries the set data type.

9.3.7 Test Subsystem

The USER: TEST subsystem provides commands for testing the user interface between
the R&S EX-IQ-BOX and the DUT.

[:SOURCce<hw>]:EBOX:USER:TEST:RX:BER?.....ciiiiiiiieiiieiie ettt 277
[:SOURce<hw>]:EBOX:USER:TEST:RX:SIGNAEL.......ccetuieiiiiiiiieeieiiieeeeeteeeeeeereeeeeenneeeeeen 278
[:SOURCe<hw>:EBOX:USER:TES T RX:STAT . ceuuiiiiiieeeeetieeeeetieeeetieeeeeteeeeeaaaeeeeraaaeeees 278
[:SOURce<hw>]:EBOX:USER:TEST:RX:WORDS?.....cceieiiiiieeeiite e eee e ee e e 279
[:SOURce<hw>]:EBOX:USER:TEST:TX:SIGNaL.......ceuieiiiiiiieieei e e e ee e 279
[:SOURce<hw>]:EBOX:USER:TEST:TX:SINE:AMPLItUdE......c.iimiiiiaiiiiiiieee e 280
[:SOURce<hw>]:EBOX:USER:TEST:TX:SINE:FREQUENCY........cererrrrrimrnnaaiaeeeeeaeeeeeeeennnnna 281
[:SOURCe<hw>]:EBOX:USER:TEST: TX:STATE .utuuuecaieeeeeeeeeeeeeeeeeenrnnnaanseseeeaeeeereenennennnnns 281

[:SOURce<hw>]:EBOX:USER:TEST:RX:BER?

Queries the bit error rate. The function consecutively counts the number of discrepancies
that occur during the test. The BER result is the ratio, which is calculated by dividing the
number of error bits by the total number of bits.
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Return values:

<Ber> float
*RST: 0
Example: SOUR1:EBOX:USER:DIR REC

sets "Receiver" mode.
SOUR1:EBOX:USER:TEST:RX:STAT ON

activates Rx test.
SOUR1 :EBOX:USER:TEST:RX:BER?
checks the bit error rate.

Usage: Query only
Manual operation: See "Rx BER" on page 124

[:SOURce<hw>]:EBOX:USER:TEST:RX:SIGNal <Signal>

Selects the incoming test signal for testing. The test receiver analyzes both PRBS 16 or
counter test signals.

Parameters:
<Signal> PRBS | COUNter

PRBS
Selects a PRBS 16 (Pseudo Random Binary Sequence)
sequence for testing.

COUNTer
Selects a counter test signal.

Range: PRBS to COUN
*RST: PRBS

Example: SOUR1 :EBOX:USER:DIR REIC
SOUR1 :EBOX:USER:TEST:RX:SIGN COUN
sets to "Receiver" and selects a counter signal for testing.

Manual operation: See "Test Signal" on page 123

[:SOURce<hw>]:EBOX:USER:TEST:RX:STATe <State>
Activates the test receiver.

The R&S EX-IQ-BOX expects a test signal at the user interface. First, the test receiver
synchronizes to the last received data word, and then generates a test sequence and
compares each generated sample with the corresponding received sample.

Parameters:
<State> OFF | ON
*RST: OFF
Example: SOUR1 :EBOX:USER:DIR REC

SOUR1 :EBOX:USER:TEST:RX:STAT ON
sets the "Receiver" mode and activates Rx test.
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Manual operation: See "Rx Test" on page 123

[:SOURce<hw>]:EBOX:USER:TEST:RX:WORDs?

Queries the total number of received bits. This functions consecutively counts the number
of received bits, compares them with the sent data and determines the error rate.

Return values:
<Words> float

Example: SOUR1 :EBOX:USER:DIR REC

sets to "Receiver" mode.
SOUR1 :EBOX:USER:TEST:RX:STAT ON

activates Rx test.
SOUR1 :EBOX:USER:TEST :RX:WORD?

checks the number of received bits.
Usage: Query only

Manual operation: See " Rx Received Bits" on page 124

[:SOURce<hw>]:EBOX:USER:TEST:TX:SIGNal <Signal>
Selects a test signal of the test generator.

The R&S EX-IQ-BOX internally generates either a sine, PRBS or counter signal for test-
ing, defined as follows:

e PRBS
The PRBS 16 sequence is defined by the generator polynomial G(x) = 1 + x2 + x3 +
x5 + x18,
The functional implementation of the PRBS generation defined by the following linear
feedback shift register (LFSR):

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
’—ﬂO‘OM‘0‘0‘1‘1‘0‘0‘1‘0‘1‘0‘1‘0‘1}—»Output

(e

Fig. 9-2: User defined > Test PRBS linear feadback shift register (LFSR)

e Sine
The sine signal follows the formula,

jZT[Ln f f
s(h)=e¢e s = cos|2n—n + jsin| 2n—n
fS fS

Fig. 9-3: User defined > sine signal formula

n = discrete time index
f = frequency of the test sine signal
fs = sampling frequency, based on the "protocol”, "data" and "clock" settings.

with the real component :
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I(n):cos{2nfin}

S

and the imaginary component:

Q(n)= jsin{anLn}

S

Parameters:

<Signal> PRBS | COUNter | SINE
PRBS
Generates a PRBS 16 (Pseudo Random Binary Sequence)
sequence. The output of this sequence complies to the "Proto-
col", "Data" and "Clock" settings of the R&S EX-IQ-BOX.
E.g. if the word size of the | / Q sample is 7 bits, the R&S EX-IQ-
BOX sends the PRBS 16 sequence in 7-bit parts.
The | and Q values always contain the same copy of one test
sample.
COUNTer
Generates a counter test signal. The counter size is based on the
word size, set in the "Data" tab. Each output sample increases the
counter by 1.
SINE
Provides a sine signal for testing, determined as shown by the
formula above.
Range: PRBS to SINE
*RST: PRBS

Example: SOUR1:EBOX:USER:DIR TRAN

SOUR1 :EBOX:USER:TEST:TX:SIGN COUN
sets to "Transmitter" and selects a counter signal for testing.

Manual operation: See "Test Signal" on page 121

[:SOURce<hw>]:EBOX:USER:TEST:TX:SINE:AMPLitude <Amplitude>

Sets the amplitude of the sine test signal in terms of dBFS. The maximum amplitude is
full scale (0 dBFS).

Parameters:

<Amplitude> float
Range: -100 to O
Increment: 1 dBFS

Example: SOUR1 :EBOX:USER:DIR TRAN

SOUR1 : EBOX:USER:TEST:TX:SINE:AMPL -50DBFS
sets to "Transmitter" and "-50 dBFS" amplitude of the sine test
signal.

Manual operation: See " Amplitude” on page 123
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[:SOURce<hw>]:EBOX:USER:TEST:TX:SINE:FREQuency <Frequency>

Sets the frequency of the sine test signal. The frequency is limited to "0.4 f.", and the
sampling frequency "f" depends on the clock, data rate and the interleaving mode set-

tings.

Parameters:

<Frequency> float
Range: -4 MHz to 4 MHz
Increment: 1 kHZ

Example: SOUR1 :EBOX:USER:DIR TRAN

SOUR1 :EBOX:USER:TEST:TX:SINE: FREQ 100KHZ
sets to "Transmitter" and the signal frequency "100 kHz".

Manual operation: See "Frequency” on page 123

[:SOURce<hw>]:EBOX:USER:TEST:TX:STATe <State>

Switches the test generator on or off. While the test generator is switched on, the test
signal replaces the 1/Q data source coming from "DIG 1Q IN".

Parameters:
<State> OFF | ON
*RST: OFF
Example: SOUR1:EBOX:USER:DIR TRAN

SOUR1 :EBOX:USER: TEST:TX:STAT ON
sets "Transmitter" and switches on the test generator.

Manual operation: See "Tx Test" on page 121

9.3.8 Trigger Subsystem

The USER: TRIGger subsystem contains the commands for configuring a trigger signal
when the R&S EX-1Q-BOX is working in transmitter mode.

[:SOURce<hw>]:EBOX:USER:TRIGGENARM. ... ottt et 281
[:SOURce<hw>]:EBOX:USER:TRIGQEr:CSTat?.....ccu ittt 282
[:SOURce<hw>]:EBOX:USER:TRIGGEINDELAY......cccceieeiiieiinaaaaeeeeeeeeeeeeenieeae e e eeeeeeeeeeenennns 282
[:SOURce<hw>]:EBOX:USER:TRIGGENRESTAr........ccvvuuiierreereieniiaaaeeeeeeeeeniaaeeeeeeeeeennnns 282
[:SOURCce<hw>]:EBOX:USER:TRIGQEr:SOURCE.......cuciieeiiriiieereiteieerettieeeeeennaeeeereneeeeeenns 282
[:SOURCe<hw>]:EBOX:USER:TRIGGEISTATE?...ccvuuieeeeeeiieeeeeeitieeeeeetteeeeeeenneseesesnneeeesenes 283

[:SOURce<hw>]:EBOX:USER:TRIGger:ARM

Stops the current signal output. It continues either automatically or synchronized, accord-
ing to the used trigger source.

Example: EBOX:USER:TRIG:ARM
stops signal output.
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Usage: Event

Manual operation: See "Arm" on page 120

[:SOURce<hw>]:EBOX:USER:TRIGger:CSTat?
Queries the current trigger status.

Return values:
<Status> string

Example: EBOX:USER:TRIG:CSTAT?
Response: Id1le, i.e. triggering is waiting for a trigger event.

Usage: Query only

[:SOURce<hw>]:EBOX:USER:TRIGger:DELay <Delay>

Specifies a time delay after the trigger event. Trigger delay is defined in clock cycles

Parameters:
<Delay> float
Example: EBOX:USER:TRIG:DEL 5

Signal output starts 5 clock cycles after the trigger event.

Manual operation: See "Trigger Delay" on page 120

[:SOURce<hw>]:EBOX:USER:TRIGger:RESTart
Starts triggering again.

Example: EBOX:USER:TRIG:REST
restarts triggering.

Usage: Event

[:SOURce<hw>]:EBOX:USER:TRIGger:SOURce <Source>
Selects the trigger source. The trigger signal starts the signal output at the user interface.

Parameters:
<Source> AUTO | SYNC

AUTO
Outputs the signal immediately.

SYNC

Synchronizes signal output with an incoming trigger signal, i.e. the
DUT triggers data output to the R&S EX-IQ-BOX. The trigger sig-
nal is applied at the SYNC IN pin of the user interface.

*RST: AUTO

Example: EBOX:USER:TRIG: SOUR SYNC
uses a trigger signal from the DUT to synchronize signal output.
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Manual operation: See "Trigger Source" on page 119

[:SOURce<hw>]:EBOX:USER:TRIGger:STATe?
Queries the trigger status.

Return values:
<State> STOP | RUN

Example: EBOX:USER:TRIG:STAT?
Response: STOP, i.e. triggering is stopped.

Usage: Query only

Manual operation: See "Status" on page 120

SSI Subsystem

The USER:SST subsystem contains the commands for configuring the signal transmis-
sion for SSI (serial synchronous interface) signals.

[:SOURce<hw>]:EBOX:USER:SSI:CMData:RX|TX....ccueeuiiiiieee i eee e eee e e e e 283
[:SOURCce<hw>]:EBOX:USER:SSICMSIZE.....cu e e e e 284
[:SOURce<hw>]:EBOX:USER:SSI:GAIN:FSELECL.....cciiiiiiiiiiiiie e 284
[:SOURce<hw>]:EBOX:USER:SSI:GAIN:STATE. ..ciieieeeieeeeeeiniaaaeeeeeeeeeeeeainnaaaeeseeeeeeeennnnnas 284
[:SOURCe<hW>]:EBOX:USER:SSI:LFSYNC..ccuttttiriuiireiiiieieieieeeeeeeeeeeeeeeerereeeeesesssssrasssnnnnns 284
[:SOURCce<hw>]:EBOX:USER:SSIESIZE......cco ittt e et e e e 284
[:SOURce<hw>]:EBOX:USER:SSI:SPIl:CLOCK:FREQUENCY....c.ccviiiiiiiiiiiiiiiiiiieireieee e 285
[:SOURce<hw>]:EBOX:USER:SSI:SPL:CLOCK:PHASE. ..ottt 285
[:SOURce<hw>]:EBOX:USER:SSI:SPLCSELECt....ccuiiiiiieiee e 285
[:SOURCce<hw>]:EBOX:USER:SSI:SPIIFSELECt......ccvvtiieeeiieeeeiie e eee s e eeee e e e e e e e e 285
[:SOURce<hw>]:EBOX:USER:SSI:SPIERBYTE?....ccccieieeeieieieninnaaaaeaeseeeeeeeeaeeeeeeneeeesennnnnnns 286
[:SOURCe<hw>]:EBOX:USER:SSI:SP IWBY T c.uuiiiiiitiieeeeeetieeeeeeenneseeeeetaseeeseernneeeeeenns 286

[:SOURce<hw>]:EBOX:USER:SSI:CMData:RX|TX <CMData>

In transmitter mode, the command defines the number of the C&M bit word as defined in
the size parameter, see [ : SOURce<hw>] : EBOX:USER:SSI:CMSize. In receiver
mode, you can query the number.

Parameters:

<CMData> string
Range: 0 to 32
Increment: 1

Example: EBOX:USER:SSI:CMSIZE "8"

sets the word size to eight bit.
EBOX:USER:SSI:CMD:TX "#HA5,8"
EBOX:USER:SSI:CMD:RX?

Manual operation: See "C&M Data" on page 125
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[:SOURce<hw>]:EBOX:USER:SSI:CMSize <CMSize>

Defines the number of the Control & Management bits, following the 1/Q data word. The
size is defined from 0 up to 32 bits.

Parameters:

<CMSize> float
Range: 0 to 32
Increment: 1

Example: EBOX:USER:SSI:CM:SIZE 8

sets 12 bit for control information.

Manual operation: See "C&M Size" on page 124

[:SOURce<hw>]:EBOX:USER:SSI:GAIN:FSELect <FSelect>

Defines a binary file contianing a gain table.

Parameters:
<FSelect> string
Example: EBOX:USER:SSI:GAIN:FSEL "gainFile.hex"

Manual operation: See "Gain File" on page 125

[:SOURce<hw>]:EBOX:USER:SSI:GAIN:STATe <State>

Activates the automatic gain handling.

Parameters:
<State> 0]1]|OFF|ON
*RST: 0
Example: EBOX:USER:SSI:GAIN:STAT ON

Manual operation: See "Enable Automatic Gain" on page 125

[:SOURce<hw>]:EBOX:USER:SSI:LFSYnc <Lfsync>

Parameters:
<Lfsync> 0]1|OFF|ON

*RST: 0

Manual operation: See "Late Frame Sync" on page 125

[:SOURce<hw>]:EBOX:USER:SSI:SIZE <Size>
Defines the word size an | or Q data word in bits.

Parameters:
<Size> float

Range: 4 to 24
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Example: EBOX:USER:SSI:SIZE 12
sets the word size resolution to 12 bit.

Manual operation: See "Word Size" on page 124

[:SOURce<hw>]:EBOX:USER:SSI:SPI:CLOCk:FREQuency <Frequency>

Selects the system clock frequency.

Parameters:

<Frequency> 1MHZ | 2.5MHZ | 5SMHZ | 8.333MHZ | 12.5MHZ | 25MHZ
*RST: 1MHZ

Example: EBOX:USER:SSI:SPI:CLOC:FREQ 12.5MHz

Manual operation: See "Clock Frequency" on page 125

[:SOURce<hw>]:EBOX:USER:SSI:SPI:CLOCk:PHASe <Phase>

Selects the phase of the clock signal. Either 0 or 180 degree are possible.

Parameters:
<Phase> 0180
*RST: 0
Example: EBOX:USER:SSI:SPI:CLOC:PHAS 180

shifts the phase of the clock signal by 180 degree.

Manual operation: See "Clock Phase" on page 125

[:SOURce<hw>]:EBOX:USER:SSI:SPI:CSELect <CSelect>
Selects the SSI-SPI chip.

Parameters:
<CSelect> 0]1|OFF|ON
*RST: 0
Example: EBOX:USER:SSI:SPI:CSEL ON

Manual operation: See "Chip Select" on page 126

[:SOURce<hw>]:EBOX:USER:SSI:SPI:FSELect <FSelect>
Selects a SSI:SPI file.

Parameters:
<FSelect> string
Example: EBOX:USER:SSI:SPI:FSEL "spidata"

Manual operation: See "Select File" on page 126
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[:SOURce<hw>]:EBOX:USER:SSI:SPI:RBYTe?
Queries the SSI:SPI byte.

Return values:

<RByte> integer
Example: EBOX:USER:SSI:SPI:RBYT?
Usage: Query only

Manual operation: See "Read Byte (hex)" on page 126

[:SOURce<hw>]:EBOX:USER:SSI:SPI:WBYTe <WByte>

Parameters:
<WByte> integer

Manual operation: See "Write Byte (hex)" on page 126

9.4 CPRI Remote Control Commands

This chapter describes all remote-control commands for the standardized protocol CPRI,
including their parameters and value ranges. The parameters are set in the configuration
software R&S DiglConf.

In remote control operation, R&S DiglConf itself is operated remotely by means of
remote-control commands. For background information about the SCPI command struc-
ture and basic information on operating R&S DiglConf via remote control, refer to chap-
ter 8, "Remote Control Basics", on page 213.

Beside the main controls like activating, CPRI test mode and save/recall settings, the
interface is controlled by various parameters, grouped by the following functions:
e Multiwaveform Playback (ARB) settings

e Control & Managment settings

e Hardware information

e L1 analysis information

e Main settings

e Recorder settings

e Diagnostics

e Downlink/Uplink settings (Tx/Rx)

e Vendor Data

N\ Find a list of all commands for the R&S EX-IQ-BOX at the end of the manual.
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The following description lists the remote-control commands in alphabetical order, struc-
tured by function.

9.4.1 CPRI ARB Subsystem

The ARB subsystem contains all remote control commands that are relevant for loading
a waveform file in the waveform memory of the R&S EX-IQ-BOX.To get a list of available
waveform files, see [ : SOURce<hw>] : EBOX:ARB:CATalog? on page 249.

The numeric suffix to ARB<ch> distinguishes the channel of the waveform memory

(ARB1...4).

[:SOURce<hw>]:EBOX:CPRIEARB:OPTION?.. ..ttt 287
[:SOURce<hw>]:EBOX:CPRIEARBIPEAK?. .. .ot iieceeeeieeee e e e e et e e e e e e eeeeeeee e e e e e e e e eeeennnas 287
[:SOURce<hw>]:EBOX:CPRIEARBIPRESEL.......ccevtuuuieeieeeeeiiieiieea e e e e eeeeeceaenae e e e e e e eeeenennnas 288
[:SOURce<hw>]:EBOX:CPRI:ARB:RELOAQ......c.ciiviieiiiiiiiie et e e e e e 288
[:SOURce<hw>]:EBOX:CPRIEARB:RMS?.... .ottt e e e 288
[:SOURce<hw>]:EBOX:CPRI:ARB:SAMPIES: TOTal?...cuieiieeeeeee ettt 288
[:SOURce<hw>]:EBOX:CPRI:ARB<Ch>:CONFIICt?. .. ..t 289
[:SOURce<hw>]:EBOX:CPRI:ARB<Ch>:FILE......cciteiiiiiiiei et 289
[:SOURce<hw>]:EBOX:CPRI:ARB<Ch>:SAMPIES?.....uuuuucaaaiaieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeenennnnnnas 289
[:SOURce<hw>]:EBOX:CPRI:ARB<CH>:SRATE?.....ccieevtitieieeeeeiieerriiiieeeeeeeeestaaseeeeseressnnes 290
[:SOURCe<hw>]:EBOX:CPRIARBSCN>:STATE.....cctuuiieieeiiirieieeeeeerneeseeeeeetnsaeseeseestnaseaasens 290

[:SOURce<hw>]:EBOX:CPRI:ARB:OPTion?

Queries the options installed on the R&S EX-IQ-BOX. The query returns a list of options
in a comma-separated string.

Return values:
<opt> string

Example: EBOX:CPRI:ARB:0OPT?
check the installed options.
Response: EXBOX-B85, EXBOX-K10, EXBOX-K11,
EXBOX-K90, EXBOX-K242,

Usage: Query only

[:SOURce<hw>]:EBOX:CPRI:ARB:PEAK?

Queries the signal level in terms of a peak envelope power value (PEP). The unit of the
peak envelope power is dBFS (Full Scale ratio).

Return values:
<peak> float

Example: EBOX:CPRI:ARB:PEAK?
queries the peak envelope power of the signal.

Usage: Query only
Manual operation: See "PEP dBFS" on page 207
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[:SOURce<hw>]:EBOX:CPRI:ARB:PRESet

The command sets the wavefom memory to default, i.e. it erases the ARB table (all loaded
waveform files and settings).

Example: SOUR1 :EBOX:CPRI:ARB:PRES
clears the ARB table.

Usage: Event

Manual operation: See "Reset" on page 207

[:SOURce<hw>]:EBOX:CPRI:ARB:RELoad
Refreshes all currently loaded waveform files.

Example: SOUR1 :EBOX:CPRI:ARB:REL
update assigned files in the waveform memory.

Usage: Event

Manual operation: See "Reload" on page 207

[:SOURce<hw>]:EBOX:CPRI:ARB:RMS?

Queries the signal level in terms of an rms value. The unit of the power is dBFS (Full

Scale ratio).

Return values:

<rms> float

Example: EBOX:CPRI:ARB:RMS?

queries the rms value of the signal.
Usage: Query only
Manual operation: See "Level dBFS" on page 207

[:SOURce<hw>]:EBOX:CPRI:ARB:SAMPles:TOTal?
Queries the number of samples including all active waveform files.

Return values:

<Total> float
Increment: 1.0e-6
*RST: 0
Example: SOURL :EBOX:CPRI :ARB:SAMP:TOT?

check the entire number of samples.
Response: 0.154 MSamples

Usage: Query only

Manual operation: See "Samples" on page 206
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[:SOURce<hw>]:EBOX:CPRI:ARB<ch>:CONFlict?

The command queries whether an option conflict has occurred. A conflict arises, if a
waveform requires an option, that is not installed on the R&S EX-IQ-BOX, or is not
enabled.

Return values:

<Oconflict> OFF | ON
*RST: OFF
Example: SOUR1 : EBOX : CPRI : ARB: CONF?

check if there is an option conflict.
Response: 0 if OK, 1 if not OK

Usage: Query only

Manual operation: See "Options Conflict" on page 207

[:SOURce<hw>]:EBOX:CPRI:ARB<ch>:FILE <File>

The command selects a stored waveform file. Enter directory and file name with the file
extension * . wv for waveform files.

Parameters:

<File> <path>, <file_name>.<ext>
String parameter containing the directory, where the waveform file
is located, the file name, and the file extension * . wv for waveform
files.

Example: SOUR1:EBOX:CPRI:ARB2:FILE

". . \\DigIConf\Waveforms\p4DQPSK7.wv"
load the file "waveform" into the second ARB waveform memory.

Manual operation: See "File" on page 205

[:SOURce<hw>]:EBOX:CPRI:ARB<ch>:SAMPles?
The command queries the number of samples the loaded signal is composed of.

Return values:

<Samples> integer
Increment: 1
*RST: 0
Example: SOUR1 :EBOX:CPRI:ARBI1:SAMP1?
query the samples of the signal loaded in ARB1 waveform mem-
ory.

Response: 122.88
the current sample rate is 122.88 Mbit/s

Usage: Query only
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[:SOURce<hw>]:EBOX:CPRI:ARB<ch>:SRATe?

The command queries the sample rate of the signal, loaded from the waveform memory.
The sample rate represents the number of samples per second that are used for digitizing.

Return values:

<Srate> integer
Increment: 1
*RST: 0
Example: SOUR1 :EBOX:CPRI:ARB1:SRAT?
query the sample rate of the signal loaded in ARB1 wavefiorm
memory.

Response: 122.88
the current sample rate is 122.88 Mbit/s

Usage: Query only

Manual operation: See "Sample Rate /MHZz" on page 206

[:SOURce<hw>]:EBOX:CPRI:ARB<ch>:STATe <State>

The command switches on the transmission of the test data.

Parameters:
<State> ON | OFF
*RST: OFF
Example: SOUR1:EBOX:CPRI:ARB1:STAT ON

activate waveform loaded in ARB1.

Manual operation: See "State" on page 207

9.4.2 CPRI Control & Management Subsystem

The CPRI Control & Management (C&M) command subsystem comprises all remote-
control commands related to the process of exchanging control information between RE
(Radio Equipment) and REC (Radio Equipment Control) in base station systems. CPRI
supports two different protocols for C&M data, the slower variation HDLC (High-Level
Data Link Control) and the fast Ethernet.

[:SOURce<hw>]:EBOX:CPRI:CM:ETH:ACTIVE?....cceeeeeeeeeeeeienieneaaeseeeeeeseeeeeseeeeeeeeesennnnnnns 291
[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:BAUDTIAtE......ccvucieeeiriieeeeitiieeeeetieeeeerneeerenneeeeeens 291
[:SOURCe<hw>]:EBOX:CPRICM:ETH:BRATE?...cuuiieeieeteieeeeeriieeeeeertnaeeeseernnaeeeessnneeeerenns 291
[:SOURce<hw>]:EBOX:CPRI:CM:ETH:COMMaANG.....cciuiiuiiiiiiiie e e 292
[:SOURce<hw>]:EBOX:CPRI:CM:ETH:EXECULE....ccuieie ettt 292
[:SOURce<hw>]:EBOX:CPRI:CM:ETH:PPTR. . cue et 292
[:SOURce<hw>]:EBOX:CPRIECM:ETH:PTR?....uuuceieieeeeeeeeeeieeeeeeeeteieean e e e eeeeeeeeeeeeeaenennanns 293
[:SOURCe<hw>]:EBOX:CPRIECM:ETH:STATE....cccetiieettritiiieeeeeeeeeeeerertaraaeeeeeeeesereeessnsanns 293
[:SOURCce<hw>]:EBOX:CPRI:CM:HDLC:ACTIVE?....ctuieeiiieeeeeriieeeeeteeeeeeieeeeetneeeeeraeeeeens 293
[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:BRAT .. ittt ittt 294
[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:COMMAaNd.....cccttiriiiiienien i iereereee e e e 294
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[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:EXECULE........cevruuieeeraeeeienrnaaeeeeereeeeinaaeeeeaeeenennns 295
[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:MODE........c0citetitteieeiiiiieeeeeiiieeeeetneeeeeeenaeeeeeenes 295
[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:RFRAMES?......cecetvieerireeeeiriieeeeeteeerennaeeeernnseeeens 295
[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:RST ... ittt 296
[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:RX?...cnieiiei et et e e e e e e 296
[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:SFRAMES?....cuiieieeieeiiiieeieee e e e e e e e 296
[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:SOURCE.....ceetutuuuaiaeeeeeaeieeeieeineaaaaeeeeeeeeeeeeeennnnnns 296
[:SOURCce<hw>]:EBOX:CPRI:CM:HDLC:STATE......ccieteteeeeerirririiiieieseeeeeeeeeeeereeeeesessssannnns 297

[:SOURce<hw>]:EBOX:CPRI:CM:ETH:ACTive?
The command queries whether the interface is active.

Return values:

<Active> OFF | ON
*RST: OFF

Example: SOUR1 : EBOX:CPRI:CM:ETH:ACT?
check the activity of the Ethernet interface.
Response: 0

the interface is not active.
Usage: Query only

Manual operation: See "Ethernet Active" on page 199

[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:BAUDrate <Baudrate>
Determines the number of bits to be transferred per second via the serial interface RS232.

Avvailable baudrates are: 300 | 600 | 1200 | 2400 | 4800 | 9600 | 14400 | 19200 | 28800
| 38400 | 56000 | 57600 | 115200 | 128000 | 256000 bps.

Parameters:
<Baudrate> float
Example: EBOX:CPRI:CM:HDLC:BAUD 2400

sets 2400 bits per second transmissioni rate.

Manual operation: See "RS232 Settings" on page 197

[:SOURce<hw>]:EBOX:CPRI:CM:ETH:BRATe?

The command queries the resulting bit rate of fast C&M data exchange. This bit rate
depends on the CPRI line bit rate and the Ethernet pointer.

Return values:
<Rate> float

Increment: 0.01
*RST: 42240000
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Usage:

Manual operation:
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SOUR1:EBOX:CPRI:CM:ETH:BRAT?
query the current bit rate of fast C&M.
Response: 122.88

the current bit rate is 122.88 Mbit/s.

Query only
See "Bit Rate" on page 199

[:SOURce<hw>]:EBOX:CPRI:CM:ETH:COMMand <Command>

This command enters a control command in fast C&M interactive mode.

Parameters:
<Command>

Example:

Manual operation:

string

SOUR1:EBOX:CPRI:CM:ETH:COMM "test cmd"
transmit the test command for fast C&M control to the control

panel.
SOUR1:EBOX:CPRI:CM:ETH:EXEC

execute the test command.

See "Input Window, Command line, Execute" on page 200

[:SOURce<hw>]:EBOX:CPRI:CM:ETH:EXECute
The command sends the C&M data in fast C&M mode.

Example:

Usage:

Manual operation:

SOUR1 :EBOX:CPRI:CM:ETH:EXEC

executes the control command, or command sequence of fast
C&M data.

Event

See "Input Window, Command line, Execute" on page 200

[:SOURce<hw>]:EBOX:CPRI:CM:ETH:PPTR <Ptr>

This command sets the CPRI Ethernet pointer. This setting determines the Fast C&M bit
rate, since this pointer represents the boundary between vendor data and Fast C&M Data
in the CPRI control block.

Parameters:
<Ptr>

Example:

Manual operation:

20...63

Range: 20 to 63
Increment: 1
*RST: 20

SOUR1 :EBOX:CPRI:CM:ETH:PPTR 25
set the ethernet pointer to 25.

See "Pref. Eth. Pointer" on page 198
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[:SOURce<hw>]:EBOX:CPRI:CM:ETH:PTR?

The command queries the resulting Ethernet pointer after the link setup, i.e. the position
after the handshake between the R&S EXBOX-B85 and the DUT.

Return values:
<Pptr>

Example:

Usage:

Manual operation:

float

Range: 20 to 63
Increment: 1
*RST: 20

SOUR1:EBOX:CPRI:CM:ETH:PTR?

check the position of the ethernet pointer after link setup.
Response: 45

the resulting pointer is at position 45.

Query only
See "Ethernet Pointer" on page 167

[:SOURce<hw>]:EBOX:CPRI:CM:ETH:STATe <State>

The command activates the C&M data exchange via the Ethernet interface.

Parameters:
<State>

Example:

Manual operation:

OFF | ON
*RST: OFF

SOUR1 :EBOX:CPRI:CM:ETH:STAT ON
switches on fast C&M.

See "State" on page 198

[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:ACTive?

The command queries whether the interface is active.

Return values:
<Active>

Example:

Usage:

Manual operation:

OFF | ON
*RST: OFF

SOUR1 :EBOX:CPRI:CM:HDLC:ACT?
checks the activity of the HDLC interface.
Response: 0

the interface is not active.

Query only
See "HDLC Active" on page 196
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[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:BRATe <Rate>

The command sets the bit rate for transmission of the control data in slow C&M mode
(HDLC).

Note: The maximum HDLC rate for slow C&M depends on the CPRI Line Bit Rate. The
following table shows the available HDLC bit rates for the corresponding CPRI bit rates.

CPRI Line Bit Rate 2x (1228.8 Mbit/s) 4x(2457.6 Mbit/s) 5x (3072.0 Mbit/s)
Possible HDLC Bit Rates | 240 240 240
in kbit/s 480 480 480
960 960 960
1920 1920
2400
Parameters:
<Rate> 2401 480|960 | 1920 | 2400

Range: 240000 to 2400000
Increment: 1

*RST: 240000

Default unit: kbit/s

Example: SOURL:EBOX:CPRI:CM:HDLC:BRAT 480
select a bit rate of 480 kbit/s for slow C&M transmission.

Manual operation: See "Bit Rate" on page 195

[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:COMMand <Command>
Enters a control command in slow C&M interactive mode.

Note that the command may perform a number of symbols that is divisible by 2. Odd
values [I[Jare not accepted.

This command applies to HDLC C&M data source "Terminal", see [ : SOURce<hw>] :
EBOX:CPRI:CM:HDLC: SOURce. In direct mode, that is control data received via the
RS-232-C interface, this command is not effective (CPRI REC Test mode).

Parameters:

<Command> string

Example: SOUR1:EBOX:CPRI:CM:HDLC:COMM "test cmd"
transmits the test command for slow C&M control to the control
panel.

SOUR1:EBOX:CPRI:CM:HDLC:EXEC
executes the test command.

Manual operation: See "Terminal” on page 197
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[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:EXECute

The command sends the entered slow C&M data.

This command applies to slow C&M source "Terminal". In direct mode, i.e. with data
coming via the RS-232 interface, the controls are not active (CPRI REC Test mode).

Example:

Usage:

Manual operation:

SOUR1 :EBOX:CPRI:CM:HDLC:EXEC
executes the control command of slow C&M data.

Event

See "Terminal" on page 197

[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:MODE <Mode>

The command selects the mode for HDLC C&M data transmission.

Parameters:
<Mode>

Example:

Manual operation:

DIRect | ECODing

DIRect

The R&S EX-IQ-BOX transmits the data directly to the DUT, i.e.
without internal encoding or decoding.

This mode applies to HDLC source "RS-232-C Connector".
ECODing

The R&S EX-IQ-BOX either encodes the plain text data before
transmission to the DUT, or it decodes and then displays the
incoming data.

This mode applies to HDLC source "Terminal".

*RST: ECODing

SOUR1 :EBOX:CPRI:CM:HDLC:MODE DIR
send the data without internal encodin/decoding.

See "Mode" on page 195

[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:RFRames?

The command queries the number of received HDLC frames.

Return values:
<Rframes>

Example:

Usage:

Manual operation:

float

Increment: 1
*RST: 0

SOUR1 :EBOX:CPRI :CM:HDLC : RFR?
query the number of received HDLC frames.

Query only

See "Frames Received" on page 197
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[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:RST
Resets the Rx/Tx data.

Example: EBOX:CPRI:CM:HDLC:RST
Usage: Event

Manual operation: See "Terminal” on page 197

[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:RX?
Queries the received control & management data (HDLC).

Return values:

<Rx> string
Example: EBOX:CPRI:CM:HDLC:RX?
Usage: Query only

Manual operation: See "Terminal” on page 197

[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:SFRames?
The command queries the number of sent HDLC frames.

