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R&S®FSW-K70

Preface

About this Manual

1 Preface

1.1 About this Manual

This R&S FSW Vector Signal Analysis User Manual provides all the information specific
to the application. All general instrument functions and settings common to all applica-
tions and operating modes are described in the main R&S FSW User Manual.

The main focus in this manual is on the measurement results and the tasks required to
obtain them. The following topics are included:

Welcome to the VSA Application
Introduction to and getting familiar with the application

Typical applications
Example measurement scenarios in which the application is frequently used.

Measurements and Result Displays
Details on supported measurements and their result types

Measurement Basics
Background information on basic terms and principles in the context of the measure-
ment

Configuration + Analysis
A concise description of all functions and settings available to configure measure-
ments and analyze results with their corresponding remote control command

How to Perform Measurements in VSA
The basic procedure to perform each measurement and step-by-step instructions for
more complex tasks or alternative methods

Measurement Examples
Detailed measurement examples to guide you through typical measurement scenar-
ios and allow you to try out the application immediately

Optimizing and Troubleshooting the Measurement
Hints and tips on how to handle errors and optimize the test setup

Remote Commands for VSA

Remote commands required to configure and perform VSA measurements in a
remote environment, sorted by tasks

(Commands required to set up the environment or to perform common tasks on the
instrument are provided in the main R&S FSW User Manual)

Programming examples demonstrate the use of many commands and can usually
be executed directly for test purposes

Annex
Reference material

List of remote commands
Alpahabetical list of all remote commands described in the manual

Index

|
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Documentation Overview

1.2 Documentation Overview

The user documentation for the R&S FSW consists of the following parts:

e "Getting Started" printed manual
e Online Help system on the instrument

e Documentation CD-ROM with:
— Getting Started

— User Manuals for base unit and options
— Service Manual

— Release Notes

— Data sheet and product brochures

Online Help

The Online Help is embedded in the instrument's firmware. It offers quick, context-sen-
sitive access to the complete information needed for operation and programming. Online
help is available using the % icon on the toolbar of the R&S FSW.

Getting Started

This manual is delivered with the instrument in printed form and in PDF format on the
CD. It provides the information needed to set up and start working with the instrument.
Basic operations and handling are described. Safety information is also included.

The Getting Started manual in various languages is also available for download from the
R&S website, on the R&S FSW product page at http://www2.rohde-schwarz.com/prod-
uct/FSW.html.

User Manuals
User manuals are provided for the base unit and each additional (software) option.

The user manuals are available in PDF format - in printable form - on the Documentation
CD-ROM delivered with the instrument. In the user manuals, all instrument functions are
described in detail. Furthermore, they provide a complete description of the remote con-
trol commands with programming examples.

The user manual for the base unit provides basic information on operating the R&S FSW
in general, and the Spectrum application in particular. Furthermore, the software func-
tions that enhance the basic functionality for various applications are described here. An
introduction to remote control is provided, as well as information on maintenance, instru-
ment interfaces and troubleshooting.

In the individual application manuals, the specific instrument functions of the application
are described in detail. For additional information on default settings and parameters,
refer to the data sheets. Basic information on operating the R&S FSW is not included in
the application manuals.

All user manuals are also available for download from the R&S website, on the R&S FSW
product page at http://www2.rohde-schwarz.com/product/FSW.html.

User Manual 1173.9292.02 — 04 8
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Conventions Used in the Documentation

Service Manual

This manual is available in PDF format on the CD delivered with the instrument. It
describes how to check compliance with rated specifications, instrument function, repair,
troubleshooting and fault elimination. It contains all information required for repairing the
R&S FSW by replacing modules.

Release Notes

The release notes describe the installation of the firmware, new and modified functions,
eliminated problems, and last minute changes to the documentation. The corresponding
firmware version is indicated on the title page of the release notes.

The most recent release notes are also available for download from the R&S website, on
the R&S FSW product page at http://www2.rohde-schwarz.com/product/FSW.html >
Downloads > Firmware.

1.3 Conventions Used in the Documentation

1.3.1 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.

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.

1.3.2 Conventions for Procedure Descriptions

When describing how to operate the instrument, several alternative methods may be
available to perform the same task. In this case, the procedure using the touchscreen is
described. Any elements that can be activated by touching can also be clicked using an
additionally connected mouse. The alternative procedure using the keys on the instru-
ment or the on-screen keyboard is only described if it deviates from the standard oper-
ating procedures.

User Manual 1173.9292.02 — 04 9
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Starting the VSA Application

2 Welcome to the Vector Signal Analysis Appli-
cation

The R&S FSW-K70 is a firmware application that adds functionality to perform Vector
Signal Analysis (VSA) to the R&S FSW.

The VSA application performs vector and scalar measurements on digitally modulated
single-carrier signals. To perform the measurements it converts RF signals into the com-
plex baseband. It can also use the optional Digital Baseband interface (R&S FSW-B17
option) to analyze I/Q signals already delivered to the complex baseband.

The VSA application features:

e Flexible modulation analysis from MSK to 64QAM

e Numerous standard-specific default settings

e Various graphical, numerical and statistical evaluations and result displays
e Spectrum analyses of the measurement and error signal

e Flexible burst search for the analysis of complex signal combinations, short bursts or
signal mix

This user manual contains a description of the functionality that the application provides,
including remote control operation.

All functions not discussed in this manual are the same as in the base unit and are
described in the R&S FSW User Manual. The latest version is available for download at
the product homepage (http://www2.rohde-schwarz.com/product/FSW.html).

Installation

You can find detailed installation instructions in the R&S FSW Getting Started manual or
in the Release Notes.

2.1 Starting the VSA Application
The VSA application adds a new application to the R&S FSW.

To activate the VSA application
1. Press the MODE key on the front panel of the R&S FSW.

A dialog box opens that contains all operating modes and applications currently
available on your R&S FSW.

2. Select the "VSA" item.

VSA

The R&S FSW opens a new measurement channel for the VSA application.

User Manual 1173.9292.02 — 04 11
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e
Understanding the Display Information

The measurement is started immediately with the default settings. It can be configured
in the VSA "Overview" dialog box, which is displayed when you select the "Overview"
softkey from any menu (see chapter 5.3, "Configuration Overview", on page 123).

Multiple Measurement Channels and Sequencer Function

When you activate an application, a new measurement channel is created which deter-
mines the measurement settings for that application. The same application can be acti-
vated with different measurement settings by creating several channels for the same
application.

The number of channels that can be configured at the same time depends on the available
memory on the instrument.

Only one measurement can be performed at any time, namely the one in the currently
active channel. However, in order to perform the configured measurements consecu-
tively, a Sequencer function is provided.

If activated, the measurements configured in the currently active channels are performed
one after the other in the order of the tabs. The currently active measurement is indicated
by a €& symbol in the tab label. The result displays of the individual channels are updated
in the tabs (including the "MultiView") as the measurements are performed. Sequential
operation itself is independant of the currently displayed tab.

For details on the Sequencer function see the R&S FSW User Manual.

2.2 Understanding the Display Information

The following figure shows a measurement diagram during analyzer operation. All dif-
ferent information areas are labeled. They are explained in more detail in the following
sections.

MultiView 22 Spectrum

Rel Level O E - 4 MHz SGL
Att 0B Fres 1 r 2 v Stat Count 10
1 Const I/Q{Meas&Re e 2 Result Summary

Undt
EVM

WIER
Phase Error
100.00

-100.00
1.50

ure Buffer)

Start 0 sym
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Welcome to the Vector Signal Analysis Application

Understanding the Display Information

1 = Channel bar for firmware and measurement settings

2+3 = Window title bar with diagram-specific (trace) information

4 = Diagram area

5 = Diagram footer with diagram-specific information, depending on measurement application
6 = Instrument status bar with error messages, progress bar and date/time display

i

MSRA operating mode

In MSRA operating mode, additional tabs and elements are available. A colored back-
ground of the screen behind the measurement channel tabs indicates that you are in
MSRA operating mode.

For details on the MSRA operating mode see the R&S FSW MSRA User Manual.

Channel bar information

In VSA application, the R&S FSW shows the following settings:

Table 2-1: Information displayed in the channel bar in VSA application

Ref Level Reference level

Freq Center frequency for the RF signal

Mod Modulation type, if no standard is active (or default standard is changed)
Res Len Result Length

SR Symbol Rate

Att Mechanical and electronic RF attenuation

Offset Reference level offset

Cap Len Capture Length (instead of result length for capture buffer display), see

"Capture Length Settings" on page 152

Input Input type of the signal source, see chapter 5.5.1, "Input Settings",
on page 134
Burst Burst search active (see "Enabling Burst Searches" on page 162)
Pattern Pattern search active (see "Enabling Pattern Searches" on page 163)
Stat Count Statistics count for averaging and other statistical operations, see "Statistic

Count" on page 159; cannot be edited directly

Capt Count Capture count; the current number of captures performed if several captures
are necessary to obtain the number of results defined by "Statistics
Count"; cannot be edited directly

SGL The sweep is set to single sweep mode.

In addition, the channel bar also displays information on instrument settings that affect
the measurement results even though this is not immediately apparent from the display
of the measured values (e.g. transducer or trigger settings). This information is displayed
only when applicable for the current measurement. For details see the R&S FSW Getting
Started manual.

e
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Understanding the Display Information

Window title bar information

For each diagram, the header provides the following information:

1 Const I/Q{Meas&Ref) e 1M Clrw

Fig. 2-1: Window title bar information in VSA application

1 = Window name

2 = Result type

3 = Data source type

4 = Trace color

5 = Displayed signal for Meas&Ref data source: M (Meas) or R (Ref)
6 = Trace mode

Diagram area

The diagram area displays the results according to the selected result displays (see
chapter 3, "Measurements and Result Displays", on page 15).

Diagram footer information

The diagram footer (beneath the diagram) contains the start and stop symbols or time of
the evaluation range.

Status bar information

Global instrument settings, the instrument status and any irregularities are indicated in
the status bar beneath the diagram. Furthermore, the progress of the current operation
is displayed in the status bar.
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Evaluation Data Sources in VSA

3 Measurements and Result Displays

Various different result displays for VSA measurements are available. Which result types
are available depends on the selected data source. You can define which part of the
measured signal is to be evaluated and displayed.

The determined result and evaluation ranges are included in the result displays (where
useful) to visualize the basis of the displayed values and traces.

For background information on the result and evaluation ranges see chapter 4.6, "Mea-
surement Ranges", on page 111.)

o Evaluation Data SOUrCES iN VSA ...t e e et eeeaaas 15
0 RESUIL TYPES IN VSA. ..ot e e e e s nnreee s 19
o  Common Parameters iN VSA . ... et e e e e eeaaas 48

3.1 Evaluation Data Sources in VSA

All data sources for evaluation available for VSA are displayed in the evaluation bar in
SmartGrid mode. The data source determines which result types are available (see
table 3-1).

For details on selecting the data source for evaluation see chapter 6.5, "Display and
Window Configuration”, on page 196.

In diagrams in the frequency domain (Spectrum transformation, see "Result Type Trans-
formation" on page 197) the usable I/Q bandwidth is indicated by vertical blue lines.

3 Spectrum(Reallmag(CapBuf))

AR

,i* usable 1Q Bandwidth

Start -7.68 MHz

(@=L (8 (TN =] Y S 16
Measurement & Reference Signal........ccoooo i e 16
0 1] oo £ 17
o) BV =Tox (o ] ST PRSPPI 17
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Evaluation Data Sources in VSA

1 oTe [U] F=) 0] o T =t (o = 7S P 17
1 To o [0 F= T o oo U =T 2 18
Lo [U =1 =Y SR 18

Capture Buffer
The captured 1/Q data

In capture buffer result diagrams the result ranges are indicated by green bars along the
time axis. The currently displayed result range is indicated by a blue bar.

C Mag{CapBuf)
T

NN .
EIHEIIIFMI-II“IIII
Dl R R

Start 0 sym Stop 10000 sym

Fig. 3-1: Result ranges for a burst signal

Note: Tip: You can use the capture buffer display to navigate through the available result
ranges (using Select Result Rng softkey), and analyze the individual result ranges in
separate windows.

You can change the position of the result range quickly and easily by dragging the blue
bar representing the result range to a different position in the capture buffer.

The default result type is "Magnitude Absolute".

The following result types are available:

chapter 3.2.1, "Magnitude Absolute", on page 21
chapter 3.2.7, "Real/lmag (I/Q)", on page 26

e chapter 3.2.5, "Frequency Absolute", on page 24
e chapter 3.2.13, "Vector 1/Q", on page 31

SCPI command:
LAY:ADD? 'l',BEL,MTAB(see LAYout:ADD[:WINDow] ? on page 351)

Measurement & Reference Signal
The measurement signal or the ideal reference signal (or both)

The default result type is "Magnitude Relative".

The following result types are available:

chapter 3.2.1, "Magnitude Absolute", on page 21
chapter 3.2.2, "Magnitude Relative", on page 22
chapter 3.2.3, "Phase Wrap", on page 22

chapter 3.2.4, "Phase Unwrap", on page 23
chapter 3.2.5, "Frequency Absolute", on page 24
chapter 3.2.6, "Frequency Relative", on page 25
chapter 3.2.7, "Real/lmag (1/Q)", on page 26
chapter 3.2.8, "Eye Diagram Real (I)", on page 27
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Evaluation Data Sources in VSA

chapter 3.2.9, "Eye Diagram Imag (Q)", on page 28
chapter 3.2.10, "Eye Diagram Frequency", on page 29
chapter 3.2.11, "Constellation 1/Q", on page 30
chapter 3.2.13, "Vector 1/Q", on page 31

chapter 3.2.14, "Constellation Frequency", on page 32
chapter 3.2.15, "Vector Frequency", on page 33

SCPI command:
LAY:ADD? 'l',BEL,REF(see LAYout:ADD[:WINDow] ? on page 351)

Symbols
The detected symbols (i.e. the detected bits) displayed in a table

The default result type is a hexadecimal symbol table.

Other formats for the symbol table are available, but no other result types (see chap-
ter 3.2.16, "Symbol Table", on page 33).

SCPI command:
LAY:ADD? 'l1l',BEL, SYMB(see LAYout:ADD[:WINDow]? on page 351)

Error Vector
The modulated difference between the complex measurement signal and the complex
reference signal:

Modulation (measurement signal - reference signal)
For example: EVM = Mag(meas - ref)
The default result type is "EVM".

The following result types are available:

e chapter 3.2.17, "Error Vector Magnitude (EVM)", on page 34
e chapter 3.2.7, "Real/lmag (1/Q)", on page 26

e chapter 3.2.13, "Vector I/Q", on page 31

SCPI command:
LAY:ADD? 'l',BEL,EVEC(see LAYout:ADD|[:WINDow]? on page 351)

Modulation Errors
The difference between the modulated complex samples in the measurement and the
modulated reference signal:

Modulation (measurement signal) - Modulation (reference signal)
For example: Magnitude Error = Mag(meas) - Mag(ref)
The default result type is "Magnitude Error".

The following result types are available:

e chapter 3.2.1, "Magnitude Absolute", on page 21
chapter 3.2.19, "Phase Error", on page 36

chapter 3.2.20, "Frequency Error Absolute", on page 37
chapter 3.2.21, "Frequency Error Relative", on page 38

SCPI command:
LAY:ADD? 'l',BEL,MERR(see LAYout:ADD[:WINDow] ? on page 351)

|
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Evaluation Data Sources in VSA

Modulation Accuracy
Paraeters that characterize the accuracy of modulation.

The default result type is "Result Summary".

The following result types are available:
® chapter 3.2.22, "Result Summary", on page 39
e chapter 3.2.23, "Bit Error Rate (BER)", on page 42

The results of a modulation accuracy measurement can be checked for violation of
defined limits automatically. If limit check is activated and the measured values exceed
the limits, those values are indicated in red in the result summary table. If limit check is
activated and no values exceed the limits, the checked values are indicated in green.

1 Result Summary

Current
*EWVM RMS
* Peak
MER RMS 18.00
Peak -0.28
Phase Error RMS 6.62
Peak 44.67
Magnitude Error RMS
Peak 48.74
Carrier Frequency Error -201.04
Rho 0.984 404
I1/Q Offset
I/Q Imbalance
Gain Imbalance
Quadrature Error
Amplitude Droop

SCPI command:
LAY:ADD? 'l',BEL,MACC(see LAYout:ADD|[:WINDow]? on page 351)

Equalizer
Filter characteristics of the equalizer used to compensate for channel distortion and
parameters of the distortion itself.

The default result type is "Frequency Response Magnitude".

The following result types are available:

chapter 3.2.24, "Impulse Response Magnitude", on page 44

chapter 3.2.25, "Impulse Response Phase", on page 44

chapter 3.2.26, "Impulse Response Real/lmag", on page 45

chapter 3.2.27, "Frequency Response Magnitude", on page 45

chapter 3.2.28, "Frequency Response Phase", on page 46

chapter 3.2.29, "Group Delay", on page 46

chapter 3.2.30, "Channel Frequency Response Magnitude", on page 47
chapter 3.2.31, "Channel Group Delay", on page 48

SCPI command:
LAY:ADD? 'l',BEL,EQU(see LAYout:ADD[:WINDow] ? on page 351)

e
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Result Types in VSA

3.2 Result Types in VSA

The available result types for a window depend on the selected evaluation data source.

Table 3-1: Available result types depending on data source

Evaluation Data Result Type SCPI Parameter
Source
Capture Buffer Magnitude Absolute MAGN:itude
Real/lmag (1/Q) RIMag
Frequency Absolute FREQuency
Vector 1/Q COMP
Meas & Ref Signal Magnitude Absolute MAGN:itude
Magnitude Relative MAGN:itude
Phase Wrap PHASe
Phase Unwrap UPHase
Frequency Absolute FREQuency
Frequency Relative FREQuency
Real/Imag (1/Q) RIMag
Eye Diagram Real (l) IEYE
Eye Diagram Imag (Q) QEYE
Eye Diagram Frequency FEYE
Constellation 1/Q CONS
Constellation 1/Q (Rotated) RCON
Vector 1/Q COMP
Constellation Frequency CONF
Vector Frequency COVF
Symbols Binary -
Octal -
Decimal -
Hexadecimal -
Error Vector EVM MAGNitude
Real/Imag (1/Q) RIMag
Vector 1/1Q COMP
Modulation Errors Magnitude Error MAGN:itude
Phase Error PHASe
Frequency Error Absolute FREQuency
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Result Types in VSA

Evaluation Data Result Type SCPI Parameter
Source
Frequency Error Relative FREQuency
Modulation Accuracy | Bit Error Rate BERate
Result Summary RSUM
Equalizer Impulse Response Magnitude MAGN:itude
Impulse Response Phase UPHase
Impulse Response Real/Image RIMag
Frequency Response Magnitude MAGN:itude
Frequency Response Phase UPHase
Group Delay GDELay
Channel Frquency Response Magni- | MAGNitude
tude
Channel Group Delay GDELay

For details on selecting the data source and result types for evaluation see chapter 6.5,
"Display and Window Configuration”, on page 196.

SCPI command:

CALCulate<n>:FORMat on page 357

o  Magnitude ADSOIULE. ... e 21
o  Magnitude REIALIVE. .......uuueiiiiiiiiiiiieeeeeeee et 22
L I o 0 F= ToY YA = T T 22
L I 0 F= 1YY Lo N1 = T o F 23
®  FrequencCy ADSOIULE. ... e —— 24
o  Frequency RelatiVe.... ... 25
®  Real/IMag (I/Q))..cee ettt ettt 26
o Eye Diagram Real (1)...c.u i uueieiiiiiiiie ettt e 27
e Eye Diagram IMag (Q)...ceeeeeeeieiieeieccciteeerrer e e e e e e e e e e e s e e e e s s 28
® Eye Diagram Fre@QUENCY.....uuiuiiiiiiiiieiieeieeee e st eeeeeeeeeeeeees 29
L I O] o 1] (=Y | =1 1o o TN L TR 30
o Constellation I/Q (ROtAted).......oiueeiiiiiiiieeee e 30
L V4 =Yoo g TS 31
o  Constellation FrEQUENCY....ccciii ittt 32
L IV Yo (o] gl o 1= To [ U= o o3 Y8 33
L IS V0o Yo I 1= o 33
e Error Vector Magnitude (EVIM).........uuuiiiiieiieeeeee ettt 34
L IV = To 1 (0 Lo LY =y o U 35
L I o 0 F= TS YT e o USSP 36
o Frequency Error ADSOIULE. ... 37
o Frequency Error Relative..... ...ttt 38
@ RESUIL SUMMAIY...ciii it e e e e e e e e e e e senrnreneeeees 39
o Bit Error Rate (BER).....ii ottt e e 42
e Impulse Response Magnitude...........cooeviiiiiiiiiiiiiiccciiie e 44
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Result Types in VSA

®  IMPUISE RESPONSE PRASE......covvitiiciiieie ettt e e e e e a e 44
e Impulse Response Real/IMag.......ccccoeviiiee it 45
e Frequency Response MagnitUde.........cceeeeieieiieiiiiiiiiiie e e e e e 45
o Frequency RespoNSe Phase.........uuccciiiiiiiiiiicc e 46
L €010 o 38 I 7= = 46
e Channel Frequency Response Magnitude.........ccccccumiiiiiiiiiiiieee e 47
o  Channel Group Delay.......cuuieiiiiiiiiie ettt 48
Magnitude Absolute

Magnitude of the source signal; the actual signal amplitude is displayed

Mag s (t): |MEAS(t)

with t=n-Tp and Tp=the duration of one sampling period at the sample rate defined by the
display points per symbol parameter (see "Display Points/Sym" on page 198).
Available for source types:

e Capture Buffer
e Meas & Ref Signal

vsa  (® "v“
Ref Level 10.00 dBm Std GSM_MormalBurst SR 270.833 kHz
Att 30 dB Freq 150 GHz ReslLen 178 Input RF
SGL
A MagAbs{Meas&Ref) @ 1M Clrw
-24 dem
-26 dBm
WWMWWWWW—-\
-28 dB
=30 dB
E\ial Eval
Start -15.0 sym Stop 163.0 sym

Fig. 3-2: Result display "Magnitude Absolute" for capture buffer data with normal transformation

SCPI commands:

LAY:ADD? '1l',BEL,CBUF

to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)
CALC:FORM MAGN

to define the result type (see CALCulate<n>:FORMat on page 357)
TRAC : DATA

to query the trace results (see TRACe<n>[:DATA] on page 363)

|
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Result Types in VSA

3.2.2 Magnitude Relative

Magnitude of the source signal; the signal amplitude is scaled to the ideal reference signal
Available for source types:

e Meas & Ref Signal

vsa (X =2
Ref Level 10.00 dBm Std GSM_MormalBurst SR 270.833 kHz
Attt 30 dB Freq 150 GHz ReslLen 178 Input RF
SGL
A MagRel{Meas&Ref) @ 1M Clrw
2 de
1de
-1de '
-2 de Evwal Eval
. Ll
Start -15.0 sym Stop 163.0 sym

Fig. 3-3: Result display "Magnitude Relative” in normal mode

SCPI commands:

LAY:ADD? '1l',BEL,MEAS

to define the required source type (see LAYout :ADD[ :WINDow] 2 on page 351)
CALC:FORM MAGN

to define the result type (see CALCulate<n>:FORMat on page 357)

DISP:TRAC:Y:MODE REL

to define relative values (see DISPlay [ :WINDow<n>] : TRACe:Y[:SCALe] :MODE
on page 360)

TRAC:DATA TRACEl

to query the trace results (see TRACe<n>[:DATA] on page 363)

3.2.3 Phase Wrap

The phase or argument of the signal; the display is limited to the phase value range of
[-180°, 180°]

Phasey 45t )= 2 (MEAS())

with t=n-T and Tp=the duration of one sampling period at the sample rate defined by the
display points per symbol parameter (see "Display Points/Sym" on page 198).

Available for source types:
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Result Types in VSA

e Meas & Ref Signal

vsA (X ["%?J
Ref Level 10.00 dém std GSM_MormalBurst SR 270.833 kHz
Att 30 dé  Freq 15.0 GHz ReslLen 178  Input RF
SGEL
A PhaseWrap{Meas&Ref) @ 1M Clrw

LSO L A L

i 1 G GG NG

Eva [*
Start -15.0 sym Stop 163.0 sym

il

Fig. 3-4: Result display "Phase Wrap" in normal mode

SCPI commands:

LAY:ADD? '1l',BEL,REF

to define the required source type (see LAYout : ADD[ :WINDow] ? on page 351)
CALC:FORM PHASe

to define the result type (see CALCulate<n>:FORMat on page 357)
TRAC:DATA TRACEL

to query the trace results (see TRACe<n>[:DATA] on page 363)

3.2.4 Phase Unwrap

The phase of the signal; the display is not limited to [-180°, 180°].
Available for source types:

e Meas & Ref Signal

|
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Result Types in VSA

VSA x) I:%:r
Ref Level 10.00 dBm Std GSM_MormalBurst SR 270.233 kHz
Altt 30dé  Freq 150 GHz ResLlen 178 Input RF
SGL
A Phase{Meas8&Ref) ® 1M Clrw
P et
2000° e e il ks

=

1000e
el
Eval

Start -15.0 sym Stop 163.0 sym

Fig. 3-5: Result display "Phase Unwrap"” in normal mode

SCPI commands:

LAY:ADD? 'l',BEL,MEAS

to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)
CALC:FORM UPHase

to define the result type (see CALCulate<n>:FORMat on page 357)
TRAC:DATA TRACE1L

to query the trace results (see TRACe<n>[:DATA] on page 363)

3.2.5 Frequency Absolute

The instantaneous frequency of the signal source; the absolute value is displayed in Hz.
Available for source types:

e Meas & Ref Signal
e Capture Buffer

Meas&Ref signal:

1 d
FREQMEASQ):T ZMEAS ()

7 dt
with t=n-Tp and Tp=the duration of one sampling period at the sample rate defined by the
display points per symbol parameter (see "Display Points/Sym" on page 198).