Return values:

<Sframes> float
Increment: 1
*RST: 0
Example: SOUR1 :EBOX:CPRI:CM:HDLC:SFR?

query the number of sent HDLC frames.
Usage: Query only

Manual operation: See "Frames Sent" on page 196

[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:SOURce <Source>
The command selects the source of the HDLC C&M data.
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Parameters:
<Source> TERMinal
TERMinal|RS232
Use the integrated terminal of R&S DiglConf for C&M data input
or output.
This method applies to the CPRI RE test mode.
RS232
Use the RS-232-C connector for C&M data input or output.
You can use the RS-232-C interface in the CPRI RE and the CPRI
REC test mode.
*RST: TERMinal
Example: SOUR1 :EBOX:CPRI:CM:HDLC: SOUR TERM

Enter the C&M data via the the terminal of R&S DiglConf.

Manual operation: See "Source" on page 195

[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:STATe <State>

The command activates and deactivates the C&M data exchange by means of HDLC
protocol (slow C&M).

Parameters:
<State> OFF | ON
*RST: OFF
Example: SOUR1 :EBOX:CPRI:CM:HDLC:STAT ON

switch on slow C&M.

Manual operation: See "State" on page 195

CPRI Hardware Subsystem

The hardware (HW : ) command subsystem encloses remote-control commands for setting
hardware parameters, including the assignment to the interfaces, special settings of the
link, status information and reference clock settings.

The numeric suffix to GPI0<dir> distinguishes the transmission direction of the con-
nected GPIO Interfaces.

[:SOURce<hw>]:EBOX:CPRIEHW:ALARM ... uuuiieieeeeeieieeeeieeae e e e e e e eeeeeeennane s e e eeeeeeeenennnnan 298
[:SOURce<hw>]:EBOX:CPRI:HW:BBREVISION?.....cuuuuuuuuiiaieieieeeeeeeeeeeieeeeeeeeeeeeesennnnnnnnnnnnns 298
[:SOURCe<hw>]:EBOX:CPRIHW:CMODE?....uucieeieeietiieeeeieetinieeeeereetnneesesresnnasesssesnnaeaaees 299
[:SOURce<hw>]:EBOX:CPRIEHW:CORE?.... .ottt 299
[:SOURce<hw>]:EBOX:CPRI:HW:EBREVISION?......cinieiii et 300
[:SOURce<hw>]:EBOX:CPRI:HW:FBVEIrSION?.......iiieeeeeieieieniaeaaeeeeeeeeeeeeieeaaeeeeeeeeeeennnnnas 300
[:SOURce<hw>[:EBOX:CPRIIHW:FCVEISION?.....uuutiiiiieeeeeiereeieeieeaaeeaeeeeseesssssassenennnnennenes 300
[:SOURce<hw>]:EBOX:CPRI:HW:GPIO:MFWidth:BFRAME......uuuurciiiieeeieeieeeeeeeeeeeeeeeeeeeenns 300
[:SOURce<hw>]:EBOX:CPRI:HW:GPIO:MFWidth:HFRame.........ccccoeeviiiiiiiiiiiinc e, 301
[:SOURce<hw>]:EBOX:CPRI:HW:GPIO:MFWidth:NFRame........cc.ccoeeiriiiiiiiieieeeeeeeeeee 301
[:SOURce<hw>]:EBOX:CPRI:HW:GPIO<ch>:DIRECHON.....ccuieuieiiiiiiei e 301
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[:SOURce<hw>]:EBOX:CPRI:HW:GPIO<Ch>:SIGNaAl.....cciieiriiieeeeieeieee e e eie e secsceeeevenneenns 302
[:SOURce<hw>]:EBOX:CPRI:HW:HSSS:INPUL.....cceiiieieeeieineenanveasennrenneeneeennennes 303
[:SOURce<hw>]:EBOX:CPRI:HW:HSSS:OUTPUt:SFPA[:STATE] . teuieiieeeeeeeeeeeeee e 304
[:SOURce<hw>]:EBOX:CPRI:HW:HSSS:OUTPUt:SFP2[:STATE]...eeuieieeeeeeeneeeeeeeeeeeee 304
[:SOURce<hw>]:EBOX:CPRI:HW:HSSS:OUTPUt:SMA[:STATE]. . cuuieeieiineeeeei e 305
[:SOURce<hw>]:EBOX:CPRIEHW:LBRAE. .....ccuiiiaeaeie et 305
[:SOURCce<hw>[:EBOX:CPRIHW:LOF 2. ..ttt e e e e e e e e e e e e 306
[:SOURCe<hwW>[:EBOX:CPRIHW:LOS?.....uuiiieieieeieeeeeeeeescisscnnenienerreeeeeeeseaaesssssnssnnsnnnnnnns 306
[:SOURce<hw>]:EBOX:CPRIHW:PROTOCO . ceiittiitieiiieeieeeieeee e e e e e e e eee s eessee s nnennnennennes 306
[:SOURCce<hw>]:EBOX:CPRIEHW:R 2T 2. ettt ettt e e e e 307
[:SOURce<hw>]:EBOX:CPRI:HW:RCLOCK:CRLOCKEA?.. ...t 307
[:SOURce<hw>]:EBOX:CPRI:HW:RCLOCK:CSLOCKEA?.....ccuiieiiiiiieeeee et 307
[:SOURce<hw>]:EBOX:CPRI:HW:RCLOCK:ROLOCKEA?......uceeeeeeieeeeeeeeeeeeeeeeeceeeeeeeeeeeeees 308
[:SOURce<hw>]:EBOX:CPRI:HW:RCLOCK:SOURCE.......cuurerrrerreeierieeaaeeeeeeeiesinessassnnsnnnnne 308
[:SOURce<hw>]:EBOX:CPRI:HW:SEED:RECEIVEUA?....cceieeiieieeeeeeee e e e e cccccceenennennes 309
[:SOURce<hw>]:EBOX:CPRI:HW:SEED:SCRaMbIING....cceieeereierieiiieeeeeeereeenineaeeeeeeeeenennnns 309
[:SOURce<hw>]:EBOX:CPRI:HW:SMA:DOSWING.....ccuteuiiiieeaeieieaeeeae e et e eeeeee e e 310
[:SOURce<hw>]:EBOX:CPRI:HW:SMA:RXEGAIN. ... .cuiiuieniieieeeeee et e e e e e e 310
[:SOURCe<hw>]:EBOX:CPRIEHW:TAAT ... ettt ettt e e e e e e e eas 311
[:SOURce<hw>]:EBOX:CPRIEHW:TIMING?. ... cteeeeeeeeietieaaeeeeeeeeeeinae e e e eeeeeeeannaeaeeeeeeeeeeennnns 311
[:SOURce<hw>]:EBOX:CPRIHW:TOFFSEL.......ceeiieeiieeeeeeeeeieee s sanseanannnennsenneennennes 311

[:SOURce<hw>]:EBOX:CPRI:HW:ALARmM?

This command queries, if any alarm is detected on the CPRI communication link, i.e. it
acts on behalf of all warnings.

Return values:

<Alarm> 01
*RST: 0
Example: SOUR1 : EBOX:CPRI:HW:ALAR?

check if any link alarm is detected.
Response: 0
no error occured.

Usage: Query only

Manual operation: See "Link Status" on page 152

[:SOURce<hw>]:EBOX:CPRI:HW:BBRevision?
This command queries the revision number of the connected CPRI breakout board.

Return values:
<Bbrevision> string

Example: SOUR1 : EBOX:CPRI : HW:BBR?
query the revision number of the connected breakout board.
Response: 4
the internal CPRI breakout board has revision 4.

Usage: Query only
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See "Breakout Board Revision" on page 155

[:SOURce<hw>]:EBOX:CPRI:HW:CMODe?
Queries the role of the R&S EX-IQ-BOX,; i.e. either master (CPRI RE test) or slave (CPRI

REC test).

Return values:
<Cmode>

Example:

Usage:

Manual operation:

string
Master
The R&S EX-IQ-BOX is working in CPRI RE Test mode.

Slave
The R&S EX-IQ-BOX is working in CPRI REC Test mode.

SOUR1 :EBOX:CPRI : HW: CMOD?

query the role of the R&S EX-IQ-BOX in the CPRI communication
link.

Response: Slave

the R&S EX-IQ-BOX operates as slave, i.e. in CPRI REC Test
mode.

Query only
See "CPRI Mode" on page 168

[:SOURce<hw>]:EBOX:CPRI:HW:CORE?

Queries the current state of the CPRI core.

Return values:
<Cstatus>

Example:

Usage:

string
Link is up
The CPRI core works in normal operating mode.

Reset
It is at the starting point of establishing the link.

L1 Synchronization

Attempt of L1 synchronization.
Setup protocol version
Protocol version setup.

Setup C&M parameter

C&M parameter setup.

Passive mode
Only 1/Q data are active, C&M is not used.

SOUR1 :EBOX:CPRI : HW: CORE?

check the current mode of the CPRI core.

Response: Link is up

the CPRI conmmunication link operates in normal mode.

Query only
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Manual operation: See "Core Mode" on page 168

[:SOURce<hw>]:EBOX:CPRI:HW:EBRevision?
Queries the revision number of the R&S EX-IQ-BOX’s internal board.

Return values:
<Ebrevision> string

Example: SOUR1 : EBOX:CPRI :HW:EBR?
query the revision number of the internal EX-IQ-BOX board.
Response: 123

the internal R&S EX-IQ-BOX board has revision 123.
Usage: Query only
Manual operation: See "R&S EX-IQ-BOX Board Revision" on page 154

[:SOURce<hw>]:EBOX:CPRI:HW:FBVersion?
Queries the version of the FPGA (Field Programmable Gate Array) basic design.

Return values:
<Fbversion> string

Example: SOUR1 :EBOX :CPRI:HW:FBV?
check the version of the FPGA basic design.
Response: 02.01.123
the CPRI FPGA has revision 02.01.123.

Usage: Query only

Manual operation: See "FPGA Base Version" on page 154

[:SOURce<hw>]:EBOX:CPRI:HW:FCVersion?
Queries the version of the FPGA (Field Programmable Gate Array) CPRI design.

Return values:
<Fcversion> string

Example: SOUR1 :EBOX:CPRI:HW:FCV?
query the version of the CPRI FPGA.
Response: CPRI 01.01.001
the CPRI FPGA has revision 01.01.001.

Usage: Query only
Manual operation: See "FPGA CPRI Version" on page 154

[:SOURce<hw>]:EBOX:CPRI:HW:GPIO:MFWidth:BFRame <Width>

Sets the frame width of the basic frame marker output signal in clock periods.
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Parameters:
<Width> float
Range: 1 to 65535
Example: EBOX:CPRI:HW:GPIO:MFW:BFR 5

increases the basic frame marker output signal to 5 clock periods.

Manual operation: See "Basic ; Hyper; Node B" on page 163

[:SOURce<hw>]:EBOX:CPRI:HW:GPIO:MFWidth:HFRame <Width>

Sets the frame width of the hyper frame marker output signal in clock periods.

Parameters:
<Width> float
Range: 1 to 65535
Example: EBOX:CPRI:HW:GPIO:MFW:BFR 2

increases the basic frame marker output signal to 2 clock periods.

Manual operation: See "Basic ; Hyper; Node B" on page 163

[:SOURce<hw>]:EBOX:CPRI:HW:GPIO:MFWidth:NFRame <Width>

Sets the frame width of the node B frame marker output signal in clock periods.

Parameters:
<Width> float
Range: 1 to 65535
Example: EBOX:CPRI:HW:GPIO:MFW:BFR 10

increases the basic frame marker output signal to 10 clock periods.

Manual operation: See "Basic ; Hyper; Node B" on page 163

[:SOURce<hw>]:EBOX:CPRI:HW:GPIO<ch>:DIRection <Direction>

Determines the transmission direction at the connected GPIO interfaces. You can indi-
vidually activate each of the three interfaces separately.

The numeric suffix to GPTO<ch> distinguishes between the available GPIO interfaces.
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Parameters:
<Direction> OFF | OUTPut | INPut

Deactivate the GPIO interface.

OFF
Deactivates the GPIO interface.

OUTPut
Selects the respective GPIO interface as output, i.e. send a control
signal to the external device.

INPut
Selects the appropriate GPIO interface as input, which means you
receive a signal from the external device, e.g. for trigger purpose.

*RST: OFF

Example: SOUR1:EBOX:CPRI:HW:GPIO1:DIR OQUTP
outputs the control signal at GPIO port 1.

Manual operation: See "Direction GPIO 1-3" on page 162

[:SOURce<hw>]:EBOX:CPRI:HW:GPIO<ch>:SIGnal <Signal>

The command determines the type of the control signal. You can define separate signals
for each of the three interfaces.

The numeric suffix GPI0<ch> distinguishes between the GPIO interfaces 1, 2, 3 and 4.
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Parameters:
<Signal>

Example:

Manual operation:

CPRI Remote Control Commands

CLOW | CHIGh | DLBFrame | DLHFrame | DLNFrame |
ULBFrame | ULHFrame | ULNFrame | TMCLock | RCLock | EXT1 |
EXT2 | EXT3 | NONe

GPIO output settings
In output mode, you can assign the following signals to the GPIO
interface.

CLOWI|CHIGh
Sets the control signal to constant level high or low.

DLBFrame|ULBFrame

Takes the information in the CPRI basic frame for control. Accord-
ing to the WCDMA clock rate, the CPRI protocol synchronizes its
basic frame with 3.84 MHz.

DLHFrame|ULHFrame
Uses the CPRI hyper frame clock for control. The hyper frame
clock rate is 15 kHz.

DLNFrame|ULNFrame

Uses the information in the CPRI Node B frame for control. CPRI
updates the B node every 10 ms, i.e. you can control the DUT with
a clock rate of 100 Hz.

TMCLock

Uses the CPRI signal processing clock, e.g. 61.44 MHz at 2x line
rate. This clock is used for timing measurements like response
time, latency, etc..

RCLock

Uses the CPRI signal processing clock, e.g. 61.44 MHz at 2x line
rate. This clock is used for timing measurements like response
time, latency, etc..

EXT1|EXT2|EXT3
In input mode, each of the three GPIO ports provide also an exter-
nal trigger signal.

NONe
Deactivates the GPIO interface.
*RST: NONe

SOURL:EBOX:CPRI:HW:GPIO1:SIG DLNBF
use the information in the CPRI Node B frame for control.

See "Signal GPIO 1-3" on page 162

[:SOURce<hw>]:EBOX:CPRI:HW:HSSS:INPut <Input>

The command determines the interface for signal input. Only one interface can be active

at the same time.

Basically the R&S EX-IQ-BOX receives a CPRI signal via one of the optical interfaces

SFP1, or SFP2.
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Parameters:

<Input> SFP1 | SFP2 | SMA | LOOPback | NONE
SFP1
Selects the SFP1 (Small Form-factor Pluggable) interface, at
which the R&S EX-IQ-BOX is connected to the DUT to receive the
signal.
SFP2
Selects the SFP1 (Small Form-factor Pluggable) interface, at
which the R&S EX-IQ-BOX is connected to the DUT to receive the
signal.
SMA
Select the SMA (SubMiniatur version A) interface, if the R&S EX-
IQ-BOX receives the signal from the DUT on this transmission line.
LOOPback
Assigns the internal loopback, if the signal is routed back inter-
nally.
NONE
Deactivates the input, if no connection is established.

*RST: SFP1

Example: SOUR1:EBOX:CPRI:HW:HSSS:INP SFP1
assigns SFP1 for signal input.

Manual operation: See "Input (1409.7208.02) ; Input/Output (1409.7208.04)"
on page 160

[:SOURce<hw>]:EBOX:CPRI:HW:HSSS:OUTPut:SFP1[:STATe] <State>

Determines the SFP1 (Small Form-factor Pluggable) interface for signal output, i.e. aligns
the transmitter type of the DUT. You can activate more than one interface for the signal
output simultaneously, e.g. set SFP1 for signal transmission to the DUT, and SMA for
signal monitoring.

Parameters:
<State> OFF | ON
*RST: ON
Example: SOUR1 :EBOX:CPRI:HW:HSSS:0UTP:SFP1 ON

activates the SFP1 interface for signal output.

Manual operation: See "Outputs" on page 160

[:SOURce<hw>]:EBOX:CPRI:HW:HSSS:OUTPut:SFP2[:STATe] <State>

Determines the SFP2 (Small Form-factor Pluggable) interface for signal output, i.e. aligns
the transmitter type of the DUT. You can activate more than one interface for the signal
output simultaneously, e.g. set SFP2 for signal transmission to the DUT, and SMA for
signal monitoring.

The numeric suffix to SFP distinguishes between the available SFP interfaces.
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Parameters:
<State> OFF | ON
*RST: OFF
Example: SOUR1 :EBOX:CPRI:HW:HSSS:0UTP:SFP2 ON

activates the SFP2 interface for signal output.

Manual operation: See "Outputs” on page 160

[:SOURce<hw>]:EBOX:CPRI:HW:HSSS:OUTPut:SMA[:STATe] <State>

Determines the SMA (SubMiniatur version A) interface for signal output, i.e. aligns the
transmitter type of the DUT. You can activate more than one interface for the signal output
simultaneously, e.g. set SFP1 for signal transmission to the DUT, and SMA for signal

monitoring.
Parameters:
<State> OFF | ON
*RST: OFF
Example: SOUR1 : EBOX:CPRI:HW:HSSS:QUTP:SMA ON

activates the interface for signal output.

Manual operation: See "Outputs" on page 160

[:SOURce<hw>]:EBOX:CPRI:HW:LBRate <Lbrate>
Selects the line bit rate for the communication link.

The available line speed depends on the CPRIbreakout board version, see "CPRI Line
Bit Rate" on page 157

Parameters:
<Lbrate> LR2X | LR4X | LR5X | LRAuto | LR1X | LR8X | LR10X | LR16X

LR1X
1x614.4 Mbit/s

LR2X
2x1228.8 Mbit/s

LR4X
4x2457.6 Mbit/s

LR5X
5x3072.0 Mbit/s

LR8X
5x4915.2 Mbit/s

LR10X
5x6144.0 Mbit/s

LR16X
5x9830.4 Mbit/s

*RST: LR2X
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Example: SOUR1:EBOX:CPRI:HW:LBR LR2X
sets the line bit rate 2x1228.8 Mbit/s.

Manual operation: See "CPRI Line Bit Rate" on page 157

[:SOURce<hw>]:EBOX:CPRI:HW:LOF?
Queries the CPRI frame delimiter K28.5.

Return values:

<Lof> 01
*RST: 0
Example: SOUR1 :EBOX:CPRI :HW:LOF?

check if the frame delimiter K28.5 is detected.
Response: 1 (0 = no error)
the K28.5 frame delimiter is not found.

Usage: Query only

Manual operation: See "LOF (Loss of Frame)" on page 168

[:SOURce<hw>]:EBOX:CPRI:HW:LOS?
The command queries data synchronization.

Return values:

<Los> 011
*RST: 0
Example: SOUR1 : EBOX:CPRI :HW:LOS?

check if data is synchronized.
Response: 1 (0 = no error)
data lost their synchronization.

Usage: Query only
Manual operation: See "LOS (Loss of Signal)" on page 168

[:SOURce<hw>]:EBOX:CPRI:HW:PROTocol <Protocol>

Determines the CPRI protocol version. The protocol version depends on the selected line
bit rate. See "Protocol Version" on page 158 for an overview.

Parameters:
<Protocol> V1]|V2
Example: EBOX:CPRI:HW:PROT V2

Selects CPRI version 2.0.

Manual operation: See "Protocol Version" on page 158
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[:SOURce<hw>]:EBOX:CPRI:HW:R21T?
Displays the cable delay.

Return values:
<r21> float

Example: EBOX:CPRI:HW:R21T?
Response: '-117 ns'

Usage: Query only

Manual operation: See "R21" on page 157

[:SOURce<hw>]:EBOX:CPRI:HW:RCLock:CRLocked?

This command queries, if clock recovery is unlocked. Clock recovery must be locked in
CPRI REC test mode.

Return values:

<Reclocked> 01
ON
The clock recovery is locked.
OFF
The clock recovery is unlocked.
*RST: 1

Example: SOUR1 : EBOX : CPRI : HW: RCL: CRL?
check if clock recovery is locked.
Response: 1

clock recovery is locked.
Usage: Query only

Manual operation: See "Clock Recovery Locked" on page 155

[:SOURce<hw>]:EBOX:CPRI:HW:RCLock:CSLocked?

This command queries, if the main PLL of the R&S EX-IQ-BOX is unlocked. This state
is fundamental and must be locked in every operating mode of the R&S EX-IQ-BOX.

Return values:

<Slocked> OFF | ON
ON
The PLL is locked.
OFF
The PLL is unlocked.
*RST: 1
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Example: SOUR1 :EBOX:CPRI:HW:RCL:CSL?
check if the PLL of the R&S EX-IQ-BOX is locked.
Response: 0

the PLL is unlocked.
Usage: Query only

Manual operation: See "Clock Synthesis Locked" on page 155

[:SOURce<hw>]:EBOX:CPRI:HW:RCLock:ROLocked?
This command checks, if the reference clock output is available.

A second synthesizer generates a 10 MHz reference clock selectable at one of the
GPIO interface connectors. The status LED turns blue, if the clock output is available.

Return values:

<Reflocked> 01
*RST: 1

Example: SOUR1 : EBOX:CPRI:HW:RCL:ROL?
check if the reference clock output is available.
Response: 1

clock output is not available.
Usage: Query only
Manual operation: See "10MHz Reference Output Locked" on page 155

[:SOURce<hw>]:EBOX:CPRI:HW:RCLock:SOURce <Source>

Selects the reference signal source. In test mode CPRI RE, the R&S EX-IQ-BOX is
synchronized either external or internally. Test mode CPRI REC uses the reference clock
embedded in the CPRI link.

The reference clock is extracted from the CPRI link. This selection is mandatory in a CPRI
REC test setup, since the R&S EX-IQ-BOX operates in CPRI slave mode.

Applies to a CPRI REC test mode.
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Parameters:
<Source>

Example:

Manual operation:

CPRI Remote Control Commands

RIN | INTernal | CRECovery

RIN

CPRI RE test setup with a connected R&S instrument.

The R&S EX-IQ-BOX synchronizes the CPRI communication link
with the reference signal provided by an R&S instrument. The 10
MHz signal is fed to the BNC connector REF IN on the back of the
R&S EX-IQ-BOX.

INTernal

CPRI RE test setup, if the R&S EX-IQ-BOX is working stand-
alone.

The R&S EX-IQ-BOX uses its internal reference oscillator for syn-
chronization.

CRECovery

CPRI REC test mode.

The reference clock is extracted from the CPRI link. This selection
is mandatory in a CPRI REC test setup, since the R&S EX-IQ-BOX
operates in CPRI slave mode.

*RST: RIN

SOUR1 :EBOX:CPRI:HW:RCL:SOUR RIN
set the internal clock source for reference.

See "Source" on page 155

[:SOURce<hw>]:EBOX:CPRI:HW:SEED:RECeived?

Queries the scrambling seed used by the connected transmitter.

Return values:
<Received>

Example:

Usage:

Manual operation:

string

EBOX:CPRI:HW:SEED:REC?
Response: '3fffffff’

Query only
See "Received Seed" on page 158

[:SOURce<hw>]:EBOX:CPRI:HW:SEED:SCRambling <Scrambling>

Specifies the scrambling seed. This parameter applies to CPRI protocol versoin 2.0

Parameters:
<Scrambling>

Example:

Manual operation:

integer
Range: depends on other settings to depends on other set-
tings

EBOX:CPRI:HW:SEED:SCR #H3FFFFFFF

See "Scrambling Seed" on page 158
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[:SOURce<hw>]:EBOX:CPRI:HW:SMA:DOSWing <Doswing>

Determines the differential output voltage swing of the CML (Current Mode Logic) trans-

mitter.
Parameters:
<Doswing> float
Range: 0.1 to 1.6
Increment: 0.1
*RST: 0.8
Example: SOUR1 :EBOX:CPRI :HW: SMA:DOSW 1.0

sets 1.0 Vpp differential output voltage of the CML.

Manual operation: See "Differential Output Swing" on page 159

[:SOURce<hw>]:EBOX:CPRI:HW:SMA:RXEGain <Rxegain>

The command sets the input gain of the equalizer. This equalizer is an active high-pass
filter, that equalizes the low-pass behaviour of the transmission medium, such as e.g. the
FR4 backplane. The gain, expressed in dB, relates to the freqeuncy of 2 GHz.

Equalizer Gain Over Frequency
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Fig. 9-4: CPRI - equalizer gain over frequency

Parameters:

<Rxegain> float
Range: 0 to 15
Increment: 1
*RST: 0
Default unit: dB
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Example: SOUR1 : EBOX :CPRI : HW: SMA:RXEG 10
sets the equalizer gain to 10 dB.

Manual operation: See "Rx Equalizer Gain" on page 159

[:SOURce<hw>]:EBOX:CPRI:HW:T14T <time>

Sets the frame timing difference between the output signal at R1 and the input signal at
R4.

Depending on the CPRI test mode you can specify either T14 or TOffset. The other
parameter is calculated accordingly.

Parameters:
<time> float
Example: EBOX:CPRI:HW:T14T 180

sets T14=180 ns

Manual operation: See "T14" on page 157

[:SOURce<hw>]:EBOX:CPRI:HW:TIMing?
The command queris, if the R21 timing calculation is invalid (CPRI requirement 21).

Return values:

<Timing> 011
*RST: 0
Example: SOUR1 :EBOX:CPRI :HW: TIM?

check if timing calculation is correct.
Response: 1 (0 = no error)
the R21 timing calculation is invalid.

Usage: Query only

[:SOURce<hw>]:EBOX:CPRI:HW:TOFFset <offset>
Sets the frame timing offset between the input signal at R2 and the output signal at R3.

Depending on the CPRI test mode you can specify either T14 or TOffset. The other
parameter is calculated accordingly.

Parameters:
<offset> float
Example: EBOX:CPRI:HW:TOFF 10

sets 10 ns timing offset

Manual operation: See "TOffset" on page 157
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9.4.4 CPRI L1 Analysis Subsystem

The L1 analysis (L1 :) command subsystem contains the remote-control commands for
queryinng the link status.

[:SOURce<hw>]:EBOX:CPRI:LT:HDLC:BRATE?...cetteietuuaaieeeeeeeeieeeeerentnnaaaeeeeeeeeseeeenennnnnns 312
[:SOURce<hw>]:EBOX:CPRI:LLT:RX:LOCAlLOF?. ..ottt ettt eere e 312
[:SOURCce<hw>]:EBOX:CPRILLT:RX:LOCAlLOS ... i eeieieeeeetieeeeeteeee et e e et e e e en e e eeean 312
[:SOURce<hw>]:EBOX:CPRI:LT:RX:LOCAl:RAI?. .. ettt e e e 313
[:SOURce<hw>]:EBOX:CPRI:L1T:RX:REMOtE:LOF ... .ttt 313
[:SOURce<hw>]:EBOX:CPRI:L1T:RX:REMOtEILOS?....uiiieiieeeeeeee et 313
[:SOURce<hw>]:EBOX:CPRI:LT:RX:REMOLEIRAI?....ccceeeeeeeeeeeeieeee e e e e 314
[:SOURce<hw>]:EBOX:CPRI:.LT:RX:REMOtE:RESEL?......cccccceeeveiierierieeeee e e e e e e e e e e e enennenes 314
[:SOURce<hw>]:EBOX:CPRI:LT:RX:REMOLE:SAP?.....ccvvveieririeieieieeeeeeeeeeeeeeeeeeeeeeeeeeenennns 314
[:SOURCe<hw>]:EBOX:CPRILT:VERSION?.ccvuuieeiiiteieee et eeeeeeteieeeeetiaeeeeeaaaeeeeeeaneeaerenes 315

[:SOURce<hw>]:EBOX:CPRI:L1:HDLC:BRATe?
Queries the HDLC bit rate value during link setup.

Return values:
<rate> float

Example: EBOX:CPRI:L1:HDLC:BRAT?
Response: 4800

Usage: Query only
Manual operation: See "HDLC Rate" on page 166

[:SOURce<hw>]:EBOX:CPRI:L1:RX:LOCal:LOF?

Queries whether the received signal is synchronized correctly at the CPRI breakout
board, i.e. LOF (Loss of Frame).

Return values:
<lof> 0]1]OFF|ON

Example: SOUR1 :EBOX:CPRI:L1:RX:LOC:LOF?
queris if received data is synchronized.
Response: 1 (error), data lost synchronization.

Usage: Query only

Manual operation: See "Local Alarms" on page 168

[:SOURce<hw>]:EBOX:CPRI:L1:RX:LOCal:LOS?

Queries whether LOS (Loss of Signal) has occurred in the received signal at the CPRI
breakout board.

Return values:
<lo> 0]1]|OFF|ON
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Example: SOUR1 : EBOX:CPRI:L1:RX:LOC:L0OS?
check if loss of signal happened.
Response: 0 (no error)

Usage: Query only

Manual operation: See "Local Alarms" on page 168

[:SOURce<hw>]:EBOX:CPRI:L1:RX:LOCal:RAI?

Queries the RAI (Remote Arm Indication) state at the CPRI breakout board, i.e. if any
remote part of the end-to-end link has failed.

Return values:
<rai> 0]1|OFF|ON

Example: SOUR1:EBOX:CPRI:L1:RX:LOC:RAI?
check if a remote part of the end-to-end link has failed.
Response: 0 if OK, 1 if not OK

Usage: Query only

Manual operation: See "Local Alarms" on page 168

[:SOURce<hw>]:EBOX:CPRI:L1:RX:REMote:LOF?

Queries whether the received signal is synchronized correctly at the DUT, that means
without LOF (Loss of Frame).

Return values:
<lof> 0]1]OFF|ON

Example: SOURL:EBOX:CPRI:L1:RX:REM:LOF?
queries if the received data is synchronized.
Response: 1 (error), data lost synchronization.

Usage: Query only

Manual operation: See "Remote Alarms" on page 169

[:SOURce<hw>]:EBOX:CPRI:L1:RX:REMote:LOS?
Queries whether LOS (Loss of Signal) has occurred in the received signal at the DUT.

Return values:
<los> 01| OFF|ON

Example: SOUR1 :EBOX:CPRI:L1:RX:REM:L0OS?
check if loss of signal happened.
Response: 0 (no error)

Usage: Query only

Manual operation: See "Remote Alarms" on page 169
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[:SOURce<hw>]:EBOX:CPRI:L1:RX:REMote:RAI?

Queries the RAI (Remote Arm Indication) state at the DUT, i.e. if any remote part of the
end-to-end link has failed.

Return values:
<rai> 0]1]OFF|ON

Example: SOUR1:EBOX:CPRI:L1:RX:REM:RATI?
check if a remote part of the end-to-end link has failed.
Response: 0 if OK, 1 if not OK

Usage: Query only

Manual operation: See "Remote Alarms" on page 169

[:SOURce<hw>]:EBOX:CPRI:L1:RX:REMote:RESet?
Queries whether the DUT is in reset state.

Return values:
<reset> 0|1]|OFF|ON

1
CPRI RE test mode: Confirms that a reset was performed.
CPRI REC test mode: Confirms a reset request.

0
CPRI RE test mode: No reset was performed.
CPRI REC test mode: No reset is requested.

Example: SOUR1:EBOX:CPRI:L1:RX:REM:RES?
check the reset state of the DUT.

Usage: Query only

Manual operation: See "Remote Alarms" on page 169

[:SOURce<hw>]:EBOX:CPRI:L1:RX:REMote:SAP?

Queries whether the data communication failed (SDI Service Access Point Defect Indi-

cation).

Return values:

<sap> 0]|1]OFF|ON

Example: SOUR1:EBOX:CPRI:L1:RX:REM:SAP?

check the data communication.
Response: 1 (error)
data communication failed.

Usage: Query only

Manual operation: See "Remote Alarms" on page 169
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[:SOURce<hw>]:EBOX:CPRI:L1:VERSion?
Queries the CPRI L1 inband protocol version.

Return values:

<ver> string

Example: EBOX:CPRI:L1:VERS?
Response: 2

Usage: Query only

Manual operation: See "Protocol Version" on page 165

CPRI Main Control Commands

The main controls commands provide the selection of the "CPRI test mode", and com-
mands as "State" for activating, "Set to Default" for preset and "Save/Recall" for storing
or loading previously defined settings.

[:SOURCce<hw>[:EBOX:CPRIEMODE.........ccttttuieiierieie ettt e e 315
[:SOURCce<hw>]:EBOX:CPRIPRESEL.......iiiiiiiiiiiiiiiiice e 315
[[SOURCce<hw>[:EBOX:CPRESTATE. ...ttt e 316
[:SOURCce<hw>[:EBOX:CPRIVERSION?.....iiiiiiiiiiicciiin e 316

[:SOURce<hw>]:EBOX:CPRI:MODE <Mode>

Selects the CPRI test mode. The R&S EX-IQ-BOX simulates either the baseband module
or the RF module to test the appropriate counterpart.

Parameters:
<Mode> RETest | RECTest

RETest
The R&S EX-IQ-BOX works as RF module for testing the base-
band module (Radio Equipment).

RECTest
The R&S EX-IQ-BOX emulates the baseband module for testing
the RF module (Radio Equipment Control).

*RST: RETest

Example: SOUR1 : EBOX : CPRI :MODE RECT
activate CPRI REC test mode.

Manual operation: See "Mode" on page 152

[:SOURce<hw>]:EBOX:CPRI:PRESet

Sets all parameters to default. Refer to chapter A.3.2, "CPRI Default Settings",
on page 372, with an overview of the most important default settings.

Example: SOUR1 :EBOX:CPRI:PRES
set to CPRI default.
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Usage: Event

Manual operation: See "Set To Default / Preset" on page 152

[:SOURce<hw>]:EBOX:CPRI:STATe <State>

Activates the CPRI standardized protocol. The corresponding FPGA (Field Programma-
ble Array) is loaded automatically into the R&S EX-IQ-BOX.

Parameters:
<State> OFF | ON
*RST: OFF
Example: SOUR1:EBOX:CPRI:STAT ON

activates CPRI protocol transmission.

Manual operation: See "State" on page 152

[:SOURce<hw>]:EBOX:CPRI:VERSion?
Queries the version of currently used CPRI standard protocol version.

Return values:
<Version> V4 _2|V5 0

Example: EBOX:CPRI:VERS?
Response: 'v5 0

Usage: Query only

CPRI Recorder Subsystem

The CPRI:RECorder subsystem contains all remote-control commands that are rele-
vant for recording an 1/Q signal and storing the recorded data in a waveform file.

[:SOURce<hw>]:EBOX:CPRI:RECOrder<ch>:ABORI..........ccccerrrrrrrerrrrniieieeeeeeeesereeeeersnnanns 317
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:DATA:SOURCE........ccvvruieerrerrriieeeeereernneaenanns 317
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:DATA:SOURce:CATalog?.....ccceeeveieierennennen 317
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:DATA:SRATE?...ccitiieeieeieeieieeieeeee e, 317
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:EXECULE.......ccuueierierrinriiireeerinieeeeereninneeeeens 318
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:FILE:CREGE....cceerrirereerereeeeeeiesiiesccecnnnneenns 318
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:FILE:SELECE......cccuuurrrmrereeeieeeeeeeeeeiieseecnnnnnnns 318
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:RLENGth..........ccerrrrrrruruccieieiiieeeeeeeeeeeeceeennnes 319
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:RTIME?....c.cciuiiiiiiiiieiiii e 319
[:SOURce<hw>]:EBOX:CPRI:RECOrder<ch>:STATE ...t 319
[:SOURce<hw>]:EBOX:CPRI:RECOrder<ch>:STATUS?....ccieiiiiiiiieiee et 320
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:TRIGger:POSition........ccccceeereerrvueereeeennennennnn. 320
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:TRIGGer:SOURCE............cceeeteericeccnnnnrennennns 321
[:SOURce<hw>]:EBOX:CPRI:RECOrder<ch>:VIEW...........uuurururieeieieieeeeeeeeeeeeseeeeeeesessnnnnnnns 321
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[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:ABORt

Stops and cancels the recording. You can abort the recording at any time and restart

again.

Example: SOURL :EBOX:CPRI:REC:ABOR
stops recording.

Usage: Event

Manual operation: See "Abort / Discard" on page 211

[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:DATA:SOURce <Source>

Selects the signal source of the signal to be recorded. All RX signals are available. In
order to record a signal, the signal must be selected in the respective RX dialog. Either
the uplink signal in CPRI RE test mode, or the downlink signal of the CPRI REC testmode
are possible. Assign the signal "DIG OUT 2 1Q / Recorder" or "Recorder" under [ :
SOURce<hw>] : EBOX:CPRI:RX:SIGNal<ch>:0UTPut on page 331. Switch on signal
state, see [ : SOURce<hw>] :EBOX:CPRI:TX|RX:SIGNal<ch>:STATe on page 352.

Parameters:

<Source> string
String parameter to specify the 1/Q data source of the signal to be
recorded.

Example: SOUR1 :EBOX:CPRI:REC:DATA:SOUR "signal 1"

select the signal_1 for recording.

Manual operation: See "Data Source" on page 209

[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:DATA:SOURce:CATalog?
Returns a list of data sources, i.e. output signals in the current, or specified directory.

Return values:
<Srcs> string

Example: SOUR1 :EBOX:CPRI:REC:DATA: SOUR:CAT?
read out all waveform files of the current directory.

Usage: Query only

Manual operation: See "Data Source" on page 209

[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:DATA:SRATe?
Queries the sample rate of the recorded signal.

Return values:
<Srate> float

*RST: 3840000
Default unit: Hz
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Example: SOUR1 : EBOX :CPRI:REC:DATA: SRAT?
query the sample rate value of the selected signal.

Usage: Query only

Manual operation: See "Sample Rate" on page 210

[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:EXECute
Starts the recording.

Example: SOUR1 : EBOX : CPRI :REC:EXEC
starts recording of the currently selected signal.

Usage: Event

Manual operation: See "Record" on page 211

[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:FILE:CREate
This command creates a file and stores the recorded data.

Note:R&S DiglConf stores the recorded data in the waveform file format with the prede-
fined file extension * .wv. By default, waveform files are stored in the directory %Pro-

gram Files%/Rohde-Schwarz/DiglConf/Settings, unless another directory is selected.
File name and the directory are user-selectable.

Parameters:
<path>, <filename>  String parameter to specify directory, path and filename.

Example: SOUR1:EBOX:CPRI:REC:FILE:CRE
save the recorded data in a file

Usage: Event

Manual operation: See "Save to File" on page 211

[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:FILE:SELect <Select>

Saves the the recorded data in a file. Filename and directory are specified within the
command.

If no file of the specified name exists, it is created. The file extension may be omitted.
R&S DiglConf stores the recorded 1/Q data streams in the R&S WinlQSim2 waveform
file format with the predefined file extension * . wv.

Setting parameters:
<Select> <path>, <file_name>

String parameter to select directory, path and file name.
Example: SOUR1 :EBOX:CPRI:REC:FILE:SEL "D:

\3GPP_CPRIRE.wv"
select the recorded file 3GPP_CPRIRE.wv from D: \ directory.

Usage: Setting only
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Manual operation: See "Save" on page 211

[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:RLENgth <Length>

Sets the data length to be recorded in samples.

Parameters:
<Length> integer
Specifies the number of samples to be recorded.
Range: 1 to 128000000
Increment: 1
*RST: 100 Samples
Example: SOUR1:EBOX:CPRI:REC:RLENgth 1024

record 1024 samples of the signal.

Manual operation: See "Recording Length" on page 209

[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:RTIMe?

Queries the recording time. The recording time results from the recording length and the
sample rate.

Return values:
<Duration> float

Range: 010 2147483647 s
Increment: 0.000001

*RST: 0

Default unit: s

Example: SOUR1 : EBOX:CPRI:REC:RTIM?
returns the time needed for recording.

Usage: Query only

Manual operation: See "Recording Time" on page 210

[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:STATe?

This command queries whether the selected data source signal is active or not. Ifinactive,
the recorder cannot be started.

Return values:

<State> 011
*RST: OFF
Example: SOUR1 :EBOX:CPRI:REC:STAT?

Response: 0 (inactive)

Usage: Query only
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[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:STATus?

Return values:
<Status>

Example:

Usage:

Manual operation:

IDLE | FRUN | READy | WTRigger | TRIGgered | DONE
Returns the state of the recording process.

IDLE
Recording is inactive. Configure the recorder in that state.
The recorder remains in "ldle" state until you start with Execute.

FRUN
The recorder records the signal continuously in a ring memory.
These data are required for pre-trigger analyzes.

READy

Recording has passed through the ring memory once at least, i.e.
it has described the memory completely. At this point the data is
valid and R&S DiglConf activates the trigger signal automatically.
WTRigger

The recorder continues recording until the trigger event occurs.
Then the process switches to the next state.

If trigger source "Software" is used, the trigger event occurs imme-
diately.

TRIGgered

After the trigger event, only the remaining samples after the trigger
position are recorded (post-trigger data).

DONE

If all post-trigger data are recorded, the recording is completed and
the recorder stops. The data is available in the memory.

*RST: IDLE

SOUR1 :EBOX:CPRI:REC:STAT?
Response: WTR, i.e. the process is waiting for a trigger event.

Query only

See " Recorder Status Diagram" on page 210

[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:TRIGger:POSition <Position>

Determine the position of the trigger event on the waveform. The position provides to
realize a pre-trigger recording, as well as a post-trigger recording. The value is set in the
samples from 0 to Recording Length-1.

e Post-trigger, i.e. position 0 at the beginning of the waveform enables to evaluate the
signal after the trigger event.

e Pre Trigger, with the trigger position at the end of the waveform, provides the evalu-
ation of the signal before the trigger event.
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<Position>

Example:

Manual operation:

CPRI Remote Control Commands

integer
Specify a numeric value.

Range: 0 to 99
Increment: 1
*RST: 0

SOURL :EBOX:CPRI:REC:TRIG:POS 2
set trigger position 2.

See "Trigger Position" on page 209

[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:TRIGger:SOURce <Source>

Select the trigger source for starting the recording. A trigger event can be initiated by the
software itself or by hardware events.

Parameters:
<Source>

Example:

Manual operation:

SOFTware | EXT1 | EXT2 | EXT3 | TXBF | TXHF | TXNF | RXBF |
RXHF | RXNF | SYNC

SOFTware
Software trigger starts the recording immediately after the record
is switched on. No other event is necessary.

EXT1...3

Starts recording with an external trigger event.

External trigger events are generated by the hardware and fed at
the GENERAL PURPUSE 10 interface.
TXBF|TXHF|TXNF|RXBF|RXHF|RXNF

Starts recording with an external trigger event. These trigger
events come within the CPRI communication link.

Available trigger evens are:

CPRI DL/UL Basic Frame: TXBF | RXBF

CPRI DL/UL Hyper Frame: TXHF | RXHF

CPRI DL/UL NodeB Frame: TXNF | RXNF

SYNC

Starts recording after a specific dync pattern is received.

*RST: SOFTware

SOUR1 :EBOX:CPRI:REC:TRIG:SOUR EXT2
start recording with an external trigger event, fed at the 2nd GPIO
interface.

See " Trigger Source" on page 209

[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:VIEW

Calls the viewer program ARB toolbox, to view the currently loaded IQ data stream.
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Example: EBOX:CPRI:REC:VIEW "d:
\user\temp\gpsk dirac 3 84Hz"
calls the ARB toolbox to view the 1Q content of the file.

Usage: Event

Manual operation: See "View" on page 212

CPRI Settings Subsystem

With the commands of the SETTing subsystem, you can save settings of a CPRI appli-
cation, or recall previously saved configurations. It covers all commands for file handling.

[:SOURCce<hw>]:EBOX:CPRI:SETTING:CATAIOg? ... eiietieeeiiiiieeeetieeeeeneeeeeteeeeeaneeeeranseeeens 322
[:SOURce<hw>]:EBOX:CPRI:SETTING:DELEte.....ccuiieiinieeee e 322
[:SOURce<hw>]:EBOX:CPRI:SETTING:LOAD. ... ettt et e e 323
[:SOURCce<hw>]:EBOX:CPRI:SETTING:STORE. ....citiitieiieeieeiieeeeeetee e e e et e e e e eanae e e e senaaeeeeeeen 323

[:SOURce<hw>]:EBOX:CPRI:SETTing:CATalog?

The command queries the available settings files in the specified directory. Settings files
are used to store current application settings. Only files with the file extension *.cpri will
be listed.

Access to the files via remote is possible using the commands of the MEMM subsystem.

Return values:

<Catalog> string
String parameter to select the directory where settings files are
stored.

Example: MEMM:CDIR "d:\DigIConf\Settings\CPRI"

Set the default directory and path to
d:\DigIConf\Settings\CPRI.

SOUR1 : EBOX:CPRI:SETT:CAT?

read out all settings files of the \DigIConf\Settings\CPRI
directory on drive d:

Usage: Query only

Manual operation: See "Save / Recall" on page 152

[:SOURce<hw>]:EBOX:CPRI:SETTing:DELete <Delete>
The command removes a settings file from the specified directory.

Setting parameters:
<Delete> <directory>, <file_name>, <ext>

Determine the file to be deleted by adding directory, file name and
the file extension (*.cpri).
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Example: SOURL1:EBOX:CPRI:SETT:DEL "d:
\DigIConf\Settings\CPRI\RETest.cpri"
delete the file RETest .cpri.

Usage: Setting only

[:SOURce<hw>]:EBOX:CPRI:SETTing:LOAD <Load>

The command loads a previously saved CPRI configuration. Define directory and file
name, R&S DiglConf automatically assigns the file extension * . cpri.

Setting parameters:

<Load> <directory>, <file_name>
String parameter to determine the target directory and the file-
name for loading the settings file.

Example: SOUR1 :EBOX:CPRI:SETT:LOAD "D:
/USER/CPRISettings/RETest"
load the CPRI settings file RETest .cpri from the directory
d:\USER\CPRISettings.

Usage: Setting only

Manual operation: See "Save / Recall" on page 152

[:SOURce<hw>]:EBOX:CPRI:SETTing:STORe <Store>

Saves the current CPRI signal configuration. Specify the directory and file name.
R&S DiglConf automatically assigns the file extension * . cpri to CPRI configuration
files.

Setting parameters:

<Store> <directory>, <file_name>
String parameter to determine the target directory and the file-
name for storing the settings file.

Example: SOUR1:EBOX:CPRI:SETT:STOR "D:
/USER/CPRISettings/RETest"
save the currently defined CPRI settings in the file
RETest.cpri in the directory d: \USER\CPRISettings.

Usage: Setting only

Manual operation: See "Save / Recall" on page 152

CPRI Test & Diagnostics Subsystem

The TEST: & Diagnostics subsystem contains the remote-control commands to get
information on the SFP transceiver connection and RX alarms. You also find the com-
mands for executing a low level BER test in this panel.
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The numeric suffix to SFP<st> distinguishes the SFP interfaces (SFP1,SFP2).

[:SOURce<hw>]:EBOX:CPRITEST:BER:RX:RATE 2. .uciiiiiieeeeeeeeeeeeticce e e e e e e e e e e eee e 324
[:SOURce<hw>]:EBOX:CPRITEST:BER:RX:STATE. ittt eee e 324
[:SOURce<hw>]:EBOX:CPRIETEST:BER:RX:WORDS?.....cuitiuiiiieieeieeee et et e e 325
[:SOURce<hw>]:EBOX:CPRIETEST:BER: TX:STATE. . ettt ettt 325
[:SOURce<hw>]:EBOX:CPRI:PRBS:RST.....iiiiiiieie ettt e e 325
[:SOURce<hw>]:EBOX:CPRITEST:RX:LOF 2. .uiiiiiiiieeee ettt as e e e e e e e e e e eeeeeeeaeaennneas 325
[:SOURCe<hw>]:EBOX:CPRITEST:RX:LOS?..uuuuttutuuiiiieieieieeeeeeeeeseseeeeeeeeesesssrarnnnnnnnnnnnns 326
[:SOURCe<hw>]:EBOX:CPRETEST:RX:IRAIZ ... iiiiiiiiee ettt e ettt e e e e eetee e e e e et e e e e eeenan 326
[:SOURce<hw>]:EBOX:CPRETEST:RX:RESEt?. ... e 326
[:SOURce<hw>]:EBOX:CPRETEST:RX:SDI?. .. ettt et e e e 327
[:SOURce<hw>]:EBOX:CPRITEST:SFP<St>:INFO?. ..ottt 327
[:SOURCce<hw>]:EBOX:CPRITEST:SFP<St>LOS?...ccttiiieiiiiieeeeie e e et e e e e e e e e e 327
[:SOURce<hw>]:EBOX:CPRI:TEST:SFP<st>:TX:DISabled?..........cceeveveveeeeeeeeeieeeniiennn 328
[:SOURce<hw>]:EBOX:CPRI:TEST:SFP<st>TX:FAUL?....cetiiieiirieieceie e e e e e e e e eeeeeeeceeeenaees 328
[:SOURce<hw>]:EBOX:CPRI:TEST:TX:RERESE!....ctuiiieiiiiiiiii e 328
[:SOURCce<hw>]:EBOX:CPRETEST:TX:SDI...uuiiieiiiei ettt e e e e e e e e 329

[:SOURce<hw>]:EBOX:CPRI:TEST:BER:RX:RATE?

The command queries the number of bit errors. This function consecutively counts the
number of discrepancies that occur during the test. The BER result is the ratio, which is
calculated by dividing the number of error bits by the total number of bits.

Return values:
<Rate> float

Range: 0 to 1.000
Increment: 0.01
*RST: 0

Example: SOUR1:EBOX:CPRI:TEST:BER:RX:RATE?
query the number of bit errors.
Response: 2
2 bit errors occured during low level BER test.

Usage: Query only
Manual operation: See "Rx BER" on page 193

[:SOURce<hw>]:EBOX:CPRI:TEST:BER:RX:STATe <State>

Switches on the test receiver.

Parameters:
<State> ON | OFF
*RST: OFF
Example: SOUR1 :EBOX:CPRI:TEST:BER:RX:STAT ON

switch on test receiver.
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[:SOURce<hw>]:EBOX:CPRI: TEST:BER:RX:WORDs?

The command queries the number of received |Q words during low level BER RX test.
Low level BER test consecutively counts the number of received words in order to com-
pare them with the sent data and to determine the error rate.

Return values:

<Words> integer
Increment: 1
*RST: 0
Example: SOUR1 :EBOX:CPRI:TEST:BER:RX:WORD?

query the number of received IQ words.
Response: 10005
R&S DiglConf received 10005 words during low level BER test.

Usage: Query only

Manual operation: See "Rx Received Bits" on page 193

[:SOURce<hw>]:EBOX:CPRI:TEST:BER:TX:STATe <Execute>

The command starts the transmission of the test data.

Parameters:
<Execute> ON | OFF
*RST: OFF
Example: SOUR1:EBOX:CPRI:TEST:BER:TX:STAT ON

start PRBS TX test.

[:SOURce<hw>]:EBOX:CPRI:PRBS:RST
Resets the PRBS test.
Usage: Event

Manual operation: See "Reset" on page 193

[:SOURce<hw>]:EBOX:CPRL:TEST:RX:LOF?
Queries whether the received signal is synchronized correctly, i.e. LOF (Loss of Frame).

Return values:

<Lof> 0]1
*RST: 0
Example: SOUR1 :EBOX:CPRI:TEST:RX:LOF?

check if received data is synchronized.
Response: 1 (error), data lost synchronization.

Usage: Query only

Manual operation: See "Flags" on page 166
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[:SOURce<hw>]:EBOX:CPRIL:TEST:RX:LOS?

The command queries a Loss of Signal (LOS).

Return values:
<Los>

Example:

Usage:

Manual operation:

01
*RST: 0

SOUR1:EBOX:CPRI:TEST:RX:L0OS?
check if loss of signal happened.
Response: 0 (no error)

Query only
See "Flags" on page 166

[:SOURce<hw>]:EBOX:CPRI:TEST:RX:RAI?

The command queries the RAI (Remote Arm Indication) state, i.e. if any remote part of
the end-to-end link has failed.

Return values:
<Rai>

Example:

Usage:

Manual operation:

01
*RST: 0

SOUR1:EBOX:CPRI:TEST:RX:RAI?
check if a remote part of the end-to-end link has failed.
Response: 0 if OK, 1 if not OK

Query only
See "Flags" on page 166

[:SOURce<hw>]:EBOX:CPRI:TEST:RX:RESet?
Checks the reset state of the DUT.

Return values:
<Reset>

Example:

Usage:

Manual operation:

01
1

CPRI RE test mode: Confirms that a reset was performed.
CPRI REC test mode: Confirms a reset request.

0
CPRI RE test mode: No reset was performed.
CPRI REC test mode: No reset is requested.

*RST: 0

SOUR1 :EBOX:CPRI:TEST:RX:RES?
check the reset state of the DUT.

Query only
See "Flags" on page 166
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[:SOURce<hw>]:EBOX:CPRI: TEST:RX:SDI?

The command queries if the data communication failed (SDI Service Access Point Defect

Indication).

Return values:
<Sdi>

Example:

Usage:

Manual operation:

0]1

*RST: 0

SOUR1 :EBOX:CPRI:TEST:RX:SDI?
check the data communication.

Response: 1 (error)
data communication failed.

Query only
See "Flags" on page 166

[:SOURce<hw>]:EBOX:CPRI:TEST:SFP<st>:INFO?

The command provides information on all SFP module parameters.

Return values:
<Info>

Example:

Usage:

Manual operation:

string

SOUR1 :EBOX:CPRI:TEST:SFP:INFO?
query all parameters of the SFP1 module.
Response: 'Vendor:R&S, Part number:
90567, 'Connector:LC, 'Bit Rate:
2400kbit/s, 'Wave Length:1024,...".

Query only
See "SFP Diagnostics" on page 204

[:SOURce<hw>]:EBOX:CPRI:TEST:SFP<st>:LOS?

Queries whether data communication via the SFP module failed and the signal was lost.

Return values:
<Sloss>

Example:

Usage:

Manual operation:

01

*RST: 0

SOUR1 :EBOX:CPRI:TEST:SFP1:L0S?

check whether the data was transferred correctly through the

SFP1 module, or whether the signal was lost.
Response: 0 if OK, 1 if not OK

Query only
See "SFP LEDs" on page 204
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[:SOURce<hw>]:EBOX:CPRI:TEST:SFP<st>:TX:DISabled?

Queries whether the interface of the breakout board and the SFP transmission line are

disabled.
Return values:
<Disabled> 011
*RST: 0
Example: SOUR1 :EBOX:CPRI:TEST:SFP:TX:DIS?

check the interface between the breakout board and the SFP
transmission line.
Response: 1 if active 0 if inactive.

Usage: Query only
Manual operation: See "SFP LEDs" on page 204

[:SOURce<hw>]:EBOX:CPRI:TEST:SFP<st>:TX:FAULt?

Queries the error states at the SFP interfaces. If a SFP is disconnected, R&S DiglConf
responses with 0 (error).

Return values:

<Fault> 01
*RST: 0
Example: SOUR1 : EBOX:CPRI:TEST:SFP:TX:FAUL?

check if a transmission error occured.
Response: 0 if OK, 1 if not OK

Usage: Query only
Manual operation: See "SFP LEDs" on page 204

[:SOURce<hw>]:EBOX:CPRIL:TEST:TX:REReset <Rereset>

The command sets or clears the bit on the downlink connection which requests the RE
to reset.

Note: This function applies to CPRI RE test mode. In this mode, the R&S EX-IQ-BOX
acts as a CPRI REC (master). As defined in the CPRI standard specification, the CPRI
REC provides the generation of Layer 1 messages. In this section, you can simulate some
events. Use this function to see how the DUT responds to these events.

Parameters:
<Rereset> ON | OFF
*RST: 0
Example: SOUR1:EBOX:CPRI:TEST:TX:RER ON

request the RE to reset.

Manual operation: See "RE Reset" on page 170
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[:SOURce<hw>]:EBOX:CPRI:TEST:TX:SDI <Sdi>

Activates the SDI (Service Access Point Defect Indication) defect indicator. This function
intentionally provokes an SDI event, in order to examine whether the DUT evaluates it.
In realtime applications, the function detects whether an SAP (Service Access Point) is
defective or not working properly.

Note: The command applies to CPRI RE test mode. In this mode, the R&S EX-IQ-BOX
acts as a CPRI REC (master). As defined in the CPRI standard specification, the CPRI
REC provides the generation of Layer 1 messages. In this section, you can simulate some
events. Use this function to see how the DUT responds to these events.

Parameters:
<Sdi> 01
*RST: 0
Example: SOUR1 :EBOX:CPRI:TEST:TX:SDI ON

activate transmitter SAP Defect Indication.

Manual operation: See "SDI" on page 169

CPRI TX/RX - Downlink/Uplink Subsystem

The {TX|RX} subsystem comprises the remote control commands related to the CPRI
Uplink and Downlink.

Depending on the CPRI test mode, the R&S EX-IQ-BOX works either as a transmitter
(TX) or receiver (RX), as shown in the following diagrams.

Terms used in the description and familiar synonyms

UL (Uplink): The UL defines the direction from a mobile device to a base station. A
synonym to UL is RL (Reverse Link).

DL (Downlink): The DL defines the direction from the base station to the mobile device.
A synonym to DL is FL (Forward Link).

® |n CPRI RE test mode, the R&S EX-IQ-BOX works in the DL (downlink) as a trans-
mitter (TX) and in the UL (uplink) as a receiver (RX).

X Downlink

A

EXBOX DUT

B85 RX Uplink CPRI RE

EX-1Q-BOX

Fig. 9-5: CPRI RE test - schematic representation

® In CPRIREC test mode, the R&S EX-IQ-BOX works in the DL as a receiver (RX) and
in the UL as a transmitter (TX).
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Downlink RX

DUT EXBOX
EX-IQ-BOX
CPRIREC Uplink x| B85

y

Fig. 9-6: CPRI REC test - schematic representation

The downlink and uplink settings are similar; they both define the signals I/Q data and
their distribution inside the CPRI basic frame container (AxC allocation).

The following description of a remote-command applies to both directions of transmis-
sion. { TX|RX} depicted in curly brackets in the command syntax, distinguishes the
transmission direction.

The numeric suffix <ch> to SIGNa1l distinguishes the selected signal. Up to 24 signals
can be addressed. The signals are indexed in ascending order according to their position
in the list.

<ch> exclusively addresses the position of the signal in the list. It does not select a signal
with an index in the signal name.

[:SOURce<hw>]:EBOX:CPRI:RX:SIGNaI<Ch>:OUTPUL.......cuururririirrieeererieeeeeeeeesseeseennnnnnnes 331
[:SOURce<hw>]:EBOX:CPRITX|RX:TRIGGENARM. ...uuuuuucieieieieiieeeeeeeeeeeieeeeeeeeeeeseseasssannnns 332
[:SOURce<hw>]:EBOX:CPRI:TX|RX:TRIGGEr:SOURCE. ....uuuieieeieeeeereereiniiiieieeeeeeeeeeeneennnnns 332
[:SOURCce<hw>]:EBOX:CPRI:SFRaAME<SI>DATA.....cceeieieeeeeieiee e e e eeetes e e eeee e e e e eeaaae e e eeeens 332
[:SOURce<hw>]:EBOX:CPRI:TX:SIGNal<ch>:SOURCE.....cccituuiiuiiiiieiiii i 332
[:SOURce<hw>]:EBOX:CPRETX|RX:APPLY ...ttt 333
[:SOURce<hw>]:EBOX:CPRITX|RX:AXC:COUNL?.....uuunnnrnnnrnnnrennnnnrrenrenneennennnnennannn 333
[:SOURce<hw>]:EBOX:CPRI:TX|RX:AXC<ChO>:BADDIESS.........ceeeeeeeeeeeeeeieeereeeneeeeeeeeeeenns 334
[:SOURce<hw>]:EBOX:CPRITX|RX:AXC<ChO>:CONFIICt?....cceeeeeeriieeeeieeiiieeeeeeeeetee e eeees 334
[:SOURce<hw>]:EBOX:CPRITX|RX:AXC<ChO>:PSRC?....ceiiiiieeeeieeeeee et ee e e 334
[:SOURce<hw>]:EBOX:CPRIETX|RX:AXC<ChO>:SIZE?...cuieieeee et 335
[:SOURce<hw>]:EBOX:CPRI:TX|RX:AXC<ChO0>:SOURCE?.....uiiuiiiiieiii e 335
[:SOURce<hw>]:EBOX:CPRI:TX|RX:AXC<ChO>:WADDIESS....cttteeiireiiiiiieeneeeieeeeeeeenes 336
[:SOURce<hw>]:EBOX:CPRITX|RX:AXCStAtUS?.cevverererrrreerreeeereeeeeneeeenreeseernennessnemmmmsmnnnes 336
[:SOURce<hw>]:EBOX:CPRI:TX|RX:DRATE:ASSIGNEA?...ccceeviieeieieeeeeeeeeeeeeeeeeeeeseeeeeeeennnnes 336
[:SOURce<hw>]:EBOX:CPRI:TX|RX:DRATE:AVAIIADIE?......cevuieeeeeiiice et ee e e eeenes 337
[:SOURce<hw>]:EBOX:CPRITX|RX:INTEMEAVING....ccctetiiiiirrninniaaaaaa e e e e e e eeeeeeeeeeeeeeeeennanaaas 337
[:SOURce<hw>]:EBOX:CPRITX|RX:SIGNal:APPENd......c.coeuiiiiiiieeieeeieeee et 337
[:SOURce<hw>]:EBOX:CPRITX|RX:SIGNal:COUNL?....c.uiiiiiieiei et 338
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:ARB:CONFIiCt?......cccoeeiiiiiiiieeiiinieieeennen 338
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:ARB:FILE?.........cccceeeveeeeieeeeeeeeeeeeeeeeeeenns 338
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:ALLOCAtION. .....vuvueieeeereeeeereeeeerenrnnn. 339
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:COUNt:ASSIgN?......ccevvvruereererennnn. 339
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:COUNt:NEEDed?.......c.ccceevrienrenrannen 340
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:DRATe:ASSigned?........cccccvenrinnennen 341
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:DRATe:NEEDed?........cceceivenrinnaennnn 341
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[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:DRATE:STATUS?....cvrrerrrrrrrrerreeenenns 341
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:LIST?.....cceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeens 342
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNaI<Ch>:COPY .....cceuiiiieiiiieeeeee e e 342
[:SOURce<hw>]:EBOX:CPRITX|RX:SIGNal<Ch>:CRESHt......c.cccuiiiiiiiiei e 342
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:DELete.......cccetiiimiiiiiiiiiiiieii e 343
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<Ch>:GAIN.. ...t 343
[:SOURce<hw>]:EBOX:CPRI:TX|RX:GROUP<USEr0>:PATTEIM.....ceieeerreeeeeeeeeeieeerieeeeeeeeeenes 344
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SOURCe:GROUP:CALC.....cecevieeeeeeeeeeeeeeccccenenneenns 344
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SOURce<ch>:GROUP:COUNt.......ccevvuuceieerreeiereennnnn. 344
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SOURce<ch>:GROup<user0>:REPetition................... 345
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SOURce<ch>:GROup<user0>:STATE........cceeurenennennnn 345
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:IQResolution...........ccccoeiiiiiiiiiiiannen 345
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<Ch>:NAME........cccetuiiarrieeieiiiiniaaaeeeeeeeeeeeeneas 346
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:NFORMAL..........cceerieeiieiiccrcnnnnrnnrennnenns 346
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:0OSAMPIiNG......ccevrerrrerrrrrrreerenereneeeneennnnes 348
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:PLENGth.......cccccoiiiiiiiiiiiciiiieccc e, 348
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<Ch>:RMS?.....ceiiiiiiiei e 348
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<Ch>:SRATE. ...ttt 349
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:STANdard.........ccoeiiiiriiiiiiiiieiiieeieenen 350
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<Ch>:STATE....cevuuieieeeiieiniaaeeeeeeeiiaaeeeeeeeenens 352
[:SOURce<hw>]:EBOX:CPRITX|RX:WARNING?....cuutuiiriieeirierieriaaeaeeeeeeesessssssassasssnnnnsnsnnne 352

[:SOURce<hw>]:EBOX:CPRI:RX:SIGNal<ch>:0UTPut <Output>

Determines the output interface, to transmit the received baseband signal from the DUT
to an R&S instrument and/or to the built-in 1/Q recorder. That is, if you work in the RE
Test Uplink or the REC Test Downlink mode.

The R&S EX-IQ-BOX extracts the I/Q baseband signal of the CPRI protocol, and forwards
it to an R&S instrument. Simultaneously, you can also record the signal with the 1/Q
recorder.

Parameters:

<OQutput> IQOutput | RECorder | SYNC | PRBS
1QOutput
Selects the DIG 1Q IN 2 interface of the R&S EX-IQ-BOX for signal
output.
RECorder
Selects the built-in I/Q recorder as the destination for the received
signal.

SYNC

Checks one AxC inside the CPRI frame against a static synchro-
nization pattern.

PRBS

Activates the BER test to measure the bit error rate of the CPRI
link.

*RST: Q0

Example: SOUR1 : EBOX:CPRI:RX:SIGN:OUTP IQO
assigns the digital interface to signal output.
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Manual operation: See "Signal Output" on page 174

[:SOURce<hw>]:EBOX:CPRI:TX|RX:TRIGger:ARM

Stops the current signal transmission. It continues either automatically or synchronized,
according to the used start condition.

Manual operation: See "Run" on page 189

[:SOURce<hw>]:EBOX:CPRI:TX|RX:TRIGger:SOURce <Trigger>
Defines the start condition for the scheduler, for data transmission and analysis.

Parameters:
<Trigger> SOFTware | EXT1 | EXT2 | EXT3 | TXBF | TXHF | TXNF | RXBF |
RXHF | RXNF | SYNC

Manual operation: See "Start Condition" on page 188

[:SOURce<hw>]:EBOX:CPRI:SFRame<st>:DATA <StaticFrameData>

Fills the complete CPRI frame with a static pattern for debugging purposes. This pattern
is transmitted as it is, without scaling, rounding or interleaving.

Parameters:
<StaticFrameData> integer

Example: [ : SOURce<hw>] : EBOX:CPRI: SFRame<st>:DATA
"102010110000"

Manual operation: See "Frame Data" on page 176

[:SOURce<hw>]:EBOX:CPRI:TX:SIGNal<ch>:SOURce <Source>

Determines the signal source for signal transmission to the DUT. That is, if you work in
the RE Test Downlink or the REC Test Uplink mode.

The signal comes either from an R&S instrument via the Digital I/Q Interface of the
R&S EX-IQ-BOX, or the signal is generated internally or by means of the waveform
memory in the R&S EX-IQ-BOX.

The R&S EX-IQ-BOX converts the 1/Q format of the signal into the CPRI protocol format.
Embedded with additional control information, the link transfers the data to the DUT.
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Parameters:

<Source> PATTern | IQIN | ARB1 | ARB2 | ARB3 | ARB4 | STATic | PRBS
PATTern
Uses the internal pattern generator as signal source.
IQIN
An R&S instrument applies a digital baseband signal at DIQ 1Q IN
1 connector of the R&S EX-IQ-BOX.
ARB1...4
Selects one of the waveform memories with a loaded 1/Q signal.
Notes:
This feature requires, that the R&S EX-1Q-BOX is equipped with
the appropriate waveform memory option.
A conflict arises, if no signal is loaded in the memory, or is not
activated.
The Multi Waveform options support simultaneous playback of up
to four signals. For information on the available options refer to
chapter 3.2.2.3, "Waveform Memory, Multi Waveform Playback
and Recording Memory ", on page 23.
STATic
Fills the complete CPRI frame with a static pattern for debugging
purposes. This pattern is transmitted as it is, without scaling,
rounding or interleaving.
PRBS
Generates a PRBS pattern.
*RST: IQIN

Example: SOURL:EBOX:CPRI:TX:SIGN:SOUR ARB1

selects the signal of the first waveform memory as signal source.

Manual operation: See "Physical Source" on page 173

[:SOURce<hw>]:EBOX:CPRI:TX|RX:APPLy
Assigns the downlink/uplink settings in order to become effective.

Example: SOUR1 :EBOX:CPRI:TX:APPL
accept the settings.

Usage: Event

Manual operation: See "Arm" on page 189

[:SOURce<hw>]:EBOX:CPRI:TX|RX:AXC:COUNt?

Queries the number of used AxCs.
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Return values:

<Count> integer
Range: 1 to 24
Increment: 1
*RST: 1
Example: SOUR1 :EBOX:CPRI:TX:AXCO:SOUR?

check the number of used AxCs.
Response: 18
18 AxCs are currently in use.

Usage: Query only

[:SOURce<hw>]:EBOX:CPRI:TX|RX:AXC<ch0>:BADDress <Baddress>

The position of the AxC within the CPRI basic frame is defined by word address and bit
address. This command queries or defines the bit address, i.e. the starting bit inside the
word, see [ : SOURce<hw>] :EBOX:CPRI : TX|RX:AXC<ch0>:WADDress

on page 336.
Parameters:
<Baddress> float
Range: 0to 38
Increment: 2
*RST: 0
Example: SOUR1:EBOX:CPRI:TX:AXCO:BADD O

set the starting bit to "0".

Manual operation: See "AxC Table" on page 188

[:SOURce<hw>]:EBOX:CPRI:TX|RX:AXC<ch0>:CONFlict?
A conflict arises, when AxCs overlap. The command queries the status of overlapping.