Capture buffer:

1 d
FREQ cpr, (t): EEZCapt(t)
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Result Types in VSA

When evaluating the capture buffer, the absolute frequency is derived from the measured
phase, with Tp=the duration of one sampling period at the sample rate (see "Sample
Rate" on page 153).

also be used for the PSK/QAM modulations. However, since these modulations can have
transitions through zero in the I/Q plane, in this case you might notice uncritical spikes.

This is due to the fact that the phase of zero (or a complex value close to zero) is of limited
significance, but still influences the result of the instantaneous frequency measurement.

@ This measurement is mainly of interest when using the MSK or FSK modulation, but can

VSA Cj] [E?J
Ref Level 10,00 dBm Std GSM_NormalBurst SR 270,833 kHz
Att 30 de Freq 15.0 GHz Res Len 178  Input RF
SGL
A FregAbs{Meas8&Ref) @ 1M Clrw
i Y ¥u MYy (N T e s WX, |
R OO 1 O

—

— 1
R

| |
" uuU | (\uuu Iy uuU}U UUU UUU Wl |

Eval E\ﬁ:l

Start -15.0 sym Stop 163.0 sym

Fig. 3-6: Result display "Frequency Absolute” in normal mode

SCPI commands:

LAY:ADD? '1l',BEL,MEAS

to define the required source type (see LAYout : ADD[ :WINDow] ? on page 351)
CALC:FORM FREQ

to define the result type (see CALCulate<n>:FORMat on page 357)
TRAC:DATA TRACEL

to query the trace results (see TRACe<n>[:DATA] on page 363)

3.2.6 Frequency Relative

The instantaneous frequency of the signal source.

The results are normalized to the symbol rate (PSK and QAM modulated signals), the
estimated FSK deviation (FSK modulated signals) or one quarter of the symbol rate (MSK
modulated signals).

FREQ45(t)= ZL d ZMEAS()

7 di

|
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Result Types in VSA

with t=n-Tp and Tp=the duration of one sampling period at the sample rate defined by the
display points per symbol parameter (see "Display Points/Sym" on page 198).

This measurement is mainly of interest when using the MSK or FSK modulation, but can
also be used for the PSK/QAM modulations. See also the note for chapter 3.2.5, "Fre-
quency Absolute", on page 24.

Available for source types:

e Meas & Ref Signal

vea @] il
Ref Level 10,00 dém Std GSM_NormalBurst  8R 270.833 kHz
Att 30de  Freq 15.0 GHz Reslen 158  Input RF
SGL
A FreqRel{Meas&Ref) @ 1M Clrw

ATV O A U A A PR o b L WA
WY v UUU L' UUU\J UUU UUUU UUUUUUUU LAY UUU W

H0.5
1
Evlal Eval
| start -5.0 sym Stop 153.0 sym

Fig. 3-7: Result display "Frequency Relative" in normal mode

SCPI commands:

LAY:ADD? 'l',BEL,MEAS

to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)
CALC:FORM FREQ

to define the result type (see CAL.Culate<n>:FORMat on page 357)

DISP:TRAC:Y:MODE REL

to define relative values (see DISPlay [ :WINDow<n>] :TRACe:Y [:SCALe] : MODE
on page 360)

TRAC:DATA TRACEl

to query the trace results (see TRACe<n>[:DATA] on page 363)

3.2.7 Real/lmag (1/Q)

Real and imaginary part of the measurement or reference signal in separate measure-
ment diagrams; the x-axis (scaled in time units or symboils) is identical for both diagrams
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The scaling of the capture buffer is
e relative to the current reference level if you are using the RF input
e relative to the full scale level if you are using the 1/Q input

Available for source types:

e Capture Buffer
e Meas & Ref Signal
e Error Vector

VSA 63 Il::v:t

Ref Level 10.00 dBm Std GSK_MormalBurst SR 270.833 kHz

Attt 30de  Freq 15.0 GHz ReslLen 158 Input RF

SGL

A Real(Meas&Ref) @ 1M Clrw

5 - M1i[1] 0.668|
6:3.000 sym

N AL T . A O LWL W WA

T W W[V LAV FYAVYAYY KAVYRVE YR VA RA

'2'|:V|d| L'\‘idl_

A Imag({Meas&Ref) @ 1M Clrw

2 ML1[1] 0.737
63.000

o A AP A Al ] M A Ao

WV WA WU el U YV WYAVARY] IV Y

ZEyal ’-:"’,E"_

Start -5.0 sym Stop 153.0 sym

Fig. 3-8: Result display "Real/lImag (I/Q)" in normal mode

SCPI commands:
LAY:ADD? 'l',BEL,MEAS

to define the required source type (see LAYout :ADD[ :WINDow] 2 on page 351)

CALC:FORM RIMag

to define the result type (see CALCulate<n>:FORMat on page 357)

TRAC:DATA TRACE1

to query the trace results (see TRACe<n>[ : DATA] on page 363)

3.2.8 Eye Diagram Real (I)

The eye pattern of the inphase (I) channel; the x-axis value range is from -1 to +1 symbols
(MSK: -2 to +2)
Available for source types:

e Meas & Ref Signal
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vsA @) a
Ref Level 10.00 dBm Std GSK_MormalBurst SR 270.833 kHz
Att 30dB  Freq 150GHz Reslen 158  Input RF
SGL
A Eyel(Meas&Ref) @ 1M Clrwe | | ]
M1[1] 0.668]
6:3.000 sym
1 M1
0.5 —
0
0.5
-1 —
| start -2.0 sym Stop 2.0 sym

Fig. 3-9: Result display "Eye Diagram Real (I)" in normal mode

SCPI commands:
LAY:ADD? '1l',BEL,MEAS
to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)

CALC:FORM IEYE

to define the result type (see CALCulate<n>:FORMat on page 357)

TRAC:DATA TRACEl

to query the trace results (see TRACe<n>[:DATA] on page 363)

3.2.9 Eye Diagram Imag (Q)

The eye pattern of the quadrature (Q) channel; the x-axis range is from -1 to +1 symbols
(MSK: -2 to +2)
Available for source types:

e Meas & Ref Signal
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vsSA ["é?]
Ref Level 10.00 dBEm Std GSM_MormalBurst SR 270.833 kHz
Att 30 dB  Freq 15.0 GHz ReslLen 158 Input RF
SGL
A EyeQ(MeasiRef) @ 1M Clrw ||
M1[1] 0.737
) 63.000 sym
——— ——
[ ——\__\_,__,—'——""'_Frﬂ_;
0
-1
| start -2.0 sym Stop 2.0 sym

Fig. 3-10: Result display "Eye Diagram Imag (Q)" in normal mode

SCPI commands:

LAY:ADD? '1l',BEL,MEAS

to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)
CALC:FORM QEYE

to define the result type (see CAL.Culate<n>:FORMat on page 357)
TRAC:DATA TRACEL

to query the trace results (see TRACe<n>[: DATA] on page 363)

3.2.10 Eye Diagram Frequency

The eye diagram of the currently measured frequencies and/or the reference signal. The
time span of the data depends on the evaluation range (capture buffer).

Available for source types:

e Meas & Ref Signal

SCPI commands:

LAY:ADD? 'l',BEL,MEAS

to define the required source type (see LAYout : ADD[ :WINDow] ? on page 351)
CALC:FORM FEYE

to define the result type (see CALCulate<n>:FORMat on page 357)
TRAC:DATA TRACEL

to query the trace results (see TRACe<n>[:DATA] on page 363)

—
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3.2.11 Constellation 1/Q
The complex source signal (without inter-symbol interference) as an X/Y plot; only the
(de-rotated) symbol decision instants are drawn and not connected
Available for source types:

e Meas & Ref Signal

MSK QPSK
A 1/0Q Const{Meas&Ref) ® 1M Clrw || A 1/Q Const{Meas&Ref) ® 1M Clrw
M1[1] 0.715/ -0.698
103.000 sym
v ™ * *
\\ M1 + +
Start -2.43 Stop 2.43
Start -2.535 Stop 2.535

SCPI commands:

LAY:ADD? '1l',BEL,MEAS

to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)
CALC:FORM CONS

to define the result type (see CAL.Culate<n>:FORMat on page 357)

TRAC:DATA TRACEL

to query the trace results (see TRACe<n>[: DATA] on page 363)

3.2.12 Constellation 1/Q (Rotated)

The complex source signal as an X/Y plot; As opposed to the common Constellation I/Q
display, the symbol decision instants, including the rotated ones, are drawn and not con-
nected

Available for source types:

e Meas & Ref Signal
This result type is only available for signals with a rotating modulation.
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C ConstRot I/Q{Meas&Ref) @ 1M Clrwe || ||D Const I/Q{Meas&Ref) @ 10 Clewe ]

Start -2.91 Stop 2.91 |/Start -2.91 Stop 2.91

Fig. 3-11: Result display "Constellation I/Q (Rotated)" vs. common "Constellation I/Q" for 8PSK mod-
ulation

SCPI commands:

LAY:ADD? 'l',BEL,MEAS

to define the required source type (see LAYout : ADD[ :WINDow] ? on page 351)
CALC:FORM RCON

to define the result type (see CALCulate<n>:FORMat on page 357)

TRAC:DATA TRACEl

to query the trace results (see TRACe<n>[:DATA] on page 363)

3.2.13 Vector l/iQ

The complex source signal as an X/Y plot; all available samples (as defined by the display
points per symbol parameter, see "Display Points/Sym" on page 198) are drawn and
connected.

ON\ The scaling of the capture buffer is:

/ e relative to the current reference level if you are using the RF input
e relative to the full scale level if you are using the I/Q input

Available for source types:

e Capture Buffer
e Meas & Ref Signal
e Error Vector
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MSK QPSK
B 1/Q Vector(Meas&Ref) ® 1M Clrw || B 1/Q vector(Meas&Ref) @ 1M Clrw
M1[1] 0.715/ -0.698
103.000 sym

a
NP

Start -2.535 Stop 2.535

Start -2.43 Stop 2.43

SCPI commands:

LAY:ADD? 'l',BEL,MEAS

to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)
CALC:FORM COMP

to define the result type (see CALCulate<n>:FORMat on page 357)
TRAC:DATA TRACEL

to query the trace results (see TRACe<n>[:DATA] on page 363)

3.2.14 Constellation Frequency

The instantenous frequency of the source signal (without inter-symbol interference) as
an X/Y plot; only the symbol decision instants are drawn and not connected.
Available for source types:

e Meas & Ref Signal

C Const Freq{Meas&Ref) @ 1M Clrw
M1[1] -249.5108 kHz
i 0.000 sym
M1
b 4
Start -727.5 kHz Stop 727.5 kHz )

SCPI commands:

LAY:ADD? 'l',BEL,MEAS

|
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3.2.16

Result Types in VSA

to define the required source type (see LAYout :ADD[ :WINDow] 2 on page 351)
CALC:FORM CONF

to define the result type (see CALCulate<n>:FORMat on page 357)
TRAC:DATA TRACE1

to query the trace results (see TRACe<n>[: DATA] on page 363)

Vector Frequency

The instantenous frequency of the source signal as an X/Y plot; all available samples (as
defined by the display points per symbol parameter (see "Display Points/Sym"
on page 198)) are drawn and connected.

Available for source types:

e Meas & Ref Signal

D Yector Freq{Meas&Ref) @ 1M Clrw
M1[1] -249.8480 kHz
9.000 sym
L3
-
t 3
%
X
Start -727.5 kHz Stop 727.5 kHz

SCPI commands:

LAY:ADD? '1l',BEL,MEAS

to define the required source type (see LAYout :ADD[ :WINDow] 2 on page 351)
CALC:FORM COVF

to define the result type (see CALCulate<n>:FORMat on page 357)
TRAC:DATA TRACEL

to query the trace results (see TRACe<n>[:DATA] on page 363)

Symbol Table

Symbol numbers are displayed as a table. Each symbol is represented by an entry in the
table. The symbols can be displayed in binary, octal, hexadecimal or decimal format.

e
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Example:

A Symbol Table (Binary)

+l 1l +]3l+sl+l 7] +l9ol+a1]+]a13] +[as5] +[17] +119] +[21] +[22] +
o[o1 01 oo/ o1 oo 10 oo 0110/ 01 11 00loo 10| 11 11]01] 1011 o0 11| o01l] 00 00| 11

25|10 11 11 00| 00| 11 1111|1110 OO 00| 1111/ 01 11| 11|00 01 O1 11 00|11 00 10

50|00/ 00/ 10/ 0101|000 11/ 10{ 11|01/ 00 01/ 11/10/ 01 11|11|/00| 11 01 10{00|10|10 10

75|01 00 0111|0001 10 11/01/01 01 11/ 00/ 01/ 00 11|00 01 00 01 Q0| 00|00 Q0 10

Fig. 3-12: Result display for "Symbols" in binary mode

If a pattern search is active, a found pattern is indicated in the symbol table, as well.

SCPI commands:

LAY:ADD? 'l',BEL, 'XTIM:DDEM:SYMB'
to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)
TRAC:DATA TRACE1

to query the trace results (see TRACe<n>[ : DATA] on page 363)

Error Vector Magnitude (EVM)
Displays the error vector magnitude as a function of symbols or time.

EVM ()= @

with t=n-Ty and Tp=the duration of one sampling period at the sample rate defined by the
display points per symbol parameter (see "Display Points/Sym" on page 198).

The normalization constant C is chosen according to the EVM normalization. By default
C? is the mean power of the reference signal.

C= \/%;]REF(k-Tf

and

T = duration of symbol periods

Note that k=0.5-n-T for Offset QPSK with inactive Offset EVM.

e
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vsA @ -2
Ref Level 10.00 dBm Std EDGE_MormalBurst SR 270.833 kHz
Att 30d8  Freq 15.0 GHz ReslLen 148 Input RF
| EVM(Error) @1 Clrw
4 %
% I
%
o, M Jl']l n |n| B .|1| & ﬂl A a 3 PO Do i 4 ./\I t
U T i WY N Vet
|2 Ma , ; N s
||_Start 0.0 sym Stop 148.0 sym

Fig. 3-13: Result display "Error Vector Magnitude" in normal mode

Available for source types:

e FError Vector

SCPI commands:

LAY:ADD? 'l',BEL,EVEC

to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)
CALC:FORM MAGN

to define the result type (see CAL.Culate<n>:FORMat on page 357)
TRAC:DATA TRACEL

to query the trace results (see TRACe<n>[:DATA] on page 363)

3.2.18 Magnitude Error

Displays the magnitude error of the measurement signal with respect to the reference
signal (as a function of symbols over time)

MAG _ ERR(t): MAG 545 (t)_ MAG g (t)

with t=n-Ty and Tp=the duration of one sampling period at the sample rate defined by the
display points per symbol parameter (see "Display Points/Sym" on page 198).

|
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VvsSA (@) 5
Ref Level 10.00 dBm Std EDGE_MormalBurst SR 270.833 kHz
Att 30 dB  Freq 15.0 GHz Reslen 148 Input RF
SGL
A Mag{Error) @1 Clrw
4%
2|%
1] A, da A)ql.r.\.fl (\Jﬁ\-lr\J'J hAH{IL A!Inl)u.l'\\ﬂ e“'ﬂﬂ;f"lﬂf\l ﬂlI‘LJr.rL .|n|..|"\ nﬂﬁ f‘LJrl
"UU\U SRV AT LAy UHU Y IR A P T UV‘UV”‘ UV\
f(s Yo H
E\-J 2% E -Ialll—
Start 0.0 sym Stop 148.0 sym

Fig. 3-14: Result display "Magnitude Error” in normal mode

Available for source types:

e Modulation Errors

SCPI commands:
LAY:ADD? 'l',BEL,MERR

to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)

CALC:FORM MAGN

to define the result type (see CAL.Culate<n>:FORMat on page 357)

TRAC:DATA TRACEl

to query the trace results (see TRACe<n>[: DATA] on page 363)

3.2.19 Phase Error

Displays the phase error of the measuremente signal with respect to the reference signal
as a function of symbols over time.

PHASE _ERR(t)= PHASE 145 (t )~ PHASE g1 (t)

with t=n-Tp and Tp=the duration of one sampling period at the sample rate defined by the
display points per symbol parameter (see "Display Points/Sym" on page 198).
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Fig. 3-15: Result display "Phase Error” in normal mode

Available for source types:

e Modulation Errors

SCPI commands:

LAY:ADD? 'l',BEL,MERR

to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)
CALC:FORM PHAS

to define the result type (see CALCulate<n>:FORMat on page 357)
TRAC:DATA TRACEL

to query the trace results (see TRACe<n>[:DATA] on page 363)

3.2.20 Frequency Error Absolute

Displays the error of the instantaneous frequency in Hz of the measurement signal with
respect to the reference signal as a function of symbols over time.

FREQ _ ERR(t)= FREQ) 145 (t ) FREQ s (t)
with t=n-Ty and Tp=the duration of one sampling period at the sample rate defined by the
display points per symbol parameter (see "Display Points/Sym" on page 198).

Note that this measurement does not consider a possible carrier frequency offset. This
has already been compensated for in the measurement signal.

This measurement is mainly of interest when using the MSK or FSK modulation, but can
also be used for the PSK/QAM modulations. However, since these modulations can have
transitions through zero in the I/Q plane, in this case you might notice uncritical spikes.
This is due to the fact that the phase of zero (or a complex value close to zero) has in
fact limited significance, but still influences the result of the current frequency measure-
ment.

|
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Fig. 3-16: Result display "Frequency Error Absolute” in normal mode

Available for source types:

e Modulation Errors

SCPI commands:

LAY:ADD? '1l',BEL,MERR

to define the required source type (see LAYout : ADD[ :WINDow] ? on page 351)
CALC:FORM FREQ

to define the result type (see CALCulate<n>:FORMat on page 357)
TRAC:DATA TRACEL

to query the trace results (see TRACe<n>[:DATA] on page 363)

3.2.21 Frequency Error Relative
Displays the error of the instantaneous frequency of the measurement signal with respect
to the reference signal as a function of symbols over time.

The results are normalized to the symbol rate (PSK and QAM modulated signals), the
estimated FSK deviation (FSK modulated signals) or one quarter of the symbol rate (MSK
modulated signals).

FREQ _ ERR(t)= FREQ\ 545 (t)‘ FREQggr (t)

with t=n-Tp and Tp=the duration of one sampling period at the sample rate defined by the
display points per symbol parameter (see "Display Points/Sym" on page 198).

also be used for the PSK/QAM modulations. See also the note for chapter 3.2.20, "Fre-

6 This measurement is mainly of interest when using the MSK or FSK modulation, but can
quency Error Absolute", on page 37.
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Fig. 3-17: Result display "Frequency Error Relative" in normal mode

Available for source types:

e Modulation Errors

SCPI commands:
LAY:ADD? '1l',BEL,MERR
to define the required source type (see LAYout : ADD[ :WINDow] ? on page 351)

CALC:FORM FREQ

to define the result type (see CALCulate<n>:FORMat on page 357)

DISP:TRAC:Y:MODE REL

to define relative values (see DISPlay [ :WINDow<n>] : TRACe:Y [:SCALe] : MODE
on page 360)

TRAC:DATA TRACE1

to query the trace results (see TRACe<n>[ : DATA] on page 363)

3.2.22 Result Summary

The Modulation Accuracy results in a table. For details on the parameters see chapter 3.3,
"Common Parameters in VSA", on page 48.

Basis of evaluation

The majority of the values that are displayed in the Result Summary are calculated over
the "Evaluation Range" (see chapter 5.11, "Evaluation Range Configuration”,

on page 181). They are evaluated according to the setting of the Display Points/Sym
parameter. For example, if "Display Points/Symbol" is "1", only the symbol instants con-
tribute to the result displayed in the result summary.

Table 3-2: Results calculated over the evaluation range

PSK, MSK, QAM FSK
EVM Frequency Error
MER Magnitude Error
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PSK, MSK, QAM FSK

Phase Error Power

Magnitude Error

Rho

Power

The following results that are based on internal estimation algorithms (see chapter 4.5,
"Signal Model, Estimation and Modulation Errors", on page 96) are calculated over the
"Estimation range" (see also chapter 4.5.1.2, "Estimation”, on page 97).

Table 3-3: Results calculated over the estimation range

PSK, MSK, QAM FSK

Carrier Frequency Error FSK Deviation Error

Symbol Rate Error Symbol Rate Error

1/Q Offset FSK Measurement Deviation
1/Q Imbalance Carrier Frequency Error
Gain Imbalance Carrier Frequency Drrift
Quadrature Error

Amplitude Droop

Current value

In the "Current" column, the value evaluation for the current evaluation is displayed. For
example, the EVM Peak value in the current sweep corresponds to the peak of the trace
values within the evaluation range for the current sweep (as indicated by marker 1 in
figure 3-18).

|
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vsa  (® [ug]
Ref Level -10.00 dBm Std GSM_MormalBurst SR 270.833 kHz
Attt 10dé Freq 1.0 GHz ResLlen 148  Input RF
SiGL !
A Result Summary 11
Current | Mean | Peak Stdbev |  95%ile | Unit
EVM RMS 0.42 0.42 D.42_ D.DD_ == 9%
Peak 1.12| 1.12 1.12 0.00 e %
Phase Error RMS 0.21 0.21 0.21 0.00) --=-| deg
Peak -0.60 -0.60 -0.60 0.00 -——| deqg
Frequency Error 28.82 28.82 28.82_ D.DD_ == Hz
Rho 0.9999583 0.999953 0.999083 0.000000 -—=
1Q Offset =-68,95 -68.95 -68.95 0.00 —— dB
Gain Imbalance 0.01 0.01 0.01] 0.00| —[ de
Quadrature Error 0.03 0.03 0.03 0.00 ---| deg
Amplitude Droop 0.000425 0.000428 0.000428 0.000000 | -— dB/sym
Power -31.13 -31.13 -31.13 0.00| ---| dBm
CEVM ® 1 Clrw
M1[1] 1.119 %%
60.500 sym
4 %
3 %
2 %
11
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E -J|Ir\"\,.UMJf\‘\U-JL&|"'M' MI 4 s \A‘u’u \rfI‘\JL\fJ'\” ”‘“\AA/\M, UMUJ\@MMhU‘[MMMW MFHL i|I
Start 0 sym Stop 148 sym

Fig. 3-18: Example for result summary with current EVM peak value marked

If you want to compare the trace values to the results of the Result Summary, make sure
to match the displayed points per symbol of the trace and of the Result Summary. Refer
to "Display Points/Sym" on page 198 for details.

Mean value

In the "Mean" column, the linear mean of the values that are in the "Current" column is
displayed. Note that if the values are in a logarithmic representation, e.g. the 1/Q Offset,
the linear values are averaged.

Peak value

In the "Peak" column, the maximum value that occurred during several evaluations is
displayed. Note that when the value can be positive and negative, e.g. the phase error,
the maximum absolute value (maintaining its sign) is displayed. The peak value of Rho
is handled differently, since its minimum value represents the worst case. In that case,
the minimum value is displayed.

Standard Deviation

The value for the standard deviation is calculated on the linear values and then converted
to the displayed unit.

e
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95-percentile

The 95-percentile value is based on the distribution of the current values. Since the phase
error and the magnitude error can usually be assumed to be distributed around zero, the
95-Percentile for these values is calculated based on their absolute values. Again, the
Rho value is handled differently. Here, the 5-Percentile is displayed, since the lowest Rho
value represents the worst case.

SCPI commands:

LAY:ADD? '1',BEL, MACC

to define the required source type (see LAYout : ADD[ :WINDow] ? on page 351)
CALC:FORM RSUM

to define the result type (see CAL.Culate<n>:FORMat on page 357)

TRAC:DATA

to query the trace results (see TRACe<n>[:DATA] on page 363)

CALC:MARK:FUNC:DDEM: STAT:<parameter>

to query individual parameter values (see chapter 10.8.2, "Retrieving Parameter Val-
ues", on page 365

3.2.23 Bit Error Rate (BER)
A bit error rate (BER) measurement compares the transmitted bits with the determined
symbol decision bits:
BER = error bits / number of analyzed bits

As a prerequisite for this measurement, the VSA application must know which bit sequen-
ces are correct, i.e. which bit sequences may occur. This knowledge must be provided
as a list of possible data sequences in xml format, which is loaded in the VSA application
(see chapter 4.8, "Known Data Files - Dependencies and Restrictions", on page 116).

If such a file is loaded in the application, the BER result display is available.
Available for source types:

e Modulation Accuracy

User Manual 1173.9292.02 — 04 42



R&S®FSW-K70 Measurements and Result Displays

Result Types in VSA

\ Note that this measurement may take some time, as each symbol decision must be com-
/ pared to the possible data sequences one by one.

The BER measurement is an indicator for the quality of the demodulated signal. High
BER values indicate problems such as:

e inadequate demodulation settings

e poor quality in the source data

e false or missing sequences in the Known Data file

e result range alignment leads to a mismatch of the input data with the defined sequen-
ces

A BER value of 0.5 means that for at least one measurement no matching sequence was

found.

See also chapter 4.4.3, "Demodulation and Symbol Decisions", on page 89

B Bit Error Rate

Current Mininum Maximum Accumulative
Bit Error Rate 0.000 000 coo 0.000 000 ooo 0.461 711 705 0.003 577 107
Total # of Errors u] 0 zZ0L 216
Total # of Bits 444 444 444 59940

The following information is provided in the BER result display:

e Bit Error Rate: error bits / number of analyzed bits

e Total # of Errors: number of detected bit errors (known data compared to symbol
decisions)

o Total # of Bits: number of analyzed bits

For each of these results, the following values are provided:

BER Result Description
Current Value for current result range
Minimum Minimum "Current" value during the current measurement
Maximum Maximum "Current" value during the current measurement
Accumulative Total value over several measurements;
for BER: Total # of Errors / Total # of Bits (similar to average function)

SCPI commands:

LAY:ADD? '1l',BEL,MACC

to define the required source type (see LAYout :ADD[ :WINDow] 2 on page 351)
CALC:FORM BER

to define the result type (see CALCulate<n>:FORMat on page 357)
CALC:BER?

to query the results (see CAL.Culate<n>:BERate on page 365)

e
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3.2.24 Impulse Response Magnitude

The impulse response magnitude of the equalizer shows the filter in the time domain.

3 ImpRespMag({Equalizer)

Start -5 sym Stop 5 sym

SCPI commands:

LAY:ADD? 'l',BEL,EQU

to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)
CALC:FORM MAGN

to define the result type (see CALCulate<n>:FORMat on page 357)
TRAC:DATA TRACEL

to query the trace results (see TRACe<n>[:DATA] on page 363)

3.2.25 Impulse Response Phase

The Impulse Response Phase is the derivation of the Impulse Response Magnitude.

HTmpRespPhas(Equalizer) o1 Clrw

Start -5 sym Stop 5 sym

|
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SCPI commands:

LAY:ADD? '1l',BEL,EQU

to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)
CALC:FORM UPH

to define the result type (see CALCulate<n>:FORMat on page 357)
TRAC:DATA TRACEL

to query the trace results (see TRACe<n>[: DATA] on page 363)

Impulse Response Real/lmag

The Real/lmag diagram of the impulse response is a stem diagram. It displays the filter
characteristics in the time domain for both the | and the Q branches individually. Using
this information the equalizer is uniquely characterized and can be recreated by other
applications.

1 Real ImpRespReallmagi{Equalizer)

I Imag ImpRespReallmag]Equalizer)

SCPI commands:

LAY:ADD? '1l',BEL,EQU

to define the required source type (see LAYout :ADD[ :WINDow] 2 on page 351)
CALC:FORM RIM

to define the result type (see CAL.Culate<n>:FORMat on page 357)
TRAC:DATA TRACE1L

to query the trace results (see TRACe<n>[: DATA] on page 363)

Frequency Response Magnitude

Frequency response of the current equalizer to the input signal. Note that the frequency
response of the equalizer is not a pure inverted function of the channel response, as both
functions are calculated independantly. The frequency response is calculated by deter-
mining an optimal EVM for the input signal.

|
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1 FregRespMag(Equalizer)
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SCPI commands:

LAY:ADD? '1l',BEL,EQU

to define the required source type (see LAYout :ADD[ :WINDow] 2 on page 351)
CALC:FORM MAGN

to define the result type (see CAL.Culate<n>:FORMat on page 357)
TRAC:DATA TRACE1L

to query the trace results (see TRACe<n>[ : DATA] on page 363)

Frequency Response Phase

The frequency response phase of the equalizer is derived from the Frequency Response
Magnitude.

SCPI commands:

LAY:ADD? 'l',BEL,EQU

to define the required source type (see LAYout :ADD [ : WINDow] ? on page 351)
CALC:FORM UPH

to define the result type (see CAL.Culate<n>:FORMat on page 357)
TRAC:DATA TRACE1L

to query the trace results (see TRACe<n>[:DATA] on page 363)

Group Delay

The group delay of the equalizer is the derivation of phase over frequency. It is a measure
of phase distortion.

[
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3 GroupDelay({ Equalizer)

|| .
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Start -100 MHz Stop 100 MHz

SCPI commands:

LAY:ADD? '1',BEL,EQU

to define the required source type (see LAYout : ADD[ :WINDow] ? on page 351)
CALC:FORM GDEL

to define the result type (see CAL.Culate<n>:FORMat on page 357)

TRAC:DATA TRACEl

to query the trace results (see TRACe<n>[:DATA] on page 363)

3.2.30 Channel Frequency Response Magnitude

The frequency response magnitude of the channel indicates which distortions occurred
during transmission of the input signal. It is only determined if the equalizer is activated.

2 ChanFreqgResp{ Equalizer) ol Clrw

fn
||||I"l||"‘|

|“| Iﬂll I || ‘l

||||'"'||q'I|

il il ‘| ' ittt

Start 100 M z Stop 100 MHZ

The bandwidth for which the channel transfer function can be estimated is not only limited
by the usable 1/Q bandwidth, but also by the bandwidth of the analyzed input signal. Areas
with low reception power, e.g. at the filter edges, may suffer from less accurate estimation
results.
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SCPI commands:

LAY:ADD? '1l',BEL,EQU

to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)
CALC:FORM MAGN

to define the result type (see CALCulate<n>:FORMat on page 357)

TRAC:DATA TRACEL

to query the trace results (see TRACe<n>[: DATA] on page 363)

3.2.31 Channel Group Delay

The group delay of the channel is the derivation of phase over frequency for the original
input signal. It is a measure of phase distortion.

4 ChanGroupDelay(Equalizer)
—lil'_|| F

|u| I‘

Start -100 MHz Stop 100 MHz

SCPI commands:

LAY:ADD? '1l',BEL,EQU

to define the required source type (see LAYout :ADD[ :WINDow] ? on page 351)
CALC:FORM GDEL

to define the result type (see CALCulate<n>:FORMat on page 357)

TRAC:DATA TRACEL

to query the trace results (see TRACe<n>[: DATA] on page 363)

3.3 Common Parameters in VSA

Depending on the modulation type you are using, different signal parameters are deter-
mined during vector signal analysis.
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Details concerning the calculation of individual parameters can be found in chapter 4.5,
"Signal Model, Estimation and Modulation Errors", on page 96 and chapter A.5, "For-
mulae", on page 410.

Table 3-4: Parameters for PSK, QAM and MSK modulation

Parameter Description SCPI Parameter
EVM - RMS/Peak Error Vector Magnitude EVM
MER - RMS/Peak Modulation Error Ratio SNR
Phase Error - RMS/ | The phase difference between the measurement vector and | PERR
Peak the reference vector
Magnitude Error - The average (RMS) and peak magnitude error in %. The mag- | MERRor
RMS/Peak nitude error is the difference of the measured magnitude to the

magnitude of the reference signal. The magnitude error is nor-

malized to the mean magnitude of the reference signal.
Carrier Frequency The mean carrier frequency offset in Hz CFERror
Error
Symbol Rate Error SRER
Rho RHO
1/Q Offset Offset in the original input OOFFset
1/Q Imbalance Not for BPSK. IQIMbalance
Gain Imbalance Not for BPSK. GIMBalance
Quadrature Error Not for BPSK. QERRor
Amplitude Droop The decrease of the signal power over time in the transmitter | ADRoop
Power The power of the measured signal MPOWer

Table 3-5: Parameters for FSK modulation only

FSK deviation erroris the difference of the FSK deviation of
the measured signal and the FSK referencedeviation you
have set.

Parameter Description SCPI parameter
Frequency Error - RMS/ | The average (RMS) and peak frequency error in %. The fre- | FSK:DERRor
Peak quency error is thedifference of the measured frequency

and the reference frequency.The frequency error is normal-

ized to the estimated FSK deviation.
FSK Deviation Error The deviation error of FSK modulated signals in Hz. The FDERror

FSK Meas Deviation

The estimated deviation of FSK modulated signals in Hz.

FSK:MDEViation

FSK Ref Deviation

The reference deviation you have set in Hz.

FSK:RDEViation

Carrier Frequency Drift

The mean carrier frequency drift in Hz per symbol.

FSK:CFDRIift

SCPI command:

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:<Parameter>?

e
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4 Measurement Basics

Some background knowledge on basic terms and principles used in VSA is provided here
for a better understanding of the required configuration settings.

For information on the basic processing of I/Q data in the R&S FSW see the R&S FSW
I/Q Analyzer User Manual.

e Filters and Bandwidths During Signal Processing........cccceveeviveiieiiieeeeinicceee e, 50
e Sample Rate, Symbol Rate and I/Q Bandwidth................cooiiiiiiiiiiiiiiiiiiiiiiiiiineeeee. 57
L JS V70 1 oTo IR, =T o] o] 1 T S 63
e Overview of the Demodulation ProCess..........uuueeeeiieiiieiiiiiiiiiie i 84
e Signal Model, Estimation and Modulation Errors.............eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenn, 96
o  Measurement RANQES......oouuiiiiiiiiiiiiie e e e e e e e ————— 111
e Display Points vs Estimation Points per Symbol..............oiiiieeeiiiiiiiiieee, 115
e Known Data Files - Dependencies and Restrictions...........ccceeevviiceeiiiieeeieceeennnee. 116
e VSAin MSRA Operating MOGe.......oooiiieeeeeeee et 118

4.1 Filters and Bandwidths During Signal Processing

This section describes the used filters in vector signal analysis with an R&S FSW, as well
as the bandwidth after each filter.

The relevant filters for vector signal analysis are shown in figure 4-1.

1Q- Demodulation
Bandwidth Bandwidth
- ’
IF Filter Equalizer Filter Halfband Filter Decimation Filter h.‘e'\suor':;:::tl Fiker
(Digital IF} (Basaband) (Baseband) (Baseband)
Analog Section Digital Hardware Section DSP Section

Fig. 4-1: Block diagram of bandwidth-relevant filters for vector signal analysis

e After the IF Filter (only for RF input operation): bandwidth = 40 MHz

e After the digital hardware section:
The phase and amplitude distortions of the IF filter have been compensated for.
Usually, the I/Q data has a usable bandwidth of about:
0.8 * sample rate
For details refer to chapter 4.1.1, "I/Q Bandwidth", on page 51.
The 1/Q data's sample rate and bandwidth are automatically adjusted to the set sym-
bol rate. For most modulated signals even the smallest allowed value for the sample
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rate leads to a sufficient I/Q data bandwidth. The whole spectrum of the input signal
is captured, but most adjacent channels and interferers are effectively suppressed.
Only for very wide signals (FSK, no TX-filter used) it can be necessary to try higher
values for the sample rate (see chapter 4.2, "Sample Rate, Symbol Rate and 1/Q
Bandwidth", on page 57), increasing the 1/Q bandwidth. The I/Q data delivered to
the DSP section has no considerable amplitude or phase distortion and a suitable
bandwidth.

ON\ The "Signal Capture" dialog box ("Data Acquisition" tab) shows the sample rate and the

/ usable 1/Q bandwidth achieved for the current settings (see "Usable I/Q Bandwidth"

on page 153).

411

e After the optional measurement filter:
The measurement signal and the reference signal can be filtered by various mea-
surement filters which have different bandwidths.

The filters described above are the ones that directly affect the bandwidth of the captured
I/Q data and the final measurement signal and reference signal. Note, however, that
several other filters are also involved in the DSP section but are not mentioned above:
e Receive filter to prevent ISI (intersymbol-interference)

e filters necessary for various estimators

e others

I/Q Bandwidth

The bandwidth of the I/Q data used as input for the vector signal analysis is filtered as
described in chapter 4.1, "Filters and Bandwidths During Signal Processing",

on page 50. Its flat, usable bandwidth (no considerable amplitude or phase distortion)
depends on:

e the used sample rate, which depends on:

— the defined "Symbol Rate" (see "Symbol Rate" on page 129)

— the defined "Sample Rate" parameter (see "Sample Rate" on page 153
e the type of input used (digital baseband input, RF input, etc)

For details on the maximum usable bandwidth see chapter 4.2, "Sample Rate, Symbol
Rate and 1/Q Bandwidth", on page 57.

‘ON\ The sample rate and the usable I/Q bandwidth achieved for the current settings is dis-

) played in the "Signal Capture" dialog, see chapter 5.6.1, "Data Acquisition",

on page 151.

41.2

Demodulation Bandwidth (Measurement Bandwidth)

Some modulation systems do not use a receive filter. In these cases special care should
be taken that no interference or adjacent channels occur within the demodulation band-

|
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width. The "Sample rate" parameter should be set to a low value (see "Sample Rate"
on page 153).

Typical communication systems demand special receive or measurement filters (e.qg.
root-raised cosine receive filter or EDGE measurement filter).

If no such filtering is performed, care should be taken that neither interfering signals nor
adjacent channels fall within the demodulation bandwidth.

4.1.3 Modulation and Demodulation Filters

Sample points are required for demodulation in the analyzer, where only information of
the current symbol and none of neighbouring symbols is present (symbol points). These
points are also called ISI-free points (ISI = intersymbol interference). If the transmitter
does not provide an ISI-free signal after the transmit filter (TX filter), this condition can
be fulfilled by signal-specific filtering of the analyzer input signal (receive filter or Rx
filter). If an RRC (root-raised cosine) filter is used in the transmitter, an RRC filter is also
required in the analyzer to obtain ISI-free points.

In many PSK systems, RRC filters are used as transmit, ISI and measurement filters. To
determine the 1/Q modulation error, the measurement signal must be compared with the
corresponding ideal signal. For this purpose a reference filter is required which is cal-

culated by the analyzer by convolving the coefficient of the transmit filter (Tx filter) and
the meas filter (see figure 4-2).

If unfiltered signals have to be measured as well (e.g. to determine nonlinear signal dis-
tortions), no measurement filter is switched into the signal path and the reference filter
is identical to the Transmit filter (see figure 4-2).

In the baseband block diagrams (see figure 4-2), the system-theoretical transmitter and
analyzer filters are shown for PSK and QAM demodulation. For the sake of clearness,
RF stages, IF filters and the filter stages of the digital hardware section are not shown.

For a correct demodulation, the following filters have to be accurately specified for the
analyzer:

e Transmit filter: filter characteristic of transmitter

e Meas filter:
— PSK, QAM, UserQAM, MSK:
The | and the Q part of the measurement and the reference signal are filtered
with this filter.
- FSK:
The instantaneous frequency of the measurement reference signal are filtered.

In many applications, the measurement filter is identical with the 1S filter.

The receive filter (IS filter) is configured internally depending on the transmit filter. The
goal is to produce intersymbol-interference-free points for the demodulation.

The reference filter synthesizes the ideal transmitted signal (after meas filtering). It is
calculated by the analyzer from the above filters (convolution operation Transmit filter
* Meas Filter).

|
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Typical combinations of Tx and Meas filters are shown in table 1-4; they can be set in the
VSA application using "Meas filter = AUTO" (see "Using the Transmit Filter as a Mea-
surement Filter (Auto)" on page 180). If RC (raised cosine), RRC (root-raised cosine)
and Gaussian filters are used, the Alpha (RC, RRC filters) or BT (Gaussian filters) param-
eters must be set in addition to the filter characteristic (roll-off factor). Typically the Alpha/
BT value of the measurement filter should be the same as that of the transmission filter.

4.1.4 Measurement Filters

The measurement filter can be used to filter the following two signals in the same way:

e the measurement signal (after coarse frequency, phase and timing synchronization
have been achieved)

e the reference signal, i.e the 1/Q symbols that have been determined in the demodu-
lator and have already been filtered with the Transmit filter;

For FSK, the measurement filter filters the instantaneous frequency of the signal, not the
1/Q signal.

For MSK, PSK, QAM and User QAM the measurement filter filters the real part and
imaginary part of these signals (i.e. not the instantaneous frequency or magnitude of the
signal).

The VSA application defines the error signal as the difference between the reference
signal and the measurement signal. Thus, the measurement filter also shapes the spec-
trum of the error signal, which is used to calculate the EVM, for example.

In many applications the measurement filter is the same as the RX filter. However, unlike
the measurement filter, the RX filter is not relevant for the measurement, but is only
required to create the reference signal optimally.

The RX filter and the transmit filter are usually chosen such that their combination results
in an Inter-Symbol Interference (ISI) free system (see figure 4-2 and figure 4-3).
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Fig. 4-3: Modulator with Transmit filter in detail

As the measurement filters of the VSA application have low-pass characteristics, they
suppress high frequency distortion components in the Meas/Ref/Error signal. The errors
are weighted spectrally. Thus, turning off the measurement filter can have an influence
on the numeric and graphical error values. However, the measurement filter should be
switched off if non-linear distortions have to be measured (they usually produce high
frequency components).

|
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Predefined measurement filters

The most frequently required measurement filters are provided by the VSA application
(see chapter A.2.2, "Measurement Filters", on page 404).

The frequency response of the available standard-specific measurement filters is shown
in chapter A.5.6.2, "Measurement Filter", on page 418.

Customized Filters

The analytical filter types RC (raised cosine), RRC (root-raised cosine) and GAUSSIAN
as well as the most important standard-specific filters are already integrated in the VSA
application. In addition, it is possible to use user-defined measurement and transmit fil-
ters. Customized filters may be useful for the following purposes:

e Development of new networks and modulation methods for which no filters are
defined yet.

e Measurements of transmitter characteristics with slightly modified (e.g. shortened)
transmitter filters.

An external program ("FILTWIZ") is offered to convert user-defined filters. This program
generates filter files (*.vaf) which can be transferred to the analyzer with a USB device,
for example. The program can be downloaded together with a detailed description as a
precompiled MATLAB® file (MATLAB pcode) on the Internet, at http://www.rohde-
schwarz.com (search term "FILTWIZ").

|
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Fig. 4-4: FILTWIZ - filter tool for VSA

It is possible to load customized transmit filters and customized measurement filters. If a
customized transmit filter is selected, the internal receive filter coefficients are calculated
automatically on the fly.

Note that this is different to the R&S FSQ-K70, where it is necessary to also transfer a
user receive filter.

If you upload a customized transmit filter and leave the measurement filter set to "auto-
matic", the internally calculated receive filter will be used as measurement filter. Note that
this filter is not necessarily suitable for your specific signal. The filter is optimized such
that the intersymbol interference is low. Hence, you will probably be able to see a clear
eye diagram and an Vector I/Q diagram with a recognizable constellation. However, a
filter that has low intersymbol interference might lead to noise enhancement, which is
commonly undesirable for a measurement filter. In order to avoid noise enhancement, it
is recommended that you:

e a) design your own measurement filter and upload it as a user filter
e b) select a suitable measurement filter from the list
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Transferring filter files to the R&S FSW
You can transfer the (. vaf) filter files to the R&S FSW using a USB memory device.

4.2 Sample Rate, Symbol Rate and I/Q Bandwidth

The "Symbol Rate" defined in the "Signal Description" settings determines how many
symbols are captured and demodulated during a certain measurement time. However,
for each symbol more than one sample may be captured, so that the sample rate may
be higher than the symbol rate.

The "Sample Rate" parameter in the "Data Acquisition" settings defines the number of
samples to capture per symbol (not to be confused with the estimation points per sym-
bol or display points per symbol, see chapter 4.7, "Display Points vs Estimation Points
per Symbol", on page 115). The resulting sample rate (depending on the "Symbol
Rate") is indicated behind the parameter.

The number of samples to capture per symbol was referred to as the "Capture Over-
sampling" value in previous R&S signal and spectrum analyzers.

The resulting sample rate, also referred to as the user or output sample rate, is the rate
at which the I/Q data is demodulated and analyzed. The sample rate also affects the
demodulation (measurement) bandwidth (see also chapter 4.2.1, "Sample Rate and
Maximum Usable 1/Q Bandwidth for RF Input”, on page 58). If the bandwidth is too
narrow, the signal is not displayed completely. If the bandwidth is too wide, interference
from outside the actual signal to be measured can distort the result. Thus, for signals with
a large frequency spectrum (e.g. FSK modulated signals), a higher sample rate may be
necessary.

(For further details, see chapter 4.1, "Filters and Bandwidths During Signal Processing",
on page 50.)

For an indication of the required sample rate, view the "Real/Imag (I/Q)" display of the
capture buffer with a "Spectrum"” transformation. If the complete signal is displayed and
fills the width of the display, the selected value is suitable.

A Spec{Reallmag{CapBuf)}

-20 de ..MM....
pEEFULYEEN

RN
ub i

Start -541.667 kHz Stop 541.667 kHz

Fig. 4-5: Determining the I/Q bandwidth: Real/lmag (I/Q) display of the capture buffer with a spectrum
transformation
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If the signal is cut off, increase the sample rate; if it is too small, decrease the sample
rate (by changing the "Symbol Rate" defined in the "Signal Description" settings, or the
"Sample Rate" parameter in the "Data Acquisition" settings).

As described above, the sample rate is determined by the number of samples to capture
per symbol. Thus, the maximum sample rate depends on the maximum number of sym-
bols to be captured (the symbol rate) and vice versa. The maximum sample rate for the
R&S FSW is 10 GHz (see chapter 4.2.1, "Sample Rate and Maximum Usable 1/Q Band-
width for RF Input”, on page 58). Thus, the maximum symbol rate is:

Table 4-1: Maximum symbol rate depending on sample rate parameter

Sample rate parameter Max. symbol rate
4* symbol rate 2500 MSymbols
8* symbol rate 1250 MSymbols
16* symbol rate 625 MSymbols
32* symbol rate 312.5 MSymbols

4.2.1 Sample Rate and Maximum Usable I/Q Bandwidth for RF Input

Within the usable 1/Q bandwidth range, the analog IF filter of the R&S FSW is equalized
in regard to amplitude characteristic and group delay (provided that the R&S FSW is
aligned). In consequence, signals within this bandwidth range are hardly distorted at all
(provided the R&S FSW is not overloaded).

For the 1/Q data acquisition, digital decimation filters are used internally. The passband
of these digital filters determines the maximum usable I/Q bandwidth. In consequence,
signals within the usable I/Q bandwidth (passband) remain unchanged, while signals
outside the usable 1/Q bandwidth (passband) are suppressed. Usually, the suppressed
signals are noise, artifacts, and the second IF side band. If frequencies of interest to you
are also suppressed, you should try to increase the output sample rate, since this increa-
ses the maximum usable 1/Q bandwidth.

\ Bandwidth extension options

/ The maximum usable I/Q bandwidth provided by the R&S FSW in the basic installation
can be extended by additional options. These options can either be included in the initial
installation (B-options) or updated later (U-options). The maximum bandwidth provided
by the individual option is indicated by its number, e.g. B80 extends the bandwidth to
80 MHz.

Note that the U-options as of U40 always require all lower-bandwidth options as a pre-
requisite, while the B-options already include them.

Max. usable | Required B-option | Required U-option(s)
1/1Q BW

10 MHz - -

28 MHz B28 u28
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Max. usable | Required B-option | Required U-option(s)

1/Q BW

40 MHz B40 U28+U40 or
B28+U40

80 MHz B80 U28+U40+U80 or
B28+U40+U80 or
B40+U80

160 MHz B160 U28+U40+U80+U160 or
B28+U40+U80+U160 or
B40+U80+U160 or
B80+U160

As a rule, the usable I/Q bandwidth is proportional to the output sample rate. Yet, when
the I/Q bandwidth reaches the bandwidth of the analog IF filter (at very high output sample
rates), the curve breaks.

Relationship between sample rate and usable I/Q bandwidth

Up to the maximum bandwidth, the following rule applies:

Usable I/Q bandwidth = 0.8 * Output sample rate

MSRA operating mode
In MSRA operating mode, the MSRA Master is restricted to a sample rate of 200 MHz.

The figure 4-6 shows the maximum usable 1/Q bandwidths depending on the output
sample rates.

R&S FSW without additional bandwidth extension options

sample rate: 100 Hz - 10 GHz

maximum 1/Q bandwidth: 10 MHz

Sample rate Maximum I/Q bandwidth
100 Hz to 10 MHz proportional up to maximum 10 MHz
10 MHz to 10 GHz 10 MHz

R&S FSW with options B28 or U28 (I/Q Bandwidth Extension):
sample rate: 100 Hz - 10 GHz
maximum bandwidth: 28 MHz

Sample rate Maximum I/Q bandwidth
100 Hz to 35 MHz proportional up to maximum 28 MHz
35 MHz to 10 GHz 28 MHz
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R&S FSW with option B40 or U40 (I/Q Bandwidth Extension):
sample rate: 100 Hz - 10 GHz

maximum bandwidth: 40 MHz

Sample rate Maximum 1/Q bandwidth
100 Hz to 50 MHz proportional up to maximum 40 MHz
50 MHz to 10 GHz 40 MHz

R&S FSW with option B80 or U80 (I/Q Bandwidth Extension):
sample rate: 100 Hz - 10 GHz
maximum bandwidth: 80 MHz

Sample rate Maximum I/Q bandwidth
100 Hz to 100 MHz proportional up to maximum 80 MHz
100 MHz to 10 GHz 80 MHz

R&S FSW with activated option B160 or U160 (I/Q Bandwidth Extension):
sample rate: 100 Hz - 10 GHz
maximum bandwidth: 160 MHz

Sample rate Maximum I/Q bandwidth

100 Hz to 10 GHz proportional up to maximum 1600 MHz

|
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Fig. 4-6: Relationship between maximum usable I/Q bandwidth and output sample rate

4.2.2 Sample Rates and Bandwidths for Digital 1/Q Data

Definitions

o Clock rate: the rate at which data is physically transmitted between the R&S FSW
and the connected instrument; both instruments must be able to process data at this
rate; the clock rate of the R&S FSW at the output connector is 100 MHz

e Input sample rate (ISR): the sample rate of the useful data provided by the connec-
ted instrument to the digital input

e (User, Output) Sample rate (SR): the sample rate that is defined by the user (e.g. in
the "Data Aquisition" dialog box in the "I/Q Analyzer" application) and which is used
as the basis for analysis or sent to the digital output
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e Usable I/Q (Analysis) bandwidth: the bandwidth range in which the signal remains
unchanged by the digital decimation filter and thus remains undistorted; this range
can be used for accurate analysis by the R&S FSW

Slowl/Q measurements

@ "Slowl/Q" measurements are measurements where the user-defined sample rate
exceeds the rate used to transfer valid samples. In the R&S FSW, the user-defined sam-
ple rate may exceed 10 GHz for "Slowl/Q" measurements. This happens, for example,
when an analog signal is sampled by external hardware, e.g. an oscilloscope, with a
sample rate larger than 10 GHz, is stored there in a memory temporarily and then read
from the memory and transmitted to the R&S FSW at a slower rate than it was sampled.
In this case, make sure the input sample rate is defined corrrespondingly for the con-
nected instrument (see "Input Sample Rate" on page 137).