Return values:

<Conflict> OFF | ON
No overlapping occurred.
AxCs overlapped.
*RST: 0
Example: SOUR1 : EBOX:CPRI: TX:AXC3:CONF?

check if AXC3 overlaps with a previous one.
Response: 0 if OK, 1 if not OK

Usage: Query only

Manual operation: See "AxC Table" on page 188

[:SOURce<hw>]:EBOX:CPRI:TX|RX:AXC<ch0>:PSRC?

Queries the physical signal source.
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Return values:
<src> PATTern | IQIN | IQOutput | ARB1 | ARB2 | ARB3 | ARB4 |
RECorder | STATic | SYNC | PRBS

Example: EBOX:CPRI:TX:AXCO:PSRC?
Response: "PATT"

Usage: Query only

[:SOURce<hw>]:EBOX:CPRI:TX|RX:AXC<ch0>:SIZE?
Queries the size of the AxC in bits. The size depends on the selected signal source.

With the exception of signals from the signal source Sync Pattern, the size is calculated
using the following formula:

AxC _size [bit]: 1/ QResolution 2

axc signal

For Sync Pattern signals, calculate the source with the formula:

AxC _size [bit]: Pattern Length

axc signal

Return values:
<Size> integer

Range: 2 to 40
Increment: 1
*RST: 32

Example: SOUR1 :EBOX:CPRI:TX:AXC1:SIZE?
check the AxC size.
Response: 32
the length of AxC1 is 32 bit.

Usage: Query only

Manual operation: See "AxC Table" on page 188

[:SOURce<hw>]:EBOX:CPRIL:TX|RX:AXC<ch0>:SOURce?
Queries the signal name the AxC is assigned to.
Note: This command applies to downlink.

Return values:
<Source> string

Example: SOUR1 :EBOX:CPRI:TX:AXCO:SOUR?
check the signal allocated in AxC 0.
Response: signal 1
signal_1 is assigned to the first AxC.

Usage: Query only

Manual operation: See "AxC Table" on page 188
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[:SOURce<hw>]:EBOX:CPRIL:TX|RX:AXC<ch0>:WADDress <Waddress>

The position of the AxC within the CPRI basic frame is defined by word address and bit
address. This command queries or defines the word address, i.e. with which word the
AxC starts, while the bit address specifies the bit index inside the word, see | :
SOURce<hw>] :EBOX:CPRI : TX|RX:AXC<ch0>:BADDress on page 334.

Parameters:
<Waddress> integer
Range: 0to 38
Increment: 1
*RST: 1
Example: SOUR1:EBOX:CPRI:TX:AXCO:WADD 15

start at word address 20 with the signal in the first AxC.

Manual operation: See "AxC Table" on page 188

[:SOURce<hw>]:EBOX:CPRI:TX|RX:AXCStatus?
The command queries the status of all AxCs.
Note: This command applies to downlink.

Return values:

<Axcstatus> 011
*RST: 0
Example: SOUR1 :EBOX:CPRI:RX:AXCS?

check the staus of all AxCs in receiver mode.
Response: 1 if active 0 if not active.

Usage: Query only

[:SOURce<hw>]:EBOX:CPRI:TX|RX:DRATe:ASSigned?

Queries the assigned 1/Q data rate of all active signals. This parameter depends on the
size of each assigned AxC and is calculated with the formula:

The assigned data rate is calculated with the formula:

Data Rate

assigned

[Mbit /s ]= Z AxC _size, -3.84[MHz]

Return values:

<Assigned> float
Increment: 0.01
*RST: 0
Example: SOUR1:EBOX:CPRI:TX:DRAT:ASS?

query the data rate of all active signals.
Response: 491 .52 Mbit/s
the entire data rate of the active signals is 491.52' Mbit/s.
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Usage: Query only
Manual operation: See "Assigned Data Rate (AxC)" on page 187

[:SOURce<hw>]:EBOX:CPRI:TX|RX:DRATe:AVAilable?
Queries the available data rate for the 1/Q data in the AxC container.

The data rate is calculated with the formula:

Data Rate

avaliable

[Mbit/ 5] = DataWord Count-Word Lengthlpit | 3.84[MHz]
=15-Word Lengthlpit | 3.84[MHz]

Note: The word length depends on the line bit rate, refer also to "CPRI Basic Frame

Graph" on page 186.

Return values:

<Available> float
Increment: 1000
*RST: 921600000
Example: SOUR1 :EBOX:CPRI:TX:DRAT:AVA?

query the available I/Q data rate.
Response: 921 .60 Mbit/s
the CPRI basic frame provides a data rate of 921.6 Mbit/s for 1/Q.

Usage: Query only
Manual operation: See "Available Data Rate (1/Q)" on page 187

[:SOURce<hw>]:EBOX:CPRI:TX|RX:INTerleaving <Interleaving>

Activates 1/Q data interleaving.

Parameters:
<Interleaving> 0]|1]OFF|ON

*RST: OFF
Example: EBOX:CPRI:TX:INT ON

activates interleaving.

Manual operation: See "I/Q Data Interleaving" on page 187

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal:APPend

Adds a new signal to the list. R&S DiglConf attaches a signal with default parameter
values, a predetermined name and a name index following the last list entry.

Example: SOURL:EBOX:CPRI:TX:SIGN2:APP
adds a new signal as second list item to the signal list.

Usage: Event

Manual operation: See "Append" on page 173

1
User Manual 1409.5570.32 — 05 337



R&S®EX-1Q-BOX Remote Control Commands

|
CPRI Remote Control Commands

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal:COUNt?
This command queries the number of active signals.
Note: This command applies to downlink.

Return values:

<Count> integer
Range: 1 to 24
Increment: 1
1

*RST:

Example: SOUR1 :EBOX:CPRI:TX:SIGN:COUNt?
check the number of used signals.
Response: 3
3 signals are currently in use.

Usage: Query only

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:ARB:CONFlict?

The command queries the status of a signal loaded from a waveform memory. A conflict
arises, if a waveform memory is selected as signal source and no signal is loaded in the
memory, or is not activated.

Note: This command applies to downlink.

Return values:

<Conflict> 0]1]OFF|ON
*RST: 0

Example: SOUR1:EBOX:CPRI:TX:SIGN:ARB:CONF?
check if the signal in the waveform memory is loaded and activa-
ted.

Response: 1 if active 0 if ARB is off.

Usage: Query only

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:ARB:FILE?
Queries the loaded waveform file from a waveform memory signal source.
Notes:

This parameter is relevant when operating with ARB. |.e., if you load a file and select the
signal source ARB, R&S DiglConf indicates the file name. For standard communication
signals, the field is hidden.

R&S DiglConfloads waveforms calculated by simulation software such as Matlab or R&S
WinlQSIM2 into the memory of the R&S EX-IQ-BOX. With the aid of the CPRI breakout
board, the R&S EX-IQ-BOX then embeds the signal into the CPRI protocol.

Return values:
<File> string
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Example: SOURL:EBOX:CPRI:TX:SIGN:ARB:FILE?
query the currently loaded wave file.
Response: p4DQPSK7 68M OV4 2016Samples.wv

Usage: Query only

Manual operation: See "Wave file" on page 176

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:ALLocation <Allocation>

Defines how to allocate the AxCs to the signal. R&S DiglConf automatically assigns the
AxCs to a signal, and this parameter specifies the method.

Parameters:

<Allocation> PACKed | FLEXible
PACKed
The AxCs allocate a continuous area inside the CPRI basic frame.
Word address and offset address of the first AXC define the start-
ing position. If possible, the following AxCs are placed succes-
sively. The signal AxCs are automatically laid in a free area of the
CPRI frame. If there is not enough free space, the signal AxCs are
placed at the beginning of the base frame, i.e. at the position of
word 1.
FLEXible
Manually assign the position of the AxCs by word address and
offset address.
Tip: Use this setting, to embed each sample of a signal individually
within the CPRI basic frame.
Range: 1to4
*RST: PACKed

Example: SOUR1:EBOX:CPRI:TX:SIGN:AXC:ALL FLEX

selects flexible to manually assign the AxC position.

Manual operation: See "AxC Allocation" on page 180

[:SOURce<hw>]:EBOX:CPRI: TX|RX:SIGNal<ch>:AXC:COUNt:ASSign?

Queries the assigned number of AxCs and the assigned data rate. The assigned data
rate depends on the signal group settings, i.e. on the repetition rate and the number of
active AxCs per group.

The assigned data rate is calculated with the formula:

Data Rategsigneq [Mbit/s] = 3.84 [MHz] x 2 x I/Q Resolution (2(AxC_on_county, x Repe-
titiong,) / 2(Repetitiong,))

Note: In case of "Sync Pattern" signals, the assigned data rate depends on the pattern
length and the sample rate. It is calculated by the sample rate as shown:

Data Rate,gignes = Sample Rate x Pattern Length
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Return values:

<Assign> integer
Range: 1 to 24
Increment: 1
*RST: 1
Example: SOUR1 :EBOX:CPRI:TX:SIGN2:AXC:COUN:ASS?

check the data rate and the AxCs assigned to the second signal.
Response: 3 / 368.40 Mbit/s

this signal requires 3 AxCs and a data rate of 368.4 Mbit/s.

To checkup, ask whether the allocated values fit to the required
values:

SOUR1 : EBOX:CPRI:TX:SIGN2:AXC:DRAT:STAT?

Response: 0 if OK, 1 if not OK
Refer also to [ : SOURce<hw>] : EBOX:CPRI: TX|RX:
SIGNal<ch>:AXC:DRATe:STATus? on page 341.

Usage: Query only

Manual operation: See "(Assigned)" on page 181

[:SOURce<hw>]:EBOX:CPRIL: TX|RX:SIGNal<ch>:AXC:COUNt:NEEDed?
Queries the needed number of AxCs and the required data rate.

Depending on the sample rate, a signal needs one or more AxCs to carry its 1/Q data. If
possible, R&S DiglConf automatically assigns the number of needed AxCs to the signal.

Note: The maximum number of AxCs for all signals is 24.

The needed number of AxCs is calculated with the formula:

AXCSpeeqeq = Ceil (Sample Rate x Oversampling / 3.84 [MHz])

The data rate is calculated with the formula:

Data Rate,¢eqeq [Mbit/s] = Sample Rate x Oversampling x 2 x 1/Q Resolution
Note: For signal source "Pattern” the needed number of AxCs is 1.

Return values:

<Needed> integer
Range: 1 to 24
Increment: 1
*RST: 1
Example: SOUR1:EBOX:CPRI:TX:SIGN2:AXC:COUN:NEED?

check the data rate and the AxCs needed from the second signal.
Response: 3 / 358.40 Mbit/s

this signal requires '3' AxCs and a data rate of '358.4' Mbit/s'.

To checkup, ask whether the needed values fit to the assigned
values:

SOUR1 : EBOX:CPRI:TX:SIGN2:AXC:DRAT:STAT?

Response: 0 if OK, 1 if not OK
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Usage: Query only
Manual operation: See "AxC(s) / Data Rate" on page 180

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:DRATe:ASSigned?
Queries the data rate assigned to the signal.

The assigned data rate depends on the signal group settings, i.e. on the repetition rate
and the number of active AxCs per group.

The assigned data rate is calculated with the formula:

Data Rate,gsigned [Mbit/s] = 3.84 [MHz] x 2 x I/Q Resolution (X(AxC_on_count,,, x Repe-
titiony,,,) / 2(Repetitiong,))

Note:

In case of "Sync Pattern" signals, the assigned data rate depends on the pattern length
and the sample rate. It is calculated by the sample rate as shown:

Return values:

<Assigned> float
Increment: 10000
*RST: 122880000
Example: SOUR1 :EBOX:CPRI:TX:SIGN:AXC:DRAT:ASS?

check the data rate of the first signal.
Response: 122. 88 Mbit/s
this signal is transmitted with 122.88 Mbit/s data rate.

Usage: Query only

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:DRATe:NEEDed?
Queries the data rate required from the signal.
This command applies to downlink.

Return values:

<Needed> float
Increment: 10000
*RST: 122880000
Example: SOUR1:EBOX:CPRI:TX:SIGN:AXC:DRAT:NEED?

check the data rate the first signal needs.
Response: 122. 88 Mbit/s
this signal uses 122 . 88 Mbit/s data rate.

Usage: Query only

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:DRATe:STATus?

Queries whether the assigned data rate fits to the required data rate.
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Deviations in data rates! Refer to the example under "Example to CPRI Groups Con-
cept" on page 189, on what to do if the values do not fit.

Return values:
<Status> OFF | ON

The needed and the assigned data rates values are the same. No
error occurs.

The needed and the assigned data rate values differ. Signal trans-
mission cannot be performed. To fix the problem, proceed as
described in "Example to CPRI Groups Concept" on page 189.

*RST: 1

Example: SOUR1 : EBOX:CPRI: TX:SIGN:AXC:DRAT:STAT?
checks if the assigned values fit to the values required from the
signal.
Response: 0 if OK, 1 if not OK

Usage: Query only

Manual operation: See "Status LED" on page 181

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:LIST?
Note: This command applies to downlink.

Return values:
<List> string

Example: SOURL :EBOX:CPRI:TX:SIGN2:AXC:LIST?
query the AxCs assigned to the second signal.
Response: AXC3, AXC4, AXCS5 this signal uses 3 AxCs.

Usage: Query only

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:COPY

Creates a copy of a signal selected with the index <ch>. The function copies the param-
eter values and assigns the same name with suffix for distinction. The new signal is added
at the end of the list, i.e. the index of the copied signal is incremented by 1 after the last

signal.
Example: SOUR1 :EBOX:CPRI:TX:SIGN3:COPY

copies the third signal from the list of downlink signals.
Usage: Event

Manual operation: See "Copy + Append" on page 173

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:CRESt <Crest>

Sets the crest factor. This parameter is required for the correct indication of the RMS
Level value, see [ : SOURce<hw>] : EBOX:CPRI : TX|RX:SIGNal<ch>:RMS?
on page 348.
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The rms level is calculated with the formula:
RMS [dB] = Peak [dB] - Crest Factor [dB] + Gain [dB]

The crest factor must correspond to the input signal. Enter the value, e.g. a connected
baseband generator provides.

Note: Crest factor applies to external signals, i.e. to digital standards or to user defined
signals. If the R&S EX-IQ-BOX is working with an internal signal, that is generated by a
pattern or a waveform file, the parameter is already known must not be entered manually.

Parameters:
<Crest> float
Range: 0 to 30
Increment: 0.01
*RST: 0
Default unit: dB
Example: SOUR1:EBOX:CPRI:TX:SIGN:CRES 10dB

set the 10 dB crest factor.

Manual operation: See "Crest Factor" on page 180

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:DELete

Removes a signal from the list. The function removes the corresponding AxCs from the
list of used AxCs. The signal is selected by the index <ch>.

Example: SOUR1 :EBOX:CPRI:TX:SIGN2:DEL
removes the second signal from the list of downlink signals.

Usage: Event

Manual operation: See "Delete" on page 173

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:GAIN <Gain>

Sets a gain value for the 1/Q signal. Positive values lead to a digital signal amplification,
and negative values correspond to a digital signal attenuation. A gain value of 0 dB results
in an unchanged level of the 1/Q signal. By default, the value is set to 0 dB.

Parameters:
<Gain> float
Range: -40 to 6
Increment: 0.01
*RST: 0
Default unit: dB
Example: SOUR1 :EBOX:CPRI:TX:SIGN:GAIN -20

set -20 dB gain.

Manual operation: See "Gain" on page 179
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[:SOURce<hw>]:EBOX:CPRI:TX|RX:GROup<user0>:PATTern <pattern>
Queries the binary data pattern of an AxC and responses in binary format.
Enter the required pattern with the command, respecting the syntax as follows:
"#B0101010101010101, 16"

#B = binary representation

0101010101010101 = pattern

16 = pattern length

See also the example below for a complete command.

By default, all data pattern is set to zero. You can basically set up to 40 bits, but the
currently possible number depends on the signal length that is specified in "Pattern
Length" on page 177.

Parameters:
<pattern> integer
Example: EBOX:CPRI:TX:GRO:PATT "#B0101010101010101,16"

insert the pattern for the first signal, and assign the signal to AxC1
in the first group of the AxC allocation table,

Manual operation: See "Groups Table" on page 183

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SOURce:GROup:CALC
Calculates the scheduling sequences of the groups.
Usage: Event

Manual operation: See "Auto" on page 182

[:SOURce<hw>]:EBOX:CPRIL: TX|RX:SOURce<ch>:GROup:COUNt <Count>

Determines the number of groups for a signal. The grouping enables to achieve arbitrary
sample rates that are not necessarily integer multiples of the CPRI basic frame rate. Each
group defines an AxC configuration for a certain time, i.e. repetitions. Thus you can

change the AxC assignment over time by using more than one group with different set-

tings.
Parameters:
<Count> integer
Range: 1to04
Increment: 1
*RST: 1
Example: EBOX:CPRI:TX:SOUR:GRO:COUN 2
specify 2 groups for distribution of the first signal in the CPRI
frame.

Manual operation: See "Number of Groups" on page 182
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[:SOURce<hw>]:EBOX:CPRI:TX|RX:SOURce<ch>:GROup<user0>:REPetition
<Repetition>

Selects the AxC group and specifies the number of repetitions of the signal, that menas
how many CPRI basic frames follow the current group setting.

The numeric suffix GROUP<user 0> distinguishes the selected group. Up to 4 groups can
be specified. These are "G #0" to "G #3".

Note: AxC status and AxC pattern depend on the used signal sources. Status refers to
externally used sources and pattern indicates the coding of the AxCs with internal signal

source.

Parameters:

<Repetition> integer
Range: 1 to 20000
Increment: 1
*RST: 1

Example: EBOX:CPRI:TX:SOUR:GRO:REP 3

repeats the signal of Group1 3 times.

Manual operation: See "Groups Table" on page 183

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SOURce<ch>:GROup<user0>:STATe <state>

Activates the respective AxC. By default, all AxCs are activated.

Parameters:
<state> 0]1|OFF|ON
*RST: ON
Example: EBOX:CPRI:TX:SOUR:GRO:STAT ON

activates AxC1 in the first group of the AxC allocation table.

Manual operation: See "Groups Table" on page 183

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:IQResolution <Igresolution>

Sets the I/Q resolution in bits. The resolution is valid for both, the | and the Q values. l.e,
if you set the resolution to 16 bits, the sample rate is 32 bits wide, composed of 16-bit |

and 16-bit Q.
Parameters:
<lIgresolution> float
Range: 4 to 18
Increment: 1
*RST: 16
Example: SOUR1:EBOX:CPRI:TX:SIGN:IQR 16

sets 16 bits 1/Q resolution.

Manual operation: See "I/Q Resolution" on page 179
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[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:NAME <Name>

This command enters or changes the signal name.

Parameters:
<Name> string
Example: SOURL:EBOX:CPRI:TX:SIGN4:NAME "sig 3gpp"

assign the signal name sig_ 3gpp to the fourth signal of the list in
transmitter mode.

Manual operation: See "Signal Name" on page 173

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:NFORmat <Nformat>
Selects a numeric representation for data transmission.

Allowed number range for word size n Bit:

_2n-1 <n< +2n+1

Table 9-4: User defined > Numeric format coding

z 2’s Complement Binary Offset
-8 1 0 0 0 0 0 0 0
-7 1 0 0 1 0 0 0 1
-6 1 0 1 0 0 0 1 0
-5 1 0 1 1 0 0 1 1
-4 1 1 0 0 0 1 0 0
-3 1 1 0 1 0 1 0 1
-2 1 1 1 0 0 1 1 0
-1 1 1 1 1 0 1 1 1
0 0 0 0 0 1 0 0 0
1 0 0 0 1 1 0 0 1
2 0 0 1 0 1 0 1 0
3 0 0 1 1 1 0 1 1
4 0 1 0 0 1 1 0 0
5 0 1 0 1 1 1 0 1
6 0 1 1 0 1 1 1 0
7 0 1 1 1 1 1 1 1

9E2 encoding format is used in mobile base stations to extend the dynamic range of |
and Q, while reducing the needed amount of bits.

The coding is 9E2 with 9 bits mantissa and 2 bits exponent, that are shared from | and
Q, as shown in the figure.
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| mantissa

l

lo l1 I2 I3 la Is le I7 Is lg

Qo | Q1 Q Q3 Q4 Qs | Qs | Q7 | Qs | Qo

]

Common Q mantissa
exponent

Fig. 9-7: 2's complement 9E2

The | and Q samples of the 2's complement 9E2 are calculated with the formulas:

| sample 10 bits = 9 bits mantissa + 1 bit, i.e. bit_0 exponent

/:[[ézf - J_ZB./ J.2(2'Oo+/u)
i+1 9

/=0

Q sample 10 bits: 9 bits Q mantissa + 1 bit, i.e. bit_1 exponent

7.
Q- [[22' .Q/+1J28 .09].2(2'00”0)
20

Parameters:
<Nformat> COMPlement | C9E2 | BOFFset
COMPIlement
Formats the signal in two's-complement.
The most significant bit has a value of -2™', the bits of lesser sig-
nificance follow as:
+2n2, +20
C9E2
Formats the signal in two's-complement variant 9E2.
BOFFset
Formats the signal in binary offset.
Adds a binary offset of -2"' such that the final values are always
positive.
Example
Adds a binary offset of -2"' such that the final values are always
positive.
*RST: COMPIlement
Example: SOUR1 : EBOX:CPRI:TX:SIGN2:NFOR COMP

set the numeric format of the second signal to 2's complement 2.

Manual operation: See "Numeric format" on page 177
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[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:0SAMpling <Osampling>
Determine the oversampling factor.

Note: Oversampling appliers to external signals, i.e. to digital standards or to user defined
signals. If the R&S EX-IQ-BOX is working with an internal signal, that is generated by a
pattern or a waveform file, the parameter is already considered and therefore not relevant.

Parameters:
<Osampling> integer
Range: 1to 4
Increment: 1
*RST: 1
Example: SOUR1 :EBOX:CPRI:TX:SIGN:0SAM 2

sets oversampling factor 2.

Manual operation: See "Oversampling” on page 177

[:SOURce<hw>]:EBOX:CPRI:-TX|RX:SIGNal<ch>:PLENgth <Plength>
Defines the length of the pattern used by the internal pattern generator.

Note: The parameter applies to the physical source PATTern.

Parameters:
<Plength> float
Range: 2 to 40
Increment: 2
*RST: 16
Example: SOUR1 :EBOX:CPRI:TX:SIGN:PLEN 4

sets the pattern length 4.

Manual operation: See "Pattern Length" on page 177

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:RMS?

Queries the rms level of the signal. The signal level is expressed in terms of an rms value.
It always refers to both signal components (SQR(12+Q2)).

In order to get the RMS value correctly, the crest factor of the signal must be specified,
see [ :SOURce<hw>] :EBOX:CPRI:TX|RX:SIGNal<ch>:CRESt on page 342.

The rms level is calculated with the formula:
RMS [dB] = Peak [dB] - Crest Factor [dB] + Gain [dB]

Note: The RMS level refers to external signals, i.e. to digital standards or to user defined
signals. If the R&S EX-IQ-BOX is working with an internal signal, that is generated by a
pattern or a waveform file, the parameter is already known must not be entered manually.
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Return values:

<Rms> float
Range: -40 to 6
Increment: 0.01
*RST: 0
Example: SOUR1 :EBOX:CPRI:TX:SIGN:RMS?

query the crest factor.
Response: -10 dbFs

Usage: Query only

Manual operation: See "RMS Level" on page 180

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:SRATe <Srate>
Queries the sample rate. If you process user defined signals, you can set the value.

Consider that the sampling rate of the R&S signal generator fits to the sampling rate of
R&S DiglConf, as well as to the sampling rate of the R&S signal analyzer.

The table shows the predefined sample rates of the available signals. The sample rate
of a digital standard varies corresponding to the frequency.

Table 9-5: Sample rate values, depending on the signal type

Standard Frequency variant Sample Rate
GSM/EDGE 270.8333 kHz
3GPP FDD 3.84 MHz
CDMA 2000 1.228 MHz
LTE 1.4 MHz 1.92 MHz
3.0 MHz 3.84 MHz
5.0 MHz 7.68 MHz
10.0 MHz 15.36 MHz
15.0 MHz 23.04 MHz
20.0 MHz 30.72 MHz
WIiMAX 3.5 MHz 4.0 MHz
5.0 MHz 5.6 MHz
7.0 MHz 8.0 MHz
8.75 MHz 10.0 MHz
10.0 MHz 11.2 MHz
Sync Pattern 3.84 MHz
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Parameters:

<Srate> float
Range: 1000 to 100000000
*RST: 3840000

Example: SOUR1 :EBOX:CPRI:TX:SIGN:SRATe?

query the sample rate of the first signal in transmitter mode.

Manual operation: See "Sample Rate" on page 176

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:STANdard <Standard>

This command selects a communication standard. R&S DiglConf provides the selection
of a standard signal with automatically assigned sample rate. Alternatively, select a signal
from a waveform file, the ARB function, or assign user-specific values.

R&S DiglConf supports all current standards and their variants. When selecting a stand-
ard signal, the program automatically sets the relevant parameters and values.

For example, a loaded digital standard automatically adjusts the needed AxCs, assigns
the sample rate, and sets up several other relevant parameters.

Note: The digital standard signals, or user defined signals refer to external signal input
or output, i.e. the physical signal sources DIG IQ IN or DIG IQ OUT.
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<Standard>
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USER | W3GPP | LTE_1M4 | LTE_3M | LTE_5M | LTE_10M |
LTE_15M | LTE_20M | WIMAX_3M5 | WIMAX_5M | WIMAX_7M |
WIMAX_8M75 | WIMAX_10M | CDMA2K | WIMAX_20M | GSM

USER
Specifies a user defined signal for transmission, define a signal
with arbitrary parameters.

W3GPP

Selects the parameters of the W-CDMA standard 3GPP FDD.
W-CDMA (Wideband Code Division Multiple Access) covers the
radio technology UMTS (Universal Mopbile Telecommunications
System). 3GPP (3rd Generation Partnership Project) is a collab-
oration between groups of telecommunication associations, which
define a globally applicable third generation mobile phone system
specification. 3GPP standardization comprises all GSM and W-
CDMA specifications.

LTE_1M4|LTE_3M|LTE_SM|LTE_10M|LTE_15M|LTE_20M
Selects an LTE (Long Term Evolution) signal. Based on UMTS,
LTE provides a wireless broadband internet system with voice and
other services built on top, e.g. authentication.

LTE bandwidths: 1.4 3.0 5.0 | 10.0 | 15.0 | 20.0 MHz

WIMAX_3M5|WIMAX_5M|WIMAX_7M|WIMAX_8M75|
WIMAX_10M|WIMAX_20M

Selects the digital standard IEEE 802.16 WiMAX (Worldwide Inter-
operability for Microwave Access). WiMAX provides wireless
transmission of data using a variety of transmission modes, as e.g.
point-to-multipoint links or mobile internet access.

WiMAX bandwidths: 3.5|5.0|7.0|8.75| 10.0 | 20.0 MHz

CDMA2K

Selects a signal that follows the CDMA standard.

CDMAZ2000 (Code Division Multiple Access) uses a multiple
access scheme for digital radio, to send voice, data, and signaling
data (such as a dialed telephone number) between mobile phones
and cell sites.

GSM

Selects a signal that follows te GSM/EDGE standard.
GSM/EDGE (Global System for Mobile Communications/
Enhanced Data Rates for GSM Evolution) covers the 2nd gener-
ation mobile radio technology. Selecting this signal standard, the
sample rate is set to 270,833333 kSps. This sample rate does not
fit well into the CPRI basic frame rate. Therefore, the sampling rate
of GSM/EDGE is only achieved by using a rather complicated
group setup, the AxC settings over time.

*RST: W3GPP

SOUR1:EBOX:CPRI:TX:SIGN:STAN LTE 20M
select an LTE signal with 20 MHz bandwidth.

See "Standard" on page 175
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9.4.10

CPRI Remote Control Commands

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:STATe <State>

The command activates a signal for transmission selected with <ch>.

Parameters:
<State> OFF | ON
*RST: OFF
Example: SOUR1 :EBOX:CPRI:RX:SIGN:STAT ON

activates the fist signal for transmission in reciever mode.

Manual operation: See "Signal State" on page 173

[:SOURce<hw>]:EBOX:CPRI:TX|RX:WARNing?
The command asks if settings have been changed, but not accepted.

Return values:

<Warning> 01
*RST: 0
Example: SOUR1 : EBOX:CPRI: TX:WARN?

check if changed settings have been accepted.
Response: 1 if settings are not yet accepted, 0 if OK.

Usage: Query only
Manual operation: See "Apply Setup” on page 189

CPRI Vendor Data Subsystem

The VENDor : DATA command subsystem provides input of user-specific information via
remote control commands.

[:SOURce<hw>]:EBOX:CPRI:VENDORDATASCR>....ceniiieii et 352
[:SOURce<hw>]:EBOX:CPRI:VENDOIDIRECHON. ....ctttterrrrereereeerreerreeeeeeeeeeeneeneeeeeeeeneennennes 353
[:SOURce<hw>]:EBOX:CPRI:VENDONSTATE. ...iiiccurerieteretieeeeeeseeirenreeeeeeee e e e e s sennreeeeees 353
[:SOURce<hw>]:EBOX:CPRI:VENDOIWWIDN?....ccceieeeeeeieeeeeeeeeice s e e e e e e e e e eeeeeee e 353

[:SOURce<hw>]:EBOX:CPRI:VENDor:DATA<ch> <Data>

Queries or determines vendor-specific data for transmission, depending on the trans-
mission mode.

Parameters:
<Data> integer
The value range depends on the word width.
Range: "depends on other settings" to "depends on other
settings"
Example: SOUR1:EBOX:CPRI:VEND:DATA 16, #H2A

determine vendor-specific data for transmission.

1
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Manual operation: See "Vendor Data Table" on page 203

[:SOURce<hw>]:EBOX:CPRI:VENDor:DIRection <Direction>
The command selects the data direction for vendor data exchange.

Parameters:

<Direction> DOWN | UP
DOWN
CPRI RE test mode (TX): User data entered in the table is embed-
ded in the CPRI link for transmission to the DUT.
CPRI REC test mode (RX): Vendor data is extracted from the
CPRI link and displayed in the table.
UP
CPRI RE test mode (RX): Vendor data is extracted from the CPRI
link and displayed in the table.
CPRI REC test mode (TX): User data entered in the table is
embedded in the CPRI link for transmission to the DUT.

*RST: DOWN

Example: SOUR1 :EBOX:CPRI:VEND:DIR DLIN
determine the direction for vendor data transmission.

Manual operation: See "Direction" on page 201

[:SOURce<hw>]:EBOX:CPRI:VENDor:STATe <State>

The command starts and stops vendor data exchange.

Parameters:
<State> OFF | ON
*RST: OFF
Example: SOUR1 :EBOX:CPRI:VEND:STAT ON

start vendor data exchange.

Manual operation: See "State" on page 201

[:SOURce<hw>]:EBOX:CPRI:VENDor:WWIDth?
The command queries the word width. The word width depends on the CPRI line bit rate.

The following table shows the word width related to the line bit rate

Table 9-6: Word width related to the line bit rate.

Line bit rate Word width
[Mbit/s] [bits]
2x (1228.8) 16

1
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Line bit rate Word width
4x (2457.6) 32
5x (3072.0) 40

Note: By determining the line bit rate, the DUT also defines the word width. See also
[ :SOURce<hw>] : EBOX:CPRT : Hii: LBRate on page 305.

Return values:

<Wwidth> float
Range: 1 to 18
Increment: 1
*RST: 16
Example: SOURL :EBOX:CPRI:VEND:WWID?
query the word width.
Usage: Query only

Manual operation: See "Word Width" on page 202
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User Interface of the R&S EX-IQ-BOX

10 Interfaces

The following chapters describe the characteristics of the user interface and the available
breakout boards.

10.1 User Interface of the R&S EX-IQ-BOX

The user interface depends on the selected protocol, i.e. the functions of the pins change
depending on the standard.

The pin description and pinout table in the following chapters refer to the user interface
of User Defined protocols, i.e. for single ended or differential applications. For these
applications the user interface provides the transmission of serial or parallel I/Q data,
data clock and control signals.

10.1.1 Z-DOK-Adapter Board Connector

|1, S22222222222222222222220002 ([

Type: Z-DOK-Adapter Board Connector
Manufacturer: Tyco Electronics
Part number: 6367557-1

10.1.2 Pin Description

The user interface consists of a specific and a common part. In the specific part the pins
are assigned individually for each breakout board. They are located on the left and the

right side of the connector. The common part with fixed pin assignment is located in the
middle of the connector.

The pin assignment of the specific part is defined by designing the layout of the breakout
boards.

The common pin assignment is shown in Pinout Z-DOK-Adapter Board Connector (User
Interface). Additionally, the specific pin assignments of the user interface are shown in

the respective drawings of the breakout boards, which are attached to the operating
manual.
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i

Information on Z-DOK-Adapter Board Connector

The described pin assignment applies to applications with the R&S EX-1Q-BOX controlled
by R&S DiglConf. If an R&S Instrument controls the R&S EX-IQ-BOX directly, the pinout
varies. For information on the differences, refer to chapter 10.1.3, "Advanced pinout with

R&S DiglConf", on page 357.

Find detailed information on the PC Board Footprint, the Housing and the Block Diagram
Mating Face Configuration in the customer drawing C-6367557, attached to the operating

manual.

Table 10-1: Pinout Z-DOK-Adapter Board Connector (User Interface)

Signal Name Pin Dir | Description

BO_TYPEO A2 | breakout board identification or
EEPROM

BO_TYPE1 A1 |

BO_SENS Z3, X3, Y3, W3 breakout board sense

UI_I_N/PO ... UL_I_N/P17 F1/F2 ... C9/C10 /0 | | data (real part)

UI_Q_N/PO ... U_Q_N/P17 C13/C14 ... D23/D24 1/0 | Q data (imaginary part)

UL_VALID_N/P F13/F14 /0 | indicates valid data blocks
Note: This signal must be active in
receiver mode.

D_CLK_UIN_N/P F25/F26 | interface clock input.
Note: This clock signal is required as
a reference for PLL. Therefore, it
must be active continuously.

D_CLK_UOUT_N/P A13/A14 (0] interface clock output

UI_GP_N/PO ... UI_GP_N/P5 [1] F11/F12 ... A25/26 1/0 | additional protocol dependent con-
trol / signaling. If not needed the sig-
nal can be unconnected.

UI_AUXIO_N/PO ... UI_AUXIO_N/P3 | A23/A24 ... D11/D12 I/0 | additional auxiliary signals

TX_N_ATX_P_A A27/A28 (6] high speed serial transmitter output.
These signals are used by standar-

TX_N_B/TX_P_B F27/F28 (0] dized protocols.

TX_N_C/ITX_P_C D2/D1 o

RX_N_A/RX_P_A D28/D27 | high speed serial receiver input.
These signals are used by standar-

RX_N_B/RX_P_B C28/C27 | dized protocols.