The following table describes the restrictions for digital in- and output:

Table 4-2: Restrictions for digital in- and output

Parameter Minimum Maximum
Record length 2 complex samples 220*1024*1024 complex samples
Input sample rate (ISR) 100 Hz 10 GHz

Sample Rate (SR)

Digital input active: Max(100 Hz; ISR/8388608) Max[200 MHz; Min(10 GHz; 2*ISR)]
Digital output active: 100 Hz 100 MHz
Usable 1/Q bandwidth Min(0.8*SR; 0.8*ISR)

(Digital input and filter active)

Bandwidths

Depending on the sample rate, the following bandwidths are available:
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Fig. 4-7: Bandwidths depending on sample rate for active digital input

4.3 Symbol Mapping

Mapping or symbol mapping means that symbol numbers are assigned to constellation
points or transitions in the I/Q plane (e.g. PSK and QAM).

In the analyzer, the mapping is required to decode the transmitted symbols from the
sampled I/Q or frequency/time data records.

The mappings for all standards used in the analyzer and for all employed modulation
modes are described in the following. Unless indicated otherwise, symbol numbers are
specified in hexadecimal form (MSB at the left).

|
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4.3.1 Phase Shift Keying (PSK)
With this type of modulation, the information is represented by the absolute phase posi-
tion of the received signal at the decision points. All transitions in the 1/Q diagram are

possible. The complex constellation diagram is shown. The symbol numbers are entered
in the diagram according to the mapping rule.

BPSK (NATURAL)

Fig. 4-8: Constellation diagram for BPSK including the symbol mapping

QPSK

Fig. 4-9: Constellation diagram for QPSK including the symbol mapping for CDMA2000 FWD and DVB
S2

e
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Fig. 4-10: Constellation diagram for QPSK (GRAY) including the symbol mapping

Fig. 4-11: Constellation diagram for QPSK (NATURAL) including the symbol mapping

Fig. 4-12: Constellation diagram for QPSK including the symbol mapping for WCDMA
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Fig. 4-15: Constellation diagram for 8PSK including the symbol mapping for DVB S2
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4.3.2 Rotating PSK

A rotating PSK modulation is basically a PSK modulation in which additional phase shifts
occur. These phase shifts depend on the symbol number, e.g. for a m/4-QPSK, the third
symbol has an additional phase offset of (3-1)*1/4. This offset has the same effect as a
rotation of the basic system of coordinates by the offset angle after each symbol.

The method is highly important in practical applications because it prevents signal tran-
sitions through the zeros in the I/Q plane. This reduces the dynamic range of the modu-
lated signal and the linearity requirements for the amplifier.

In practice, the method is used for 311/8-8PSK, for example, and (in conjunction with
phase-differential coding) for /4-DQPSK.
Symbol mapping

The logical constellation diagram for 31/8-8PSK comprises 8 points that correspond to
the modulation level (see figure 4-16). A counter-clockwise offset (rotation) of 311/8 is
inserted after each symbol transition.

2

-
~

4

Fig. 4-16: Constellation diagram for 317/8 8PSK before rotation including the symbol mapping for EDGE

Fig. 4-17: I/Q symbol stream after 317/8 rotation in I/Q plane if the symbol number "7" is transmitted six
times in a row
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Fig. 4-18: Constellation diagram for 374 QPSK including the symbol mapping for EDGE

3

Fig. 4-19: Constellation diagram for /4 QPSK (Natural) including the symbol mapping

Differential PSK

With differential PSK, the information is represented in the phase shift between two con-
secutive decision points. The absolute position of the complex sample value at the deci-
sion point does not carry information.

In the physical constellation diagram, the constellation points at the symbol decision
points obtained after ISI-free demodulation are shown (as with common PSK methods).
This diagram corresponds to the display on the analyzer. The position of the constellation
points is standard-specific. For example, some QPSK standards define the constellation
points on the diagonals, while other standards define the coordinate axes.

In table 4-3, the symbols are assigned to phase shifts. The QPSK (INMARSAT) mapping
corresponds to simple QPSK with phase-differential coding.

Tables table 4-4 and table 4-5 show two types of differential 8PSK modulation.

Differential coding according to VDL is shown in table 4-6. It can be used for modulation
types with 3 bits/symbol, e.g. 8PSK.

]
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Other types of modulation using differential coding method are described in chapter 4.3.4,
"Rotating Differential PSK Modulation", on page 70.

Fig. 4-20: Constellation diagram for DQPSK (INMARSAT and NATURAL) including the symbol mapping

Table 4-3: DQPSK (INMARSAT)

Logical symbol mapping

Modulation symbol (binary indication: MSB, LSB) 00 01 10 11

Phase shift

0° -90° +90° 180°

Fig. 4-21: Constellation diagram for D8PSK including the symbol mapping for APCO25, APCO25 Phase
2, GRAY, NATURAL and TETRA

Table 4-4: D8PSK (NATURAL)

Logical symbol mapping

Modulation symbol (binary indica- | 000 001 010 011 100

101 110 111
tion: MSB, LSB)

Phase shift 0° 45° 90° 135° 180° 225° 270° 315°

|
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Logical symbol mapping

Modulation symbol (binary indica-
tion: MSB, LSB)

000

001

010

011

100

101

110

111

Phase shift

0°

45°

135°

90°

270°

315°

225°

180°

Table 4-6: D8PSK (VDL)

Logical symbol mapping

Modulation symbol (binary indica-
tion: MSB, LSB)

000

001

010

011

100

101

110

111

Phase shift

0°

45°

135°

90°

315°

270°

180°

225°

4.3.4 Rotating Differential PSK Modulation

Phase-differential modulation is frequently combined with an additional phase shift (e.g.

/4 DQPSK = 11/4 phase shift modulation + differential modulated 4PSK).

The logical mapping diagram corresponds to the diagram for DPSK.

The physical constellation diagram shows the symbol decision points obtained after I1SI-

free demodulation.

Fig. 4-22: Constellation diagram for /4 DQPSK including the symbol mapping for APCO25 Phase 2,
NADC, NATURAL, PDC, PHS, TETRA and TFTS; the /4 rotation is already compensated

for

Table 4-7: /4 DQPSK (NADC, PDC, PHS, TETRA)

Logical symbol mapping

Modulation symbol (binary indication: MSB, LSB)

00

01

10

11

Phase shift

0°+45°

90°+45°

-90°+45°

-180°+45°
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Table 4-8: /4 DQPSK (TFTS)

Logical symbol mapping

Modulation symbol (binary indication: MSB, LSB) 00 01 10 11

Phase shift -180°+45° | 90°+45° -90°+45° 0°+45°

Table 4-9: /4 DQPSK (Natural)

Logical symbol mapping

Modulation symbol (binary indication: MSB, LSB) 00 01 10 11

Phase shift 0°+45° 90°+45° -180°+45° | -90°+45°

Table 4-10: /4 DQPSK (APCO25 and APCO25Phase2)

Logical symbol mapping

Modulation symbol (binary indication: MSB, LSB) 00 01 10 11

Phase shift 0°+45° 90°+45° -90°+45° -180°+45°

4.3.5 Offset QPSK

Offset QPSK differs from "normal” QPSK in the fact that the Q component is delayed by
half a symbol period against the | component in the time domain. Hence, the symbol time
instants of the | and the Q component do not coincide. The concept of Offset QPSK is
illustrated in the diagrams below.

|
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Derivation of OQPSK

Table 4-11: I/Q diagram and constellation diagram

QPSK OQPSK (delayed Q component)

Inphase
Inphas

Quadratu
Quadratur

T S S S S S S R S S S S S S S S |
0 1 2 3 4 Pmeb 7 8 9 0 1 2 3 4 Fmd 7 8 9 0
[symbols] [symbols]

PSK vector diagram with alpha = 0.35 OQPSK vector diagram with alpha = 0.35

2] T T T 2

Quadrature
o

Quadrature
o

Inphase Inphase

Offset QPSK reduces the dynamic range of the modulated signal (with respect to "nor-
mal" QPSK) and, therefore, the demands on amplifier linearity by avoiding zero crossings.

A distinction is made in the analyzer display:

In the Vector I/Q result display of the measurement (or reference) signal, the time delay
is not compensated for. The display corresponds to the physical diagram shown in (
table 4-11)

In the Constellation 1/Q result display of the measurement (or reference) signal, the time
delay is compensated for. The display corresponds to the logical mapping as in fig-
ure 4-23.

|
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OQPSK
2 (1]
3 1

Fig. 4-23: Constellation diagram for OQSK (GRAY) including the symbol mapping

Frequency Shift Keying (FSK)

To illustrate symbol mappings for FSK modulations, the symbol numbers are marked in
the logical mapping diagram versus the instantaneous frequency. An instantaneous fre-
quency of zero in the baseband corresponds to the input frequency of the analyzer.

2FSK (NATURAL)

With 2FSK, the symbol decision is made by a simple frequency discriminator:

Symbol
Numbers

Fig. 4-24: Constellation diagram for 2FSK (NATURAL) including the logical symbol mapping

4FSK

With 4FSK, the symbol decision is made by a frequency discriminator with 3 decision
thresholds (-2/3; 0; +2/3) normalized to the FSK reference deviation.

|
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3 -1
Symbol
Numbers \
2 1/3
\\1 ¢ -1/3
0 -1

Fig. 4-25: Constellation diagram for 4FSK (NATURAL) including the logical symbol mapping

2 -1
Symbol
Numbers \
3 1/3
\\1 ¢ -1/3
0 -1

Fig. 4-26: Constellation diagram for 4FSK (GRAY) including the logical symbol mapping

1 -1
Symbol
Numbers \
0 1/3
\\2 ¢ -1/3
3 -1

Fig. 4-27: Constellation diagram for 4FSK for APCO C4FM and APCO Phase 2 including the logical
symbol mapping

|
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8FSK (NATURAL)

Symbol
Numbers

Fig. 4-28: Constellation diagram for 8FSK (NATURAL) including the logical symbol mapping

4.3.7 Minimum Shift Keying (MSK)

MSK modulation causes modulation-dependent phase shifts of +/- 90° which can be
shown in an Constellation I/Q diagram. As with PSK, demodulation is performed by eval-
uation of the phase positions.

Table 4-12: MSK (NATURAL)

Logical symbol mapping

Modulation symbol (binary indication: MSB, LSB) 0 1

Phase shift -90° +90°

Table 4-13: MSK (GSM)

Logical symbol mapping

Modulation symbol (binary indication: MSB, LSB) 0 1

Phase shift +90° -90°

|
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Fig. 4-29: MSK (for GSM and NATURAL) and DMSK Constellation Diagram including the symbol map-
ping

Similar to PSK, differential coding can also be used with MSK. In this case, too, the
information is represented by the transition of two consecutive symbols. The block dia-
gram of the coder is shown below.

d

i

L e —

TI

E

Fig. 4-30: DMSK: differential encoder in the transmitter

d; input symbol {0;1} of differential encoder
di.; input symbol delayed by the symbol period Ts
d; output symbol {0;1} of differential encoder

The logical symbol mapping is then performed on the XOR-coded bitstream d'.

Quadrature Amplitude Modulation (QAM)

In the case of QAM the information is represented by the signal amplitude and phase.

The symbols are arranged in a square constellation in the 1/Q plane.

OO\ To ensure reliable demodulation, symbol numbers should be distributed evenly with

) respect to the symbol alphabet.

As a rule of thumb, the result length should correspond to at least 8 times the modulation
order. For example, with 64 QAM, a result length of at least 8*64 = 512 symbols should
be used.
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QAM Mappings

The following QAM mappings are obtained from the mapping of the 1st quadrant, which
is always rotated by 11/2 for the subsequent quadrants and supplemented by a (GRAY-
coded) prefix for each quadrant.

Table 4-14: Derivation of QAM mappings

11

10.:x Q e Db 10.xx Q 00.xx
- T 11 o1 A0 A1
‘.:/. 2 ] *——— =
A0 1
=, 8 :
.. 0 o | %o "o
0o o
|
11.xx 01.xx

In the following diagrams, the symbol mappings are indicated in hexadecimal and binary

form.

0] ° 1 3 2 . . . .
0000 0001 0011 0010

o4 e 5 7 6 . . . .
0100 0101 0111 0110

e C D o F e E . . . .
1100 1101 111 1110

8 9 B o A . . . .
1000 1001 1011 1010

Fig. 4-31: Constellation diagram for 16QAM (GRAY) including the logical symbol mapping (hexadecimal
and binary)

|
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B 9 3 . . . .
1011 1001 0001 0011
o A 8 2 . . . .
1010 1000 0000 0010
o E e C 6 . . . .
1110 1100 0100 0110
o F D 7 . . . .
111 1101 0101 0111

Fig. 4-32: Constellation diagram for 1T6QAM including the logical symbol mapping for EDGE (hexadec-

imal and binary)

B «9 3 . . . .
1011 1001 0010 0011

o« A .8 .1 . . . .
1010 1000 0000 0001

D «C .6 . . . .
1101 1100 0100 0110

e F o« [E 7 . . . .
111 1110 0101 0111

Fig. 4-33: Constellation diagram for 16QAM including the logical symbol mapping for DVB-C (hexadec-

imal and binary)
017 °13 * 06 °02 . . . .
10111 10011 [ 00110 00010
.12 °15 o 11 * 04 °05 ° 07 . . . . . .
10010 10101 10001 | 00100 00101 00111
*16 ° 14 *10 * 00 01 *03 . . . . . .
10110 10100 10000 | 00000 00001 00011
¢ 1B 19 18 * 08 *0C * 0E . . . . . .
11011 11001 11000 | 01000 01100 01110
e 1F e 1D e 1C * 09 *0D  ¢0A . . . . . .
11111 11101 11100 | 01001 01101 01010
1A o 1E * 0B * OF . . . .
11010 11110 01011 01111

Fig. 4-34: Constellation diagram for 32QAM including the logical symbol mapping for DVB-C (hexadec-

imal and binary)
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*35
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* 30

* 32
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* 38
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*15 17

*14 16
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*1B

*1F

*1E

*18

e 19
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*1C

001000

001010

000010

000000

001001

001011

000011

000001

Measurement Basics

001101

001111

000111

000101

Symbol Mapping

001100

001110

000110

000100

Fig. 4-35: Constellation diagram for 64QAM including the logical symbol mapping for DVB-C (hexadec-
imal and binary); the binary form shows the upper right section of the diagram only.

0011010

.
0011000

0010000

0010010

0000010

0000000

.
0011011

.
0011001

.
0010001

.
0010011

.
0000011

.
0000001

0001011 0001010

.
000100

.
001010

[
1 0001000

.
1 0010100

0010111 0010110

0000111 0000110

.
000010

.
1 0000100

.
0011100

.
0011110

.
0001110

.
0001100

.
0011101

.
0011111

.
0001111

.
0001101

*1A

*18

*10

e12

* 02

* 00

*1B

*19

*11

13

* 03

*01

* 0B

* 09

15

.17
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* 05

*0A
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e 14

*16

* 06

.04
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*1E e 1F
®0E eOF
e0C 0D

Fig. 4-36: Constellation diagram for 128QAM including the logical symbol mapping (hexadecimal and
binary); the figure shows the upper right sections of the diagram only

*20

22

*2A

*28

* 08

*0A

* 02

* 00

©21 *25 24

023 027 26

*2B *2F

*29 *2D

*09 e0D

*0B °OF

*03 *07 <06

¢01 *05 04

©34 35 31

©36 37 33

e0C ¢1C <1

®0E *¢1E °*1

*16 1

°14 o1

®2E *3E *3F *3B

®2C *3C *3D 39

D 19

F ¢1B

7 *13

5 11

*30

®32

*3A

*38

*18

*1A

*12

*10

Fig. 4-37: Constellation diagram for 256QAM including the logical symbol mapping (hexadecimal); the
figure shows the upper right section of the diagram only
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038 038 032 030
L] L] ]

g
g
%

03B 039 033 03
. .

*E -E .
-
B

03E 03C 036 034 E 04C 046

. . - L] - -

{};)F l}iD ﬂia? {}ES ﬂ:-n.lF ﬂl’-.iD ﬂl’-.i?

o2A 028 022 020 ODA 2
. L] - L] . & .

7 oF

OE [ ]
SRR

028 023 023 021 MB WY 03 B
L] L] - - L I ] L] L]
02E 02C 026 024 ME 0DC 006
] 1] - - LI ]

ﬂEF ﬂED ﬂlp 1}35 Dﬂ'F Dﬂ'D D#T ﬂﬂ'E ﬂfF {E‘D Df?

03A 03 032 030 A M8 M2 M0 O7A 078 072 070
1] 1] - - . . - - L] [] L] L]

DGE
-

BB 038 033 03 MB M3 M3 M1 O7B 079 073 O
[ [ - - L I ] - . ]
03E 03C 036 034 0E MC 016 044 OFE O7C 076 074
L] L] L] . . . L] ]

03F 03D 037 033 MF ™MD M7 M3 O0F 07D 077 075
. . - L] L I ] L] L] ] [] ] .

Fig. 4-38: Constellation diagram for 512QAM including the logical symbol mapping (hexadecimal); the
figure shows the upper right section of the diagram only

QAk QAZ QAT QA0 OE4 OEF OE2 050 OR4 O2F OZ2 020 004 QOE Q07 000
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[ ] L] » L I * & @ * ¥ @ L L I
GBA OBS OBZ 0BO 094 053 02 050 oA 3F O3 O30 O1A ME 02 010
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GE4 GES OE? QOEQ OCA OCE OC2 OCO 054 055 067 000 044 M3 M2 MO
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L] - & L ] * @ L] L ] L ] L ] L ] L ] L ] L] * &
@FB @F3 OF3 OF1 QDB 403 003 001 OTB 073 073 &71 0SB 053 053 051
L ] * * @ L I * & @ * * =@ L I L I
OFE GFC OFE OF4 ODE QDCODE 004 OTE O7C O7E 074 OSE Q5C 035 034
L ] " & @ L I " & @ " * @ L I L I
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Fig. 4-39: Constellation diagram for 1024QAM including the logical symbol mapping (hexadecimal); the
figure shows the upper right section of the diagram only
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439 ASK

2ASK (OOK)

ASK stands for Amplitude Shift Keying, 2ASK (binary) is often also referred to as "On Off
Keying" (OOK). With this type of modulation, the information is solely represented by the
absolute amplitude of the received signal at the decision points.

D
[

Fig. 4-40: Constellation diagram for 2ASK

4ASK

4ASK is a 4-ary Amplitude Shift Keying mapping type. With this type of modulation, the
information is solely represented by the absolute amplitude of the received signal at the
decision points.
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N
[ ]
N
[ ]
(¢V)

D
[ ]

Fig. 4-41: Constellation diagram for 4ASK

4310 APSK

With Amplitude Phase Shift Keying (APSK) modulation, the information is represented
by the signal amplitude and the signal phase.

16APSK
oA “ .8
o2 *0
Ra
6 “E c o4
R
.7 *F *D e5
*3 o1
B o9

Fig. 4-42: Constellation diagram for 16APSK including the logical symbol mapping for DVB-S2

For DVB-S2 16 APSK mappings, the ratio of the outer circle radius to the inner circle
radius (y = R2/R1) depends on the utilized code rate and complies with figure 4-42.
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Table 4-15: Optimum constellation radius ratio y (linear channel) for 16APSK

Code Rate Modulation / coding spectral Y,
efficiency

2/3 2.66 3.15
3/4 2.99 2.85
4/5 3.19 275
5/6 3.32 2.70
8/9 3.55 2.60
9/10 3.59 2.57
32APSK

For DVB-S2 32APSK mappings, the ratio of the middle circle radius to the inner circle
radius (y; = R2/R1) and the ratio of the outer circle radius to the inner circle radius (y,

depend on the utilized code rate and comply with table 4-16.

Table 4-16: Optimum constellation radius ratios y; and y, (linear channel) for 32APSK

Code Rate Modulation / coding Y1 Y2
spectral efficiency

2/3 3.74 2.84 5.27

3/4 3.99 272 4.87

4/5 415 2.64 4.64

5/6 4.43 2.54 4.33

8/9 4.49 2.53 4.30

User-defined Modulation

In addition to the modulation types defined by the standards, modulation (including sym-
bol mappings) can also be defined according to user requirements. In this case, the
mapping is defined and stored in a specific format (* . vam file format) and then loaded
to the VSA application. Modulation files in . vam format can be defined using a mapping
wizard ("mapwiz"), an auxiliary tool provided by R&S via Internet free of charge. This tool
is a precompiled MATLAB® file (MATLAB pcode). To download the tool together with a
detailed description see http://www.rohde-schwarz.com (search term "mapwiz").

e
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4.4 Overview of the Demodulation Process

K70 Kernel Settings
|Q Capture Buffer
-
I/- L
Burst Search Burst Search
{optional) Settings
[0 Data
 Burst Position
1Q Pattern Search Pattern Search
{optional) Settings
IQ Data
Burst Pesition
TIQ Pattern Position
Extraction of Result Result Range
Range Settings
2 Meas Signal

w|Q Pattern Position

Coarse Estimates

Symbols
Meas Signal
“IQ Pattemn Position

Pattern Symbal
Check {optional)

Symbaols
Meas Signal

Reference Signal
Generation
Symbaols
Meas Signal
y Ref Signal
Measurement
Filtering {optional)

Symbaols

Meas Signal
wRef Signal

P
Fine Estimates

Synchronization

Demodulation & |,c —— — —
Symbol Decisions Pr————

Measurement Filter
Settings

Demodulation
Settings

bol
ms ﬁsgnm Madulation & Signal
Ref Signal Description ~ /

- Result Display

Fig. 4-43: Demodulation stages of the vector signal analysis option

Display
Configuration
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The figure 4-43 provides an overview of the demodulation stages of the vector signal
analysis option. The function blocks of the signal processing kernel can be found at the
left (in grey) and their appropriate settings at the right (in blue).

A more detailed description of the mostimportant stages is given in the following sections.

Burst Search

In this stage, the capture buffer is searched for bursts that comply with the signal descrip-
tion. The search itself can be switched on or off via the "Burst Search" dialog (see
"Enabling Burst Searches" on page 162). A list of the detected bursts is passed on to
the next processing stage.

1/Q Pattern Search

The "1/Q Pattern Search" is performed on the capture buffer. This means the VSA appli-
cation modulates the selected pattern according to the transmit filter (Tx filter) and the
modulation scheme. Subsequently, it searches the capture buffer for this I/Q pattern, i.e.
the I/Q waveform of the pattern. It is assumed that patterns can only appear within bursts,
i.e. the 1/Q pattern search range is limited to the bursts detected by the burst search stage.
If the burst search is switched off, the whole capture buffer is searched for the 1/Q pattern.
A list of all detected 1/Q patterns is passed on to the next processing stage. It is important
to note that the VSA application can only search for one pattern at a time.

The pattern search can be switched on or off via the "Pattern Search" dialog (see "Ena-
bling Pattern Searches" on page 163).

Extraction of Result Range

The result range can be aligned to a burst, a pattern or simply the start of the capture
buffer (see "Reference” on page 170). Within this stage, the result range is cut from the
capture buffer starting at a point that is specified by the user, e.g. the start of a detected
burst. The VSA application automatically takes into account filter settling times by making
the internal buffers sufficiently longer than the selected result range.

Demodulation & Symbol Decisions

This stage operates on the extracted result range and aims at making the correct symbol
decisions. Within this stage, a coarse synchronization of the carrier frequency offset, the
carrier phase, the scaling and the timing takes place. Furthermore, an automatically
selected internal receive filter (Rx filter) is used in order to remove the inter-symbol inter-
ference as effectively as possible. The outputs of this stage are the (coarsely) synchron-
ized measurement signal and the symbol decisions (bits). The symbol decisions are later
used for the "Pattern Symbol Check" stage and for the "Reference Signal Generation"
stage.

Pattern Symbol Check

The "1/Q Pattern Search" stage can only detect whether the similarity between the 1/Q
pattern and the capture buffer exceeds a certain threshold and, in this way, find the most
likely positions where a pattern can be found.
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Within this stage, the VSA application checks whether the pattern symbols (bits) really
coincide with the symbol decisions at the pre-detected position. E.g. if one out of 20
symbols does not coincide, the "I/Q Pattern Search" stage might detect this 1/Q pattern,
but the "Pattern Symbol Check" stage will decline it.

Note that this stage is only active if the pattern search is switched on.

Reference Signal Generation

The ideal reference signal is generated based on the detected symbols and the specifi-
cations of the signal model, i.e. the modulation scheme and the transmit filter (Tx filter).

Measurement Filtering

Both the measurement signal and the reference signal are filtered with the specified
measurement filter.

Synchronization

In this stage, the measurement signal and the reference signal are correlated. For PSK,
QAM and MSK modulated signals, an estimation algorithm is used in order to obtain
estimates for the signal amplitude, signal timing, carrier frequency error, phase error, |/
Q offset, gain imbalance, quadrature error and the amplitude droop. Alternatively, it is
possible to disable the estimation algorithm.

For FSK modulated signals, estimates for the signal amplitude, signal timing, carrier fre-
quency error, FSK deviation error and the carrier frequency drift are calculated. The
measurement signal is subsequently corrected with these estimates. Compensation for
FSK deviation error and carrier frequency drift can be enabled or disabled.

For more information on synchronization see

e chapter 4.5.1.2, "Estimation”, on page 97
e chapter 5.9.2, "Advanced Demodulation (Synchronization)", on page 175

Result Display

The selected measurement results are displayed in the window(s). Configuration of the
windows can be performed via the "Window Configuration" dialog (see chapter 6.5, "Dis-
play and Window Configuration", on page 196).

Burst Search

The burst search is performed only if it is switched on. Otherwise, this stage is skipped.
It is recommended that you switch the burst search on if the signal is bursted. This
ensures that all internal estimators are operated in time ranges where the burst power
ramping is up.

In order to eliminate amplitude variations caused by noise or the modulation itself, the
instantaneous power of the whole capture buffer is computed and then a moving average
filter is applied. The length of this filter is automatically determined with the help of the
user settings.
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The filtered power of the capture buffer is subsequently compared to an automatically
chosen threshold and the rising and falling edges of bursts are identified. With the help
of the detected edges and some further processing, it is possible to decide whether the
burst "candidates" comply with the user settings.

All bursts must have a length between ("Min Burst Length" — "Search Tolerance") and
("Max Burst Length" + "Search Tolerance") to be accepted. See "Burst Settings"

on page 132 and chapter 5.7.1, "Burst Search", on page 161 for a more detailed
description of these parameters.

H}"—P"ﬂ -

Min Burst Length Min Gap Length Max Burst Length

Fig. 4-44: Burst Search parameters

\ You can influence the robustness of the burst search directly by entering the correct
minimum gap length, minimum burst length and maximum burst length (see "Burst Set-

tings" on page 132 and "Min Gap Length" on page 162). Refer to figure 4-44 for an
illustration of the three parameters.

The detected bursts in the capture buffer for the current burst search settings are indi-
cated by blue lines in the preview area of the "Burst Search" configuration dialog box (see
chapter 5.7.1, "Burst Search”, on page 161).

Information

Expected Burst Length: 148 +/- 4 sym

Burst Found

Preview

Preview Mag(CapBuf) o1 Clrw

Start 0 sym Stop 1500 sym
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Burst Search Algorithm Settings
Burst Search Settings:
1 Capture Buffer ( Minimum Gap Length )
! - =
Calculate Average Filter
Power (Averaged) M Langth
Y Signal Description:
+ Calculate Threshald - Min Burst Length
- Max Burst Length
Y
Find Next Rising & Falling
Edge

]
—

Calculate “Acceptable” Burst
Lengths

=

Burst Search Settings: Burst
Search Tolerance

Add to Burst List

Fig. 4-45: Burst search algorithm

4.4.2 1/Q Pattern Search

The 1/Q pattern search is performed only if it is switched on. Otherwise, this stage is
skipped. The main benefit of the I/Q pattern search is that it enables an alignment of the
result range to the pattern. Furthermore, this stage can function as a filter: If the burst
search and I/Q pattern search are switched on, and the parameter "Meas Only If Pattern
Symbols Correct" is set to true, only bursts with the correct pattern are demodulated (see
"Meas only if Pattern Symbols Correct" on page 164).

During the 1/Q pattern search stage, the capture buffer is searched for an I/Q pattern by
trying different time and frequency hypotheses. The I/Q pattern is generated internally,
based on the specified symbol number of the pattern and the signal description (i.e.

|
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modulation scheme and transmit filter). The 1/Q pattern search can also be referred to as
the 1/Q waveform. An 1/Q pattern is considered detected if the correlation metric, i.e. the
correlation value between the ideal 1/Q pattern and capture buffer, exceeds a specified
"1/Q Correlation Threshold" (see "I/Q Correlation Threshold" on page 164.)

If the burst search is switched on, the I/Q pattern search only searches the I/Q pattern in
bursts previously detected by the burst search. Furthermore, it only finds the first I/Q
pattern within each burst. If the burst search is switched off, the 1/Q pattern search
searches for the 1/Q pattern in the entire capture buffer.

The first detected pattern in the capture buffer for the current pattern search settings is
indicated by a green line in the preview area of the "Pattern Search" configuration dialog
box (see chapter 5.7.2, "Pattern Search", on page 163).

Information

Selected pattern for Search: GSM_TSCO

Pattern Foundh

Preview L

Preview Mag(CapBuf) o1 Clrw
/ !

il

Start 0 sym Stop 1500 sym

Predefined Patterns

Common standards usually have predefined pattern lists with standard specific patterns.
Patterns required for the current measurement can be selected from this list. This list can
be extended by patterns that are already available in the instrument. Newly created pat-
terns can also be added to the list.

4.4.3 Demodulation and Symbol Decisions

This stage operates on the result range and aims to make the correct symbol decisions.
The algorithm is illustrated in figure 4-46 using the example of a QPSK modulation. After
timing and scaling recovery, a frequency offset and phase offset estimator is employed.

After this coarse synchronization, the VSA application makes symbol decisions, i.e.
recovers which symbols were transmitted by the device under test (DUT).

Typically, the employed estimators are "non-data-aided" (NDA) estimators. This means
that they operate on an unknown data sequence. Since the local oscillators (LO) of the
transmitter (device under test) and the receiver (R&S FSW) are normally not coupled,
their phase offset with respect to each other is unknown. The unknown transmission delay
between DUT and R&S FSW adds a further unknown phase offset.
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Due to this unknown phase offset, the result of the demodulation can be ambiguous with
respect to the absolute phase position because of the rotational symmetry of e.g. a PSK
constellation. For example, in the case of non-differential QPSK modulation, the mea-
surement signal, the reference signal and the decided I/Q symbols may have a constant
phase offset of {0, /2, 1, or 311/2}. This offset can only be detected and eliminated if a
pattern was successfully detected at symbol level (see also chapter 4.4.4, "Pattern Sym-
bol Check", on page 92).

If modulation types are used where the information is represented by the phase transition,
e.g. differential PSK or MSK, the absolute phase position is not an issue. Thus, the ambi-
guity of the starting phase does not have an influence on the symbol decisions.

If the measurement signal contains a known pattern, it is also possible to use a "data-
aided" (DA) estimator at this stage. This means that the estimator operates on a known
data sequence, i.e. the pattern. If the signal contains a pattern, it is possible to choose
between the above-described non-data-aided estimator and the data-aided estimator
with the setting "Coarse Synchronization: Pattern". If the data-aided estimator is
employed, the phase ambiguitiy can be resolved at this stage.

e
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Demodulation & Symbol Decision Settings
10 Samples From
{Result Range) “Extract Result Range"

Signal Description
Timing Recovery - Modulation
- Tx Filter

12 Meas with corrected:
- timing

Y

Scaling Recovery

Y

Phase & Frequency

Recovery
‘ ‘ 13 Meas with corrected:
"= - timing
- phase
L . - frequency offset
‘ ‘ - scaling
y

Symbol Decision

IQ Meas (corrected)
12 Symbols

Fassed on to
“Pattern Symbaol Check"

Fig. 4-46: Demodulation and Symbol Decision algorithm
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444 Pattern Symbol Check

This stage performs a bit-by-bit comparison between the selected pattern and the
demodulated bits. It is important to note that this comparison is only performed at posi-
tions that have been identified by the 1/Q pattern search as possible pattern positions.
The algorithm and a simple example are illustrated in figure 4-47.

First, the pattern candidate bits are extracted from the whole bitstream calculated by the
"Demodulation & Symbol Decisions" stage. This means that the symbol stream is cut at
the position that has been detected by the I/Q Pattern Search as the start of the pattern.
The extracted sequence is then compared to the selected pattern.

If the demodulation has been ambiguous with respect to the absolute phase position, the
extracted sequence needs to be compared to all possible rotated versions of the selected
pattern. For example, in the case of QPSK modulation, the rotational symmetry has the
order four, i.e. there are four pattern hypotheses. If the extracted sequence coincides with
one of the hypotheses, the pattern is declared as "found" and the absolute phase corre-
sponding to the appropriate hypothesis is passed on. Both the symbol decisions and the
I/Q measurement signal are then rotated with this pattern phase (for the whole result
range), thus resolving the phase ambiguity.

For more information refer to:

e chapter 4.4.3, "Demodulation and Symbol Decisions", on page 89
e chapter4.4.2, "l/Q Pattern Search", on page 88
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Fig. 4-47: Pattern Symbol Check algorithm

4.4.5 The Equalizer

A possible source of high modulation errors of the DUT with PSK and QAM signals is a
non-flat frequency response or ripple in frequency response within the modulation band-
width.

This could be caused by the DUT's:

e Analog filter sections
e Digital filter sections, if a shortened filter length is used
e Digital arithmetic sections, if a shortened bit-length is used
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Q X Analog MEAS 1Q Meas
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Error of Transfer Function

Fig. 4-48: General processing in the modulation- and demodulation stages

An equalizer filter with a reverse frequency response characteristic is able to compensate
less distorted frequency responses in order to improve the modulation analysis results
(see figure 4-49).

Analyzer
butT (Meas Demodulation)
Q X Analog Equali MEAS 1Q Meas
Filter Filter quatizer Filter Signal
Ci ti
Error of Transfer Function 0?5:;?;'0”

Fig. 4-49: Compensation of the transfer function's error by inserting an equalizer in the receive path

For small distortions the reference signal can be determined correctly without pre-equal-
ization. The equalizer can be calculated by comparing the reference signal and the mea-
sured signal and is only applied to the measured signal. This is referred to as normal
equalizer mode. Note that the resulting equalizer function is not simply the inverted dis-
tortion function.

For more complex distortions the reference signal might not be determined correctly due
to wrong symbol decisions. Despite the resulting imperfect equalizer calculation, the
estimated equalizer is often good enough to improve the reference signal creation in the
succeeding sweep. Thus, the new equalizer is improved successively. This processing
mode of the equalizer is called tracking mode. After only few sweeps, the results are
sufficiently accurate and the learning phase is completed. Then the equalizer can be used
without additional calculations as long as the input signal remains stable. If an unstable
input has led to an unusable equalizer filter, reset the equalizer with the "Reset" button.

1Q Input ISI E i Symbols REF IQ Reference
- ) ualizer Demod ) -
Signal Fiter [~]59 g Filter l Signal
Tracking / D Equalizer| compensate for
Averaging Control Channel 1
MEAS Equalizer 1Q Measure-
Filter q ment Signal

Fig. 4-50: An equalizer filter can be activated in the reference and measurement signal path. The filter
coefficients are determined in such a way that the error vector magnitude (EVM) is mini-
mized.

The result range used for equalizer calculation might be quite short leading to unstable
equalizer impulse responses. For time-invariant channels the estimation length can be

e
User Manual 1173.9292.02 — 04 94



R&S®FSW-K70 Measurement Basics

|
Overview of the Demodulation Process

extended using Averaging mode. In this case, the statistics from all previously deter-
mined reference signals and measurement signals are averaged to determine the current
equalizer function. Thus, the results of previous sweeps are continuously considered to
calculate the current equalizer values. Averaging is only restarted when the instrument
is switched off or when the user manually resets the equalizer. Obviously, this method
requires a stable input signal for the entire duration of the measurement, as otherwise
the current equalizer is distorted by previous results.

This process requires extended calculation time so that the measurement update rate of
the instrument decreases distinctly. When the distortions are compensated sufficiently,
this averaging process can be stopped. The current filter is frozen, that means it is no
longer changed.

Keep in mind that in Tracking and Averaging mode for sweep counts > 1 repeated analy-
sis of past result ranges might lead to differing readings.

The equalizer algorithm is limited to PSK and QAM modulation schemes, as the optimi-
zation criterion of the algorithm is based on minimizing the mean square error vector
magnitude. Thus it cannot be used for FSK modulation.

User-defined equalizers

Instead of tracking equalizer values repeatedly for different input signals, you can store
existing values to a file and load them again later. This is useful if signals from the same
input source are measured frequently. In this case, you only have to perform a calculation
once and can use the same equalizer filter again and again.

Filter length

The length of the equalizer can be defined in symbols. The longer the equalizer the higher
the resolution in the frequency domain is and the more distortion can be compensated.
The shorter the filter length, the less calculation time is required during the equalizer's
tracking or averaging phase.

Estimation points per symbol

You can define how many sample points are used for the equalizer calculation at each
symbol ("Estimation points per symbol", see chapter 4.7, "Display Points vs Estimation
Points per Symbol", on page 115). Typically, this is one point per symbol (= symbol
rate) or a factor of 2.

Channel EVM

The equalizer not only compensates for distortions in the measurement signal, but also
improves the accuracy of the estimated ideal reference signal. Thus, it is usually recom-
mendable to enable the equalizer once you have analyzed the original input signal on
the R&S FSW. By default, the error results are calculated using the compensated values
if the equalizer is enabled. However, you can disable the compensation for channel
results in order to analyze the actual error values obtained from the distorted channel.
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4.5 Signal Model, Estimation and Modulation Errors

This section describes the signal and error models used within the VSA application. The
estimation algorithms used to quantify specific modulation errors are then outlined. The
descriptions vary depending on the modulation type.

451 PSK, QAM and MSK Modulation............ccooeeuuiiiiiii e 96
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4.51 PSK, QAM and MSK Modulation

4.5.1.1 Error Model

cos(2pi*rt)
ed_l RF Nonlin. Modulated
Baseband Carrier Distor- RF Signal
Inputs e1_q sion
-sin{2pi*f*t+phi_q) o
H al H{T’
—a x x
Ny
irgg::::: Qua: dF Fra;:re 1IQ Offset Distorsion Noise

Fig. 4-51: Modelling Modulation Errors

The measured signal model for PSK, QAM and MSK modulation is shown in fig-
ure 4-51 and can be expressed as:

MEAS@)= g, - REF, (e, + j-(gg - REFy(t— )+ cp Yo/ ) e CTr o)t 4 yip)
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where:

REF,(t) and REF(t): the inphase and quadrature component of the reference signal
g, and gq: the effects of the gain imbalance

¢, and cq;: the effects of an 1/Q offset

&: the quadrature error

a: the amplitude droop

fo: the carrier frequency offset

@: the carrier phase offset

T: the timing offset

n(t): a disturbing additive noise process of unknown power

4.5.1.2 Estimation

The VSA application includes two synchronization stages. The first stage has already
been described in the context of the "Demodulation & Symbol Decisions" block (see
chapter 4.4.3, "Demodulation and Symbol Decisions", on page 89).

The second stage is realized within the "Synchronization" block. Here, the measurement
signal is matched to the reference signal by minimizing the mean square of the error
vector magnitude. This is done by selecting the optimum parameter vector #:

X=arg min{z IMEAS()- REF(, x}z}
* t

The minimization takes place at the sample instants specified by the Estimation Points/
Sym parameter, i.e.

t=n-Tg

with Tg: the sampling period used for estimation

Subsequently, the measurement signal is corrected with the determined parameter vec-
tor. Note that with a subset of the parameters, you can enable or disable correction (see
chapter 5.9.1, "Demodulation - Compensation", on page 172).

Estimation ranges
The "estimation ranges" are determined internally according to the signal description:

e For continuous signals, the estimation range corresponds to the entire result range,
since it can then be assumed that the signal consists of valid modulated symbols at
all time instants.

e For bursted signals, the estimation range corresponds to the overlapping area of the
detected burst and the "Result Range". Furthermore, the Run-In/Run-Out ranges
(see "Burst Settings" on page 132) are explicitly excluded from the estimation range.
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In the special case that the signal is indicated as a "burst signal”, but is so highly distorted
that the burst search cannot detect a burst, the estimation range corresponds to the pat-
tern and (if an offset of the pattern is indicated) the useful part of the burst from its start
to the pattern start.

4.5.1.3 Modulation Errors

Error vector (EV)

Q

I 9

Fig. 4-52: Modulation error: error vector

The error vector is the difference between the measurement signal vector (Meas vector)
and the reference signal vector (Ref vector).

Error Vector Magnitude (EVM)
]

F 3

Fig. 4-53: Modulation error: EVM, magnitude error, phase error
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The magnitude of the error vector in the diagram is specified as the error vector magnitude
(EVM). It is commonly normalized to the mean reference power. The EVM should not be
confused with the magnitude error, see below.

Magnitude Error

The magnitude error is defined as the difference between the measurement vector mag-
nitude and the reference vector magnitude (see figure 4-53).

Phase Error

Q,

—

Y
I

‘Emar Vector

< FPhase
7, )
o
& o
Phase Qe
fiesi .~ 3t

"
Fig. 4-54: Modulation error: Phase error, error vector phase

The phase error is the phase difference between the measurement vector and the ref-
erence vector.

PHASE _ERR(t)= PHASE yyy 45 (¢ - PHASE pr- (¢)

This measurement parameter is of great importance for MSK modulation measurements.

The phase error should not be confused with the error vector phase. The error vector
phase is the absolute phase of the error vector (see figure 4-54).

The effects of the different modulation errors in the transmitter on the result display of the
analyzer are described in the next topics. All diagrams show the equivalent, complex
baseband signal.

Modulation Error Ratio (MER)
The modulation error ratio (MER) is closely related to EVM:

MER =-20-log,((EVM)

where the EVM is normalized to the mean reference power.
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1/Q Offset (Origin Offset)

Quadratura

Fig. 4-55: Effect of an 1/Q or origin offset after demodulation and error compensation

The effect of an 1/Q offset in the transmitter is shown in figure 4-55.

The 1/Q offset can be compensated for if the corresponding option is selected in the
demodulation settings. In this case, the offset does not affect the EVM.

Example:

The following figures compare the results for a compensated 1/Q offset of 2.5% and a
non-compensated offset.

1/Q Offset compensated for 1/Q Offset NOT compensated for

A I/Q Const{Meas&Ref) A 1/Q Const(Meas8Ref)

Stop 2.52 ; Stop 2.52

Start 0 sym
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Gain Imbalance
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Fig. 4-56: Effect of gain imbalance

The gain difference in the | and Q channels during signal generation in the transmitter is
referred to as gain imbalance. The effect of this error on the constellation diagram and
the unit circle are shown in figure 4-56. In the example, the gain in the | channel is slightly
reduced which causes a distortion of coordinates in the | direction. The unit circle of the
ideal constellation points has an elliptic shape.

The gain imbalance can be compensated for if the corresponding option is selected in
the demodulation settings. In this case, the imbalance does not affect the EVM.

Note that the gain imbalance is not estimated (and cannot be compensated for) in a BPSK
signal.

@ Preconditions for Gain Imbalance and Quadrature Error measurements

The distortions "gain imbalance" and "quadrature error" can only be measured without
ambiguity, if the following two conditions are fullfilled:

e a pattern is detected
e the modulation is a non-differential, non-rotating QAM or PSK

Otherwise, only the measurement parameter "lI/Q Imbalance", which is a combination of
the gain imbalance and the quadrature error, is significant.

|
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Quadrature Error

A S

Quadrature

1
Inphasa

Fig. 4-57: Effect of Quadrature Error

The quadrature error is another modulation error which is shown in figure 4-57.

In this diagram, the | and Q components of the modulated carrier are of identical amplitude
but the phase between the two components deviates from 90°.

This error also distorts the coordinates. In the example in figure 4-57, the Q-axis is shifted.

Note that the quadrature error is not estimated (and cannot be compensated for) in a
BPSK signal.

1/Q Imbalance

The effect of quadrature error and gain imbalance are combined to form the error param-
eter 1/Q imbalance.

8 ~20-¢”|

B[lin] = ‘g1 +g, _ejB‘

where g, and gq are the gain of the inphase and the quadrature component and 6 rep-
resents the quadrature error.

The 1/Q imbalance can be compensated for if the corresponding option is selected in the
demodulation settings. In this case, the 1/Q imbalance does not affect the EVM.

Note that the I/Q imbalance is not estimated (and cannot be compensated for) in a BPSK
signal.
Amplitude Droop

The decrease of the signal power over time in the transmitter is referred to amplitude
droop.

e
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Fig. 4-58: Effect of amplitude droop

Gain Distortion

Table 4-17: Effect of nonlinear amplitude distortions

Nonlinear distortions: amplitude distortion (transmit- | Amplitude distortion (analyzer)
ter)
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The effect of nonlinear amplitude distortions on a 64QAM signal are illustrated in

table 4-17 (only the first quadrant is shown). The transfer function is level-dependent: the
highest effects occur at high input levels while low signal levels are hardly affected. The
signal is scaled in the analyzer so that the average square magnitude of the error vector
is minimized. The second column shows the signal after scaling.
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Table 4-18: Amplitude transfer functions

Amplitude transfer function (transmitter)

Amplitude transfer function (analyzer)

Aughiude Transki Fuachan {Tidns mdle]

Oulpul Power { Inpul Pawer qeg)
= = = = = = =
e o =] = i s a =
i
L L 1 1 1 L

=
&
-

i i i i i I i "
w oo% e . M0 ] b 4
gt Puwer i lag)

P
=

]

EBnplhede Imrekr Funchan [Aradyzer)

=] = = = =
=] = P - = =
o

=
-

Gutput P ower ! Input P ower (log)

N o o8 4 a2 o4 & 4
Iput Perees [log)

A logarithmic display of the amplitude transfer functions is shown in table 4-18. The ana-
lyzer trace is shifted against the transmitter trace by this scale factor.

Phase Distortion

Table 4-19: Effect of nonlinear phase distortions

Nonlinear distortions: phase distortion (transmitter)

Phase distortion (analyzer)
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The effect of nonlinear phase distortions on a 64QAM signal is illustrated in table 4-19
(only the first quadrant is shown). The transfer function is level-dependent: the highest
effects occur at high input levels while low signal levels are hardly affected. These effects
are caused, for instance, by saturation in the transmitter output stages. The signal is
scaled in the analyzer so that the average square magnitude of the error vector is mini-
mized. The second column shows the signal after scaling.

|
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Table 4-20: Phase transfer functions

Nonlinear distortions: phase distortion (transmitter) | Phase distortions (analyzer)
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A logarithmic display of the phase transfer functions is shown in table 4-20. The analyzer
trace is shifted by the phase described above as against the transmitter trace.

Noise

Noise ey ze)

Imagirary

Fig. 4-59: Additive noise

A 64QAM signal with additive noise is shown in figure 4-59 (only the first quadrant is
shown). The symbol decision thresholds are also shown.

The noise signal forms a "cloud" around the ideal symbol point in the constellation dia-
gram. Exceeding the symbol decision boundaries leads to wrong symbol decisions and
increases the bit error rate.

Similar displays are obtained in case of incorrect transmitter filter settings. When an
incorrect filter is selected, crosstalk occurs between neighbouring symbol decision points
instead of the ISI-free points. The effect increases the more the filtering deviates from
actual requirements.

|
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The two effects described cannot be distinguished in the Constellation I/Q diagram but
in statistical and spectral analyses of the error signal.

Channel (transmission) distortion

During transmission, disturbances in the transmission channel may cause distortions in
the input signal at the R&S FSW. Such influences are included in the EVM calculation.

However, if the ideal (reference) signal can be estimated with sufficent accuracy by the
R&S FSW (e.g. using the equalizer), the channel distortions can be compensated for and
deducted from the EVM.

FSK Modulation

Signal Model

Frequency shift keying (FSK) involves the encoding of information in the frequency of a
transmitted signal. As opposed to other modulation formats such as PSK and QAM, the
FSK process is a non-linear transformation of the transmitted data into the transmitted
waveform.

A sequence of symbols {s;} are modulated using a "frequency pulse" g(t) to form the

instantaneous frequency of the transmitted complex baseband waveform, denoted by
frer(t) and defined as:

fREF(t):h'ZSig(t_i'T)

where fg,,,=1/T is the symbol rate and h is a scaling factor, termed the modulation index.

The transmitted (or reference) FSK signal is formed by frequency modulation of the
instantaneous frequency:

REF(t)= eﬂ-”lfw Wl o

where @re£(t) denotes the phase of the transmitted waveform. In the VSA application a
continuous phase FSK signal is assumed, which is ensured by the integral in the expres-
sion for REF(t). A graphical depiction of the reference waveform generation is shown
below in figure 4-60.