RX_N_C/RX_P_C C26/C25 |

[ GPO ... GP5 correspond to the General Purpose signals 0...5 as they are named in
other R&S instruments and R&S devices.

i

The N/P notation applies to differential interface standards (LVDS). For single ended

standards (e.g. LVTTL) only the P signals are used.
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Advanced pinout with R&S DiglConf

The configurator software R&S DiglConf supports additional signals at the user interface,

compared to direct control of the R&S DiglConf by an R&S instrument. The advanced pin

assignment applies only to the R&S EX-IQ-BOX 1409.5502.02.

As a result, the pin configuration changed:

e reduction of word length 20 to 18 bits for additional AUX 10 signals

e renaming of U_MARKER_/ Ul_TRIGGER_/ Ul_RESERVE to general purpose sig-
nals Ul_GP...

The following table points out the differences in pin assignment depending on the control

of R&S DiglConf or R&S Instruments:

Table 10-2: User Interface > pinout when the R&S EX-IQ-BOX is controlled by ...

Pin ... R&S DiglConf ... R&S Instruments
Signal Name Dir. | Description Signal Name Dir. | Description

D11/D12 | UI_AUXIO_N/PO I/O | additional auxili- | UI_I_N/P18 /0 | | data (real part)
ary signals

A11/A12 | UI_AUXIO_N/P1 110 UI_I_N/P19 110

A23/A24 | UI_AUXIO_N/P2 110 UI_Q_N/P18 /0 | Q data (imaginary

part)

F23/F24 | UI_AUXIO_N/P3 110 UI_Q_N/P19 110

F11/F12 | UI_GP_N/PO I/0 | additional proto- | UI_MARKER_N/PO | I/O | additional protocol
col dependent dependent con-

C11/C12 Ul_GP_N/P2 control / signa”ng_ Ul_TRlGGER_N/PO 1/10 trol / signa”ng
If not needed the

D25/D26 | UI_GP_N/P3 signal can be UI_TRIGGER_N/P1 | 1/O

C23/C24 | UI_GP_N/P4 unconnected. UI_MARKER_N/P1 | 1/0

D13/D14 | UI_GP_N/P1 UI_RESERVE_N/PO | I/O

A25/A26 | UI_GP_N/P5 UI_RESERVE_N/P1 | I/O

10.2

LAN Connector

107100 /1000 LAN Connactor
Link [green) Potivity Owellaw])
] T

COCO OO ORI

FETT AN

1234 567 8

Fig. 10-1: 10/100/1000 LAN
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Table 10-3: LAN connector > pinout

Pin Num- | Signal Description
ber

1 TXP

2 TXN

3 RXP

4 Not used

5 Not used

6 RXN

7 Not used

8 Not used

10.3 Breakout Boards

The digital interface module R&S EX-IQ-BOX communicates with the aid of a breakout
board directly with the DUT. A variety of available breakout boards provide convenient

customization of digital signal formats, since they are all connected at the same interface
(user interface) of the R&S EX-IQ-BOX. Thus with the R&S EX-IQ-BOX and the appro-
priate breakout board you can easily perform applications of user-defined or standardized
transmission protocols.

The following chapters provide information on the interfaces, connectors and pinouts of
the available breakout boards:

e chapter 10.1, "User Interface of the R&S EX-IQ-BOX", on page 355
— chapter 10.3.1.1, "Breakout Board Single Ended 3585.7280.00", on page 359

— chapter 10.3.1.2, "Breakout Board Differential 3585.7296.00", on page 361

— chapter 10.3.1.3, "Breakout Board Cadence Palladium 090002-24x",
on page 364

e chapter 10.3.3, "CPRI - Option R&S EXBOX-B85", on page 367

10.3.1 User Defined

Various interchangeable breakout boards are available for adjusting customer specific
signal formats to the common R&S digital signal format.

A breakout board is connected directly to the user interface on the front panel of the
R&S EX-IQ-BOX without using a cable. The pin assignment for each breakout board is
defined by the layout.

Two breakout boards for User Defined protocols are included in delivery of the R&S EX-
IQ-BOX:

® single ended 090002-22x, type Il, see Breakout Board Single Ended 3585.7280.00
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e differential 090002-23x, type lll, as described in Breakout Board Differential
3585.7296.00

For the Cadence emulation as a specific application of the R&S EX-IQ-BOX with the
Protocol Tester R&S CMW, a Cadence breakout board is also provided, see chap-

ter 10.3.1.3, "Breakout Board Cadence Palladium 090002-24x", on page 364. You find
the description to this test case in the internet under http://www.rohde-schwarz.com/
appnote/1CM75.

10.3.1.1 Breakout Board Single Ended 3585.7280.00

This breakout board contains the counterpart to the user interfaceof the R&S EX-IQ-BOX,
i.e. a Z-DOK-Adapter board connector (X1), and two connectors for adjusting the external
user signals.

The breakout board is intended for testing single ended signals. The signals are assigned
to two 25-pole connectors.

Connector Type X2, X3 - Single Ended

Type: 2x25-pole connector
Manufacturer: Harting
Part number: 0919 550 6324

Connector Locations - Single Ended

X

Al

Fig. 10-2: Connector locations on Single Ended breakout board

1
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Pin Description - Single Ended

Table 10-4: Pinout 2 x 50-pin connectors (BreakOut-Board 2, 3585.7280.00)

Interfaces

Breakout Boards

Pin Signal Name Comment Pin Signal Name Comment

Number Number

xX2.1 Ul_I_PO | component (single | X3.1 ul_Q_PO Q component (sin-
ended) gle ended)

X2.3 Ul_I_P1 X3.3 Ul_Q_P1

X2.5 ul_I_P2 X3.5 ul_Q_P2

X2.7 Ul_I_P3 X3.7 ul_Q_P3

X2.9 Ul_I_P4 X3.9 ul_Q_P4

X2.11 Ul_I_P5 X3.11 Ul_Q_P5

X2.13 Ul_I_P6 X3.13 Ul_Q_P6

X2.15 ul_I_P7 X3.15 ul_Q_P7

X2.17 uUl_I_P8 X3.17 ul_Q_P8

X2.19 Ul_I_P9 X3.19 ul_Q_P9

X2.21 ui_I_P10 X3.21 ul_Q_P10

X2.23 ul_I_P11 X3.23 ul_Q_P11

X2.25 Ul_I_P12 X3.25 Ul_Q_P12

X2.27 Ul_I_P13 X3.27 Ul_Q_P13

X2.29 Ul_I_P14 X3.29 ul_Q_P14

X2.31 Ul_I_P15 X3.31 Ul_Q_P15

X2.33 Ul_I_P16 X3.33 Ul_Q_P16

X2.35 ul_I_P17 X3.35 ul_Q_P17

X2.37 AUX_IO_PO auxiliary signals X3.37 AUX_10_P2 auxiliary signals

X2.39 AUX_IO_P1 X3.39 AUX_IO_P3

X2.41 GP_GPO additional protocol | X3.41 GP_GP4 additional protocol
dependent control / dependent control /

X2.43 GP_GP1 signaling X3.43 GP_GP5 signaling

X2.45 GP_GP2 X3.45 GP_GP3

X2.47 D_CLK_UOUT_P | interface clock out- | X3.47 D _CLK_UIN_P interface clock input
put

X2.49 UI_VALID_P indicates valid data | X3.49 n.c.
blocks

even GND even GND

num- num-

bered bered

pins pins
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In receiver mode, the signal Ul_VALID_P/N must be operated and continuously active,
since this clock signal is required as a reference for the PLL.

@
il

Information on the pinouts of the connectors - Single Ended Breakout Board

Find a detailed pin assignment to this breakout board in the appendix of the operating
manual, drawing number 3585.7280.00. The drawing covers the user interface, connec-

tor X1 as well as the connectors X2 an X3.

10.3.1.2

Breakout Board Differential 3585.7296.00

The breakout board supports test cases with differential signals. It contains the Z-DOK-
Adapter board connector (X1), for connection to the user interface of the R&S EX-IQ-
BOX, and two 50-pole SMD connectors for assigning the differential signals.

Connector Type X2, X3 - Differential

Type: 2x50-pole connector
Manufacturer: Samtec
Part number: ASP-65067-01

Connector Locations - Differential

x

Fig. 10-3: Connector locations on Differential breakout board

Pin Description - Differential

A

Table 10-5: Pinout 2 x 100-pin Samtec Connectors (Breakout-Board 3, 3585.7296.00)

Pin Number Signal Name Comment Pin Number Signal Name Comment

X2.1, X2.2 GND | component X3.1, X3.2 GND Q component
(differential) (differential)

X2.3 UI_I_NO X3.3 UI_Q_NO

X2.4 Ul_I_PO X3.4 ul_Q_PO

1
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Pin Number Signal Name Comment Pin Number Signal Name Comment
X2.5, X2.6 GND X3.5, X3.6 GND
X2.7 UI_I_N1 X3.7 UI_Q_N1
X2.8 Ul_I_P1 X3.8 ul_Q_P1
X2.9, X2.10 GND X3.9, X3.10 GND
X2.11 UI_I_N2 X3.11 Ul_Q_N2
X2.12 ul_I_P2 X3.12 ul_Q_P2
X2.13, X2.14 GND X3.13, X3.14 GND
X2.15 UI_I_N3 X3.15 UI_Q_N3
X2.16 Ul_I_P3 X3.16 ul_Q_P3
X2.17, X2.18 GND X3.17, X3.18 GND
X2.19 UI_I_N4 X3.19 UI_Q_N4
X2.20 Ui_I_P4 X3.20 ul_Q_P4
X2.21, X2.22 GND X3.21, X3.22 GND
X2.23 UI_I_N5 X3.23 UI_Q_N5
X2.24 UI_I_P5 X3.24 ul_Q_P5
X2.25, X2.26 GND X3.25, X3.26 GND
X2.27 UI_I_N6 X3.27 Ul_Q_N6
X2.28 Ul_I_P6 X3.28 Ul_Q_P6
X2.29, X2.30 GND X3.29, X3.30 GND
X2.31 UI_I_N7 X3.31 UI_Q_N7
X2.32 ul_I_P7 X3.32 ul_Q_P7
X2.33, X2.34 GND X3.33, X3.34 GND
X2.35 UI_I_N8 X3.35 UI_Q_N8
X2.36 uUl_I_P8 X3.36 ul_Q_P8
X2.37, X2.38 GND X3.37, X3.38 GND
X2.39 UI_I_N9 X3.39 UI_Q_N9
X2.40 Ul_I_P9 X3.40 ul_Q_P9
X2.41,X2.42 GND X3.41, X3.42 GND
X2.43 UI_I_N10 X3.43 Ul_Q_N10
X2.44 ul_I_P10 X3.44 Ul_Q_P10
X2.45, X2.46 GND X3.45, X3.46 GND
X2.47 UI_I_N11 X3.47 UI_Q_N11
X2.48 ul_I_P11 X3.48 ul_Q_P11
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Pin Number Signal Name Comment Pin Number Signal Name Comment

X2.49, X2.50 GND X3.49, X3.50 GND

X2.51 UI_I_N12 X3.51 UI_Q_N12

X2.52 uUl_I_P12 X3.52 ul_Q_P12

X2.53, X2.54 GND X3.53, X3.54 GND

X2.55 UI_I_N13 X3.55 UI_Q_N13

X2.56 Ul_I_P13 X3.56 ul_Q_P13

X2.57, X2.58 GND X3.57, X3.58 GND

X2.59 UI_I_N14 X3.59 Ul_Q_N14

X2.60 uUl_I_P14 X3.60 ul_Q_P14

X2.61, X2.62 GND X3.61, X3.62 GND

X2.63 UI_I_N15 X3.63 UI_Q_N15

X2.64 Ul_I_P15 X3.64 Ul_Q_P15

X2.65, X2.66 GND X3.65, X3.66 GND

X2.67 UI_I_N16 X3.67 UI_Q_N16

X2.68 Ul_I_P16 X3.68 Ul_Q_P16

X2.69,X2.70 GND X3.69,X3.70 GND

X2.71 UI_I_N17 X3.71 Ul_Q_N17

X2.72 ul_I_P17 X3.72 ul_Q_P17

X2.73, X2.74 GND auxiliary signals | X3.73, X3.74 GND auxiliary signals

X2.75 AUX_IO_NO X3.75 AUX_IO_N2

X2.76 AUX_IO_PO X3.76 AUX_IO_P2

X2.77, X2.78 GND X3.77, X3.78 GND

X2.79 AUX_IO_N1 X3.79 AUX_IO_N3

X2.80 AUX_IO_P1 X3.80 AUX_IO_P3

X2.81, X2.82 GND additional proto- | X3.81, X3.82 GND additional proto-
col dependent col dependent

X2.83 GP_NO control / signal- | X3.83 GP_N4 control / signal-

X2.84 GP_PO "9 X3.84 GP_P4 "9

X2.85, X2.86 GND X3.85, X3.86 GND

X2.87 GP_N2 X3.87 GP_N3

X2.88 GP_P2 X3.88 GP_P3

X2.89, X2.90 GND X3.89, X3.90 GND

X2.91 GP_N1 X3.91 GP_N5

X2.92 GP_P1 X3.92 GP_P5
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Pin Number Signal Name Comment Pin Number Signal Name Comment
X2.93, X2.94 GND interface clock | X3.93, X3.94 GND interface clock
output input
X2.95 D_CLK_UOUT X3.95 D_CLK_UIN_N
_N
X2.96 D_CLK_UOUT X3.96 D_CLK_UIN_P
_P
X2.97, X2.98 GND indicates valid | X3.97, X3.98 GND
data blocks
X2.99 UI_VALID_N X3.99 n.c.
X2.100 UI_VALID_P X3.100 n.c.

The signal UI_VALID_P/N must be active in receiver mode. This clock signal is required
as a reference for PLL. Therefore, it must be active continuously.

Information on the pinouts of the connectors - Differential breakout board
Find a detailed pin assignment to this breakout board in the appendix of the operating
manual, drawing number 3585.7296.00. The drawing covers the user interface, connec-

tor X1 as well as the connectors X2 and X3.

10.3.1.3 Breakout Board Cadence Palladium 090002-24x
This breakout board, option R&S EXBOX-Z3 consists of the connector to the R&S EX-
IQ-BOX and one connector for adjusting the external user signals.

The breakout board is used for signal transmission between a cadence palladium emu-
lator and R&S measurement equipment. The signals are assigned to a 68-pole SCSI

connector.

Type: 68-pole D Subminiatur SCSI connector
Manufacturer: Tyco Electronics

Part number: 787170-7

1
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Connector Locations

3 -
X2
© &
X1
<

Fig. 10-4: Connector locations on Cadence Palladium breakout board

Pin Description

Table 10-6: Pinout 1 x 68-pin connector

Pin Signal Name Comment Pin Signal Name Comment
Num- Num-

ber ber

X2.1 Ul_I_PO | component X2.35 | GND

X2.2 | ULI_P1 X2.36 | GND

X2.3 |[ULI_P2 X2.37 | GND

X24 [ULI_P3 X2.38 | GND

X2.5 |ULLI_P4 X2.39 | GND

X2.6 |ULI_P5 X2.40 | GND

X2.7 | UI_I_P6 X2.41 | GND

X2.8 |[UL_I_P7 X2.42 | GND

X2.9 |[UI_I_P8 X2.43 | GND

X2.10 | UI_I_P9 X2.44 | GND

X2.11 | UL_I_P10 X2.45 | GND

X212 | UL_I_P11 X2.46 | GND

X2.13 | UL_I_P12 X2.47 | GND

X2.14 | UI_I_P13 X2.48 | GND

X2.15 | UI_I_P14 X2.49 | GND

X2.16 | UI_I_P15 X2.50 | GND
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Pin Signal Name Comment Pin Signal Name Comment

Num- Num-

ber ber

X217 [ UI_Q_PO Q component X2.51 | GND

X2.18 | UI_Q_P1 X2.52 | GND

X2.19 | UI_Q_P2 X2.53 | GND

X2.20 | UI_Q_P3 X2.54 | GND

X2.21 | U_Q_P4 X2.55 | GND

X2.22 | UI_Q_P5 X2.56 | GND

X2.23 | Ul_Q_P6 X2.57 | GND

X2.24 | U_Q_P7 X2.58 | GND

X2.25 | UI_Q_P8 X2.59 | GND

X2.26 | UI_Q_P9 X2.60 | GND

X2.27 | UI_Q_P10 X2.61 | GND

X2.28 | UL_Q_P11 X2.62 | GND

X2.29 | UI_Q_P12 X2.63 | GND

X2.30 | UI_Q_P13 X2.64 | GND

X2.31 |UI_Q_P14 X2.65 | GND

X2.32 | UI_Q_P15 X2.66 | n.c.

X2.33 | D_CLK_UOUT_P | interface clock output | X2.67 | D_CLK_UIN_P interface clock input

X2.34 | D_CLK_UOUT_N X2.68 | UI_VALID_P indicates valid data
blocks

Information on the pinouts of the connectors - Cadence Palladium breakout board

Find the pin assignments of this breakout board in the appendix of the operating manual,
drawing number 090101-331-25AEZ00. The drawing covers the user interface, connec-
tor X1 and the SCSI connector X2.

10.3.2

Other Customer Breakout Boards
Other connected Customer Breakout Boards always run in "User defined" mode. This
mode will only work properly if the beakout board is recognized as a "customer board".

In order for the breakout board to be recognized as a "Customer Breakout Board", the
following conditions must be met:

The signals BO_TYPEO, BO_TYPE1 and BOB_SENSE
must be set to LOW.
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@ Information on the pinouts of the connectors

Find the pin assignments of the connector X1 in the appendix of the operating manual,
drawing number 3585.7280.00.

10.3.3 CPRI - Option R&S EXBOX-B85

The CPRI breakout board performs tests directly at the CPRI interface between the REC
(base station radio equipment control) and the RE (base station radio equipment).

The board contains the user interface to the R&S EX-1Q-BOX, two different interfaces for
data exchange with the DUT, two interfaces for additional control & management infor-
mation exchange, and three general purpose interfaces.

On the front panel, two SFP cages support the optical link. The breakout board addition-
ally contains a differential electrical interface, realized by four SMA connectors.

The front panel also provides the connectors for C&M data exchange. For fast C&M, use
the Ethernet interface, and for slow C&M, the RS-232-C interface.

Three BNC connectors for general purposes, input or output, enable controlling the DUT,
or reading the signals from the DUT, such as for user-specific purposes. These connec-
tors are located on top of the breakout board.

Connect the breakout board directly at the user interface with the R&S EX-IQ-BOX i.e.
without using a cable. Use in all other interfaces the suitable cables and modules to make
sure that data transmission works properly.

10.3.3.1 Connector Locations - CPRI Breakout Board

The schematic view shows the location of the connectors of the CPRI breakout board,
which are briefly listed after the graphic.

Find detailed information about the specification and properties of the interfaces in the
CPRI data sheet.
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Fig. 10-5: Connector locations on CPRI breakout board

X1 User interface
This plug is the counterpart of the user interface of the R&S EX-IQ-BOX,
i.e. a TYCO Z-Dok adapter board connector with 56 differential pairs.

X2/X3 SFP interface
The type of these SFP modules depends on the used equipment

Note: These modules must fit to the transmission characteristics of the DUT.

X4, X5, X6, X7 SMA Differential Tx/Rx Interfaces

The interface consists of four SMA coaxial connectors.

X8 Fast C&M Interface
type Ethernet.

X9 Slow C&M Interface
connector type RS-232-C.

X10, X11, X12 GPIO Marker & Clock Outputs

BNC connectors.

H1...H4 Multicolor LEDs
indicating the status of the CPRI link.
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A Annex

The annex contains a list of abbreviations, an overview of automatically assigned file
extensions and tables of preset values to the respective transmission protocols.

A.1 Abbreviations

The following lists contain some common abbreviations used in this manual. For more
abbreviations that relate to CPRI, see the CPRI specification at http://www.cpri.info/

spec.html.

Table 1-1: Abbreviations and acronyms used in the CRPI protocol

Abbreviation Term

ACP Adjacent Channel Power

AGC Automatic Gain Control

AxC Antenna-carrier

BBMUS BBM Unspecified

BPNC Backplane Not Connected

C&M Control and Management

ceil ceiling function

CML Current Mode Logic

CPRI Common Public Radio Interface

CRC Cyclic Redundancy Check)

DL Downlink

DUT Device Under Test

ESD End-of-Stream Delimiter

EVM Error Vector Magnitude

FCS Frame Check Sequence

FL Forward Link, synonym to downlink

FP Fabric Port

FPGA Field Programmable Array

GBps Giga Byte per second [GB/s]

GND Ground Digital Ground

HDLC High-level Data Link Control

lub Interface between Radio Network Controller and UMTS radio base station
(Node B)

IP Internet Protocol
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Extensions for User Files

Abbreviation Term

LAN Local Area Network

LOF Loss of Frame

LOS Loss of Signal

LVDS Low Voltage Differential Signal

MA Module Address

MBps Mega Byte per second [MB/s]

MGT Multi-Gigabit Transceiver

MNC Module Not Connected

RAI Remote Alarm Indication

RCLK Reference Clock

RE Radio Equipment

REC Radio Equipment Control

RL Reverse Link, synonym to uplink

RP3L Reference Point 3 Link

Rx Receive

SA Shelf Address

SAP Service Acces Point

SCLK System Clock

SDI SAP Defect Indication

SFP Small Form-factor Pluggable

SMA SubMiniatur version A

SYNC Synchronization Signal

Tc CPRI basic frame length = UTRA FDD Chip period = 1/3.84MHz

Tx Transmit

UE User Equipment

uL Uplink

Uu Interface between the radio equipment of the UMTS radio base station (Node
B) and the user equipment (UE)

XAUI X Attachment Unit Interface (10 Gigabit)

A.2 Extensions for User Files

The following table list all available file extensions for user files. The currently available
files on the instrument depend on the installed options.
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Table 1-2: List of the automatically assigned file extensions in R&S DiglConf

Function/Digital List type Contents File suffix
Standard

CPRI Settings CPRI configuration, vendor data included * cpri

Instrument settings
Waveform Waveforms and multi segment waveforms * L wv
User Defined Settings User Defined Protocol configuration * . igbox
Configuration Soft- | Settings R&S DiglConf settings *.savrcl
ware
A.3 Preset

The following lists give an overview of the key preset values of the corresponding proto-
cols.

A.3.1 User Defined Default Settings

This section contains the default settings of the parameters for user defined protocols,
sorted by the tabs in R&S DiglConf.

Main Controls

Parameter Default value
State Off

Logic Type 3.3V CMOS
Direction Transmitter
Protocol

Parameter Default value
Format Parallel

Data Rate SDR
Interleaving Not Interleaved
Data

Parameter Default value
Word Size 16 Bit

Word Alignment LSB
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Bit Order

LSB

Numeric Format

2's Complement

Clock

Clock Rate

10 MHz

Clock Source

Internal (BNC REF IN)

Clock Phase 0 deg
Clock Skew Ons
Sample/Clock Rate Ratio 1

Source REF IN
Frequency 10 MHz
Test

Parameter Default value
Tx Test Off

Test Signal PRBS

1Q Words (Rec) 0

Rx BER (Rec) 0.00 E+00
Wave File (ARB) None
Sample Rate (ARB) 0

Number of Samples (ARB) 0

A.3.2 CPRI Default Settings

This section contains the default settings of the parameters for CPRI, sorted by the tabs

in R&S DiglConf.

Main Controls

Parameter Default value
State Off
Mode CPRI RE Test
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Preset

Parameter

Default value

CPRI Line Bit Rate

2x (1228.8 Mbit/s)

FPGA Internal Loopback None
Input SFP1
Output SFP1
Differential Output Swing 0.800 Vpp
Equalizer 0dB

Downlink / Uplink

Parameter Default value
Signal table/ - name signal_1
Signal State Off

Standard 3GPP FDD
Physical Source (downlink) DIGIQIN 1
Signal Output (uplink) DIG 1Q OUT 2
Sample Rate 3,84 MHz
Pattern Length 16

Oversampling

1 (Downllink), 2 (Uplink)

1/Q Resolution 16
Downscale 0
AxC Allocation Packed

AxC(s) / Data Rate

1/122.88 Mbit/s

(Assigned)

1/122.88 Mbit/s

Number of Groups

1

Groups Table Repetition

1

Groups Table AxC<index> State On

Groups Table AxC<index> Pattern 0x0000
Available Data Rate (1/Q) 921.30 MBit/s
Assigned Data Rate (AxC) 0.00 MBit/s
AxC Table Source signal_1

AxC Table Word Address 1

AxC Table Bit Address 0

AxC Table Size / bits 32
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Preset

Parameter Default value
State - Slow C&M (HDLC ) Off

Bit Rate 240 kbit/s

Source Terminal

Mode HDLC EN/DE Coding
State - Fast C&M (Ethernet) Off

Ethernet Pointer 20

Pref. Eth. Pointer 20

Bit Rate (Ethernet) 42.124 MBit/s
Vendor Data

Parameter Default value
State Off

Line Bit Rate 2x (1228.8 Mbit/s)
Direction Downlink

Word Width 16

Ethernet Pointer 20
Z.aa.0,1/Z.bb.0,1/Z.cc.0,1/Z.dd.0,1 0

Test and Diagnostic

Parameter

Default value

GPIO Direction (1...3)

Off

GPIO Signal (1...3)

Constant Low

SDI Off
RE Reset Off
PRBX Test Tx/Rx Off
ARB
Parameter Default value
File (ARB 1 ... ARB 4) None
Option(s)
Sample Rate/Samples 0
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A4

Drawings

Parameter Default value
State Off

Total Samples 0.00/ 128 MSamples
Recorder

Parameter Default value
Data Source (signal_1)
Recording Length 100 Samples
State Off

Trigger Source Software
Trigger Position 0 Samples
Drawings

The following appendix contains the customer drawings of the user defined breakout
boards, where you can find the location of the connectors and the corresponding pin
assignments. See chapter 10, "Interfaces", on page 355 for description on the interfaces
and breakout boards.

Included drawings:

C-6367557
Tyco Z-Dok Adapter Board Connector, (56 differential pairs), see also chapter 10.1,
"User Interface of the R&S EX-IQ-BOX", on page 355.

3585.7280.00

Single Ended Breakout Board with connector X1, the User Interface, and the con-
nectors X2 and X3 (2x25 pole), see chapter 10.3.1.1, "Breakout Board Single Ended
3585.7280.00", on page 359.

3585.7296.00

Differential Breakout Board, with connector X1, the User Interface, and the connec-
tors X2 and X3 (2x50 pole), see chapter 10.3.1.2, "Breakout Board Differential
3585.7296.00", on page 361.

090101-331-25AEZ00

Cadence Palladium Breakout Board with connector X1, the User Interface, and the
connector X2 (1x68 pole SCSI), see chapter 10.3.1.3, "Breakout Board Cadence
Palladium 090002-24x", on page 364.
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List of Commands

B S TSSO RROPPO 236
B 15 USRS 237
(O OSSPSR 237
(O USSR 237
2 (O TSRS 238
B 2 S ST RUSRRPO 238
FSAV ettt —eeeheeetee e hee e —eeesaeeanteeaaeeesee ettt ebeeenseeanaeeeaaeeateeeneeebeeanseeanteennreeanaeenean 238
IDIAGNOSHCIEBOX CATAIOG?. ...ttt ettt ettt ettt et e et st e e s be e e nae e e teenene e 244
:DIAGNOStIC:EBOX:CPREEXECULE.......ciiiiiiiee ettt ettt e st e e s e e s entae e e e snneeaeenneeeesnnneeeeannnen 245
:DIAGNOStIC:EBOX:CPRETESTISTORE. ...ttt sttt ettt ettt 245
IDIAGNOSHCIEBOX CPRETEST 2.ttt ettt at e it e bt et e e e e e sateenee e 245
DIAGNOSHICIEBOX:LVDSIBER?......ctiiiieteie ettt sttt ettt e sbe e et e e e b e sabeenee e 246
DIAGNOSHCIEBOX:LVDSIDCM?.....ceeieiiieeiie ettt ettt b et e et e et e st eenb e e sateeasbeennteesaneaneeean 246
:DIAGNOSHICEBOX:LVDS:ERROIS?.......tieiiiieiie ettt ettt st ettt sttt e b e sabeaabeeebeesabeeabeeebeesnbeeaseeean 246
DIAGNOSHICIEBOX:LVDSINDATA?.......eeeitieiiee ettt ettt et este e e bt e saeeabeeaseeeabeesmbeaseeenbeesbeaanseesnseanseeans 246
IDIAGNOSHCIEBOXILVDS:PLL? ...ttt ettt et e et e et e sab e e eab e e sbeeenbeeenbeesnbeanneaean 247
DIAGNOSHCIEBOX:LVDSIRCV?....c ettt ettt ettt et e ettt e bt e e abe e e tee e eseesabeeeseaeaneeenseaaneaean 247
:DIAGNOStIC:EBOX:LVDS:RX|TX:SOURCE. ..ottt ettt et e e ese e e teesneeeneeeeneenseaenns 247
DIAGNOSHICEBOX:LYD S RX| TX S TATE. ..ottt ettt ettt stee et e sttt e e e e saeesteeeseeebeesseeeseesnseenseeanns 247
IDIAGNOSHCIEBOXIPOINL......ooiiiieiiiieeie ettt e et e et esbeesse e e e se e e beesnseessseesaseeseeenseesnseeasneean 247
:DIAGNOStIC:EBOXIPOINEVALUE? ...ttt e et e e ettt e e e st e e e et e e e snteeeesseeeeeanneeeeannseaesanneeeeannnen 248
IDIAGNOSHCIEBOXISELECL......uiiieeiiiiie ettt et e et e e et e e e st e e e ssaeeeesnsaeeesnneeeesnseeeeanneeeeaneen 248
E R R 2. ettt ettt e —eeette ettt e bee ettt e beeebeeente e e teeahaeeenteeeaeeeateeeaeeeabeeetaeenteeereeannaean 238
LY 1= To T A AN =1 oo PPV OPRPUPRRPRPPI 254
LY L= Y Tl A @ B | {=Te1 (o] PSPPSR
MMEMory:DELete

MIMEMOTY:LOAD ST AT ...ttt ettt ettt et e ettt e b e et e e bt e e ab e e ekt e anbeeeateaateeahbe e bt e emseenseeenbeeabeeanseesnbeanseeans
MMEMOTY:IMDIRECIONY ...ttt ettt et e ekt e e bb e e eabb e e e e abe e e e eabe e e e bbeeeebeeeeenbneeennee
MMEMOTY:RDIRECIONY.......eteiiiiee ettt ettt ettt e e et e e sttt e e sasb e e e s sbe e e e sbe e e e sbe e e e anbeeeeannreeeannreeesnnnen
MMEMOTY: ST ORI ST AT ..ottt ettt ettt ettt ettt ea et e ettt e s b e e eaeeeabeeeesbeeaaeeeaseeeasseeaneeeaseaeaneeeaaeeaseaean
SOURCE:RECEIVENCLOCKIPHASE. ...ttt ettt et ettt e e bt e e e e e enbeeebeeanseeenseesneeenneas
SOURCE:RECEIVENCLOCK:POLAIY. ... ceiutiiiii ittt
SOURCE:RECEIVENCLOCKIRATE . ...ttt ettt e et e et e e s ae e e s e e aeeeaseeansaesnneeseeenneas
SOURCE:RECEIVENCLOCK:SKEW:IN. ..ottt ettt e sttt e e e sttt e e e annteeesanneeeesanseeaeannsaeeeenen
SOURce:RECeiver:CLOCk:SKEW:OUT....

SOURCE:RECEIVENCLOCK:SOURCE. .....ceiiieiiieeciiiteeeiiee e ettt e e st e e e st eeeesteeeeessaeaeesnnteeeaaseeeeaansaeeeeansaeeeanes
SOURCE:RECEIVENDATAIALIGIMENL. ...ttt ettt sb et n
SOURCE:RECEIVEIDATAIBORDET. ...ttt ettt sttt ettt bt be e st e b e nateeanneas
SOURCE:RECEIVENDATAINFORMAL. ..ottt ettt ettt nb e sab e saeeereesaee s
SOURCce:RECEeiVer:DATA:POLAriY:IQ........oiiiiiieiiieie ettt
SOURCEIRECEIVEIDATAISIZE.......coeeeeee ettt ettt e b e et e e ab e e sb e e et e e enb e e abeeanbeesnbeesneeenneas
SOURCE:RECEIVEIDATAISPOLAIY. ...ccutieieiieiiiie ettt tee ettt et e et e e st e e st e e sabeesaeeeaseeeanbeesneeeanneas
SOURCE:RECEIVEIDATAISPOSIION. .....ci ittt ettt ettt ettt e b e e teeenseeebeeeneeeanneas
SOURce:RECeiver:DATA:STYPe....