(5.} Pagp ()

2 L S RER()

[0

Fig. 4-60: Reference complex baseband FSK signal generation
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Reference Deviation

The transmitted symbols {s;} are assumed to be chosen from a finite and real-valued
constellation of M values; {¢;, $,..., - The maximum absolute constellation point is
denoted by ¢ax- The maximum phase contribution of a data symbol is given by:

Priax =27 h-Gppux Ig(f)'dt

The reference deviation of the FSK signal is defined as:

1 o0
Ager = 2?}:[:')(], =?h'gMAX Ig(t)'dt

In the VSA application the frequency pulse filter is normalized such that:

| aydi=

The constellation for M FSK is assumed to be {#1, #3, ..., #(M-1)}, which implies ¢yax =

M-1. The expression for the reference deviation in terms of the modulation index is there-
fore given by:

1
A pr :E'h'(M_l)'fSymb

The above formula provides the necessary calculation for measurement of an FSK signal
with known symbol rate and modulation index.

Calculation examples:

The GSM standard describes the transmission of binary data using MSK (i.e. 2FSK)
modulation with a modulation index of h=1/2 at a symbol rate of 270.8333 KHz. The
reference deviation is therefore given by:

1 (1
Aer =7 (5) -(2-1)-(270.8333kHz )= 67.7083kHz
The APCO Project 25 standard (phase 2) defines a H-CPM signal (i.e. 4FSK) with a
modulation index of h=1/3 and a symbol rate of 6 KHz. The reference deviation is:

A wir :%G) -(4-1)-(6kHz)=3kHz

4.5.2.1 Error Model

The FSK measurement model used assumes that signal distortions in both the magnitude
and phase/frequency are present, as well as additive noise. The measured signal model
is expressed as:
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MEAS ()= Apysr € )¢+ n(¢)

with

n(t) is a disturbing additive noise process of unknown power,
Apist(t) is the distorted magnitude model and

¢S is the distorted phase model.

The magnitude model is given by:

Apisr (t): K-
with
K is a constant scaling factor which can be interpreted as the system gain and

a is the amplitude droop in Nepers per second.

The phase model is given by:
(pDIST(t):B'¢REF(I_T)+C‘I+%D~IZ +¢

with

B is a scaling factor which results in a reference deviation error,
C is a carrier frequency offset in radians per second,

D is a frequency drift in radians per second per second,

Tis a timing offset in seconds and

¢ is a phase offset in radians.

For the above phase model, an equivalent frequency distortion model may be expressed
as:

Soisr )= B free (=7 )+ fo+ [yt

with

B is the scaling factor which results in a reference deviation error,

f,=C/(2-m) is a carrier frequency offset in Hz,

fo=D/(2-1) is a frequency drift in Hz per second and

ris the timing offset in seconds.

The measured signal model in terms of the instantaneous frequency and all distortion

parameters is given by:

t
j2x| B f e =)t fyt+ V4 £

MEAS({)=K -¢ " -e/? e +n(r)

e
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Estimation

The estimation of the distortion parameters listed previously is performed separately for
the magnitude and phase/frequency distortions, as illustrated in figure 4-61. It is noted
that the estimation of the timing offset is performed only on the frequency of the signal,
as the reference magnitude is assumed to be constant over the estimation range. For
details on the estimation range, see "Estimation ranges" on page 97.

Compute
Reference
Waveform
""""""""""""""""" Faugeln) | Estimate:
Timing
Froauens eas 4w  Ref devition
! ’ Filter MEAS Carrier offset
Carrier drift
MEAS(n) _measured |
Signal
Compute Az (2 Esgg?:te:
Magnitude o, droop

Fig. 4-61: FSK Estimation Strategy

In figure 4-61 MEAS(n) denotes the sampled (complex baseband) measured signal
waveform. The magnitude samples are denoted Aea5(n), while the instantaneous fre-

quency samples of the measured and reference signals are denoted by fj,z45(n) and
free(n) respectively. The dashed outline of the "Meas Filter" block indicates that this
operation is optionally (de-) activated based on the corresponding user settings (see
"Type" on page 180 ).

For the estimation of the magnitude parameters, the following least-squares criterion is
minimized:

2
Cuta (K’ a): Z‘AMEAS (n)— K-eo"TE
n

with respect to the model parameters K and o, where Tz denotes the sampling period
used for estimation (see "Estimation Points/Sym" on page 177).

For estimation of the frequency parameters, the following least-squares criterion is mini-
mized:

CFREQ(B»anfdaT)zZ|fMEAS(")_[B’fREF(";T)+ Jo+ 1y 'n‘TE]z

with respect to the model parameters B, f,, f; and 7. The term denotes the reference
instantaneous frequency with a (possibly fractional) delay of samples.

e
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For FSK modulation the default sampling period used for estimation is the capture sam-
pling period.

4.5.2.3 Modulation Errors

A 2FSK signal is generated using a GMSK frequency pulse. Examples of carrier drift and
reference deviation are shown in figure 4-62 and figure 4-63, respectively.

Carrier frequency drift

A carrier frequency drift is modeled as a linear change in the carrier frequency with
respect to time. The effect of carrier drift on the instantaneous frequency of an FSK signal
is illustrated in figure 4-62.

Instantaneous Frequency (GMSK Modulation)

15 . | I ! |
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Fig. 4-62: The reference and distorted instantaneous frequency of a GMSK signal with a carrier fre-
quency drift

FSK deviation error

The FSK deviation error is the difference between the measured frequency deviation and
the reference frequency deviation as entered by the user (see "FSK Ref Deviation (FSK
only)" on page 129). The evidence of a deviation error in the instantaneous frequency
of an FSK signal is demonstrated in figure 4-63.
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Fig. 4-63: The reference and measured instantaneous frequency of a GMSK signal with reference devi-

ation error

4.6 Measurement Ranges

The VSA application contains three measurement ranges that need to be set by the user:

Capture Buffer Length

The length of the capture buffer specifies how many data points are captured during
a single VSA measurement.

For example, if you want to measure a bursted signal, it is recommended that you
make the capture length long enough to ensure that in each capture buffer at least
one entire burst is included.

Result Range

The result range defines the symbols from the capture buffer that are to be demodu-
lated and analyzed together.

For example, bursted signals have intervals between the bursts that are not of interest
when analyzing peaks or overshoots. Thus, the result range usually coincides with
the range of the capture buffer in which the burst is located.

Evaluation Range
The evaluation range defines the symbols from the result range that are to be included
in the evaluation of specific parameters, e.g. error vectors.
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For example, while you may want to display the ramps of a burst and thus include
them in the result range, they do not contribute to the error vectors or power levels.
Thus, you would not include them in the evaluation range.

Evaluation
Fange

Fezult Range

-l

o
-

T

Capture Length | |

Fig. 4-64: Schematic overview of Capture Length, Result Range, and Evaluation Range

The determined result and evaluation ranges are included in the result displays (where
useful) to visualize the basis of the displayed values and traces.

4.6.1 Result Range
The result range defines the symbols from the capture buffer that are to be demodulated
and analyzed together.

In some cases, the data in the capture buffer contains parts that are not relevant for the
evaluation task at hand. Thus, you can exclude them from the result range (see chap-
ter 5.8, "Result Range Configuration", on page 169).

Result range display

The result ranges are indicated by green bars along the time axis of the capture buffer
result diagrams.

C Mag{CapBuf)
T
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Fig. 4-65: Result ranges for a burst signal
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Result displays whose source is not the capture buffer are based on a single result range,
such as the "EVM vs. Time" display or the data in the "Current" column of the Result
Summary. In this case, you can use the capture buffer display to navigate through the
available result ranges (Select Result Rng softkey), and analyze the individual result
ranges in separate windows. The currently displayed result range is indicated by a blue
bar in the capture buffer display.

You can change the position of the result range quickly and easily by dragging the blue
bar representing the result range to a different position in the capture buffer.

Continuous and discrete result ranges

Depending on the type of signal and your result range definition, the result ranges may
be continuous or discrete. Bursted signals commonly have several discrete result ranges
at the bursts, with intervals during the noise periods which should not be included in the
results (see figure 4-65).

Continuous signals, on the other hand, have result ranges that cover the entire or a spe-
cific part of the capture buffer without intervals.

Fig. 4-66: Result ranges for a continuous signal

Result Range Length

The result range length is defined by the number of symbols that are to be demodulated.
All traces over time are displayed over the result range. For example, if you have a burst
of 100 symbols and you define the result length as 200 symbols, you can examine the
burst ramps in detail (by selecting the alignment "Burst - Center").

The maximum result length depends on the CPU board (indicated in "SETUP > System
Info > Hardware Info"):

FMR-7: 10000 symbols
FMR-9: 20000 symbols

Result Range Alignment

By defining the number of the symbol which marks the beginning of the alignment refer-
ence source (burst, capture buffer or pattern), you can define an offset of the x-axis (in
addition to the one defined for the signal structure, see "Offset" on page 133).
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For example, if you align the result to the center of the pattern and set the "Symbol Num-
ber at Pattern Start" to "0", you can easily find the pattern start in the EVM measurement
simply by moving a marker to the symbol number "0".

ON When you define the "Symbol Number at <Reference> Start" remember to take the offset

/ defined for the signal structure into consideration (see "Offset" on page 133). If you define

~ an offset of the pattern with respect to the useful part of the burst in the signal description

and align the result to the pattern, the "Symbol Number at Pattern Start" refers to the first
symbol of the useful part of the burst, not the first symbol of the pattern.

Run-In / Run-Out Time

The parameter Run-In/-Out can be used to influence the range over which the EVM is
minimized. The (internal) synchronization range is the overlapping area of the result
range and the burst excluding its Run-In/-Out areas. Hence, this parameter also allows
for demodulation of bursts with mixed modulations, e.g. Bluetooth, because it can be
used to explicitely exclude symbols from influencing the synchronization.

Useful length

The burst excluding its Run-In/-Out areas is sometimes referrred to as the "useful part".
The minimum length of the useful part (= Min Length - Run-In - Run-Out) must be 210.

4.6.2 Evaluation Range

In some scenarios, the result range contains symbols that are not supposed to be con-
sidered for the EVM or other calculated parameters that are displayed in the Result Sum-
mary.

For example, while you may want to display the ramps of a burst and thus include them
in the result range, they do not contribute to the error vectors or power levels. Thus, you
would not include them in the evaluation range. (See also chapter 8.3.4, "Evaluating the
Rising and Falling Edges", on page 233).

The evaluation range is always equal to or smaller than the result range and defines:

e The range over which traces that do not have a time axis are displayed, e.g. polar
diagrams

e The range over which the following parameters are calculated for the Result Sum-
mary: EVM, MER, Phase Error, Magnitude Error, Power
Evaluation range display

In all displays over time, except for capture buffer displays, the evaluation range is indi-
cated by red lines.

e
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Fig. 4-67: Evaluation lines in absolute magnitude diagram

In symbol tables, the evaluated symbols are indicated by red square brackets.

>[04 00|
[oo[ 09

oo] 12

In other result displays that are based on the evaluation range only, two red vertical lines
are displayed in the diagram header to indicate a limited evaluation basis.

B Result Summary

4.7 Display Points vs Estimation Points per Symbol

Estimation points per symbol

During synchronization, the measurement signal is matched to the reference signal and
various signal parameters are calculated, as well as the optional equalizer. You can
define how many sample points are used for this calculation at each symbol. Typically,
this is one point per symbol (= symbol rate) or a factor of 4 (= sample rate).

Display points per symbol

The number of points per symbol used for calculation may vary from the number of points
used to display the results of the calculation. If more points per symbol are selected than
the defined sample rate, the additional points are interpolated for the display. The more
points are displayed per symbol, the more detailed the trace becomes, as illustrated in
figure 4-68.

[
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Fig. 4-68: Result display with different numbers of points per symbol: window A = 1; window B = 2;
window C = 4; window D = 16;

ON\ The displayed points per symbol also determine how many values are returned when the
/ trace data is queried by a remote command (see TRACe<n>[:DATA] on page 363).

For results based on the capture buffer, one display point is displayed for each sample
taken, i.e. the display points per symbol are always identical to the sample rate.

For the "Result Summary", the number of display points corresponds to the estimation
points per symbol. (By default, 1 for QAM and PSK modulated signals and the sample
rate for MSK and FSK modulated signals.) This value also controls which samples are
considered for the peak and RMS values and the power result.

For all other result displays, the default number of displayed points per symbol is identical
to the sample rate.

4.8 Known Data Files - Dependencies and Restrictions

For various vector signal analysis functions the measured signal is compared to a defined
ideal reference signal. The more precise the reference signal, the more precise the results
become. In the best case, the possible data sequences within the signal to analyze are
known in advance and can be used to compare the measured data to. This is similar to
defining a pattern for the entire result range. Thus, a falsely estimated reference signal
(due to false symbol decisions) is avoided and does not influence the error calculation.

You can load xml files containing the possible sequences to the VSA application and use
them to compare the measured data to. In particular, you can use known data for the
following functions:

e
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® Fine synchronization during the demodulation process (see figure 4-43 and "Fine
Synchronization" on page 178)

e Calculation of the Bit Error Rate (BER), see chapter 3.2.23, "Bit Error Rate (BER)",
on page 42

For details on working with Known Data files see chapter 7.2.3, "How to Manage Known
Data Files", on page 208.

The syntax for Known Data files is described in chapter A.4, "Known Data File Syntax
Description”, on page 408.

When you use Known Data files as a reference, some dependencies to other settings
and restrictions for other functions apply.

Modulation Order

The "Modulation Order" selected in the "Modulation" settings in the VSA application must
correspond to the modulation order value specified in the xml file (<ModulationOrder>
element).

Demodulation

Demodulation using synchronization to the Known Data may increase the measurement
duration, as each detected symbol must be compared to each possible sequence in the
data file.

Result Length

The "Result Length" specified in the "Result Range" dialog box in the VSA application
must be identical to the length of the specified symbol sequences in the xml file (<Result-
Length> element).

Result Range Alignment

e Bursted signals
When you align the result range to a bursted signal, due to the uncertainty of the burst
search, the determined result range might start up to 2 symbols before or after the
actual burst. However, an offset of only one symbol has the effect that none of the
predefined symbol sequences in the Known Data file will be found. To avoid this, try
one of the following:
— Align the result range to a pattern instead of the burst.

— Use a precise external trigger and align the result range to the capture buffer.
This requires a very precise trigger timing, otherwise the result range start may
be incorrect again.

e Continuous signals
For continuous signals without a pattern, the result range is aligned randomly. Thus,
a very large number of possible sequences must be predefined.
Use a precise external trigger and align the result range to the capture buffer. This
requires a very precise trigger timing, otherwise the result range start may be incorrect
again.

e
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4.9 VSA in MSRA Operating Mode

The R&S FSW VSA application can also be used to analyze data in MSRA operating
mode.

In MSRA operating mode, only the MSRA Master actually captures data; the MSRA
applications receive an extract of the captured data for analysis, referred to as the appli-
cation data. For the R&S FSW VSA application in MSRA operating mode, the application
data range is defined by the same settings used to define the signal capture in Signal
and Spectrum Analyzer mode. In addition, a capture offset can be defined, i.e. an offset
from the start of the captured data to the start of the application data for vector signal
analysis. The "Capture Buffer" displays show the application data of the VSA application
in MSRA mode.

Data coverage for each active application

Generally, if a signal contains multiple data channels for multiple standards, separate
applications are used to analyze each data channel. Thus, it is of interest to know which
application is analyzing which data channel. The MSRA Master display indicates the data
covered by each application, restricted to the channel bandwidth used by the corre-
sponding standard, by vertical blue lines labeled with the application name. Since the
VSA application supports several standards and the standard used by the currently ana-
lyzed data is not known, the "Symbol Rate" defined in the "Signal Description" settings
is used to approximate the channel bandwidth.

Analysis interval

However, the individual result displays of the application need not analyze the complete
data range. The data range that is actually analyzed by the individual result display is
referred to as the analysis interval.

In the R&S FSW VSA application the analysis interval is automatically determined
according to the evaluation range or result range settings, as in Signal and Spectrum
Analyzer mode. The currently used analysis interval (in seconds, related to capture buffer
start) is indicated in the window header for each result display.

N\ Exception: Equalizer
/' In the "Equalizer" displays do not indicate the analysis interval in MSRA mode.

For details on the MSRA operating mode see the R&S FSW MSRA User Manual.
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Using the VSA application you can perform vector signal analysis measurements using
predefined standard setting files, or independently of digital standards using user-defined
measurement settings. Such settings can be stored for recurrent use.

Thus, configuring VSA measurements requires one of the following tasks:

e Selecting an existing standard settings file and, if necessary, adapting the measure-
ment settings to your specific requirements.

e Configuring the measurement settings and, if necessary, storing the settings in afile.

VSA application

VSA measurements require a special application on the R&S FSW, which you activate
using the MODE key on the front panel.

When you switch the application of a measurement channel to VSA the first time, a set
of parameters is passed on from the currently active application (see chapter 5.1, "Default
Settings for Vector Signal Analysis", on page 120). After initial setup, the parameters for
the measurement channel are stored upon exiting and restored upon re-entering the
channel. Thus, you can switch between applications quickly and easily.

When you activate a measurement channel for the VSA application, a VSA measurement
for the input signal is started automatically with the default configuration. The "VSA" menu
is displayed and provides access to the most important configuration functions.

@ Automatic refresh of preview and visualization in dialog boxes after configuration
changes

The R&S FSW supports you in finding the correct measurement settings quickly and
easily - after each change in settings in dialog boxes, the preview and visualization areas
are updated immediately and automatically to reflect the changes. Thus, you can see if
the setting is appropriate or not before accepting the changes.

Importing and Exporting 1/Q Data

The 1/Q data to be evaluated in VSA can not only be measured by the VSA application
itself, it can also be imported to the application, provided it has the correct format. Fur-
thermore, the evaluated 1/Q data from the VSA application can be exported for further
analysis in external applications.

The import and export functions are available in the "Save/Recall" menu which is dis-

played when you select the [E1 "Save" or I "Open" icon in the toolbar.

For details on importing and exporting 1/Q data see the R&S FSW User Manual.

e Default Settings for Vector Signal Analysis...........ooovviiiiiiiiiciciiiieeeeeeeceeeeeeee, 120
e Configuration According to Digital Standards...........coooiiiii 121
e  Configuration OVEIVIEW........coi et e e e e e e e e e e ee e 123
®  SigNal DESCIIPON. ... ittt 126
e Input and Frontend Settings.......cccccviiiiiiiiiiii e 134

e
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Default Settings for Vector Signal Analysis
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e Result Range Configuration............cooiiiiiiiiiiiiie e 169
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o Measurement Filter SettiNgS. ... .. e e 179
e Evaluation Range Configuration............oooiiiiiiiieeeeeeeeeeeee e 181
o Adjusting Settings Automatically.........cccuueeiiiiiiiiieii e 183

Default Settings for Vector Signal Analysis

When you switch the application of a measurement channel to VSA the first time, a set
of parameters is passed on from the currently active application:

e center frequency and frequency offset

e reference level and reference level offset

e attenuation

e signal source and digital I/Q input settings

e input coupling
e YIG filter state

After initial setup, the parameters for the measurement channel are stored upon exiting
and restored upon re-entering the channel. Thus, you can switch between applications

quickly and easily.

Apart from these settings, the following default settings are activated directly after a
measurement channel has been set to VSA, or after a Preset Channel:

Table 5-1: Default settings for VSA channels

Parameter Value

Digital standard 3G_WCDMA

Sweep mode CONTINUOUS

Trigger settings FREE RUN

Trigger offset 0

Modulation QPSK, WCDMA mapping

Transmit filter

RRC, a=0.22

Measurement filter

= Transmit filter

Signal type Continuous, no pattern
Symbol rate 3.84 MHz
Sample rate 4* Symbol rate (=15.36 MHz)

Capture length

8000 symbols

Usable I/Q Bandwidth

12.228 MHz

Result length

800 symbols

|
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Parameter Value

Result Range alignment Left at capture buffer start

Evaluation range Entire result range

Demodulation Compensation for 1/Q offset and amplitude droop

Estimation points per symbol: auto (1)

Evaluations Window 1: Constellation 1/Q (Meas & Ref)
Window 2: Result Summary

Window 3: Magnitude absolute (Capture buffer)
Window 4: Symbol table (hexadecimal)

Display points per symbol = Sample rate (4)

Apart from the "Preset Channel" function (see "Preset Channel" on page 125), the fol-
lowing functions are available to restore factory settings to the VSA application (via soft-
keys in the MEAS menu):

Restore Factory SettiNgS.......uuuuuuiciieieii s 121
L REStOre StANAIA FlES. .. eeeeeeeeeeeee ettt eee e e e e een e e e 121
L RESIOrE PatterN FlES. .. e eeeeeeeeeeeeeee et ee e een e 121

Restore Factory Settings
Opens a submenu that allows you to restore all standards and pattern settings on the
instrument to the values predefined by Rohde & Schwarz available at the time of delivery.

Restore Standard Files — Restore Factory Settings
Restores the standards predefined by Rohde & Schwarz available at the time of delivery.

Note that this function will overwrite customized standards that have the same name as
predefined standards.

SCPI command:
[SENSe: ] DDEMod:FACTory [ :VALue] on page 265

Restore Pattern Files — Restore Factory Settings
Restores the pattern files predefined by Rohde&Schwarz available at the time of delivery.

SCPI command:
[SENSe: ] DDEMod:FACTory [ : VALue] on page 265

Configuration According to Digital Standards

Various predefined settings files for common digital standards are provided for use with
the VSA application. In addition, you can create your own settings files for user-specific
measurements.

For an overview of predefined standards and settings see chapter A.1, "Predefined
Standards and Settings", on page 398. For detailed instructions see chapter 7.1, "How
to Perform VSA According to Digital Standards", on page 201

e
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Configuration According to Digital Standards

Digital standard settings are available via the "Digital Standards" softkey in the MEAS

menu.

Digital StANAArAS. .....cciiiiiiiieie e 122
L Selecting the Storage Location - Drive/ Path/ Files.........ccccceviviieeeeeseeseeen. 122
o N L= YT L= TR 122
o 1 T3 N =Y =Y 122
L G OMIMENL ettt et e et et e e e e et et e e e eeeee et eeeeaeeeeneenes 122
L L0ad STANAAI. ...ttt ee s 122
O A LY 1 2= 210 = Ly IR OSSR 123
S A LY 2= 210 = 5o IR 123
L Delete StANTAI. ... .ceeeeeeeeeeeeeeeeeee e ee et e e eeee et ee e et et ereese et ereereeeeeeereenenes 123
L REStOre StaNAard FlES....cveueeeeeeeeeeeeeeee et seeeeee et e aeee et et eeeeeseeeeeeeeresreeeenes 123

Digital Standards
Opens a file selection dialog to manage predefined measurement settings for conven-
tional mobile radio standards.

Selecting the Storage Location - Drive/ Path/ Files < Digital Standards
Select the storage location of the settings file on the instrument or an external drive.

The "Drive" indicates the internal (C:) or any connected external drives (e.g. a USB stor-
age device).

The "Path" contains the drive and the complete file path to the currently selected folder.
The "Files" list contains all subfolders and files of the currently selected path.

The default storage location for the standards files is: C: /FSW/vsa/Standards or (for
user-defined standards) C: /FSW/user/vsa/Standards.

New Folder — Digital Standards
Creates a new folder in the file system in which you can save the settings file.

File Name < Digital Standards
Contain the name of the data file without the path or extension.

By default, the name of a settings file consists of a base name followed by an underscore.
Multiple files with the same base name are extended by three numbers, e.g.

limit lines 005.

For details on the file name and location see the "Data Management" topic in the R&S
FSW User Manual.

Comment — Digital Standards
An optional description for the data file. A maximum of 60 characters can be displayed.

SCPI command:
[SENSe: ] DDEMod: STANdard:COMMent on page 266

Load Standard — Digital Standards
Loads the selected measurement settings file.
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Note: When you load a standard, the usage of a known data file, if available, is auto-
matically deactivated.

SCPI command:
[SENSe: ] DDEMod:PRESet [ : STANdard] on page 265

Save Standard < Digital Standards
Saves the current measurement settings for a specific standard as a file with the defined
name.

SCPI command:
[SENSe: ] DDEMod: STANdard: SAVE on page 267

Save Standard < Digital Standards
Saves the current measurement settings for a specific standard as a file with the defined
name.

SCPI command:
[SENSe: ] DDEMod: STANdard: SAVE on page 267

Delete Standard < Digital Standards
Deletes the selected standard. Standards predefined by Rohde & Schwarz can also be
deleted. A confirmation query is displayed to avoid unintentional deletion of the standard.

Note: Restoring predefined standard files. The standards predefined by Rohde &
Schwarz available at the time of delivery can be restored using the "Restore Stand-
ards" softkey.

(See "Restore Standard Files" on page 121).

SCPI command:
[SENSe: ] DDEMod:STANdard:DELete on page 266

Restore Standard Files <— Digital Standards
Restores the standards predefined by Rohde & Schwarz available at the time of delivery.

Note that this function will overwrite customized standards that have the same name as
predefined standards.

SCPI command:
[SENSe: ] DDEMod:FACTory [ : VALue] on page 265

Configuration Overview

Throughout the measurement channel configuration, an overview of the most important
currently defined settings is provided in the "Overview". The "Overview" is displayed when
you select the "Overview" icon, which is available at the bottom of all softkey menus.

e
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Maas Filter Start/ Stop
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In addition to the main measurement settings, the "Overview" provides quick access to
the main settings dialog boxes. The individual configuration steps are displayed in the
order of the data flow. Thus, you can easily configure an entire measurement channel
from input over processing to output and analysis by stepping through the dialog boxes
as indicated in the "Overview".

In particular, the "Overview" provides quick access to the following configuration dialog
boxes (listed in the recommended order of processing):

1.

Signal Description
See chapter 5.4, "Signal Description", on page 126

Input and Frontend Settings
See chapter 5.5, "Input and Frontend Settings”, on page 134

Signal Capture (including Triggering)
See chapter 5.6, "Signal Capture", on page 151

Burst/Pattern Configuration
See chapter 5.7, "Burst and Pattern Configuration”, on page 160

Result Range Definition
See chapter 5.8, "Result Range Configuration”, on page 169

Demodulation Settings
See chapter 5.9, "Demodulation Settings", on page 171

Measurement Filter Settings
See chapter 5.10, "Measurement Filter Settings", on page 179

Evaluation Range Definition
See chapter 5.11, "Evaluation Range Configuration", on page 181

Display Configuration
The "Display Config" button is only available in the general overview, not in the win-
dow-specific overview (see "Specifics for" on page 125).
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See chapter 6.5, "Display and Window Configuration”, on page 196

10. Analysis
See chapter 6, "Analysis", on page 185

To configure settings

» Select any button in the "Overview" to open the corresponding dialog box.
Select a setting in the channel bar (at the top of the measurement channel tab) to
change a specific setting.

For step-by-step instructions on configuring VSA measurements, see chapter 7, "How to
Perform Vector Signal Analysis", on page 201.

Preset Channel
Select the "Preset Channel" button in the lower lefthand corner of the "Overview" to
restore all measurement settings in the current channel to their default values.

Note that the PRESET key on the front panel restores all measurements in all mea-
surement channels on the R&S FSW to their default values!

See chapter 5.1, "Default Settings for Vector Signal Analysis", on page 120 for details.

SCPI command:
SYSTem:PRESet :CHANnel [ :EXECute] on page 264

Specifics for

The measurement channel may contain several windows for different results. Thus, the
settings indicated in the "Overview" and configured in the dialog boxes vary depending
on the selected window.

Select an active window from the "Specifics for" selection list that is displayed in the
"Overview" and in all window-specific configuration dialog boxes.

Enable the "Specifics for" option.

The "Overview" and dialog boxes are updated to indicate the settings for the selected
window.

The indicated data flow is updated for the selected data source.

If the "Specifics for" option is not enabled, the overview displays the default data flow and
the general settings independantly of the selected window.

Note: The "Display Config" button is only available in the general overview, not in the
window-specific overview.

Digital Standards

Opens a file selection dialog to manage predefined measurement settings for conven-
tional mobile radio standards. See chapter 5.2, "Configuration According to Digital Stand-
ards", on page 121

e
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5.4 Signal Description

The signal description provides information on the expected input signal, which optimizes
burst and pattern detection and allows for the application to calculate an ideal reference
signal. The signal description consists of information on the used modulation and on the
signal's structure.

I Y (oY [U] P=\ 1o R 126
L IS 1 o g =T IR 4 UL U = 130
I (0101 o T B 7= | ¢ T 133

5.4.1 Modulation

The "Modulation" settings contain modulation and transmit filter settings. A live preview
of the Constellation 1/Q trace using the currently defined settings is displayed at the bot-
tom of the dialog box to visualize the changes to the settings. The preview area is not
editable directly.

The modulation settings vary depending on the selected modulation type; in particular,
FSK modulation provides some additional settings.

The "Modulation" settings are displayed when you select the "Signal Description" button
in the "Overview" or the "Signal Description" softkey in the main VSA menu.

User Manual 1173.9292.02 — 04 126



R&S®FSW-K70 Configuration

Signal Description

Modulation Signal Structure Known Data

Modulation Settings
Type
Order

Mapping

FSK Ref Deviation | MUESE

Symbol Rate [3.84 MHz

Transmit Filter

Type

Alpha/BT

Preview

Preview Constellation Freq(Meas&Ref)

Start -30.758 MHz Stop 30.758 MHz

Fig. 5-1: Signal modulation settings for FSK modulation
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FSK Ref Deviation (FSK ONIY)...uuuuuiiiieie i e e e e s 129
1V oTo [UTE=TuToT ALY, = o] o] T R 129
SYMDOI RAE.....coiiieii e e s e e 129
TranSMIt FIlter TyYPe. e e 130
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Modulation Type
Defines the modulation type of the vector signal. The following types are available:

e PSK
MSK
QAM

|
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Signal Description

FSK

ASK

APSK

User Modulation

Uses the selected user-defined modulation loaded from a file.

For more information on these modulation types see chapter 4.3, "Symbol Mapping",
on page 63.

SCPI command:

[SENSe: ] DDEMod:FORMat on page 270

Load User Modulation — Modulation Type
This function is only available if the modulation type "User Modulation" is selected.

Opens a file selection dialog box to select the file that contains the user-defined modu-
lation (* . vam file).
For details on user-defined modulation files see chapter 4.3.11, "User-defined Modula-
tion", on page 83.

SCPI command:
SENS :DDEM:FORM UQAM (see [SENSe:]DDEMod:FORMat on page 270)
[SENSe: ] DDEMod:USER: NAME on page 275

Modulation Order
Depending on the Modulation Type, various orders of modulation are available:

Type Available orders

PSK BPSK 3Pi/4-QPSK Pi/8-D8PSK
QPSK 8PSK DQPSK
Offset QPSK 3Pi/8-8PSK Pi/4-DQPSK
Pi/4-QPSK D8PSK

MSK MSK DMSK

QAM 16QAM -Pi/4-32QAM 256QAM
Pi/4-16QAM 64QAM 512QAM
32QAM 128QAM 1024QAM

FSK 2FSK 4FSK 8FSK
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Type Available orders
ASK 2ASK 4ASK
APSK 16APSK 32APSK

SCPI command:

PSK:

[SENSe: ] DDEMod: PSK:FORMat on page 272
[SENSe: ] DDEMod:PSK:NSTate on page 272
[SENSe: ] DDEMod:QPSK: FORMat on page 273
MSK: [SENSe: ] DDEMod:MSK: FORMat on page 271
QAM:

[SENSe: ] DDEMod:QAM: FORMat on page 272
[SENSe: ] DDEMod:QAM:NSTate on page 273

FSK: [SENSe:]DDEMod:FSK:NSTate on page 270
ASK: [SENSe: ] DDEMod:ASK:NSTate on page 269
APSK: [SENSe: ] DDEMod:APSK:NSTate on page 269

FSK Ref Deviation (FSK only)
The FSK Reference Deviation sets the deviation to the reference frequency.

In case of 2FSK, it indicates the distance from the reference frequency to the positive /
negative deviation frequency and in case of 4FSK, the distance to the outer positive/
negative deviation frequency.

To set the deviation as a multiple of the symbol rate (x*SR), select "Relative" mode. To
set the deviation as an absolute value in Hz, select "Absolute" mode.

Note that this parameter is available only for FSK modulated signals.
SCPI command:

CALCulate<n>:FSK:DEViation:REFerence[:VALue] on page 268
CALCulate<n>:FSK:DEViation:REFerence:RELative on page 268

Modulation Mapping
The available mapping types depend on the Modulation Type and Modulation Order.

For more information on the modulation mapping, refer to chapter 4.3, "Symbol Map-
ping", on page 63

SCPI command:

[SENSe: ] DDEMod:MAPPing [ :VALue] on page 271

[SENSe: ] DDEMod:MAPPing:CATalog? on page 271

Symbol Rate
The symbol rate also determines the 1/Q bandwidth of the data recording and demodu-
lation. You can change the default rate by entering a value in Hz.

e
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Signal Description

The minimum symbol rate is 25 Hz. The maximum symbol rate depends on the defined
Sample Rate (see chapter 4.2, "Sample Rate, Symbol Rate and 1/Q Bandwidth",

on page 57).

SCPI command:

[SENSe: ] DDEMod: SRATe on page 274

Transmit Filter Type
Defines the type of transmit filter

An overview of available transmit filters is provided in chapter A.2.1, "Transmit Filters",
on page 404.

For more information on transmit filters see chapter 4.1.3, "Modulation and Demodulation
Filters", on page 52.

SCPI command:

[SENSe: ] DDEMod:TFILter : NAME on page 275

To define the name of the transmit filter to be used.
[SENSe: ] DDEMod:TFILter [:STATe] on page 275
To switch off the transmit filter.

[SENSe: ] DDEMod:TFILter : USER On page 275

To select a user-defined filter.

Load User Filter — Transmit Filter Type

Opens a file-selection dialog box to select the user-defined transmit filter to be used.
Note: If a user-defined transmit filter is selected and the measurement filter is defined
automatically (see "Using the Transmit Filter as a Measurement Filter (Auto)"

on page 180), a Low-ISI measurement filter according to the selected user filter is cal-
culated and used.

For details see chapter 4.1.5, "Customized Filters", on page 55.

For detailed instructions on working with user-defined filters see chapter 7.2.1, "How to
Select User-Defined Filters", on page 204.

SCPI command:

[SENSe: ] DDEMod:TFILter : USER on page 275

[SENSe: ] DDEMod:TFILter : NAME on page 275

Alpha/BT
Defines the roll-off factor (Alpha) or the filter bandwidth (BT).

The roll-off factor and filter bandwidth for transmit filter is available for RC, RRC, Gauss
and GMSK filter.

SCPI command:
[SENSe: ] DDEMod: TFILter : ALPHa on page 274

Signal Structure

The "Signal Structure" settings describe the expected input signal and determine which
settings are available for configuration. You can define a pattern to which the instrument
can be synchronized, thus adapting the result range.
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Signal Description

A visualization of the currently defined signal structure is displayed at the bottom of the
dialog box.

The "Signal Structure" settings are displayed when you select the "Signal Description”
button in the "Overview" or the "Signal Description" softkey in the main VSA menu and
then switch to the "Signal Structure" tab.

Modulation Signal Structure Known Data

Signal Type

([ Continuous signal )

Burst

Min Length = 546.462 ps

Max Length = 546.462 ps

Run-In 3 sym = 11.077 ps

Run-Out [3 sym ] =11.077 ps

Pattern
Name EDGE_TSCO =
Offset [58 sym ] = 214.154 ps

Description

iBurst Length ¢

| pattern ISR

ST o= I Y o 1= TP PP PP PPUTTOPPIPPPPP 132
BUISE SEHINGS. ..ceiiiiiiee e 132
L Min Length / Max LENGHN........coveveeeeeeeeeeeeeeeeeeee et ees e ee s eeeen e 132
O U4 [ VOO 132
L RUN=OULL ottt ettt 132
Pattern Settings......ooo i 132
L NBIME. ettt 132
L Pattern CONfIQUrAtioN..........c.cceveveveeeeeeeeeeeeeeeeeeeeeeeeesesesseeasassssseasasassnaseeaeseeees 132
L OffSEE. vttt ettt bbbttt 133
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Signal Type
Determines whether the signal is continuous or contains bursts.

SCPI command:
[SENSe:]DDEMod:SIGNal [ :VALue] on page 278

Burst Settings
For bursts, further settings are available.

Min Length / Max Length — Burst Settings
Shortest and longest expected burst length in symbols (£15000). The symbols are con-
verted to seconds for reference.

SCPI command:
[SENSe: ] DDEMod: SEARch:BURSt : LENGth : MAXimum on page 276
[SENSe: ] DDEMod: SEARch:BURSt : LENGth [ :MINimum] on page 276

Run-In — Burst Settings
The number of symbols before the signal is assumed to have valid modulated symbols.

The symbols are converted to seconds for reference.

SCPI command:
[SENSe: ] DDEMod: SEARch : BURSt : SKIP:RISing on page 277

Run-Out — Burst Settings
The number of symbols before the falling edge that do not necessarily need to have a
valid modulation.

The symbols are converted to seconds for reference.

SCPI command:
[SENSe: ] DDEMod: SEARch:BURSt : SKIP:FALLing on page 277

Pattern Settings
If the signal is expected to have a specific pattern, enable the "Pattern" option to define
the pattern settings.

Note: The pattern search itself must be enabled separately in the "Pattern Search Set-
tings", see "Enabling Pattern Searches" on page 163. By default, the pattern search is
active if the signal description contains a pattern.

Name — Pattern Settings
Specifies the pattern name from the list of defined patterns. You can also configure new
patterns, see chapter 5.7.3, "Pattern Configuration", on page 164.

SCPI command:
[SENSe: ] DDEMod:SIGNal:PATTern on page 278

Pattern Configuration < Pattern Settings
Displays the "Pattern Configuration" dialog box (see chapter 5.7.3, "Pattern Configura-
tion", on page 164).

e
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Offset < Pattern Settings

The offset of the pattern is defined with respect to the start of the useful part of the burst
(see "Useful length" on page 114). If the position of the pattern within the burst is known,
it is recommended that you define the offset. That will accelerate the pattern search and
enhance the accuracy of the burst search.

SCPI command:
[SENSe: ] DDEMod: STANdard:SYNC:OFFSet:STATe on page 278
[SENSe: ] DDEMod:STANdard: SYNC:OFFSet [ :VALue] on page 278

Known Data

The "Known Data" settings allow you to load a file that describes the possible data
sequences in the input signal (see chapter 7.2.3, "How to Manage Known Data Files",
on page 208).

Additional information provided by the loaded file is displayed at the bottom of the dialog
box. This information is not editable directly.

The "Known Data" settings are displayed when you select the "Signal Description" button
in the "Overview" or the "Signal Description" softkey in the main VSA menu and then
switch to the "Known Data" tab.

" Modulation & Signal Description

Known Data is needed for the BER measurement
and can be used for fine synchronization (see "Demodulation” dialog)

|U Known Data

Filename: KnownData_example.xml Load Data File]

Additional Information

Reszult Length: 148

Mumber of Sequences: 5

Modulation Order: 8

Base: Hexadecimal

Comment: Standard EDGE_8PSK
KNOWN DAta. et e e et e e e e rbb e e e e aneas 134
Load Data File.......coceieeeeeeeeee et 134
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5.5.1

5.5.11

Input and Frontend Settings

Known Data

Activates or deactivates the use of the loaded data file (if available). When deactivated,
the additional information from the previously loaded data file is removed. Any references
to the known data in the "Demodulation” dialog box are replaced by the default parameter
values (see chapter 5.9.2, "Advanced Demodulation (Synchronization)", on page 175).

Note: When a standard is loaded, the use of a Known Data file is automatically deacti-
vated.

SCPI command:
[SENSe: ] DDEMod:KDATa: STATe on page 318

Load Data File

If Known Data is activated, this function displays a file selection dialog box to select the
xml file that contains the known data. Once a file has been selected, any additional infor-
mation provided by the file is displayed at the bottom of the dialog box.

SCPI command:
[SENSe: ] DDEMod:KDATa [ : NAME] on page 318

Input and Frontend Settings

The R&S FSW can evaluate signals from different input sources and provide various
types of output (such as noise or trigger signals).

The frequency and amplitude settings represent the "frontend" of the measurement
setup.

L I [ 0T 01U A= 11 o [ 134
L I o o] 01 (=Y g To IR 7= 1 o [ 138
L I (Yo [ 1= o[y VRS 1= ] o 141
e Amplitude and Vertical Axis Configuration..........cccceeieiiiiiiiiieiiicccciee e, 143
Input Settings

Input settings can be configured via the INPUT/OUTPUT key, in the "Input" dialog box.
Some settings are also available in the "Amplitude" tab of the "Amplitude" dialog box.

o Radio Frequency INPUL.......coi e 134
o Digital I/Q INpUt SEtlNGS..cuiiiiiiiiiiiiiiiecec e 136

Radio Frequency Input

The default input source for the R&S FSW is the radio frequency. If no additional options
are installed, this is the only available input source.

e
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Input and Frontend Settings

Frequency

- Input Couplir
Digital 1Q st

High Pass Filter 1..3 GHz

YIG-Presclector

Preamplifier

Preview

Presiew Spectiuml Reallmag CapBufl)

i e e s e e b e

Start -7 .Gk

Radio FrequenCy STate.........uuiiiiiiiiii e 135
10T 010 87 010 o] 11 s e T 135
High-Pass Filter 1...3 GHz.......coorie e e e 135
(R o (=TT [T (o) PR 136
Preamplifier (Option B24)..... .o 136

Radio Frequency State
Activates input from the RF INPUT connector.

SCPI command:
INPut:SELect on page 280

Input Coupling

The RF input of the R&S FSW can be coupled by alternating current (AC) or direct current
(DC).

This function is not available for input from the Digital Baseband Interface (R&S FSW-
B17).

AC coupling blocks any DC voltage from the input signal. This is the default setting to

prevent damage to the instrument. Very low frequencies in the input signal may be dis-
torted.

However, some specifications require DC coupling. In this case, you must protect the
instrument from damaging DC input voltages manually. For details, refer to the data
sheet.

SCPI command:
INPut:COUPling on page 279

High-Pass Filter 1...3 GHz

Activates an additional internal high-pass filter for RF input signals from 1 GHz to 3 GHz.
This filter is used to remove the harmonics of the R&S FSW in order to measure the
harmonics for a DUT, for example.

e
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This function requires option R&S FSW-B13.

(Note: for RF input signals outside the specified range, the high-pass filter has no effect.
For signals with a frequency of approximately 4 GHz upwards, the harmonics are sup-
pressed sufficiently by the YIG filter.)

SCPI command:
INPut:FILTer:HPASs[:STATe] on page 280

YIG-Preselector
Activates or deactivates the YIG-preselector.

An internal YIG-preselector at the input of the R&S FSW ensures that image frequencies
are rejected. However, this is only possible for a restricted bandwidth. In order to use the
maximum bandwidth for signal analysis you can deactivate the YIG-preselector at the
input of the R&S FSW, which may lead to image-frequency display.

Note that the YIG-preselector is active only on frequencies greater than 8 GHz. Therefore,
switching the Y1G-preselector on or off has no effect if the frequency is below that value.

INPut:FILTer:YIG[:STATe] on page 280

Preamplifier (option B24)
If option R&S FSW-B24 is installed, a preamplifier can be activated for the RF input signal.

This function is not available for input from the Digital Baseband Interface (R&S FSW-
B17).

For R&S FSW 26 models, the input signal is amplified by 30 dB if the preamplifier is
activated.

For R&S FSW 8 or 13 models, the following settings are available:

"Off" Deactivates the preamplifier.
"15 dB" The RF input signal is amplified by about 15 dB.
"30 dB" The RF input signal is amplified by about 30 dB.

SCPI command:
INPut:GAIN:STATe on page 288
INPut:GAIN[:VALue] on page 287

5.5.1.2 Digital I/Q Input Settings

The following settings and functions are available to provide input via the Digital Base-
band Interface (R&S FSW-B17) in the applications that support it.

They can be configured via the INPUT/OUTPUT key, in the "Input" dialog box.
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Input Source Power Sensor

Radio
Frequency

Digital 1Q Input Sample Rate 10.0 MHz
Full Scale Level 10.0 dBm I _
' ' ——

Full 5¢ el: 10 dBm

Digital I/Q INPUL State.......eeieeeiieiieie e 137
INPUL SAMPIE RALE.....eeeee e 137
FUIL SCAIE LEVE L.t e e e e e e e e e e e e s eeee e 137
Adjust Reference Level to Full Scale Level........ccooiiiiiii e 138
Connected INSIIUMENT........ e e e e 138
DT | [©'o o | 138

Digital 1/Q Input State

Enables or disable the use of the "Digital Q" input source for measurements. "Digital
IQ" is only available if the Digital Baseband Interface (R&S FSW-B17) is installed.
SCPI command:

INPut:SELect on page 280

Input Sample Rate
Defines the sample rate of the digital I/Q signal source. This sample rate must correspond
with the sample rate provided by the connected device, e.g. a generator.

If "Auto" is selected, the sample rate is adjusted automatically by the connected device.
The allowed range is from 100 Hz to 10 GHz.

SCPI command:
INPut:DIQ:SRATe on page 284
INPut:DIQ:SRATe:AUTO on page 284

Full Scale Level
The "Full Scale Level" defines the level and unit that should correspond to an I/Q sample
with the magnitude "1".

|
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If "Auto” is selected, the level is automatically set to the value provided by the connected
device.

SCPI command:

INPut:DIQ:RANGe [ :UPPer] on page 283
INPut:DIQ:RANGe[:UPPer] :UNIT on page 284
INPut:DIQ:RANGe: AUTO on page 283

Adjust Reference Level to Full Scale Level
If enabled, the reference level is adjusted to the full scale level automatically if any change
occeurs.

SCPI command:
INPut:DIQ:RANGe:COUPling on page 283

Connected Instrument
Displays the status of the Digital Baseband Interface connection.

If an instrument is connected, the following information is displayed:

e Name and serial number of the instrument connected to the Digital Baseband Inter-
face
Used port
Sampile rate of the data currently being transferred via the Digital Baseband Interface
Level and unit that corresponds to an I/Q sample with the magnitude "1" (Full Scale
Level), if provided by connected instrument

SCPI command:
INPut:DIQ:CDEVice on page 282

DiglConf
Starts the optional R&S DiglConf application. This softkey is available in the In-/Output
menu, but only if the optional software is installed.

Note that R&S DiglConf requires a USB connection (not LAN!) from the R&S FSW
to the R&S EX-1Q-BOX in addition to the Digital Baseband Interface (R&S FSW-
B17) connection. R&S DiglConf version 2.20.360.86 Build 170 or higher is required.

To return to the R&S FSW application, press any key on the front panel. The R&S FSW
application is displayed with the "Input/Output" menu, regardless of which key was
pressed.

For details on the R&S DiglConf application, see the "R&S®EX-IQ-BOX Digital Interface
Module R&S®DiglConf Software Operating Manual".

Note: If you close the R&S DiglConf window using the "Close" icon, the window is mini-
mized, not closed.

If you select the "File > Exit" menu item in the R&S DiglConf window, the application is
closed. Note that in this case the settings are lost and the EX-IQ-BOX functionality is no
longer available until you restart the application using the "DiglConf" softkey in the R&S
FSW once again.

5.5.2 Frontend Settings

Frontend settings affect the signal power or error levels.
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Input and Frontend Settings

To configure the Frontend settings select "Input/Frontend" from the "Overview", then
switch to the "Frontend" tab.

T

Input & Frontend
1:E;m'r B YA SUNPN | _wvep 1w

|
Input Frontend

Frequency Reference Level

Value

Frequency [13. 25 GHz Offset [0.0 dB

Auto Level

RF Attenuation Electronic Attenuation

Mode Manual

Manual

Value [20.0 dB

Value

Preview

Preview Mag(CapBuf)

Start 0 sym Stop 8000 sym

L0721 4 (=Y PSR PRPRPRP 139
REFEIENCE LEVEL ... .t 139
L Shifting the DiSplay (OffSEt).........ceeueeeeeeeeeeeeeeeeeeeeeeeeeeeeeese e ee e e e e e e 140
L Setting the Reference Level Automatically (Auto Level).........cccceeveveveueeee. 140
[ 4 =Y T = 11 TS 140
L AenUAtion MOAE / VAIUE........c.cueeeeeeeeeeeeeeeee e, 140
Using Electronic Attenuation (Option B25).......c.uuiiiiiiiiiiiiieiiiee et 141
Center

Defines the normal center frequency of the signal. The allowed range of values for the
center frequency depends on the frequency span.

span > 0: Spanmin/2 < fcenter < fmax - Spanmin/2
fax @nd span,;, are specified in the data sheet.

SCPI command:
[SENSe: ] FREQuency:CENTer on page 285

Reference Level
Defines the expected maximum reference level. Signal levels above this value may not
be measured correctly, which is indicated by the "IFOVL" status display.

The reference level is also used to scale power diagrams; the reference level is then used
as the maximum on the y-axis.

|
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Since the R&S FSW hardware is adapted according to this value, it is recommended that
you set the reference level close above the expected maximum signal level to ensure an
optimum measurement (no compression, good signal-to-noise ratio).

Note that the "Reference Level" value ignores the Shifting the Display (Offset). It is
important to know the actual power level the R&S FSW must handle.

SCPI command:
DISPlay[:WINDow<n>] :TRACe:Y[:SCALe] :RLEVel on page 286

Shifting the Display (Offset) < Reference Level
Defines an arithmetic level offset. This offset is added to the measured level irrespective
of the selected unit. The scaling of the y-axis is changed accordingly.

Define an offset if the signal is attenuated or amplified before it is fed into the R&S FSW
so the application shows correct power results. All displayed power level results will be
shifted by this value.

Note, however, that the Reference Level value ignores the "Reference Level Offset". It
is important to know the actual power level the R&S FSW must handle.

To determine the required offset, consider the external attenuation or gain applied to the
input signal. A positive value indicates that an attenuation took place (R&S FSW increa-
ses the displayed power values) , a negative value indicates an external gain (R&S FSW
decreases the displayed power values).

The setting range is +200 dB in 0.01 dB steps.

SCPI command:
DISPlay[:WINDow<n>]:TRACe:Y[:SCALe] :RLEVel:0FFSet on page 287

Setting the Reference Level Automatically (Auto Level) < Reference Level
Automatically determines the optimal reference level for the current input data. At the
same time, the internal attenuators and the preamplifier are adjusted so the signal-to-
noise ratio is optimized, while signal compression, clipping and overload conditions are
minimized.

In order to do so, a level measurement is performed to determine the optimal reference
level.

You can change the measurement time for the level measurement if necessary (see
"Changing the Automatic Measurement Time (Meastime Manual)" on page 183).

SCPI command:
[SENSe:]ADJust:LEVel on page 326

RF Attenuation
Defines the mechanical attenuation for RF input.

This function is not available for input from the R&S Digital Baseband Interface (option
R&S FSW-B17).