SOURCE:IRECEIVEID AT AITYPE. ...ttt et et e e et e e s st e e e e aae e e e e nneeeeanneeeeanneeaaannneaaans
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SOURCEIRECEIVENDRATE. ...ttt ettt e e ettt e e e e e e ettt e eeeeeeeeabaeeeeeeseasssaneeeeeeensaneneens
SOURCce:RECeiver:FORMat
SOURce:RECeiver:ILEaving

SOURCE:IRECEIVEILOGICEYPE. ....ccueeieitieiiieeeiet ettt ettt si et e st e e s st e e eabeesabeesnbeeenbeesateeaneeas 259
SOURCEIRECEIVEISCRALIO. ...ttt ettt b et e bt esae e et e e bt e eabeesnbeesnneaabeeenneas 271
SOURCEIRECEIVEISRATE. ...ttt ettt ettt h ettt e e b e e sae e et e e embeesbeeenbeeenbeesaeeanteeenbeesnneanneas 265
SOURCE: TRANSMItErCLOCKIPHASE.. ..ottt b et esneeebeeseee s 267
SOURCE: TRANSMIttEr:CLOCKPOLAIIY.......eiiiiiiiieeeieiee ettt ettt ettt e et e e nnbe e e e e neeeeeeae 267
SOURCE: TRANSMIttErCLOCKIRATE. ... ..ottt ettt ettt et e et e e et e e et eesbeeanneeenbeesseeenneas 267
SOURCce: TRANSMItter: CLOCK:SKEW:IN. ..ottt ettt et e et e et e ebeesnneeeneeas 269
SOURCce: TRANsMItter: CLOCK:SKEW:OUT ... ..ottt et e st e s eeenbeesnneeenneas 270
SOURce: TRANsmitter:CLOCk:SOURce

SOURCe: TRANSMIttEr:DATAIALIGNMENT. ....coiiiiiiieeiie ettt ettt e e e st e e e e senee e e eenteeeeannseeeeennneeeeene 272
SOURCE: TRANSMIttErDATAIBORDET ... iieeiiiieesieee et e e sttt e e et e e e steeeesteeeeaseeeeasneeeeesnseeeesseeaesnsnneeenen 273
SOURCce: TRANSMItter:DATAINFORMAL.......ccoiiiiiiieeiiiee ettt e e st e e eee e e e enbeee e e nnreeeeenneaeeeenes 273
SOURCce: TRANsmItter:DATA:POLAritY: Q. ...c..ooeeiieeiieee et 275
SOURCE: TRANSMILLERDATAISIZE ... ..ottt b e nbeesaee s 275
SOURCE: TRANSMIttErDATAISPOLAIEY. ... .eiieiiiiiieieie ettt et et esneeas 275
SOURCE: TRANSMIttEr:DATAISPOSIION. ....c.eiiiiieiiie ittt ettt ettt e be e sae e e ste e e sneesreeanneas 276
SOURCE: TRANSMIIEIDATAISTYPE.. ..ottt ettt e e b et et e bt e e beeanbeeenbeesnseeanneas 276
SOURce:TRANsmitter:DATA: TYPe

SOURCE: TRANSIMIEEIIDRATE. ..ttt ettt e e e et e e et b ee e e aane e e e s nbeeeeannbeeeeanbeeeaeansneaeanen
SOURCE: TRANSMIIEIFORMAL. ...ttt et e et e e s et e e s ne e e e asaeeeeneeaeenneeeaanee
SOURCE: TRANSMILEILEAVING.....coiiiiiiieie ettt
SOURCE: TRANSMILIErLOGICIYPE. ...ttt ettt e anean
SOURCE: TRANSMIEEISCRALIO. .....eee et e st e e s ee e e s see e e enaeeeesnneeeesnneeeesnneeeeanneeeennn
SOURCE: TRANSMIEEISENDLO. ....ceeieiiie e eee et e e e e et e e e e e e e e e e e enteeeeanneeeesnseeeeesnneeanen
SOURCE: TRANSIMIEEISRATE. ...eei ettt se et e sttt e e st e e s aeeeeaaeeeeasteeeensaeeessseeesnseeeensseeesnsneeenne

[:SOURCEShWST:EBOXICATAIOG?. ...ttt ettt ettt ettt et sttt sbe e et e e bt e st e e sn e e naneabeeenneas 249
[:SOURCEShWS]:EBOX:COUNL.......ooiiiiiiiie ittt e e ettt e e st e e e et e e e e abe e e e e snseeeeesneeesensaeaeenn 250
[:SOURCe<hw>]:EBOX:CPREARB:OPTION?.....ooiiiiiieeiciie ettt eettee ettt e e etee e e ettee e et e e e etae e e setaaeeeesaeaeenanneeenes 287

[:SOURce<hw>]:EBOX:CPRI:ARB:PEAK?...
[:SOURCe<hw>]:EBOX:CPRIARBIPRESEL.........cctiiiiiiiiciieie ettt sttt sneesne e s e
[:SOURce<hw>]:EBOX:CPRI:ARB:RELoad

[:SOURce<hw>]:EBOX:CPRIARBIRMS?.... .ottt ettt e eee e e eaeeeneeeneeas 288
[:SOURce<hw>]:EBOX:CPRI:ARB:SAMPIES: TOTAI?. ..ottt 288
[:SOURce<hw>]:EBOX:CPRI:ARB<Ch>ICONFICE?.......c.uiiiiieiiie ettt 289
[:SOURce<hw>]:EBOX:CPRIAARBSCHZIFILE..........oiiiiiiiii ittt 289
[:SOURce<hw>]:EBOX:CPRI:ARB<CH>:SAMPIES?.......ccoouiiitieeiie ettt ettt sae et saaaeenneas 289
[:SOURce<hw>]:EBOX:CPRIAARBSCHZISRATE?......uuiiiiiietie ettt ettt ettt e nteaeenneas 290
[:SOURce<hw>]:EBOX:CPRI:ARB<ch>:STATe..

[:SOURCe<hw>]:EBOX:CPRECM:ETH:ACTIVE?.....eiie it ee ettt e eae e e st e e et e e enaneaeene 291
[:SOURCe<hw>]:EBOX:CPRECM:ETH:BRATE?. ... iee ettt et a et e e e ea e enaeaeenes 291
[:SOURce<hw>]:EBOX:CPRICM:ETH:COMMANG.........cccoiiuiieeiiiiiie ettt e e earae e 292
[:SOURce<hw>]:EBOX:CPRIECM:ETH:EXECULE.......cccveieiiiie ettt 292
[:SOURCce<hw>]:EBOX:CPRIECM:ETH:PPTR.......ooiiiieiit ettt ettt ssaenne s e 292
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[:SOURce<hw>]:EBOX:CPRIECMETH:PTR?... ..ot 293
[:SOURCe<hw>]:EBOX:CPRICMIETHISTATE. ...ttt 293

[:SOURCe<hw>]:EBOX:CPRICM:HDLC:ACTIVE?....cciiiiteeiiieeeeiieeeeeieeeeesittee e staeaeesnteeessnsaeeessnsaeaeannsaeaennen 293
[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:BAUDIALE..........ccccuiieeiiiie ettt et a e e a e 291
[:SOURCce<hw>]:EBOX:CPRICM:HDLC:BRATE.......ouiiiiiiiiee ettt e et e et e e e e e e e aaaeeeene 294
[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:COMMEN..........coeeiriieiiiiieciee et et eire e e saaee e e aae e ereeeeenns 294
[:SOURce<hw>]:EBOX:CPRICM:HDLC:EXECULE.........coceiiuiiieeeieiie et 295
[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:IMODE.........cciiiiiieiiieiie ettt 295
[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:RFREAMES?.....cciuiiiiiiiiiieiiie ettt 295
[:SOURce<hw>]:EBOX:CPRI:ECMIHDLCIRST ... ettt ettt e e e e enneas 296
[:SOURce<hw>]:EBOX:CPRIECMIHDLCIRX?....coiiiiiitiieiie ettt ettt e e et e eneeas 296
[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:SFRames?.

[:SOURce<hw>]:EBOX:CPRI:CM:HDLC:SOURCE. .....c.uctitieiiiiitiieiie ettt
[:SOURCe<hw>]:EBOX:CPRICMIHDLC:STATE. ..ottt ettt
[:SOURCe<hW>]:EBOX:CPRIIHWIALARM?. ...ttt ettt ettt ettt et esbeesaaeeseeesaeesnsaeanneas 298
[:SOURCe<hw>]:EBOX:CPRIHW:BBREVISION?.......coiiiiiiieiiiie e ciiie e eee s ee e evee e sstae e e etae e e snnaeaeennaneeenes 298
[:SOURCe<hw>]:EBOX:CPRIEHW:CMODE?........cooiiiiiiieeeiiie e ettt eeee e ettt e et e e e etaea e e sste e e e s snsaeaeennaeaeenes 299
[:SOURCe<hw>]:EBOX:CPREHW:ICORE?......cci ittt e et e et e e et e e s snsaeaeenaeaeenes 299
[:SOURCce<hw=>]:EBOX:CPRIEHW:EBREVISION?.......occiiiiieeiiiie ettt etaee e et a e e eanee e 300
[:SOURCe<hw>]:EBOX:CPRIHW:FBVEISION?.......ccciuiiieeiiie ettt e e s et e s aae e e eaaee e e eavea e enaeeeenes 300
[:SOURce<hw>]:EBOX:CPRI:HW:FCVersion?....
[:SOURce<hw>]:EBOX:CPRI:HW:GPIO:MFWidth:BFRAME.........cccoiiiiiiiiiiiieiieeee e 300
[:SOURce<hw>]:EBOX:CPRI:HW:GPIO:MFWidth:HFRaME..........cccoiiiiiiiiiieciee e 301
[:SOURce<hw>]:EBOX:CPRI:HW:GPIO:MFWidth:NFRaME..........cccoiiiiiiiieieciiee e 301
[:SOURce<hw>]:EBOX:CPRI:HW:GPIO<Ch>:DIRECHON........cciiiiiiiiiieiii et 301
[:SOURce<hw>]:EBOX:CPRI:HW:GPIO<Ch>:SIGNAL........cceiiiiieeiieciie et 302
[:SOURce<hw>]:EBOX:CPRI:HWIHSSSIINPUL........coiiiiiieiieeie ettt 303
[:SOURce<hw>]:EBOX:CPRI:HW:HSSS:OUTPUt:SFPA[:STATE].....eiiiiieeei ettt 304
[:SOURce<hw>]:EBOX:CPRI:HW:HSSS:OUTPUL:SFP2[:STATE]....ccictteeeeeeteieeeeriiiee e eeeeeeeseveaeesnvaeeeeenes 304
[:SOURce<hw>]:EBOX:CPRI:HW:HSSS:OUTPut:SMA[:STATe]

[:SOURCe<hw>]:EBOX:CPREHW:LBRALE. ......c.cuuviieeciiieeccee ettt e s e e e earae e e e enraeaeenes
[:SOURCE<hW>]:EBOX:CPRIEHW:LOF ... ..ottt ettt e e e et e e e et eaeennaeaeenes 306
[:SOURCE<hWS]:EBOX:CPRIEHWLOS? ...ttt ettt e e et e et e e e e rae e e e enraeaeenes 306
[:SOURce<hw>]:EBOX:CPRI:HW:PROTocol...

[:SOURCe<hW>]:EBOX:CPRIHWIR2TT ... ettt ettt sttt et sbe et naeeenbee e s 307
[:SOURce<hw>]:EBOX:CPRI:HW:RCLOCK:CRLOCKEA?.......ccuiiiiiiiiieiie e 307
[:SOURce<hw>]:EBOX:CPRI:HW:RCLOCK:CSLOCKEA?........coiiiiiiiieiiie ettt 307
[:SOURce<hw>]:EBOX:CPRI:HW:RCLOCK:ROLOCKEA?........ccoiiiiieiiiieciie ettt 308
[:SOURce<hw>]:EBOX:CPRI:HW:RCLOCK:SOURCE.........cccuiiiiiiieeiiieetie ettt tee s 308
[:SOURce<hw>]:EBOX:CPRI:HW:SEED:RECEIVEA?.......cccuiiiiiiiiiieeiee e 309
[:SOURce<hw>]:EBOX:CPRI:HW:SEED:SCRAMDIING......c.tttiiiiiiiieiiieiiee e 309
[:SOURce<hw>]:EBOX:CPRI:HW:SMA:DOSWING.......coiiiiiiieeiiieetie ettt ettt et e ssaeeeaeesraennee s 310
[:SOURCce<hw>]:EBOX:CPRIEHW:SMAIRXEGAIN........ccceiiieeiiiieeiiieeeiieeesieeessieeesnsaeeesseeesssseeesnsseeessneesnnes 310
[:SOURCEShW>:EBOX:CPREHW:TAAT ...ttt et e et e e et e e et e e e sanaee s snsaeaeennnaeanes 311
[:SOURCe<hW>]:EBOX:CPRIHW:TIMING?. ...ttt ettt ettt ettt 311
[:SOURCe<hw>]:EBOX:CPREHW:TOFFSEL........cccuiiiieiieie ettt et e e eraea e 311
[:SOURCe<hw>]:EBOX:CPRILT:HDLC:BRATE?. ... .ttt ettt et e e eaaee e 312
[:SOURce<hw>]:EBOX:CPRILT:RX:LOCAILOF?2....ciiiiieieeet ettt 312
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[:SOURce<hw>]:EBOX:CPRILT:RX:LOCAILOS?......oiiiiieciee ettt ettt ettt sra e 312
[:SOURce<hw>]:EBOX:CPRILT:RX:LOCAIRAI?.....ciiiiiiiiee et 313
[:SOURCce<hw>]:EBOX:CPRILT:RX:REMOEILOF 2....ccc ettt e e e nnaae e 313
[:SOURCce<hw>]:EBOX:CPRILT:RX:REMOtEILOS?......eiii ettt a e arae e 313
[:SOURce<hw>]:EBOX:CPRILT:RX:REMOLE:IRAI? ...t 314
[:SOURce<hw>]:EBOX:CPRI:LT:RX:REMOtE:RESEL?.......ooeiieee et 314
[:SOURce<hw>]:EBOX:CPRILT:RX:REMOLEISAP?... ...ttt 314
[:SOURCce<hW>]:EBOX:CPRILT:VERSION?.....coiitiiiiiiiieeiie ettt ettt et e st snae e 315
[:SOURCe<hW>]:EBOX:CPRIIMODE..........ooiiiiii ettt ettt ettt et e et e e bt e enseeeneeenreaeneeas
[:SOURCe<hW>]:EBOX:CPRIPRBS:IRST ... ..ottt ettt ettt e e sae e e s e e st e e enseesneeeanneas
[:SOURCE<hW>]:EBOX:CPRIIPRESEL. .......ooiiiiiiieieie ettt ettt ettt sae e eteeeaeeeseesnee s
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:ABORt....
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:DATA:SOURCE........cccceeriirtiirieeiie ettt 317
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:DATA:SOURCE:CATAlIOg?.....ccceeiiiiiriiiiieniieieeseeeiee e 317
[:SOURce<hw>]:EBOX:CPRI:RECOrder<ch>:DATA:SRATE?......cooiiiiieitieeiee ettt 317
[:SOURce<hw>]:EBOX:CPRI:RECOrder<ch>:EXECULE..........cccceiiiiiieiiiieeeiie e ssiee e sre e see e e eeaee e 318
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:FILE:CREAE.............ccurriiiiiieeiciiie e 318
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:FILE:SELECL..........cccooiuiiiiiiiee it 318
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:RLENGth............cccoiiiiiiiii e 319
[:SOURce<hw>]:EBOX:CPRI:RECOrder<ch>:RTIME?.........cccciieiiiriieeiiie et eetee s e e et a e eraeeeenes 319
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:STATe?..
[:SOURce<hw>]:EBOX:CPRI:RECOrder<ch>:STATUS?.......oiiiiiiiieiiee ettt e 320
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:TRIGGer:POSItioN..........ccccoiiiiiiiiiiiieiie e 320
[:SOURce<hw>]:EBOX:CPRI:RECorder<ch>:TRIGger:SOURCE...........ccccccuiiriiiiiiiiiniicnc e 321
[:SOURce<hw>]:EBOX:CPRI:RECOrder<ch>:VIEW...........ccoiiiiiiiiiie e 321
[:SOURce<hw>]:EBOX:CPRI:RX:SIGNal<Ch>:OUTPUL........ooiiiiiiiiiiiesecesieee e 331
[:SOURce<hw>]:EBOX:CPRISSETTING:CATAIOG?. ... .cciiiiiitiiiiee ettt ettt 322
[:SOURce<hw>]:EBOX:CPRISSETTING:DELELE......ccoiiiiiiiiiiieiieee et 322
[:SOURce<hw>]:EBOX:CPRISSETTING:LOAD......ccuiiiiiiiiiiieeeiee ettt s 323
[:SOURce<hw>]:EBOX:CPRISETTING:STORE. .....ciiiiiiiiiiitiieiiit ettt 323
[:SOURCce<hw>]:EBOX:CPRI:SFRaAMES<SIZIDATA.......oii e ecieee ettt e e s are e e s e e e saae e e eraeeeenes 332
[:SOURCESNWS i EBOX:CPRISTATE. ..cic ittt et e e e e e e et e e et e e e s ease e e e ebaeeeesssaeessnsaeaeanes 316
[:SOURce<hw>]:EBOX:CPRITEST:BERIRXIRATE?. ...ttt 324
[:SOURce<hw>]:EBOX:CPRI:TEST:BER:RX:STATe....
[:SOURce<hw>]:EBOX:CPRITEST:BER:RX:WORDS?.......cooiiiiiieiiieiie ettt n 325
[:SOURce<hw>]:EBOX:CPRITEST:BER: TXISTATE. ..ottt ettt ettt 325
[:SOURce<hw>]:EBOX:CPRIETEST:IRX:LOF 2. ...ttt et 325
[:SOURce<hw>]:EBOX:CPRETESTIRXILOS?. ... ittt see e eae e e e enneas 326
[:SOURce<hw>]:EBOX:CPRETEST:IRXIRAI?.... ..ottt ettt snnaeenneas 326
[:SOURce<hw>]:EBOX:CPRETEST:RXIRESEL?.......oiiiieeieeee ettt 326
[:SOURCce<hw>]:EBOX:CPRETESTIRX:SDI?......oiiiiieciieeiee ettt st snnaesnneas 327
[:SOURce<hw>]:EBOX:CPRITEST:SFP<St>IINFO?.......oiiiieieectie ettt 327
[:SOURCe<hw>]:EBOX:CPRIETEST:SFP<St>LOS?... .o iiiiee ettt et e e e e eeneeeene 327
[:SOURce<hw>]:EBOX:CPRI:TEST:SFP<st>:TX:DISabled?..........cccovireeiiiieeieie et 328
[:SOURce<hw>]:EBOX:CPRITEST:SFP<St>TX:FAULL?......oeiiiiieiee ettt 328
[:SOURCce<hw>]:EBOX:CPRETEST:TX:RERESEL........c.veiiiiiieeeeiee et 328
[:SOURCe<hW>]:EBOX:CPRETEST:TXISDL...ccoiiiie ettt aee e et a e eraeeeenns 329
[:SOURce<hw>]:EBOX:CPRI:TX:SIGNaI<KCh>:SOURCE........ccccuiiiiiiiiiieiiieee e 332
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[:SOURCe<hW>]:EBOX:CPRIETX|RX:APPLY.....ccuiiitiiitie ettt ettt ettt ettt ste e sra et e ssaesnsaesasesseeanneas 333
[:SOURce<hw>]:EBOX:CPRETX|RX:AXCICOUNL?.... .ottt ettt 333
[:SOURce<hw>]:EBOX:CPRI:TX|RX:AXC<ch0>:BADDress...
[:SOURce<hw>]:EBOX:CPRI:TX|RX:AXC<ChO>:CONFICE?.......oiiiieiiiieiie i 334
[:SOURce<hw>]:EBOX:CPRITX|RX:AXC<ChO>IPSRC?....cciiiiiiie ettt 334
[:SOURce<hw>]:EBOX:CPRIETX|RX:AXC<ChOZISIZE?......coiiiiiiiieiie ettt 335
[:SOURce<hw>]:EBOX:CPRITX|RX:AXC<ChO>:SOURGCE?......coiiiiiiiiieiiiieeiee ettt 335
[:SOURce<hw>]:EBOX:CPRITX|RX:AXC<ChO>:WADDIESS. ....c..ceiiiaiieaiieaiieaiie et esiee e e siee e e sieeeneeeseeeens 336
[:SOURce<hw>]:EBOX:CPRIETX|RX:AXCSHAtUS?.....ceiiiiiie ettt ettt 336
[:SOURce<hw>]:EBOX:CPRITX|RX:DRATEIASSIGNEA?. ...ttt 336
[:SOURce<hw>]:EBOX:CPRI:TX|RX:DRATE:AVAIIGDIE?. ... 337
[:SOURce<hw>]:EBOX:CPRI:TX|RX:GROup<user0>:PATTern....
[:SOURce<hw>]:EBOX:CPRETX|RX:INTEIEAVING......ccuiiiiiiiiiiiiiee ettt
[:SOURce<hw>]:EBOX:CPRIETX|RX:SIGNAIAPPENG. .....c.eeiiiiiiiiieii ettt
[:SOURce<hw>]:EBOX:CPRITX|RX:SIGNal:COUNL?.......ooiiieiieiieeierie et 338
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:ARB:CONFIICE?.......ccceiiiiiiiiiiiie e 338
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<Ch>:ARB:IFILE?........coiiiiiiiiiiiiee e 338
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:ALLOCAtION. ........eeiiieiiiiiiiiiie e 339
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:COUNEtASSIGN?....cooiiiiiiieaiiee e 339
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:COUNtNEEDEd?.........ccceeiiiiiiieiiieeiiee e 340
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:DRATe:ASSigned?..
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:DRATe:NEEDed?.........cccooiiiiiiiiieiieeee e 341
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:AXC:DRATE:STATUS?......ooiiiiaiiieeie et 341
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<Ch>:AXC:LIST?. ..ot 342
[:SOURce<hw>]:EBOX:CPRITX|RX:SIGNaISCh>ICOPY ......cceiiiiiiiiiirieeieiie et e 342
[:SOURce<hw>]:EBOX:CPRITX|RX:SIGNaI<Ch>:CRESH........ccceiiiiiiiiiiirieerieeie e 342
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<Ch>:DELEte.......c.ceiiiiiiiiiiiiiicee e 343
[:SOURce<hw>]:EBOX:CPRITX|RX:SIGNAISCh>IGAIN.......ccuiiiiiieiiie ettt 343
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:IQReSOIUtION........ccceiiiiiiiiiiiiiieiee e 345

[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:NAME
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:NFORmat
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<ch>:0OSAMPIING......ccciiiiiiiiiiiiieeiie et 348
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<Ch>:PLENGh.......ccccoiiiiiiiiiiiiee e 348

[:SOURce<hw>]:EBOX:CPRITX|RX:SIGNaI<Ch>:IRMS?......coiiiiiiiiiiie ettt 348
[:SOURce<hw>]:EBOX:CPRITX|RX:SIGNaISCh>:SRATE. ..ottt 349
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SIGNal<Ch>:STANArd..........cccvriiiiiriiiiiirie et 350
[:SOURce<hw>]:EBOX:CPRITX|RX:SIGNaISCh>:STATE.....cceiiiiiiiiiiiieeieeie et 352
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SOURCE:GROUP:CALC.......coiiiiiiieiiiiie et 344
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SOURce<ch>:GROUP:COUNL..........ceeririiiieiieieneee e 344
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SOURce<ch>:GROup<user0>:REPetition..............ccccceercirrniecnnnnn. 345
[:SOURce<hw>]:EBOX:CPRI:TX|RX:SOURce<ch>:GROUP<USEr0>:STATE......ccccceirreiriieiiieeniee e 345
[:SOURce<hw>]:EBOX:CPRETX|RX:TRIGEINARM. ... ..ciiiiiiiiitiiiteit ettt
[:SOURce<hw>]:EBOX:CPRI:TX|RX:TRIGger:SOURce...

[:SOURce<hw>]:EBOX:CPRETX|RX:WARNING?....coteiiiie ittt 352
[:SOURCce<hw>]:EBOX:CPRIVENDOIDATASCRS.......oiiiiii ettt a e e aae e 352
[:SOURce<hw>]:EBOX:CPRI:VENDOIDIRECHON. .......ccciiiiiieeciiie et 353
[:SOURCe<hw>]:EBOX:CPRIVENDOISTATE. ....oiiiiiie ettt e e et e e et e e e eaaeaeeae 353
[:SOURce<hw>]:EBOX:CPRIVENDOFWWIDEN?.......eiiiiiiiiiie ittt 353
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[:SOURCe<hW>]:EBOX:CPRIVERSION?......ociiiiitiieiie ettt ettt et e st e b e snseesareeeseeenneas 316
[:SOURce<hw>]:EBOX:DEVICe:BOARA:IPART?......uiiiiiietie ittt 242
[:SOURce<hw>]:EBOX:DEVice:BOARd:REVision?...

[:SOURce<hw>]:EBOX:DEVice:BOAR:SERIAI?........cccvii ettt 242
[:SOURce<hw>]:EBOX:DEVice:BOB:REVISION?..........coiiiiiiiciiieccieee ettt saae e enae e e a e enaea e 242
[:SOURce<hw>]:EBOX:DEVIice:BOB:SERIAI?........ccccuiiiieieee ettt 243
[:SOURCe<hw>]:EBOX:DEVICE:BOB:TYPE?........oii ittt e et e e et e e e eaa e e e eaaeaeene 243
[:SOURCe<hW>]:EBOX:DEVICEICATAIOG?. .. .ce ittt ettt ettt ettt et et et eesbeesne e e st e e saeeenseeanneas 239
[:SOURce<hw>]:EBOX:DEVICEICONTIONEI?. ...ttt ettt ettt e et e b e eaneeeeeeenneas 240
[:SOURCE<hW>]:EBOX:DEVICEICPLD?. ...ttt ettt et e et et e e et e nne e e enbeesnneeanneas 240
[:SOURce<hw>]:EBOX:DEVice:FIRMWare:SUPPOMEd?............coiiiiiiieiiieeie et 243
[:SOURCe<hw>]:EBOX:DEVICEIFPGIBASE?......cceiieiiieeiie ettt e tee s e e nneeeenneas 240
[:SOURce<hw>]:EBOX:DEVICEIFPGIBOB?.......cooiiiiiiiiie ettt 241
[:SOURCce<hw>]:EBOX:DEVICEIFPGIDIGIO?......coiuiiiiiiiiiiiie ittt 241
[:SOURCE<hW>]:EBOX:DEVICEIPART ... ..ottt ettt ettt einean 241
[:SOURCe<hw>]:EBOX:DEVICE:IPPCVEISION?......cciiiiiieeeeiiee e eiieeeeeteeeesieee e s etaeeesssaaaessnseaesassseeesanssneesanen 241
[:SOURCE<hW>]:EBOX:DEVICEISELECL........eeiiieiiie ettt et e e ete e e s bae e e s nnsae e e e nnnaeeeenes 244
[:SOURCe<hw>]:EBOX:DEVICE:SERIAL..........eeeiiiiiiieiiie ettt ettt e e et e e e s e e e staea e eaneaeenes 244
[:SOURCESNWSJ:EBOX:ID 2.ttt ettt et e ettt e e e et e e et e e e eaab e e e e e naaeeeeenteeeeansseeaesnsaneeenn 250
[:SOURCe<hW>]:EBOX:INSTSChZINAME?.......cteiieeiiie ettt e et e e e st e e e et e e e e eabe e e e e sareeeeeannaeaeenes 251
[:SOURCe<hW>]:EBOXINST<SChZIPORT?......iiiiitii ettt ettt ettt ettt et eebeeamteesnteesneeanneas 252
[:SOURce<hw>]:EBOX:INST<SCh>:SERIGI?.......ccoiiiiiiiieiii ettt 252
[:SOURCe<hW>]:EBOXINSTSCNZITYPE?. ...ttt ettt ettt e et et e e eabeesneeeeneeas 252
[:SOURCESWST:EBOXIOPT ...ttt ettt ettt ettt e et e e s et e e beesae e e st e sateeseeenseesneeanseesneeeseaanneas 250
[:SOURCEShWST:EBOXISELECL. ....c.uiieiiieiiiieeiit ettt ettt sttt et e e sste e s st e e enbeesmseesnseeenbeesnseeanneas 251
[1SOURCESNWS EB O X ST ATE ... ettt ettt ettt e et e st e st e e s aeesteeesseesseeenseeenseeaseeanseesnseesnneanneas 251
[:SOURCce<hw>]:EBOX:USER:CLOCKIPHASE.......coociiiiiieitee ettt 267
[:SOURce<hw>]:EBOX:USER:CLOCK:POLAILY........coiiieiiiiiiieiii ettt e 267
[:SOURCe<hw>]:EBOX:USER:CLOCK:RATE........otiiiiiieeiiie e eiee ettt et ee e e e e s este e e snae e e ssnaeesnnneaessaeeennes 268
[:SOURce<hw>]:EBOX:USER:CLOCk:REFerence:FREQuency....
[:SOURce<hw>]:EBOX:USER:CLOCK:REFErenCe:VALUE?.........cccociuiieeieieie ettt irae e evene e 269
[:SOURCce<hw>]:EBOX:USER:CLOCK:SKEW:IN........ooiiiiiiiieiiie ettt et e et e e enaea e 269
[:SOURce<hw>]:EBOX:USER:CLOCK:SKEW:OUT ..ottt ettt e et e e e e enaea e 270
[:SOURce<hw>]:EBOX:USER:CLOCk:SOURce
[:SOURce<hw>]:EBOX:USER:DATAIALIGNMENL......cciiiiiiiiiiieitit ettt ettt e e enbeesneeeeneeas 272
[:SOURce<hw>]:EBOX:USER:DATAIBORDAET.......ccuiiiiteiieaiie ettt et siee ettt e st et e et e snseesaeeenseeenneas 273
[:SOURce<hw>]:EBOX:USER:DATAINFORMAL........coiiiiiiiiiiiieit et 273
[:SOURce<hw>]:EBOX:USER:DATA:POLArity:IQ........eiiiiiiieeiieeie ettt 275
[:SOURCe<hW>]:EBOX:USERDATAISIZE.........coo ettt tee e sae e enaeennnaennneas 275
[:SOURce<hw>]:EBOX:USER:DATAISPOLAIY......coitiiiiieiiee ittt 275
[:SOURce<hw>]:EBOX:USER:DATAISPOSIION. .......coiiiiciieeiie ettt ettt saneeseeenneas 276
[:SOURCE<hW>]:EBOXIUSER:DATAISTYPE.....cocoiiiiieii ettt ettt ettt ettt eiae e saae s e eaeesraeanneas 276
[:SOURce<hw>]:EBOX:USER:DATA:TYPE

[:SOURCe<hw>]:EBOX:USER:DIRECLON. .........eiiiiiiiie ettt e e st e e e e e e eneaeaeene
[:SOURCE<hW>]:EBOX:USERIDRATE.......iiiiiiiiii et ee ettt e e sttt e ete e e st e e e s saee e e s entaeaeassnaeessnnaeaeene
[:SOURce<hw>]:EBOX:USER:FIRMWAre:SUPPOIMEA?..........c.uoeiiiiiiie et 243
[:SOURCe<hw>]:EBOX:USER:FORMAL..........cccciiiieieiiiee ettt e et e e e e earaea e 264
[:SOURCe<hW>]:EBOX:USER:ILEGVING......ccuiiiiiiiiii ittt ettt ettt et et e et saeeeeeeeneeas 265
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[:SOURCce<hw>]:EBOX:USER:LOGICETYPE].....coiiiiiiieeiiieeiee ettt ettt tee s e enaeesnnaennneas 259
[:SOURCE<hW>]:EBOXIUSERIPRESEL........coiiiiiiiiiiiieiii ettt
[:SOURce<hw>]:EBOX:USER:SCRatio

[:SOURce<hw>]:EBOX:USER:SETTINGICATAIOG?. .....ceiiiiiiieiiiteiie ettt sttt 261
[:SOURce<hw>]:EBOX:USER:SETTING:DELELE.......ccueiiiiiiiiiiieesiee et e 262
[:SOURce<hw>]:EBOX:USER:SETTINGILOAD......c.uiiiiieiiie ittt sttt st e e e 262
[:SOURce<hw>]:EBOX:USER:SETTING:STORE. .....ciitiiiiiiiiie ittt ettt e 262
[:SOURCE<hW>]:EBOXIUSERISRATE?. ...ttt ettt ettt et et e e eae e e b e e ne e e enbeesneeeanneas 265
[:SOURce<hw>]:EBOX:USER:SSI:CMData:RX|TX

[:SOURCe<hW>]:EBOX:USER:SSIICIMSIZE. .......uiiiiiiiii ittt ettt ettt et eeeeesaee s
[:SOURce<hw>]:EBOX:USER:SSI:GAIN:FSELECL........ccciiiiiiiieiieeie ettt
[:SOURce<hw>]:EBOX:USER:SSI:GAIN:STATe....

[:SOURCe<hW>]:EBOX:IUSER:ISSELFSYNC.......tiiiiiiiiie ettt
[:SOURCE<hW>]:EBOXIUSER:ISSIISIZE.......cuii ittt ettt sttt e s e beesnreeenneas
[:SOURce<hw>]:EBOX:USER:SSI:SPI:CLOCK:FREQUENCY.........cccteiiiteeriieireiiesieeeseesieeee e seeeee e 285
[:SOURCce<hw>]:EBOX:USER:SSI:SPI:CLOCK:PHASE. ........oiieiiiieeiiee ettt se e e e e e eeaee e 285
[:SOURCe<hw>]:EBOX:USER:SSISPI:CSELECL.......ccccuiiieiiiie et sneae e 285
[:SOURCe<hw>]:EBOX:USER:SSISPIFSELECL..........oiiiiiie ettt 285
[:SOURCe<hw>]:EBOX:USER:SSISPIRBYTE?.. ..ottt ettt ettt e e e e e e eaaee e et e e e eeaaeeeenes 286
[:SOURce<hw>]:EBOX:USER:SSI:SPI:WBYTe

[:SOURce<hw>]:EBOX:USER:STATe.................

[:SOURce<hw>]:EBOX:USER:TEST:RX:BER?......ooiiiiiiiiiiii ettt 277
[:SOURce<hw>]:EBOX:USER:TEST:RX:SIGNAL.......ccciiiiiiiiiieii ettt 278
[:SOURCe<hW>]:EBOX:USER: TEST:RX:STATE. ... ottt ettt ettt e ssae e eaeeenseennee s 278
[:SOURce<hw>]:EBOX:USER:TEST:RX:WORDS?......cciiiiiieiiieitie ittt ettt siee et e sneeesneeenneennee s 279
[:SOURce<hw>]:EBOX:USER:TEST:TX:SIGNEL......cceiiiiiiieeieeitie ettt s 279
[:SOURce<hw>]:EBOX:USER:TEST:TX:SINE:AMPLIUAE. ......cceoeiieiieiiieiie et 280
[:SOURce<hw>]:EBOX:USER:TEST:TX:SINE:FREQUENCY........coiiiiiiiiiiiiieiie et 281
[:SOURCE<hW>]:EBOX:USER: TES T T X ST ATE. .eiiiiiiiie ettt e e eiee e stee e et e e aee e e et e e e eteeaeesaaeeassseeaesnsaeeeenes 281
[:SOURce<hw>]:EBOX:USER:TRIGger:ARM

[:SOURce<hw>]:EBOX:USER:TRIGGENRCSTAt?.....coitiiiiieiiie ittt st 282
[:SOURce<hw>]:EBOX:USER:TRIGGENDELAY........cccuiiiiiiiiiieiiieiie et
[:SOURce<hw>]:EBOX:USER:TRIGGENRRESTAI........coiiiiiiiieiie ettt
[:SOURce<hw>]:EBOX:USER:TRIGger:SOURce...

[:SOURCe<hW>]:EBOX:USER:TRIGGENSTATE?. ...ttt ettt ettt sttt et et eeaeesnneeanneas 283
[:SOURce<hw>]:1Q:OUTPUt:EXTernal:CLOCK:PHASE. ........coiiieie ittt 267
[:SOURce<hw>]:1Q:OUTPut:EXTernal:CLOCK:POLAItY.......cccuiiiiieiiieeie et 267
[:SOURce<hw>]:1Q:OUTPUt:EXTernal:CLOCK:RATE.........coiiiie ettt et 267
[:SOURce<hw>]:1Q:OUTPut:EXTernal:CLOCK:SKEW:IN.........cciiiiiieiii et 269
[:SOURce<hw>]:1Q:OUTPut:EXTernal:CLOCK:SKEW:OUT .........cooiiiiiiiie ittt 270
[:SOURce<hw>]:1Q:OUTPut:EXTernal:CLOCK:SOURCE.........ccciiiiiieiiieiiieeiee ettt 270
[:SOURce<hw>]:IQ:OUTPut:EXTernal:DATA:ALIGNMENL.........coiiiiiiii e 272
[:SOURce<hw>]:1Q:OUTPut:EXTernal:DATA:BORDer
[:SOURce<hw>]:IQ:OUTPut:EXTernal:DATAINFORMAL.........c.coiiiiiiiiiiiieeie e 273
[:SOURce<hw>]:IQ:OUTPut:EXTernal:DATA:POLArity:1Q.........ceeiiiiiiiiiie e 275
[:SOURce<hw>]:IQ:OUTPUt:EXTErnal:DATAISIZE.......c.oo ittt 275
[:SOURce<hw>]:1Q:OUTPuUt:EXTernal:DATA:SPOLAIIY........ccoiiiiiieiie et 275
[:SOURce<hw>]:1Q:OUTPuUt:EXTernal:DATA:SPOSIION. ......cioiiiiieiie et 276
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[:SOURce<hw>]:1Q:OUTPUt:EXTernal:DATAISTYPE. ...t 276
[:SOURce<hw>]:IQ:OUTPUt:EXTernal:DATAITYPE.......oo it 277
[:SOURce<hw>]:IQ:OUTPut:EXTernal:DIRection

[:SOURce<hw>]:1Q:OUTPULEXTErNalDRATE. ......iiiiiiiiiee ittt
[:SOURce<hw>]:IQ:OUTPut:EXTernal:FIRMware:SUPPOMed?...........cccooiiiieiiiieieeeeee e 243
[:SOURce<hw>]:IQ:OUTPUt:EXTErnal:FORMEL...........coiiiiieieee et 264
[:SOURce<hw>]:1Q:OUTPUt:EXTErNal:ILEAVING. .......ooiiieiiiieiiieiie ettt 264
[:SOURce<hw>]:1Q:OUTPUt:EXTernal:LOGICLTYPE].......oiiieiietiecie ettt 259
[:SOURce<hw>]:1Q:OUTPUt:EXTernal:SCRALIO. ........cciouiiiiiiii e 271
[:SOURce<hw>]:1Q:OUTPULEXTErNal:SRATE?. .. ..ottt ettt ettt sb et e ereesnee s 265
[:SOURCe]:BBIN:EXTernal: CLOCKIPHASE.........ccuiiiiieeeeeie ettt ettt et nseeenneas
[:SOURCce]:BBIN:EXTernal: CLOCk:POLarity....

[:SOURCe]:BBIN:EXTernal:CLOCK:RATE. ..ottt sttt
[:SOURCce]:BBIN:EXTernal: CLOCK:SKEW:IN. ..ottt
[:SOURCce]:BBIN:EXTernal: CLOCK: SKEW:OUT ......cccuiiiiiiiiiieiee ettt 270
[:SOURCe]:BBIN:EXTernal: CLOCK:SOURCE.........cccieuiiieeiiiiie e ettt e esitee e e eieee e e e staee e s ssaeeeesnseaesennsaeeeesnaeeeane 270
[:SOURCe]:BBIN:EXTernal:DATA:ALIGNMENL........cciiiiieeiiie e eieie et e st et e et e e s sive e e snae e e ssaaeeessseaessneeeenes 272
[:SOURCe]:BBIN:EXTErnal:DATABORDET.........cciiiiee ettt e et e s e e e e e s et e e e eaaeeesennaeaeenes 273
[:SOURCce]:BBIN:EXTernal:DATAINFORMAL..........ccoiiiiieiiie ettt e et e e erae e enns 273
[:SOURce]:BBIN:EXTernal:DATA:POLArity:1Q1.........ooiiiiiieiiie et st 275
[:SOURCce]:BBIN:EXTernal:DATA:SIZE

[:SOURCe]:BBIN:EXTernal:DATAISPOLAIY. ..ottt ettt e e 275
[:SOURCce]:BBIN:EXTernal:DATAISPOSIHION. .......cooiiiiiiieiie ittt ettt e e e enneas 276
[:SOURCE]:BBIN:EXTErNal:iDATAISTYPE.....oiiiiiiietie ettt ettt e e eae e et e et e e snseesneeennneas 276
[:SOURCE]:BBIN:EXTErNal:DATAITYPE...... oottt ettt ettt e et e eae e e sneeenseeesnseesneeennneas 277
[:SOURCE]:BBIN:EXTErNal:DIRECHON. .......ceeuiieiieiiie ittt ettt et sste et e e e e sseesnsaesnseenseenneeas 258
[:SOURCE]:BBIN:EXTErNAlDRATE. ...ttt ettt ettt ettt s 263
[:SOURce]:BBIN:EXTernal:FIRMwWare:SUPPOIMEA?..........c.coiiiiiiiiie ittt 243
[:SOURCE]:BBIN:EXTErN@l:FORMEL.......ccciiiieiiiie ettt ettt s e e s aae e e st e e e s saaaeessnaeeesnseeeennnneeenn 264
[:SOURCE]:BBIN:EXTErNal:ILEAVING. ...ttt ettt 264
[:SOURCE]:BBIN:EXTErNal:LOGICLTYPE].....ccc ittt eeee ettt e sttt e et e et et e e e eaae e e esaaaeeeesseeeennnneeenes 259
[:SOURCE]:BBIN:EXTErNal:SCRALIO. .......ceeiiiiiiiciiie ettt e e et e e e st e e e et eaeeaneaeenes 271
[:SOURCE]:BBIN:EXTEINA:SRATE?. ....cee ettt ettt e et e e e e e e e e e e e abae e e e aae e e e asseeeeaaaaeeeanseeeeasnneeane 265

[:SOURce]:RECeiver:SENDto
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CPRIRE test SEtUp ....c.cuvviiiiiiiiiieeeee e 48 AxC group pattern
Apply CPRI oot 183
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ARB catalog CPRI Output marker frame width ............................ 163
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ARB options conflict RS232 (CPRI) .o et 197
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DIG V/Q IN/OUT ..o et 42
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AxC(s) / available data rate .. 187
AxC(s) / avalaible data rate 337
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FPGA version . , 300
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frames sent (HDLC) ....coooviiiiiiiiiiii e 296
Frames sent (HDLC) ..ot e 196
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GaIN e 179
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GPIO e e 140
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GPIO direction .........ccccoiiiiiiiiiiiieiiee , 301
GPIO hyper frame ... , 302
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GPIO signal low , 302
GPIO timing measurement clock .................... 162, 302
GPIO trigger ..ooooeeeeeeeeeeee e 162, 302
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Group table ........cooiiii 183, 186
Hardware . , 154
Hardware subsystem ...........ccooiiiii i 297
HDLC aCtiVe ....c.eoviiiiiiieeriies e , 293
HDLC bit rate .... . , 294
HDLC clear .......cccoocieiiiiiiie e , 200

HDLC command 197

HDLC execute 295
HDLC frames received ...............cccvvvvvvevevenenns 197, 295
HDLC frames sent ..........ceeeeeieiiiiiiiiieeeeeeeeees 196, 296
HDLC input window . 197
HDLC [0QOUL ...ttt e 200
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HDLC mode direct , 295
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Login/logout fast C&M .
Logout (fast C&M ) .....ooviiiiiiiiiiii e
LOgout (HDLC) ..eeviiiiiiiiiee et
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Low level BER test
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PRBS RX State ......ccccviiiriiiiiiis e 324
PRBS Tx state

PRBS TX state
Pref. Ethernet pointer fast C&M ...............cccc. 198
preferred pointer (Ethernet) .............ccccooeiinn. 292

R21
FECAl ... e
ReCall ... e
Received seed
RECOM ... e
RECOMEN ...t e
Recorder settings .... .
recording length ...
Recording status .........ccooceiiiiiiin e
Recording time
REC test ..,

Reference CloCK .........ovvvviiiiiiiiiiiiieeeeeeeeeeeee
reference clock source ...
Reference clock source .............ccvevivvviveieieceeennnn.
reference output locked .........ccccceiiiiiiiiiii,
Reference output locked ...
REF IN .o
Remote control commands
Remote LOF
Remote LOS .....oooiiiiiiieeeee e
Remote RAI ..o
Remote Reset ...
Remote SDI ..oooviiiiiiieei
RE €St ...t e

Reset Rx BER

RS232 data bits ........coeevviiiiiiiiiiei
RS232 parity
RS232 stop bit ...
Rxalarm LOS ...
RX alarm LOS ...
Rx alarms LOF
RX alarms LOF
Rx alarms RAI
RX alarms RAI ........ovvviiiiiiiiii e
Rx alarms reset
RX alarms reset ...

RX €qQUAlIZEN ....ooviiiiiiiiii e
RX €qUaliZer ......ccooviiiiiiiiie e
sample rate
Sample rate .......oooooiiiiiiiii s
save
Save .
Scrambling seed .........ccoociiiiiii 158
SDI (SAP defect indication) ...........cccccoeveeeeeees 169, 329
select receiver
Select receiver
select tansmitter .........cccocvveiiii i,
Select transmitter ... .
settodefault ............ooooiiiii

User Manual 1409.5570.32 — 05

Index

Settodefault ..o
SFP1 OUtPUL .. e
SFP2 output .... .
SFP bitrate ......ccccviiiiii
SFP connector type ........ccueeeeeieeeiiiiieiee e 204
SFP diagnostics
SFPNfO .o,

SFP iNput .. s

SFP LOS 204, 327
SFP module alarms ..........cccoccoiiiiiiiiiiiiee e 204
SFP module temperature ............ccccceiiiiiiiiiniiiieenn. 204
SFP module warnings
SFP output ..o
SFP part number
SFP Tx/Rx power .
SFP Tx disabled .........ccccooiiiiiii e
SFP TX disabled ........cccooviriiiiii e
SFP Tx fault .
SFP TXfault ..o e
SFP VCC oottt
SFP vendor .
SFP wavelength ...,
Show/Hide group details ..........cccoeiieeiiieiiiiieeeen.
Show/Hide signal details .... .
signal data rate assigned ...........cccccoiiiiiiiiiniiieenn.
signal data rate needed .............ccccoe i,
Signal definition .
SIgNal GPIO ..o e
Signal GPIO ...
signal name .... .
Signal NAME ......ooiiiiiii e
Signal outPUL .....oocveieiiiie e
signals active .. .
signal state ...,
Signal state .......ceeiiiiiii
SMA input ... 160, 161, 303
SMA OUPUL ..o e 160, 161, 305
SMA SEttiNgS ..ooeiiiiiiiiiiee e
Software trigger armed ...
Software trigger run ...
Source (AXC table) .......oocieieiiii e,
source (HDLC) .
Source (HDLC) .....ueiiiiiiieeeeie e e
standard digital signal ............cccoiiii i,
Standard digital signal .... .
Start condition ..o
State .o
state fast C&M ... .
State fast C&M ...
state HDLC
State HDLC .
state vendordata ............ccocoiiii
State vendor data ...
Static frame .
status all AXCS) .ooeeeeeiiiieee e e
Status LEDS ....ooocviiiiiiicie e
subchannel
SYNC PALtern ...coooiiiiiie e e
T4 o
Target file
tIMING Valid ...ooooiiiie e
TOffset
top view .
transmission protocol overview .............cc...oeeeeees 129
Trigger POSItiON .......cceeiiiiiiiiiies e 209
Tx level adjustment ..., 159

388



R&S®EX-1Q-BOX

Index

TX level adjustment ..o, 310
UpHnK oo 170, 329
Vendor data

vendor data downlink CPRIRE ............c..ccovveieel 353
Vendor data downlink CPRIRE ..........ccccocooviiiiinne.

vendor data downlink CPRI REC ...
Vendor data downlink CPRI REC
Vendor data Ethernet pointer ..................
vendor data state
Vendor data state
Vendor data table .............cccooiiiiiii i, 203
vendor data uplink CPRI RE ....
Vendor data uplink CPRIRE ..........cccooiiiiiiiiiiiiinins
vendor data uplink CPRIREC .........ccccccoivviiiiinn.
Vendor data uplink CPRI REC ...
vendor word width ...

Waveform memory
word address (AXC table) .......cccooieiiiiiiiiiiieeeee
Word address (AXC table) .......c.ccccvviiiiiiiiiiiiiiiiiins
Word length
CPRI breakout board ...........ccceveeiiiiiiiiiiiiiiee,
CPRI communication link

STALUS oo 140
CPRI connectors

GPIO e e 140
CPRI connector type
Ethernet ... 367

CPRI control elements and connectors ...

front panel ........coooiiiiii e 141

FEAN PANEI ...eeiiiiiiiiiii et e 141

TOP VIBW e 140
CPRI Diagnostics

SFP diagnostiCs ........coeveiiiiiiiiieii e 204
CPRI Ethernet

connector

INterface ........oooiiii
CPRI front view

CPRI Ethernet connector ..........ccccoeiiiiiiiiiiniiiieee. 143

CPRI RS-232-C cONNECLOr ......cceviiiiiiieiiieaee e 142

CPRI SFP modules

CPRI TX/RX CONNECION ... e 142
CPRI Output marker frame width

BaSIC -.eeeiiiiii e e 163

HY DT e e 163

NOdE B ..o 163
CPRI protocol version

CPRI L1 inband analysis ...........ccccooeiiiiiiiiiiieiiennnnnn. 165
CPRI rear panel

USEr interface .......cccoooiiiiiiiiiei e 141
CPRI F€COIAEN ... e 316

DiSCANd ...ocoieeieee e e 211

THQQEr SOUICE ..ot e 209
CPRI reference signal

INPUL e e
CPRI RS-232-C

CONNECION .ttt e

iNterface ...

CPRISFP . e 142
CONNECEON .ot e 142
interface ... 142

CPRI standard
BGPP FDD ..., 175, 350
CDMA 2000 .... ... 175, 350
GSM/EDGE ...t 175, 350
LTE oot e 175, 350
sync pattern .... 350
user defined .......ccooeeiiiii e 350
Userdefined ........oooooiiiiiiiiii e 175
WIMAX e e 175, 350

CPRI test
AdIagNOSIC .. 245

CPRI Test& Diagnostics
SFP diagnostiCs ........ccoeiiiiiiiiiiii e 323

CPRI top view
gerneral purpose 10 connectors .........cccceeeeeeeeniieen. 140
PLLLED oo 141
POWERLED ...ttt 141
RX LED
TX LED

CPRITX/RX oo e
connector .. .
interface ...

CPRI Viewer
CPRI F€COIAEN ..ooveieieeiee e e 212

Create direCtory ..........cceiiiiiiiiiiiiee e 256

Crest factor
CPRI e, 180, 342

Current Rx alarms
CPRI e 166

D

Data bits
RS232 (CPRI) .ottt e 197

Datarate ...............

DiglConf
AOUDIE ..o

Data Rate
SINGIE oot 258

Data settings ... ... 107, 108

DiglConf ...
signal type ...

WOIA SIZE ..vveeiiiiiiiiiiiieeeeee e
Data Settings
//Q POIAMLY ..eeiiiiieiiiee e e 275
Data SELUP ..ocvveeeciie e e 108
bitorder ........cccoviiiiiiiiiie ... 110,273
data tyPe ..eeeieee 277
numeric format e 112,273
signal type ...... e 276

strobe polarity .

strobe position .... 114, 276

word alignment ............ ... 109, 272

WOIA SIZE .ottt 275
Data Setup

//Q POIAMLY ..eeiieiieiiiie e e

numeric format
Data source

CPRIT€COMEN ...cvevveeeiieeeie e e 209
Data subsystem
userdefined .......ccoeveiiiiii 271

Data tab

User Manual 1409.5570.32 — 05

389



R&S®EX-1Q-BOX

Index

Data tyPe .oeeeeiie e e
DiglICONT .o e
PFSAMPles ...
SAMPIES ...t s

DDR e s

Delay
trigger - user defined ... 120, 282

Delete ..o
ARB ..
CPRI < e
userdefined ... 262

Delete a seignal
CPRI e e 343

Delete a signal
CPRI e e 173

Delivery list ... e 29

Device
SUDSYSIEM ..o 239

DevVice driVer ......c.ooiiiiiiiiiiect e 42

Device ID
Device manager

DeviCe Manager ..........ueeiiiiiiiiiiiee e e
DeViCe ID ...ooiiiiee e
Enter license key .
EX-IQ-BOX deVice .......cceviviiiiiiiiii i 66
EXport license KeY ..........eeeeeiiieiiiiiiiiiiiiieieeeeiiies 68
Hardware .
Import iCENSE KeY ......oooiueiiiiiiiieie e 68
Installed OptioNS .........ccueiiiiiiiiie e 68
Options .
Status information ...........cccooiii 68
Update firmware ..o 68

Diagnostic
CPRIESE . 245
EX-IQ-BOX catalog ........ccccoovviiiiiiiiiiiiiicceien 244
save CPRI test report .
select EX-IQ-BOX ..o
SUDSYSIEM ..o e

Diagnostics
CPRI e e 203
CPRISFP i 323

DIalOgS ...eeeeeeieiie e e 57

Differential output swing
CPRI oo e 159, 310

DiglConf
Application Window ..........cccoiiiiiiiii e 36
bit order ........ooooiiiii
Block diagram ...
ClocK iN SKEW ....cooiiiiiiiiiiiiccie e
ClOCK PhaSe .......cooiiiiiiiiei i e
clock polarity
clock rate ........cccoiiiiiiiiiic
clock rate/sample rate .........ccccccoeeiiiiiiiiiiiiiii 108
clock settings display
ClOCK SKEW ...
ClOCK SOUICE .....coviiiiiiiiiicce e
Counter
datarate .......coocoiiiiiii
data settings ........ccooiiiiiiii
data type
direction
AISPIAY e e
Download ...

HQ POIAMLY ..o
interleaving ........ccoooiiiieii e

10 ..o
10QIC tYPE e e
numeric format ...
PrESEl i e
reference freqUENCY .........ccccoviviiiiiiiiiiiiiiieee.
sample/clock rate ratio ....
Sample/Clock rate ratio .........ccccccoeieiiiiiiiiiiieeeennenn.
SAMPIE rate ..oooiiiiiiiiii e
save .
settodefault ...
SIgnal type ..o
Simulation mode
strobe polarity .......cccccoiiiiiiiiii
strobe position ..o
user defined state ..

word alignment ..ot

WOId SIZE ..veeiiiiiieieiiiiieieee e
DIGIQIN

CPRI <t e 173
DIG IQ OUT

CPRI < e 174
Digital baseband input ..o 32
Digital baseband output ... 32
Digital interface

HQUIN Lo

I/Q OUT

StAtUS LEDS ..ot
DIr@CHON ... e

CPRI GPIO ..

DiglCoNnt ..o e

FECEIVET ...t iieee ettt ettt e et e e e aaee e

transmitter
DIFECIOIY ..
Discard

CPRI reCOrder ........ooeiiiiiiiiiiieee e 211
Downlink

CPRI <o e 170, 329

E

EBOX

Device subsystem ..........ccccconiiiiiiiiiiiiiiien 239

Diagnostic subsystem ..

instrument subsystem .

subsystem .........ccccoeee. .. 248
Enable automatic gain ....... .. 125
Enter license key

Device Manager ..........cccooieieiieeii e 68
Equalizer gain

CPRI e e 159, 310
Error indication ..........coceeiiiiiiiii e 31
Error LED ........ e 31
Error QUEUE QUETY .....ccueiiiiiiiie et e 238
Ethernet active

CPRI fast C&M .....ceeviiiiiiiiiei e 199, 291
Ethernet pointer

CPRI fast C&M ......ccovvieviiiiiiiiies 167, 199, 202, 293

CPRI L1 Analysis 167, 199, 202

CPRI vendor data 167, 199, 202
Ethernet pointer pref.

CPRIfast C&M ......ccuvveiiiiiieee e e 198
Events

CPRI et e 169
Execute

CPRIEthernet ..., 292

CPRIHDLC ... e 295

User Manual 1409.5570.32 — 05



R&SPEX-IQ-BOX Index

EXIQ TX test - sine frequency .........cccceoiiiiiiieeen. 123, 281
general commands ........ooooiiieeieniiit e 239 TX test - state
EX-1Q-BOX word alignment ...
ARB file dialog .....cccooviiiiiiiiiiie s 205, 289 WOIA SIZE ..veieiiiiiiiiiiiieieee e
CaAtAlOg ... 239 Word Size (SSI) .ooooviiiiieeee e 124
diagnostic e 244 WIite DY oo 126
iNStrument NAMEe .......ccoeoviiiiiice e 251 EX-1Q-Box BBOUT
instrument port ... 252 bit Order ..o
instrument serial number .. ... 252 Clock phase .... .
iNStrument type .......oooiiiiiie e 252 CloCK POIAFILY ..o e
OPIONS .t e 250 ClOCK rate .....eeeieeieii
select device .. . , 251 clock source . .
SEALE o 251 data type ..o
EX-1Q-Box BBIN /Q POIAMLY ..eeeieieeeeieecee e
Dit Order ....oooie e 273 Logic Type
CloCK Phase .........coeiiiiiiiiiiieee e e 267 numeric format
[o oo 1q o To! F= T 1 VSRR 267 sample/clock rate ratio ............ccceeeeiiiiiiiiiiiiee. 271
clock rate signal type .
ClOCK SOUICE .....eeiiiiiiiiiiie et e 270 word alignment ... 272
data tyPe oo 277 EX-IQ-BOX BBOUT .....coeiiiiiiiiiiiit e 99, 258
1/Q Polarity .. bit order
LOGIC TYPE e e C&M data ...coeeeeiiiiee e e
numeric format ... CE&M SIZE ..o
sample/clock rate ratio Chip select .
SIGNAl tYPe ... Clock freqQUeNCY .....ccooviiiiiiiieiii e 125
word alignment ..o ClOCK iN SKEW ...cooiiiiiiiiiiiiice e 118
EX-IQ-BOX BBIN .... . clock phase .
Dit Order ...ooooieee e Clock Phase ......ooceeiiiiiiii e
Ca&Mdata .......ccoeviiii clock rate .......coooviiiiiiii
C&M size .... clock rate/sample rate .. .
Chip SelecCt ... clock settings display ..........ccooeeeiiiiiiiiiiiiie,
Clock freqQUENCY .....ceeeviiiieeeiieiee e ClOCK SELUP oo e
clock in skew clock skew ...
ClOCK PRASE .....eeiiiiiiiiiiie e e clock source
CloCK Phase .........coeiiiiiiiiiiiee e e data rate .....oooceeeiiii
clock rate data settings
clock rate/sample rate datatab ..o,
clock settings display ..........cccoeeeiiiiiiiiiiiii i, data type ..o
clock setup direction ....
ClOCK SKEW ... 118 format .......oooi
ClOCK SOUICE .....eeiiiiiiiiiiie et e e 116 interleaving ........cccooceieeiiie e
data rate . Late frame sync .
data settings ........ccooiiiiiiii 107 [0GIC tYPE e
data tab numeric format ...
direction protocol tab
Enable automatic gain ...........cccccoceiiiiiiiiiiii 125 RXtest- 1Qwords .........cccoovviiiiiiiiiiiiiee
format .......ooii RXtest - RXBER ......cocoiiiiiiiii i
Gain file RX test - signal
interleaving ........coooieieeii e 104, 265 RX test - state
Late frame SYNC ......cooooiiiiiiiiiiiie e 125 RX test- state ..o
logic type sample/clock rate ratio . .
numeric format ... SAMPIE rate ..ooeieiiiiiiiie e e
Protocol tab ..o SIgNal type ..o
RX test - 1Q words ... . SPI setup
RXtest - RXBER ....cccoiiiiiiiiiiiieeee, SSI setup
RX test - signal ......c.oooeiiiiiiiiii e, strobe polarity .......cccccoiiiiiiiii e
RX test - state . strobe position ....
sample/clock rate ratio ..........cocccveeeeiiiiiiii i, 107 TXtest-signal ..o
SAMPIE rate ..ooeiiiiiiiiiii e 265 TX test - sine amplitude
signal type TX test - sine frequency ....
SPI setup TXtest-state ..o,
SSI setup TXtest-state ....cceveeeiiiii
strobe polarity ... . word alignment ...
strobe position ..o WOPd SIZE ..veeiiiiiieieiiiiieeeee e
TXtest-signal ......cooociieiiiiiiiiiiee WOTd SIZE ...
TX test - sine amplitude ..........ccccoeoiiiiiinnns 123, 280 WIite DY oo

1
User Manual 1409.5570.32 — 05

391



R&S®EX-1Q-BOX

Index

EX-IQ-BOX board revision

CPRI e e 154, 300
EX-1Q-BOX device

DeviCe Manager ..........coooeiiiiieieii e 66
EX-1Q-Box Receiver

Clock Phase .......occuvieiiiiiiie e 267

ClOCK POIAFILY ..o e 267

ClOCK SOUICE .....eeiiiiiiiiiiie et e 270
EX-1Q-Box RECeiver

Dit Order ....oooiie e 273

/Q POIAMILY ..ot e 275

Logic Type

numeric format ... 112, 273

SENA 0 oo s 260

word alignment ... s 272
EX-1Q-BOX receiver

Enable automatic gain ...........cccceveeeiiiiiiiiieeeee, 125
EX-1Q-BOX Receiver

GaiN file e e 125
EX-IQ-BOX RECeiver

Dit Order ...ooooieee e 110

clock rate/sample rate .........ccccccoeeiiiiiiiiiiiiiii. 108

clock settings display ..........cccoeeeiiiiiiiiiiiiiieee. 107

data rate .

data settings ..o 107

data type ..o s 277

format . ,

interleaving ... e 104, 265

10GIC tYPE . 99

Send to

SIgNal type ...oooe s

strobe polarity ..o

strobe position .. .

word alignment ...

WOIA SIZE ..veieiiiiieeiiieiieeeee e
EXIQ-Box Settings ........cccoiviiiiiiiiiii e
EX-1Q-Box Transmitter

Clock Phase .......ocouvieiiiiiie e 267

clock polarity ..

ClOCK SOUICE .....eeiiieiiiiiiice et e e 270
EX-1Q-Box TRANsmitter

Dit Order ...oooiiee e

HQ POIAMEY ..o

LOGIC TYPE e e

numeric format .

SENA 0 .oiiiiiiii e s

word alignment ... s 272
EX-1Q-BOX TRANsmitter

Dit Order ....oooiee e 110

clock rate/sample rate .........ccccccoeiiiiiiiiiiiiiiii. 108

clock settings display

data rate .....ooooieiiii e

data settings ..o

data type

format .......ooiii
interleaving ..ot e
logic type
SENA L0 i
SIgNal type ...oooo s
strobe polarity ...
strobe position ..o
word alignment ...
WOId SIZE .o

Export license key
DeviCe Manager ..........coooeiiiiiiieii e 68

F
FFET diagram ........ccociiiiiiiiiieee e 78
FAlE e 55, 58

SAVE @S .euuiiieeiieeeeeeiieieira e e e e e e e e e e e —————— 58
File liSt .o e 254
File management

CPRIARB ...ttt e 205, 289
File manager ...

CPRI e 152
Fille MenuU ... e 55
Firmware update

Device Manager ..........ccccocvieiiiiii e 68
Format ..o e

DiglConf ...

parallel ...

SEHAl i e
FPGA base version

CPRI oo e 154, 300
FPGA version

CPRI oo 154, 300
Frame data

CPRI e 176
Frames received

CPRIHDLC ..o 197, 295
Frames sent

CPRIHDLC ..o 196, 296
Free run

CPRI recording status ..........cccccceviieiiiniiiiceii, 210
Frequency

TX test - user defined ........cccvvvveeeieiiiiiiiiin, 123, 281
Front panel ... 30

breakout board ... 30

CPRI breakout board ..........ccccceeiiiiiiiiiiiiiiee. 141

DIG I/Q IN/OUT 1

DIG I/Q IN/OUT 2

ERROR LED ...ooiiiiiieiet e e

MODE LED ...ttt

PLL .

status LEDS ......cooooiiiiiiii

USET INEEITACE ....uvvveiiiiiiiiii e,

G
Gain

CPRI e e 179, 343
GaiN fil€ wevveeeeieeecee e 125
General commands

EX-IQ-BOX .ot 239
General information

CPRI o e 154
General Purpose 1/0O

CPRI o e 161
General purpose input/output

CPRI o e 140
Getting started ... 26

connecting the EX-IQ-BOX ........cccovvivirieiinieeien, 42

control elements and connectors .... ... 29

Installing DiglConf ..........cooiiiiiiiii e 34

Installing EX-IQ-BOX options ........cccccecerieivrniieinienns 44

User Manual 1409.5570.32 — 05

392



R&S®EX-1Q-BOX

Index

safety instructions ... 26

UNPacking ......ooooueeiiiiieiiee e st 29
GPIO

CPRI oo 140
GPIO Direction

CPRI e 162, 301
GPIO Signal

CPRI e 162, 302
Group pattern

CPRI e 183
Group repetition

CPRI e 183
Group table

CPRI oo 183, 186
GSM/EDGE

CPRI standard ...........cccoiiieiiiiiiiiiieeee s 175, 350
H
Hardware

CPRI e e 153

CPRIGPIO ..., ... 161

CPRI high speed serial switch ............. ... 159

CPRI Input/Qutput ...........cceee. ... 161

CPRI link settings .........ccccocveveeenne R EoY 4

CPRI Output marker frame width ... ... 163

CPRI reference clock .................... ... 165

CPRI SMA settings ..... ... 158

Device manager ...... .. 66

General information (CPRI) .......coccovieiiiiiiiiiiiinen, 154
Hardware components .........cccccoeecvveeveiiiiiieneeeeesnns 24,25
Hardware subsystem

CPRI e 297
HDLC active

CPRI oo 196, 293
HDLC command

CPRIEthernet ... 197
HDLC execute

CPRIEthernet ... 295
Help e, .. 60

contents .. .. 60

index ....... .. 60

menu ....... . 60
Hide taskbar .. .70
High speed serial switch

CPRI e e 159
Host

CPRIfast C&M .....cooviiiiiiiiiiiiei e 199
Hyper

CPRI Output marker frame width ..........c.cccccvvveeen.. 163
|

1/Q data interleaving

CPRI et e
1/Q diagram
FQUIN e e

1/Q IN/JOUT

[ofe] 410 1= Tex (o] SRR STPTUPTN 32

LED ... .. 32
/IQOUT ..o .. 32
1/Q Output Settings ........cccoeviiiiiiiiii e, 87
1/Q polarity

DiIgICONT ..t e 275
1/Q Polarity ........

Negative

Positive

User Manual 1409.5570.32 — 05

1/Q resolution

CPRI <o e 179, 345
Idle

CPRI recording status ...........ccccoooiiiiiiiiiiiiiiiciieeen. 210
Import license key

Device Manager .........ccccoeeiiveeeieit e 68
INAEX o 60
Indication

Connected DeviCe .........cccoocuiiiiiiii i 85

DIG I/Q IN labeled symbol, generator ..................... 85

DIG I/Q OUT labeled symbol, generator .................. 85

ExBox status parameters, analyzer ... 90

EX-IQ-BOX labeled symbol, generator ...................... 85

EX-1Q-Box Setttings, generator ..............cccceeeiiiiiiis 85

EXIQ hotkey

R&S signal analyzer’s diagram ...........ccccoeeeeiieiiiaann. 90

R&S signal generator’s block diagram ...................... 85

R&S signal generator’s settings dialogs .................... 85
Info

Hardware device manager .........cccooccveeiiiiieeeeeeeninnes 66
Input

CPRI o e 160, 161, 303

CPRIGPIO ..ot 162, 301

QN Lo 32

REF IN e 32
Input/Output

CPRI < e 161
Input window

CPRIfast C&M .......cccoeiiiiiiiiiie e 200

CPRIHDLC ..ottt e 197
Installed Options

Device Manager .........ccceeeiiieieeii e 68
Installing DiglConf

Destination location ............cccoociiiiniiiniiiieieecs 35

Hardware requirements ..........ccccccoeiiiiiiieiiiiniiiiiiiees 34

Installing

Setup file

Software requirements .........ccccoooiiii i 34

uNINStall ..o 38
Installing options

Enter Key €ode ........ooooiiiiiiiiiiiii e 44

Indicate installed options . ... 44

INSEAllING ... 44

Installing several options ...............ceeeiiiiiiiiiiiiiieeees 44

Prerequisites

Start DIglCoNnf ... 34, 44
INStrumMent ... 70

SUDSYSIEM .. 251
Instrument name

EX-IQ-BOX ..o 251
Instrument port

EX-IQ-BOX ..o 252
Instrument serial number

EX-IQ-BOX ..o 252

Instrument settings
change directory
create directory ..
delete ..o
FECAIL ..t
remove directory ...
SAVE .ttt e

Instrument type
EX-IQ-BOX ..o 252

Interface
CPRIEthernet ...,
CPRI RS-232-C . .
CPRISFP e




R&S®EX-1Q-BOX

Index

CPRITX/RX ittt et 142
LAN e e 33
INErfaces ......oooeeeiiiie e 355
Interleaving ..o , 265
DiIglICoNf ... , 265

1/Q Interleaved ..........cccoooiiii i , 265

Not Interleaved ..., 104, 265

Q/l Interleaved ........ccoooiiiiiiii i 104, 265
Internal loopback

CPRIINPUL ..o 160, 161, 303
Internal reference clock

CPRI e 155, 308
1Q words

RX test - user defined ..o, 124, 279
L
L1 analysis

CPRI e e 163

HDLC rate (CPRI) ....cooiiiiiiiiiee e 166
L1 analysis subsystem

CPRI e e 312
L1 inband protocol

CPRI e 164

CPRI protocol Version ..........ccceccveveecveviieeeccieee e 165

HDLC rate (CPRI) ....cooiiiiiiiiieieeit e 166
LAN e s 33

(1013 =Y o1 (o A SR PPRTPIN 33

INTEITACE ...oiiiiiieieie e e 33

Pin assignment ... ... 357
Late frame SYNC ....coooviiiiiiiiieiie e 125
LED

CPRIStatus .......oooiiiiiiiiiiiieeie e 140

Power ....

SEAtUS o
Level dBFS

CPRIARB ...ttt e 207
Line bit rate

[0 4 o RSSO

CPRI 2x 1228.8 Mbit/s

CPRI 4x 2457.6 Mbit/s

CPRI 5x 3072.0 Mbit/s

CPRI vendor data .........cccoocueeiieiit i
Link settings

CPRI < e 157
LiNK StatUS ....eoeiiiiieiiie e 167
List of signals

CPRIDLUL it 172
Load .....ccoeevenen. .. 262, 323

CPRI ...... .. 323

DiglConf .......... ... 100

user defined .............. ... 262
Load instrument settings .........ccocceveiiie v 255
Local

LOF (CPRI)

LOS (CPRI)

RAI (CPRI)

LOF

CPRIRX @lArMS .....ccevviiiiiiiiee e e 166

CPRIRX @larms ......cccceeiiiiiire it ceiiee e 325

CPRIStatuS ....vvvviiiiiiiieeeeec e 168, 306

Local

[T 1410 ] (= SRR 169

Logic type
CMOS .. s 99
DiglConf .. 99, 259
LVDS ... .. 99
LVTTL .. ... 99
SIS] I .. 99
LOGIC TYPE e e 259
TBV CMOS ..o 259
1.5V SSI
1.8V CMOS
T8V SSI o e

2.5V CMOS ...
3.3V CMOS ...

LVDS oo

LVTTL oo e
Login/logout

CPRIfast C&M .......cuviiiiiiiiieecee e 200
Logout

CPRIfast C&M .......cueiiiiiiiiieecee e 200

CPRIHDLC ... e 200
LOS

CPRIRX @larms ... eeeeeeeeeeeeeeeeeeeeeeeees 166

CPRIRX alarms ... 326

CPRIStatus .....cvvvveeeiieiieiiieiei e, 168, 306

LOCAIl ... 168

REMOLE ..o 169
Low level BER test

CPRI e 191
Low level BER test IQ words

CPRI e 325
Low level BER test received bits

CPRI e 193
Low level BER test RX state

CPRI e e 324
Low level BER test TX state

CPRI e 325
LTE

CPRIstandard ............ooovvviiiiinieiieeeeeeeeeeveiens 175, 350
M
Main application window

T0O0IDAN . e 55
Main controls

CPRI et e

user defined
Main settings

clock rate/sample rate .........cccccceeeeeiiiiiiiiiiiiieeeeee. 108
clock settings display .........ccccoevveiiiiiiniiiie e 107
datarate ......ccooceeeiiiie 102, 263
data Settings .......cooceviiiiii 107
format ............. ... 101, 264
interleaving ........cc.cccevveeeinen. .... 104, 265
10GIC tYPE ..o e 99
Main settings subsystem
CPRI <o e 315
Master
CPRIMOAE ..o e 168, 299
Menu .................
Menu bar
Menus
fIlE e e 58
File e 55
NEID e e 60
TOOIS it s 59
MMEmory
SUDSYSIEM ..o 253

User Manual 1409.5570.32 — 05



R&S®EX-1Q-BOX

Index

Mode
CPRI oo
CPRI HDLC ...
CPRI Status .......ueeeiiiiiiiiieiii s
Mode indication ..........coooeiiiiiiii e e
Mode LED .
Multi waveform playback ............cooooeiiii i 19
N
Node B
CPRI Output marker frame width ..........c.cccccvvveeen.. 163
Node B frame
CPRIGPIO ..o e 162, 302
Number of groups
CPRI e e 182
Numeric format .... 273
2’s complement ... 273
2’s Complement ... S Iy 24
binary offset ......... ... 273
Binary OffSet ........cooviiiiiiiiiie e 112
CPRI .............. .. 177, 346
DiglConf .. .. 112,273
user defined ........oooueeiiiiiiie 112
0]
OPEN fIl€ . 58
JOOK N e e 58
Operation complete
[1=10010] (= T U URPPPRT 237
Option

Check the installed

CPRI ARB settings
Option identification

remote
Options .....ceeeeevenees .22

1XxEV-DO REV.A .. 23
BGPP FDD ...t .. 23
3GPP FDD Enhanced ... .. 23
3GPP FDD HSUPA .......... .. 23

CDMA 2000 incl. 1xEV-DV ..

CPRI oo, .22
CPRIRE ..... .22
CPRIREC ........ .22
Device manager ................... .. 67
differential breakout board .21
EDGE Evolution ..........cccccveeeeenne. .. 23
EUTRA/LTE ......... .. 23
EX-IQ-BOX .... 250
GSM/EDGE ... .. 23
HSPA+ ..o .. 23

IEEE 802.11n (WLAN-N) ..

IEEE 802.16 (WIiMAX) ...... .. 23
multi waveform playback .. .. 23
recording memory ..........cccee.... .. 23
single ended breakout board ... .21
TD-SCDMA ..o .. 23
TD-SCDMA Enhanced ... .. 23
Tyco Z-Dok CONNECHOr .........eeeeeeeieeeeaiiiiaanns .. 24
user defined protocols ...... .22
waveform memory 64 MS . .. 23
Z2 demo breakout board ...............cccoeee .24
Z3 SCSI 11/ Palladium ........ccccvvevneeriennen. . 22
Z4 MDR (Mini DeltaRibbon) . .22
Z6 LVDS Cable ......ooveiiiiiiiiieies e 24

User Manual 1409.5570.32 — 05

Options conflict

CPRI ARB Settings ....cccooiuveiieiiiiiies e 207
Output

CPRI ot 160, 161, 304, 305

CPRIGPIO ..ot 162, 301

Q OUT it 32
Output marker frame width

CPRI <t e 163
Oversampling

CPRI <o e 177, 348
P
Parity

RS232 (CPRI) .o e 197
Password

CPRIfast C&M .......ccooiiiiieiieie e 200
Pattern

CPRI < e 173
Pattern length

CPRI < e 177
PEP dBFS

CPRIARB ... e 207
Physical source

CPRI < e 173
Pin assignments

Cadence palladium breakout board ........................ 364

Differential breakout board .................

single ended breakout board
PLL

StAtUS LED ..ooiiiiiiiiiie e 30
Port

CPRIfast C&M .....ooviiiiiiiiiiiiei e 199
Power LED ........ccccoeviieennns 34,42
Power Spectrum diagram ... .. 78
Power supply .......ccccevinee. e ————— 26
POWEr SUPPIY . 42,144
PRBS

CPRI e s 173

TX test signal - user .............. ... 121,279
PreferencCe ... 69

Default settings directory ... 69

Info server port ................ ... 70

SCPI server port ....
Preferred pointer

CPRIEthernet ... 292
Preset ......ccccceene

CPRI .....

DiglCONT ... 260
Protocol commands

user defined ........coooieiiiiiii 263
Protocol settings .... reveeeneeee. 100
Protocol setup ....... ... 100
Protocol tab ..........cccccveenee. ... 100

clock rate/sample rate .. .. 108

clock settings display ...... .. 107

data settings display .......ccccceviiiiiii e 107
R
R&S instruments

P e 34

signal analyzers .... .. 25

signal generators ...........cocccuveeeeieeniennnn. .. 25

wideband radio communication tester ...................... 25
R21

CPRI e 157



R&S®EX-1Q-BOX

Index

Radio Equipment Control ...........cccceeiiiiiieiiiieeeee 152
Radio Equipment Control test ..........cccoviieiiiiieeiiiiee. 315
Radio Equipment test .........ccoooiiiiiiii 152, 315
RAI

CPRIRX @larms .......c.uueiiiiiiiiiiee i 166

CPRIRX alarms ... .

LOGAI .t e 168

ReMOLE ..o 169
Ready

CPRI recording status ...........cooooiiiiii e, 210
Rear panel ... e 32

CPRI breakout board

DIG I/Q IN/OUT2,1 connectors ........ccccceeeevecvvereeeennn. 32

IN/OUT LED ..o

LAN connector .

LAN interface ........coooiiiiiiiiiiiie e

POWET SUPPIY .t et

REF IN connector .

USB CONNECLON ...coeiiiiiiiieeiiiiee e e

USB interface .........ooocoeeiiiiiiiiees e 33
Recall

CPRI e 152, 323

userdefined .........cooiiiiiiiii e 262
Recall instrument settings . .
Recall intermediate ..........ccooiiiiiiiiii e
Received seed

CPRI e 158
RECEIVET . e 99, 258

CPRI et e 160, 161, 303
Record

CPRI reCOrder .......coooiiiiiiie e e 211
Record done

CPRI recording status ...........coocoiiiiiiieiiii, 210
Recorder

CPRI ettt 174, 207

CPRI ARB toolbox ... 212

CPRIVIBWET ..o e 212
Recorder settings

CPRI e 316
Recording

TrIgQEr SOUICE ....eviiiiiiiiieie e et 74
Recording length

CPRI e 209
Recording Memory .......ceeeiiiiiiiieeeee e 19
Recording status

CPRI reCOrder .......cooiiiiiiiie e e 210
Recording time

CPRI reCorder ........oooiiiiiiii i e 210
Reference clock

CPRI e 155

CPRI clock recovery locked .... , 307

CPRI clock synthesis locked .............ccccvuvunnnn. , 307

CPRI reference output locked ........................ , 308

CPRI source . , 308
Reference freqUEeNCY .........cccooiiiiiiiiii i 269

DiIglICoNf ...eeiieee e 118, 269
Reference output locked

CPRI reference clock ..........cccooeiciiiiiiiiiiiienenn. 155, 308
Reference signal

TINPUL e e 32
REF IN e e 32

CPRI et 155, 308
Remote

LOF (CPRI) oot e 169

LOS (CPRI) oo e 169

RAI(CPRI) it e 169

Reset (CPRI) .....ooiiiiiiiiie e 169

SDI (CPRI) e 169
Remote control

R&S DiglCoNf ....c.eeiiiiiiiiiieeie e 16

R&S instrument ..., 18

SCPI e e 16
Remote control commands

CPRI e

User defined ...
Remove direCtory ...
RE reset

CPRI e 170, 328
Reset

CPRIRX @larms .........ccccciiuiiiiieeeeeeeeeeeeeeeeeeeeeeeees 166

CPRI RX alarms . ... 326

FEMOLE .. 238

REMOLE ..o 169

RXBER (CPRI) ..ot 193
Restart

trigger - user defined ..o 282
Rms level

CPRI e 180, 348
RS232

Baudrate (CPRI) ...ccooiiiiiieiee e 197

CPRIHDLC ... e 195

Data bits (CPRI) 197

Parity (CPRI) .. 197

Stop bits (CPRI) 197
RS-232-C

CPRIHDLC ... e 296
Run

Software trigger CPRI ..o, 189
Rx BER

CPRI e e 193

RX test - user defined ..........ccooeeeeiiiiiiiiiiins 124, 277
RX BER

CPRI e e 324
Rx equalizer

CPRI e 159
RX equalizer

CPRI e e 310
RX test

EX-IQ-BOX BBIN - IQ words .............ccceeeennnnn. 124, 279

EX-IQ-BOXBBIN-RxBER .........ccceevveeeeee.. 124, 277

EX-IQ-BOX BBIN - signal , 278

EX-IQ-BOX BBIN - state , 278

EX-IQ-BOX BBOUT - IQ words .........ccccevvennnn.. 124, 279

EX-IQ-BOX BBOUT -Rx BER , 277

EX-IQ-BOX BBOUT - signal ........c.ccccvcuevenneenn. , 278

EX-IQ-BOX BBOUT - state .........ccceecevveeenneee. , 278

1Q words - user defined , 279

Rx BER - user defined , 277

signal - user defined ...........ccccoeii i , 278

state - user defined ..........cccceeeiiiii , 278
S
Safety INSIrUCHIONS ......cocviiiiiiiiies e 26

connector overload ... .26

EMI suppression ... .26

LVDS levels ....... .. 26

POWET SUPPIY oot e . 26

risk of device damage ........... .o 26

risk of electrostatic discharge .. 26

shock hazard .........ccccceeeenne . 26
Sample/clock rate ratio .........ccceeeecvieveer e 107

User Manual 1409.5570.32 — 05

396



R&S®EX-1Q-BOX

Index

Sample/Clock rate ratio ........cccocceeriiiees e, 271
DiIgICoNf ..o , 271
Sample rate ... 265
CPRI e e , 349
CPRI ARB Settings ......cccoceivveenieiieiieniceiecnn 206, 290
CPRI recorder 210
DiIgICONT ..t e 265
Samples
CPRI ARB Settings ......cccoceevieeniiiieiieniceecenn 206, 289
SAP defect indication
................................................................ 169, 329
.. 100, 152, 262, 323
................................................................ 152, 323
.......................................................... 211

DiglConf 100

userdefined ........cccceiiiiiiii 100, 262
Save/Recall

1080 .. s 262, 323

ReCall ... 152

SAVE ittt s 100, 262, 323

SAVE it e 152
Save CPRI test report

dIagNOSIC ..
Save instrument settings ... .
Save intermediate ..........cccooiiiiiii
SCPH e e
Scrambling seed

CPRI e e 158
SDI

CPRI o e 169, 329

CPRIRX @larms .........oociiiiiiiiiii e, 166

ReMOLE ..o 169
Select EX-IQ-BOX .....cccooiiiiiiiiiieie 244, 251

dIagNOSHIC .. 248
Select type

FECEIVET .ttt ettt e et eraneee e 99, 258

transmitter ... 99, 258
Select Type
SENA 0 oo s
Settings subsystem

userdefined .........oooiiiiiii e 261
Settodefault ..o 100
SFP

CPRIINPUL .o 160, 161, 303

CPRIOULPUL ..o e 160, 161
SFP1

CPRIOUEPUL ..o e 304
SFP2

CPRIOUEPUL ..o e 304
SFP bit rate

CPRI < e 204
SFP connector type

CPRI e e 204
SFP Diagnostics

CPRI < e 204
SFP info

CPRI e e 204, 327
SFP LOS

CPRI e e 204, 327
SFP module alarms

CPRI < e 204
SFP module temperature

CPRI < e 204
SFP module warnings

CPRI < e 204

SFP part number

CPRI <t e 204
SFP Tx/Rx power

CPRI <t e 204
SFP Tx disabled

CPRI <t e 204
SFP TX disabled

CPRI <t e 328
SFP Tx fault

CPRI e e 204, 328
SFP Vcce

CPRI <t e 204
SFP vendor

CPRI < e 204
SFP wave length

CPRI < e 204
Show/Hide group details

CPRI < e 181
Show/Hide signal details

CPRI <t e 177
Show taskbar ...........ccccoiiiiiiiiii e 70
Signal

CPRIGPIO ..ot 162, 302
Signal data rate assigned

CPRI < e 341
Signal data rate needed

CPRI < e 341
Signal definition

CPRI < e 172
Signal high

CPRIGPIO ..ot 162, 302
Signal low

CPRIGPIO ..ot 162, 302
Signal name

CPRI o e 173, 346
Signal output

CPRI <t e 174
Signals active

CPRI <t e 338
Signal state

CPRI e e 173, 352
Signal type ... , 276

DiIgICoNf ..o 108, 276

L e s 108

L 108
Signal Type

L e s 276

L s 276
Slave

CPRIMOAE ...ooiiiiiiiiie e 168, 299
SMA

CPRIINPUL .o 160, 161, 303

CPRIOUtPUL ..o 160, 161, 305
SMA settings

CPRI < e 158
Source

CPRIHDLC ...t 195, 296

trigger - user defined ... 119, 282

Source (AxC table)
CPRI et e
SPISEtINGS .eeeiieiiie
Chip SeleCt .....ooiiiiiiiei e
Clock frequency .... .
Clock Phase ......oooueiiiiiii e
WIite DY oo

User Manual 1409.5570.32 — 05

397



R&S®EX-1Q-BOX

Index

SPISEIUP e s
Chip Select .....ooiiiieie e
Clock frequency ...
Clock Phase ......oooueiiiiiiiie e
WIite DY oo

SPI subsystem
User defined ... e 283

SSi
SPI SettiNgS ...evvieiiiiei i 125
SPISEIUP e 125

SSIgENEral .....cocueiiiiiiiiie e s 124

SSI settings ... . 124
C&M data 125
C&M size 124
Enable automatic gain ......... ... 125
GaiN file i e 125
Late frame SYNC ......cooooiiiiiiiiiiiiie e 125
WOId SIZE ... 124

SSI setup
C&M data ...oooeeeiiieiiciee e e 125
C&M size e, 124
Enable automatic gain ...........cccceveiiiiiiiiiiieeeen 125
GaiN file e e 125
Late frame sync ... 125
WOKd SIZE ... 124

SSI subsystem
User defined ........oocueeiiiiiiiii e 283

Standardized protocols
[o] o111 ] o 1< TR 22

Start condition
CPRI < e 188

Starting R&S DiglConf ..........uueiiiiiiiiiiiieeeee e 36

State
CPRI < e 152
CPRI ARB Settings ....cccoiiiiiieiiiiiee e, 207
CPRI fast C&M .
CPRIHDLC ...t ,
CPRI vendor data ........ccccceeeiiiei i 201, 353
EX-IQ-BOX
RX test - user defined ..o, 123, 278
TX test - user defined .........cccooii s 121, 281
userdefined ... 99, 261

Static frame
CPRI < e 173

Status
CPRI communication link ............cccccciiiiiiiiiniiiieen.
CPRI core mode ........ccccceeveiiiie i
CPRI hardware status alarm
CPRI 1 @nalysis .......cccoeiiiiiiiiiiieeeiiiieee e
CPRI LOF
CPRILOS .

CPRI master/slave ........ccccccoiei i
CPRIPLL LED .ot e
CPRI timing
digital interface ...
PLL e e
trigger - user defined ..

USEr INtErfacCe ......oooiiiiiiiiiie e e

Status all AxCs
CPRI < e 336

Status information
DeviCe Manager ..........coooeiiiiiieii e 68

Status LED
CPRI clock recovery locked .........ccccc.uuuiuuinnnes 155, 307

Status reporting system
COMMON COMMEANAS ....iiiiiiieaiiiieee e eeeeeeieee e e 236

Stobe position

DiIgICoNf ..o 114, 276
Stop bits
RS232 (CPRI) ..ottt e 197

Strobe polarity , 275
DiglConf ... , 275
NEJALIVE ..ooiiiiiiiiiiiie e e , 275
POSILIVE eiiiiiiiiiie et e , 275

Strobe position , 276

Strobe settings

strobe polarity .......cccccoviiiiiiii 113, 275
strobe position ..........ccccoiiiiiii s 114, 276
sync pattern
CPRI standard ............coceiiiiiiiii e, 350
Sync pattern
CPRI e e 173
SYStEM OVEIVIEW ...t e 14
accessories .
COMPONENES ...ttt e e e e e e e e e e e eeees
Configuration software ...........cccccceeiiiiiiiniiiieeeee
DiglConf controlling the EX-IQ-BOX .. .
hardware components ...........ccccceeeeiiiiiiiiee e
R&S instrument controlling the EX-IQ-BOX .............. 16
reCeiVEr MOAE ........cooiiiiiiiiieeiee e 14
transmitter Mode .........ccooeeieeiiieiei i, 14,16
T
T14
CPRI < e 157

Target File
CPRI recorder

TCPIP QddreSs ....cceveeveiviieeeieiiieieeeseeeeeeee e e e sinaea e e e
Terminal

CPRIHDLC ..ot 195, 296
Test signal

RX test - user defined .........cccccveeveieeiiiiee e, 123, 278

TX test - user ............ ... 121, 279

TX test - user defined
Test sine amplitude

121, 279

TXAESt - USEr .o 123, 280
Test sine frequency

TXAESt - USET .o 123, 281
Test subsystem

user defined ........coooieiiiiiii 277
The card requires drivers.... .....cccccceeeeeeeiieeeeeeeeeeeeesiinaens 39
Timing

CPRIStatus ......oooiiiiiiiiiiiiiece e 311
Timing measurement clock

CPRIGPIO ..o e

Timing measurements
Tirgger subsystem

User defined ........coccuiveiiiiiiei e e 281
TOffset
CPRI oo e 157

Toolbar ........ .... 55
Tool bar ....

TOOIS oo .59
EX-IQ-BOX Device Manager ............. .. 59
MENU oeeiieeeciie e eee e ... 59
Preferences . .59
Protection .... .59

Top view
CPRI breakout board ..........cccccceveeeeeiiiieeee e, 140

Transient recorder

Transmitter ...............

CPRI oo

User Manual 1409.5570.32 — 05

398



R&S®EX-1Q-BOX

Index

Trigger
arm - user defined ............ccoocc i 120, 281
CPRI GPIO ,
delay - user defined ............cocooiii i, 120, 282
DiglConf - user defined ..........ccccoeviii i 119

restart - user defined
source - user defined
status - user defined
userdefined ...
Triggered
CPRI recording status ...........ccccoeeiiiiiiiiiiiieiiccieeeen. 210
Trigger GP_1 (Marker 1) ... .
THQGEr MOE ....eeiiiiiieiiee e e 74
CONLINUOUS ...t 74
SINGIE e e 74
Trigger position
CPRIrecorder .........cccoociiiieiiiii e 209
Trigger source
CPRIrecorder .........cccoociiiiiiiien e
data valid ...
External CPRI recorder ..
GP_0 (Marker 0) .....cooeiuieeeiieee et e
SOMWAIE ..o
Software CPRI recorder .
THOGEI YPE et e
falling €dge ....coooiiiiieiie e
high level
low level
FISING €0 ...eeeiiieiiiiiiiie e e
TX test
DiglCoNf USEr ....cooiiiiiiieie e
EX-IQ-BOX BBIN - signal ........c.ccccooiviniieninene
EX-IQ-BOX BBIN - sine amplitude ...
EX-IQ-BOX BBIN - sine frequency
EX-IQ-BOX BBIN - state ........cccccceciviieniennene
EX-IQ-BOX BBOUT - signal ,
EX-IQ-BOX BBOUT - sine amplitude ............ 123, 280
EX-IQ-BOX BBOUT - sine frequency ............ 123, 281
EX-IQ-BOX BBOUT - state
PRBS test signal - user ............cccc oo,
signal - user defined ...........ccccooeii i
sine amplitude - user defined
sine frequency - user defined
state - user defined ...
test signal - user .
userdefined ...
TYCO Z-DOK ..ttt s
TYCO Z-Dok adapter board connector ...............ccoeuueeenn. 31

U

UnNIiNStalling ....ooooeiiiiece e
Update firmware ...
Uplink

CPRI e

user defined

CPRI standard .........cccoocveeiiii i 175, 350
User defined

Catalog ..eveiiiee e 261

Clock subsystem ... 266

data subsystem .......... cereeeennn: 271

delete ..oeiiiiiii i 262

User Manual 1409.5570.32 — 05

108 .. e
MaIN CONEIOIS ....vveiieiiiceieee e
protocol commands .. .
FECAl ...
Remote control commands ..........cccccoevveeeviiiieeennn. 257
save .
settings subsystem ... 261
SPI subsystem
SSI subsystem .
State .o
test subsystem
trigger
Trigger subsystem ..o, 281
User defined:Save ..........ccoooviiieiieei e 100
User defined:state ..........cccooeeiiiiiiii e 99
User defined state
DiglICONT .o e
User interface
CPRI breakout board ............cccoevviiiiiiiiiiiiiiiiieee, 141
Pin assignment ... e
Pin description ... .
User Interface .......ccovveeeeeeiiiiiiieic e,
CONNECEON ... e

\"

Vector diagram .......ceeoiiiiiiiii et e 76
Vendor

CPRIword width ... e, 202
Vendor data

CPRI oo e 200, 203, 352

CPRIREC downlinK .........ccoovviiieiiiiiieeeeeeiinns 201, 353

CPRI REC uplink ...... ... 201, 353

CPRI RE downlink . ... 201, 353

CPRI RE uplink ..... .. 201, 353
Vendor data table

CPRI et e 203
Vendor word width

(07 RS 353
View

CPRIT€COMEN ...cvevieeeiee e e
Visa resource string

w

Wait for trigger

CPRI recording status .........c.ccccoiiiiiiiiiiiiiiiiiiieneen. 210
Wave file

CPRI <o e 176, 338
Waveform file

CPRI .ot
Waveform memory
WIMAX

CPRI standard ..........ccoccoieiiiiiiiiiic e, 175, 350
Word address (AxC table)

CPRI e e 188, 336
Word alignment ..o e 109

DiglConf ...... ... 109, 272
Word AlIgNment ... s 272

LSB ... 109, 272
MSB ... ... 109, 272
WOIA SIZE ..viviiiiiiiiiiiitt e e e e e e e e e e e e e e e e e e e e 275

Word size ....

DiglConf ... ... 109, 275

Sl e 124
Word width

CPRI vendor data .......ccccceveeeeiiiiiiieiieeeeeeeeeee 202, 353



	Cover
	Safety Instructions and General Information
	Basic Safety Instructions
	Instrucciones de seguridad elementales
	Certificate of Quality
	Customer Support

	Contents
	1 Preface
	1.1 Documentation Overview
	1.1.1 Quick Start Guide
	1.1.2 Help System
	1.1.3 User Documentation CD-ROM
	1.1.4 Operating Manual
	1.1.5 Service Manual
	1.1.6 Internet Site

	1.2 Typographical Conventions

	2 Welcome to the R&S EX-IQ-BOX...
	3 System Overview
	3.1 Basic Operating Modes
	3.1.1 R&S DigIConf Controlling the R&S EX-IQ-BOX
	3.1.2 R&S Instruments Controlling the R&S EX-IQ-BOX
	3.1.3 Remote Control of the R&S EX-IQ-BOX
	3.1.3.1 Remote Control via R&S DigIConf
	3.1.3.2 Remote Control via an R&S Instrument

	3.1.4 Waveform Memory, Multi Waveform Playback and Recording Memory

	3.2 Components
	3.2.1 R&S EX-IQ-BOX
	3.2.2 Options
	3.2.2.1 Standardized Protocols
	3.2.2.2 User Defined Protocols
	3.2.2.3 Waveform Memory, Multi Waveform Playback and Recording Memory
	3.2.2.4 Digital Standards with R&S WinIQSIM2

	3.2.3 R&S DigIConf - Digital Interface Configurator
	3.2.4 Accessories
	3.2.5 R&S Instruments Working with the R&S EX-IQ-BOX


	4 Getting Started
	4.1 Safety Instructions
	4.2 Unpacking the R&S EX-IQ-BOX
	4.3 Control Elements and Connectors
	4.3.1 Front Panel Tour
	4.3.1.1 STATUS - LEDs
	4.3.1.2 User Interface
	4.3.1.3 MODE - LED
	4.3.1.4 ERROR - LED

	4.3.2 Rear Panel View
	4.3.2.1 REF IN - Reference signal input
	4.3.2.2 IN / OUT - LED
	4.3.2.3 DIG I/Q IN/OUT2, 1 - Digital interfaces
	4.3.2.4 LAN - Interface
	4.3.2.5 USB IN - USB interface type B
	4.3.2.6 POWER - Power supply


	4.4 Installing R&S DigIConf
	4.4.1 Installation
	4.4.2 Starting
	4.4.3 Uninstalling
	4.4.4 Known Restrictions on SmartCard Related Issues
	4.4.4.1 How to avoid the SmartCard Conflict
	4.4.4.2 DisableCAD - Background Information


	4.5 Connecting the R&S EX-IQ-BOX
	4.6 Installing R&S EX-IQ-BOX Options

	5 Application Examples
	5.1 Baseband Receiver Chip Test
	5.2 CPRI Test Setup
	5.2.1 Typical CPRI RE Test Setup
	5.2.2 Typical CPRI REC Test Setup

	5.3 In-Circuit Emulation for Wireless Designs

	6 R&S EX-IQ-BOX Configuration
	6.1 R&S DigIConf Configuration Software
	6.1.1 Graphical User Interface - Overview
	6.1.1.1 Menu Bar
	6.1.1.2 Toolbar
	6.1.1.3 Info
	6.1.1.4 Block Diagram
	6.1.1.5 Taskbar
	6.1.1.6 Dialogs
	6.1.1.7 Context-sensitive Menus

	6.1.2 Menus
	6.1.2.1 File Menu
	6.1.2.2 Tools Menu
	6.1.2.3 Help Menu

	6.1.3 Info Line and Window
	6.1.3.1 Info Line
	6.1.3.2 Info Window

	6.1.4 Blocks
	6.1.4.1 R&S EX-IQ-BOX
	6.1.4.2 Smart Graphic Display
	6.1.4.3 Instrument

	6.1.5 Help System
	6.1.5.1 Navigation panel
	6.1.5.2 Contents panel
	6.1.5.3 Text panel

	6.1.6 Configuration Dialogs
	6.1.6.1 EX-IQ-BOX Device Manager
	6.1.6.2 Protection
	6.1.6.3 Preferences
	6.1.6.4 Instrument on the R&S EX-IQ-BOX
	6.1.6.5 Transient Recorder
	6.1.6.6 Graphical Signal Displays
	I/Q Diagram
	Vector Diagram
	CCDF Display
	Power Spectrum (FFT)


	6.1.7 Connected R&S EX-IQ-BOX
	6.1.7.1 Connection
	6.1.7.2 Indicating the R&S EX-IQ-BOX in R&S DigIConf
	6.1.7.3 Transmitting I/Q Data

	6.1.8 Connected R&S Instruments
	6.1.8.1 Connection
	6.1.8.2 Indicating the R&S Instrument in R&S DigIConf

	6.1.9 Automation of R&S DigIConf

	6.2 Configuration via R&S Instruments
	6.2.1 R&S Signal Generators
	6.2.1.1 Connection
	6.2.1.2 Indication of the R&S EX-IQ-BOX in an R&S Signal Generator
	6.2.1.3 Dialogs
	6.2.1.4 I/Q Data Transmission

	6.2.2 R&S Signal Analyzers
	6.2.2.1 Connection
	6.2.2.2 Indication of the R&S EX-IQ-BOX in an R&S Analyzer
	6.2.2.3 Dialogs
	6.2.2.4 I/Q Data Transmission

	6.2.3 R&S Protocol Tester


	7 Protocol Settings
	7.1 User Defined
	7.1.1 Parameter Overview
	7.1.2 Main Configuration Dialog
	7.1.3 Protocol
	7.1.4 Data
	7.1.5 Clock
	7.1.6 Trigger
	7.1.7 Test
	7.1.8 TX-Test
	7.1.9 Rx- Test
	7.1.10 SSI - Serial Synchronous Interface
	7.1.11 SPI Setup

	7.2 CPRI
	7.2.1 Introduction
	7.2.2 CPRI Transmission Protocol - Overview
	7.2.2.1 Description of the CPRI Control Data
	Sync. & Timing
	L1 Inband Protocol
	Slow C&M Link
	Fast C&M Link
	Vendor Data


	7.2.3 Parameter Overview
	7.2.4 Control Elements and Connectors
	7.2.4.1 Top View
	7.2.4.2 Rear View
	7.2.4.3 Front View

	7.2.5 Start with CPRI - Setup Example
	7.2.5.1 Overview
	7.2.5.2 Used Devices and Cables
	7.2.5.3 Setup of the Devices
	Cabling
	Setting the R&S Signal Generator
	Setting the CPRI Protocol
	Setting the RRH
	Setting the R&S Signal Analyzer

	7.2.5.4 Measuring process
	Measuring the I/Q Signal
	Measuring the RF Output Signal of the RRH


	7.2.6 Main Configuration Dialog
	7.2.6.1 Main Controls

	7.2.7 Hardware
	7.2.7.1 General Information
	7.2.7.2 Reference Clock
	7.2.7.3 Timing Measurements
	7.2.7.4 Link Settings
	7.2.7.5 SMA Settings
	7.2.7.6 High Speed Serial Switch
	7.2.7.7 Input/Output
	7.2.7.8 General Purpose Input Output
	7.2.7.9 Output Marker Frame Width (in Clocks)

	7.2.8 L1 Analysis
	7.2.8.1 L1 Inband Protocol
	7.2.8.2 Link Status
	7.2.8.3 Events

	7.2.9 Downlink and Uplink
	7.2.9.1 Signal Definition
	7.2.9.2 AxC Container Definition
	7.2.9.3 Low Level BER Test

	7.2.10 Control & Management
	7.2.10.1 Slow C&M (HDLC)
	7.2.10.2 Fast C&M (Ethernet)

	7.2.11 Vendor Data
	7.2.12 Diagnostics
	7.2.12.1 SFP Diagnostics

	7.2.13 ARB
	7.2.14 Recorder


	8 Remote Control Basics
	8.1 Remote Control Interfaces and Protocols
	8.1.1 Messages
	8.1.2 LAN interface
	8.1.3 Starting a Remote Control Session
	8.1.4 Switching to Remote Control
	8.1.5 Examples
	8.1.5.1 Remote Control Over LAN Using Socket Protocol


	8.2 SCPI Command Structure
	8.2.1 Syntax for Common Commands
	8.2.2 Syntax of Device-Specific Commands
	8.2.3 SCPI Parameters
	8.2.3.1 Overview of Syntax Elements
	8.2.3.2 Structure of a Command Line
	8.2.3.3 Responses to Queries


	8.3 Command Sequence and Synchronization
	8.3.1 Preventing Overlapping Execution

	8.4 General Programming Recommendations

	9 Remote Control Commands
	9.1 Common Commands
	9.2 R&S EX-IQ-BOX - Remote Control Commands
	9.2.1 Device Subsystem
	9.2.2 Diagnostic Subsystem
	9.2.3 EBOX Subsystem
	9.2.4 INSTrument Subsystem
	9.2.5 MMEMory Subsystem
	9.2.5.1 File Naming Conventions
	9.2.5.2 Extensions for User Files
	9.2.5.3 Remote Control Commands


	9.3 User Defined - Remote Control Commands
	9.3.1 Explanation to the Device Specific SCPI Syntax
	9.3.2 User Defined - Main Control Commands
	9.3.3 Settings Subsystem
	9.3.4 Protocol Commands
	9.3.5 Clock Subsystem
	9.3.6 Data Subsystem
	9.3.7 Test Subsystem
	9.3.8 Trigger Subsystem
	9.3.9 SSI Subsystem

	9.4 CPRI Remote Control Commands
	9.4.1 CPRI ARB Subsystem
	9.4.2 CPRI Control & Management Subsystem
	9.4.3 CPRI Hardware Subsystem
	9.4.4 CPRI L1 Analysis Subsystem
	9.4.5 CPRI Main Control Commands
	9.4.6 CPRI Recorder Subsystem
	9.4.7 CPRI Settings Subsystem
	9.4.8 CPRI Test & Diagnostics Subsystem
	9.4.9 CPRI TX/RX - Downlink/Uplink Subsystem
	9.4.10 CPRI Vendor Data Subsystem


	10 Interfaces
	10.1 User Interface of the R&S EX-IQ-BOX
	10.1.1 Z-DOK-Adapter Board Connector
	10.1.2 Pin Description
	10.1.3 Advanced pinout with R&S DigIConf

	10.2 LAN Connector
	10.3 Breakout Boards
	10.3.1 User Defined
	10.3.1.1 Breakout Board Single Ended 3585.7280.00
	10.3.1.2 Breakout Board Differential 3585.7296.00
	10.3.1.3 Breakout Board Cadence Palladium 090002-24x

	10.3.2 Other Customer Breakout Boards
	10.3.3 CPRI - Option R&S EXBOX-B85
	10.3.3.1 Connector Locations - CPRI Breakout Board



	A Annex
	A.1 Abbreviations
	A.2 Extensions for User Files
	A.3 Preset
	A.3.1 User Defined Default Settings
	A.3.2 CPRI Default Settings

	A.4 Drawings

	 List of Commands
	 Index