Attenuation Mode / Value — RF Attenuation

The RF attenuation can be set automatically as a function of the selected reference level
(Auto mode). This ensures that the optimum RF attenuation is always used. It is the
default setting. By default and when Using Electronic Attenuation (Option B25) is not
available, mechanical attenuation is applied.

e
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This function is not available for input from the Digital Baseband Interface (R&S FSW-
B17).

In "Manual" mode, you can set the RF attenuation in 1 dB steps (down to 0 dB, also using
the rotary knob). Other entries are rounded to the next integer value. The range is speci-
fied in the data sheet. If the defined reference level cannot be set for the defined RF
attenuation, the reference level is adjusted accordingly and the warning "Limit reached"
is displayed.

NOTICE! Risk of hardware damage due to high power levels. When decreasing the
attenuation manually, ensure that the power level does not exceed the maximum level
allowed at the RF input, as an overload may lead to hardware damage.

SCPI command:
INPut:ATTenuation on page 288
INPut:ATTenuation:AUTO on page 289

Using Electronic Attenuation (Option B25)
If option R&S FSW-B25 is installed, you can also activate an electronic attenuator.

In "Auto" mode, the settings are defined automatically; in "Manual" mode, you can define
the mechanical and electronic attenuation separately.

This function is not available for input from the Digital Baseband Interface (R&S FSW-
B17).

Note: Electronic attenuation is not available for stop frequencies (or center frequencies
in zero span) >13.6 GHz.

In "Auto" mode, RF attenuation is provided by the electronic attenuator as much as pos-
sible to reduce the amount of mechanical switching required. Mechanical attenuation may
provide a better signal-to-noise ratio, however.

When you switch off electronic attenuation, the RF attenuation is automatically set to the
same mode (auto/manual) as the electronic attenuation was set to. Thus, the RF attenu-
ation may be set to automatic mode, and the full attenuation is provided by the mechanical
attenuator, if possible.

Both the electronic and the mechanical attenuation can be varied in 1 dB steps. Other
entries are rounded to the next lower integer value.

If the defined reference level cannot be set for the given attenuation, the reference level
is adjusted accordingly and the warning "Limit reached" is displayed in the status bar.

SCPI command:

INPut :EATT:STATe on page 290
INPut:EATT:AUTO on page 290
INPut:EATT on page 289

5.5.3 Frequency Settings
Frequency settings for the input signal can be configured via the "Frequency" dialog box,
which is displayed when you do one of the following:

e Select the FREQ key and then the "Frequency Config" softkey.
e Select the "Frequency" tab in the "Input Settings" dialog box
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Center [13.25 GHz |

Center Freguenc

= es rd =l Manual

Freque

Value

(071 o1 (=Y OO PPPPPPPTPTTP 142
Center FreqUENCY StEPSIZE....cii it e e e e e e 142
FrequenCy OffSet. .. o e e e 142
Center

Defines the normal center frequency of the signal. The allowed range of values for the
center frequency depends on the frequency span.

span > 0: Spanmin/2 = Teenter S fmax - Spanmin/2
fax @nd span,, are specified in the data sheet.

SCPI command:
[SENSe: ] FREQuency:CENTer on page 285

Center Frequency Stepsize
Defines the step size of the center frequency. The step size can be set to a predefined
value, or it can be manually set to a user-defined value.

"Auto" The step size is set to the default value:
e using the rotary knob: 100 kHz
e using the arrow keys: 1 MHz

"Manual" Defines a user-defined step size for the center frequency. Enter the step
size in the "Value" field.

SCPI command:
[SENSe: ] FREQuency:CENTer:STEP: AUTO on page 285
[SENSe: ] FREQuency:CENTer: STEP on page 285

Frequency Offset
Shifts the displayed frequency range along the x-axis by the defined offset.

This parameter has no effect on the R&S FSW hardware, or on the captured data or on
data processing. Itis simply a manipulation of the final results in which absolute frequency
values are displayed. Thus, the x-axis of a spectrum display is shifted by a constant offset
if it shows absolute frequencies, but not if it shows frequencies relative to the signal's
center frequency.

|
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A frequency offset can be used to correct the display of a signal that is slightly distorted
by the measurement setup, for example.

The allowed values range from -100 GHz to 100 GHz. The default setting is 0 Hz.

SCPI command:
[SENSe: ] FREQuency:0OFFSet on page 286

5.5.4 Amplitude and Vertical Axis Configuration

Amplitude and scaling settings allow you to configure the vertical (y-)axis display and for
some result displays also the horizontal (x-)axis.

0 AMPlItUdE SetliNGS. . cciiiiiiiiiiiiie et 143
L S T~ 1 1T TSP 146
L I © o1 T PP 150

5.5.4.1 Amplitude Settings

Amplitude settings affect the signal power or error levels.

To configure the amplitude settings select the AMPT key and then the "Amplitude Con-
fig" softkey.

VSA

| Amplitude Scale Unit

A
Reference Level Input Settings

Value 10.0 dBm Preamplifier

4.

Offset 0.0 dB Input Coupling

\,

Auto Level Impedance

RF Attenuation Electronic Attenuation

State on
Mode Manual

Mode Manual
|20.0 dB

Value

Note that amplitude settings are not window-specific, as opposed to the scaling and unit
settings.

REFEIENCE LEVEL. ..t 144
L Shifting the DiSPlay (OFfSEE)......coveueeeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeseseeesseneenn 144
L Setting the Reference Level Automatically (Auto Level).........ccoveevveeerueenene. 144
INPUL SEEINGS. oo ettt e e e e e e 145
L Preamplifier (OPtion B24).........ccoveveveeeeeeeeeeeeeeeeeeeeeeeeeeee e ene 145
L INPUL COUPIING. ..ottt ettt ee et n s e 145
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L N £ (=T 0 11 F= 1 i o TS 145
L Attenuation Mode / VAIUE.........c.ccceueueeeeeeeeeeeeeeeeee et 145
Using Electronic Attenuation (Option B25)........ccoviiiiieiiiiiicccciiee e 146

Reference Level
Defines the expected maximum reference level. Signal levels above this value may not
be measured correctly, which is indicated by the "IFOVL" status display.

The reference level is also used to scale power diagrams; the reference level is then used
as the maximum on the y-axis.

Since the R&S FSW hardware is adapted according to this value, it is recommended that
you set the reference level close above the expected maximum signal level to ensure an
optimum measurement (no compression, good signal-to-noise ratio).

Note that the "Reference Level" value ignores the Shifting the Display (Offset). It is
important to know the actual power level the R&S FSW must handle.

SCPI command:
DISPlay[:WINDow<n>]:TRACe:Y[:SCALe] :RLEVel on page 286

Shifting the Display (Offset) < Reference Level
Defines an arithmetic level offset. This offset is added to the measured level irrespective
of the selected unit. The scaling of the y-axis is changed accordingly.

Define an offset if the signal is attenuated or amplified before it is fed into the R&S FSW
so the application shows correct power results. All displayed power level results will be
shifted by this value.

Note, however, that the Reference Level value ignores the "Reference Level Offset". It
is important to know the actual power level the R&S FSW must handle.

To determine the required offset, consider the external attenuation or gain applied to the
input signal. A positive value indicates that an attenuation took place (R&S FSW increa-
ses the displayed power values) , a negative value indicates an external gain (R&S FSW
decreases the displayed power values).

The setting range is +200 dB in 0.01 dB steps.

SCPI command:
DISPlay[:WINDow<n>]:TRACe:Y[:SCALe] :RLEVel:0FFSet on page 287

Setting the Reference Level Automatically (Auto Level) — Reference Level
Automatically determines the optimal reference level for the current input data. At the
same time, the internal attenuators and the preamplifier are adjusted so the signal-to-
noise ratio is optimized, while signal compression, clipping and overload conditions are
minimized.

In order to do so, a level measurement is performed to determine the optimal reference
level.

You can change the measurement time for the level measurement if necessary (see
"Changing the Automatic Measurement Time (Meastime Manual)" on page 183).

SCPI command:
[SENSe:]ADJust:LEVel on page 326

e
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Input Settings
Some input settings affect the measured amplitude of the signal, as well.

For information on other input settings see chapter 5.5.1, "Input Settings", on page 134.

Preamplifier (option B24) — Input Settings
If option R&S FSW-B24 is installed, a preamplifier can be activated for the RF input signal.

This function is not available for input from the Digital Baseband Interface (R&S FSW-
B17).

For R&S FSW 26 models, the input signal is amplified by 30 dB if the preamplifier is
activated.

For R&S FSW 8 or 13 models, the following settings are available:

"Off" Deactivates the preamplifier.
"15 dB" The RF input signal is amplified by about 15 dB.
"30 dB" The RF input signal is amplified by about 30 dB.

SCPI command:
INPut:GAIN:STATe on page 288
INPut:GAIN[:VALue] on page 287

Input Coupling < Input Settings

The RF input of the R&S FSW can be coupled by alternating current (AC) or direct current
(DC).

This function is not available for input from the Digital Baseband Interface (R&S FSW-
B17).

AC coupling blocks any DC voltage from the input signal. This is the default setting to
prevent damage to the instrument. Very low frequencies in the input signal may be dis-
torted.

However, some specifications require DC coupling. In this case, you must protect the
instrument from damaging DC input voltages manually. For details, refer to the data
sheet.

SCPI command:
INPut:COUPling on page 279

RF Attenuation
Defines the mechanical attenuation for RF input.

This function is not available for input from the R&S Digital Baseband Interface (option
R&S FSW-B17).

Attenuation Mode / Value — RF Attenuation

The RF attenuation can be set automatically as a function of the selected reference level
(Auto mode). This ensures that the optimum RF attenuation is always used. It is the
default setting. By default and when Using Electronic Attenuation (Option B25) is not
available, mechanical attenuation is applied.

This function is not available for input from the Digital Baseband Interface (R&S FSW-
B17).

e
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In "Manual" mode, you can set the RF attenuation in 1 dB steps (down to 0 dB, also using
the rotary knob). Other entries are rounded to the next integer value. The range is speci-
fied in the data sheet. If the defined reference level cannot be set for the defined RF
attenuation, the reference level is adjusted accordingly and the warning "Limit reached"
is displayed.

NOTICE! Risk of hardware damage due to high power levels. When decreasing the
attenuation manually, ensure that the power level does not exceed the maximum level
allowed at the RF input, as an overload may lead to hardware damage.

SCPI command:
INPut:ATTenuation on page 288
INPut:ATTenuation:AUTO on page 289

Using Electronic Attenuation (Option B25)
If option R&S FSW-B25 is installed, you can also activate an electronic attenuator.

In "Auto" mode, the settings are defined automatically; in "Manual" mode, you can define
the mechanical and electronic attenuation separately.

This function is not available for input from the Digital Baseband Interface (R&S FSW-
B17).

Note: Electronic attenuation is not available for stop frequencies (or center frequencies
in zero span) >13.6 GHz.

In "Auto" mode, RF attenuation is provided by the electronic attenuator as much as pos-
sible to reduce the amount of mechanical switching required. Mechanical attenuation may
provide a better signal-to-noise ratio, however.

When you switch off electronic attenuation, the RF attenuation is automatically set to the
same mode (auto/manual) as the electronic attenuation was set to. Thus, the RF attenu-
ation may be set to automatic mode, and the full attenuation is provided by the mechanical
attenuator, if possible.

Both the electronic and the mechanical attenuation can be varied in 1 dB steps. Other
entries are rounded to the next lower integer value.

If the defined reference level cannot be set for the given attenuation, the reference level
is adjusted accordingly and the warning "Limit reached" is displayed in the status bar.
SCPI command:

INPut :EATT:STATe on page 290

INPut :EATT:AUTO on page 290

INPut :EATT on page 289

Scaling

Depending on the type of display (time, spectrum or statistics), various scaling functions
are available to adapt the result display to the current data.

N\ Note that scaling settings are window-specific, as opposed to the amplitude settings.
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The scaling settings are displayed when you select the AMPT key and then the "Scale
Config" softkey.

Am'i)litude um . VSA % ‘ -

-

Amplitude Scale Unit
YScale XScale
B E NS Automatic grid scaling :

Adjust Settings

Scaling according to min and max values: Automatic grid scaling (All Axes):

Default Setting:
Max 1.0

1.0E-06
caling according to reference and per div: Scaling according to reference and per

Ref Value Ref Value | 10.0 dBm

Ref Position Ref Position

Per Division Per Division | 10.0 dB

Quantize 101

i l=n) (e R 1l 4: Statistics(MagAbs(Mea

For details on the different methods to configure the scaling see chapter 7.3.1, "How to
Change the Display Scaling", on page 213.

A visualization of the diagram scaling with the current settings is displayed at the right
side of the dialog box.

Auto Scale Once/Auto Scale WINAOW.........cuiiuiiiiiiiiiiiieeee et 148
Defining Min and Max ValUES..........ccooiieiiieiciciccvveven e eeeeeeereeeeeeeeeeeeeeeeeeeees 148
Configuring a Reference Point and DiViSIONS..........cccciieiiiiiiiiiiiicceeeecevcree e 148
L Y-AXiS REFErENCE VAIUE. ...t ee et en e 148
L Y-AxiS REference POSIHION. ........c.eeeieeeeeeeeeeeeeeeee e eee e ee e e e e e 148
L RANGE PEI DIVISION........eeeeeeececeeeeteeeteteeeeeeeeeeeeasaeae et seseeeeeseeensssasasaesesesenenes 148
DG (LI Yo |1 Vo PP 149
L AGJUSE SEHINGS. ...ttt et e et e e ee et e s e e s e see e e e ses e 149
L DEfaUIt SEINGS. ... .veeeeeeeeeeeeeeeeee et eeeee e eee et et s e eeee et e s eeeneneeee e 149
L QUANTZE .ttt ettt n e 149

|
User Manual 1173.9292.02 — 04 147



R&S®FSW-K70 Configuration
e e s |

Input and Frontend Settings

L X-AXiS REFEIENCE VAIUE......eeeeeeeeeeeeeeeeeeeeeee e e e e et eeeeeeeeeesseeeereeseesesseseesenaneens 149
L X-AXiS REFEIENCE POSIION. ... e ettt ettt eee e e eeee s e e 149
L RANGE DI DIVISION. ...eveieeeeeeeeeeeeete e eesee et s es e s e ees s e s s e e seseneees 149

Auto Scale Once/Auto Scale Window
If enabled, both the x-axis and y-axis are automatically adapted to the current measure-
ment results (only once, not dynamically) in the selected window.

To adapt the range of all screens together, use the Auto Scale All function.

SCPI command:
DISPlay[:WINDow<n>]:TRACe:Y[:SCALe] :AUTO ONCE on page 324

Defining Min and Max Values
Indicates the current range borders according to the current settings (for information
only).

For statistical evaluations only: defines the displayed range using minimum and max-
imum values.

Values in the range 7e™ < value < 0.1 are allowed. The y-axis unit is defined via the "Y-
Axis Unit" on page 151 setting. The distance between max and min value must be at
least one decade.

SCPI command:
CALCulate<n>:STATistics:SCALe:Y:UPPer on page 292
CALCulate<n>:STATistics:SCALe:Y:LOWer on page 292

Configuring a Reference Point and Divisions
Defines the displayed range using a reference point and the size of the divisions.

Y-Axis Reference Value — Configuring a Reference Point and Divisions
Defines a reference value on the y-axis in the current unit. The y-axis is adapted so that
the reference value is displayed at the "Y-Axis Reference Position" on page 148.

SCPI command:
DISPlay[:WINDow<n>] :TRACe:Y[:SCALe] :RVALue on page 294

Y-Axis Reference Position < Configuring a Reference Point and Divisions
Defines the position of the Y-Axis Reference Value on the y-axis. The position is defined
as a percentage value, where 0 % refers to the bottom edge, 100 % refers to the top edge
of the screen. The y-axis is adapted so that the reference value is displayed at the ref-
erence position.

SCPI command:
DISPlay[:WINDow<n>]:TRACe:Y[:SCALe] :RPOSition on page 294

Range per Division < Configuring a Reference Point and Divisions
Defines the value range to be displayed per division. Since the display consists of 10
divisions by default, the displayed range is:

Range = 10 * <Range per Division>

e
User Manual 1173.9292.02 — 04 148



R&S®FSW-K70 Configuration

Input and Frontend Settings

Note: If fewer divisions are displayed (e.g. because the window is reduced in height), the
range per division is increased in order to display the same result range in the smaller
window. In this case, the per division value does not correspond to the actual display.

SCPI command:
DISPlay[:WINDow<n>]:TRACe:Y[:SCALe] :PDIVision on page 294

X-Axis Scaling
For statistics, a histogram is displayed. For these diagrams, the x-axis can be configured,
as well.

Adjust Settings < X-Axis Scaling
Adjusts the x-axis scaling to the occurring statistical values.

SCPI command:
CALCulate<n>:STATistics:SCALe:AUTO ONCE on page 291

Default Settings < X-Axis Scaling
Resets the x- and y-axis scalings to their preset values for the current measurement
window.

SCPI command:
CALCulate<n>:STATistics:PRESet on page 291

Quantize «— X-Axis Scaling
Defines the number of bars to be displayed in the graph, i.e. the granularity of classifi-
cations.

SCPI command:
CALCulate<n>:STATistics:SCALe:X:BCOunt on page 291

X-Axis Reference Value — X-Axis Scaling
Defines a reference value on the x-axis in the current unit.

SCPI command:
DISPlay[:WINDow<n>] :TRACe<t>:X[:SCALe] :RVALue on page 293

X-Axis Reference Position < X-Axis Scaling

Defines the position of the X-Axis Reference Value on the x-axis. The position is defined
as a percentage value, where 0 % refers to the beginning (left side), 100 % refers to the
end (right side) of the diagram. The x-axis is adapted so that the reference value is dis-
played at the reference position.

SCPI command:
DISPlay[:WINDow<n>] :TRACe<t>:X[:SCALe] :RPOSition on page 293

Range per Division < X-Axis Scaling
Defines the value range to be displayed per division on the x-axis. Since the display
consists of 10 divisions by default, the displayed range is:

Range = 10 * <Range per Division>

]
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Note: If fewer divisions are displayed (e.g. because the window is reduced in width), the
range per division is increased in order to display the same result range in the smaller
window. In this case, the per division value does not correspond to the actual display.

SCPI command:
DISPlay[:WINDow<n>]:TRACe<t>:X[:SCALe]:PDIVision on page 293

5.5.4.3 Units

You can configure the units for both axes of the diagrams.
The unit settings are displayed when you do one of the following:

e Select "Input/Frontend" from the "Overview" and then switch to the "Unit" tab.
e Select the AMPT key and then the "Unit Config" softkey.

PRIz Res Len 0
eny T —

- Amplitude YScale Unit

Y-Axis Unit

LN e A 0Tl 1: MagAbs(Meas&Ref)

6 Note that unit settings are window-specific, as opposed to the amplitude settings.

DG (L= [ o1 ST 150
N (ST o1 ST 151
X-Axis Unit

Defines the unit of the x-axis in the current result diagram.

SCPI command:
CALCulate<n>:X:UNIT:TIME on page 292
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Y-Axis Unit

Defines the unit of the y-axis in the current result diagram.

SCPI command:

DISPlay[:WINDow<n>]:TRACe:Y:SPACing on page 294

For phase diagrams: CALCulate<n>:UNIT:ANGLe on page 292

For statistics: CALCulate<n>:STATistics:SCALe:Y:UNIT on page 292

Signal Capture

The "Signal Capture" settings define how much, how and when data is captured from the
input signal.

The "Signal Capture" settings are displayed when you select the "Signal Capture" button
from the "Overview" or the "Signal Capture" softkey from the main VSA menu.

®  Data ACQUISIION......cce e e e e e e e e e e e e e e e eeren s 151
O THQQEr SEINGS. . eeeiiiiiiieii e e 154
®  SWEEP SEINGS...utieiiiiiiiiiiiii ettt e e e e e e e e e e 158

Data Acquisition
The "Data Acquisition" settings define how much and how data is captured from the input
signal.

A live preview of the signal in the capture buffer with the current settings is displayed in
the preview area at the bottom of the dialog box. The preview area is not editable directly.

The "Data Acquisition" settings are displayed when you select the "Signal Capture" button
from the "Overview" or the "Signal Capture" softkey from the main VSA menu.

e
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VSA "% < |

Data Acquisition Trigger

Capture Length ' Auto [8000.0 sym | m = 2.083 ms
Sample Rate 4 * Symbol Rate = 15.36 MHz

Maximum Bandwidth 80 MHz

Usable I/Q Bandwidth 12.288 MHz

Preview

Preview Mag(CapBuf)

Start 0 sym Stop 8000 sym

MSRA operating mode

In MSRA operating mode, only the MSRA Master channel actually captures data from
the input signal. The data acquisition settings for the VSA application in MSRA mode
define the application data extract and analysis interval.

For details on the MSRA operating mode see the R&S FSW MSRA User Manual.

Capture Length Settings......ooioeiiiiiiiiiee e 152
SAMPIE RALE.....eeeeieeiieeeeeeee e e e e e e e e e e e e e 153
Maximum BandWidth...........ooo i ————— 153
Usable 1/Q BandwWidth..........uuiiiiiiiiee e e 153
SWAP 1/t e et e et e e e e e e aaaaaaaaaaans 153

Capture Length Settings
The capture length defines how many symbols are captured during each measurement.

Enable the "Auto" option to define the capture length automatically according to the burst
and pattern length settings and the statistics count. Thus, a minimal capture length is
used, which improves performance.

e
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If the capture length is not defined automatically, enter the number of symbols or seconds
to be captured and select the used unit. The defined number is converted to the alterna-
tive unit (seconds/symbols) for reference.

SCPI command:
[SENSe: ] DDEMod:RLENgth: AUTO on page 296
[SENSe: ] DDEMod:RLENgth [ :VALue] on page 296

Sample Rate

Defines the number of samples to capture per symbol. The sample rate in MHz is indi-
cated for reference. This parameter affects the demodulation bandwidth and thus the
usable I/Q bandwidth.

The maximum sample rate depends on the defined Symbol Rate (see chapter 4.2,
"Sample Rate, Symbol Rate and I/Q Bandwidth", on page 57).

For details on selecting the suitable sample rate, see chapter 4.2, "Sample Rate, Symbol
Rate and 1/Q Bandwidth", on page 57.

SCPI command:
[SENSe: ] DDEMod: PRATe on page 296

Maximum Bandwidth

Defines the maximum bandwidth to be used by the R&S FSW for I/Q data acquisition.
This setting is only available if the bandwidth extension option R&S FSW-B160/ U160 is
installed. Otherwise the maximum bandwidth is determined automatically.

For details on the maximum bandwidth see chapter 4.2.1, "Sample Rate and Maximum
Usable 1/Q Bandwidth for RF Input”, on page 58.

"80 MHz" Restricts the analysis bandwidth to a maximum of 80 MHz. The band-
width extension option R&S FSW-B160 / U160 is deactivated.
"Auto" (Default) Up to an analysis bandwidth of 80 MHz (or a sample rate of

100 MHz), the maximum bandwidth is set to 80 MHz. For larger band-
widths or sample rates, the bandwidth extension option R&S FSW-
B160 / U160 is activated, thus allowing for a sample rate of up to 10
GHz. Note that using the bandwidth extension may cause more spuri-
ous effects.

SCPI command:
TRACe:IQ:WBANd[:STATe] on page 297

Usable I/Q Bandwidth
Shows the usable 1/Q bandwidth which depends on the selected sample rate. For details
see chapter 4.2, "Sample Rate, Symbol Rate and I/Q Bandwidth", on page 57.

This information is provided for reference only.

Note:
In diagrams in the frequency domain (Spectrum transformation, see "Result Type Trans-
formation" on page 197) the usable I/Q bandwidth is indicated by vertical blue lines.

Swap 1/Q
Specifies whether the | and Q values of the signal are swapped. Swapping | and Q inverts
the sideband.

e
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"Normal" Normal sideband, I+j*Q
"Inverse" | and Q are exchanged, inverted sideband, Q+j*I

SCPI command:
[SENSe: ] DDEMod: SBANd on page 297

5.6.2 Trigger Settings

The trigger settings define the beginning of a measurement.

Trigger settings can be configured via the TRIG key or in the "Trigger" dialog box, which
is displayed when you select the "Trigger" button in the "Overview".

 Signal Capture & 1ol

Data Acquisition Trigger

Level

N —————————

Hysteresis

Drop-0Out Time

sope (T IETVR

Holdoff Time

Preview

Preview Mag(CapBuf)

Start 0 sym Stop 8000 sym

The TRIGGER INPUT/OUTPUT connectors on the R&S FSW can only be used for input
in the VSA application, for use as external triggers. No configuration settings are available
for trigger input.

For step-by-step instructions on configuring triggered measurements, see the R&S FSW
User Manual.

|
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N\ MSRA operating mode

/ In MSRA operating mode, only the MSRA Master channel actually captures data from
the input signal. Thus, no trigger settings are available in the VSA application in MSRA
operating mode. However, a capture offset can be defined with a similar effect as a
trigger offset. It defines an offset from the start of the captured data (from the MSRA
Master) to the start of the application data for vector signal analysis. (See Capture Off-
set.)

For details on the MSRA operating mode see the R&S FSW MSRA User Manual.

Bl (e e =T S Yo 10 o= Y SRR 155
L FTEE RUN....eeevcececeeeetetetee ettt ettt et ase e st tetsas s sesaetesn s e seesesnns 155
L EXtErNal THGGEE 1/2/3 ...ttt ettt st en e ee e en e 155
LI POWET ..ottt sttt 156
L BaSEbaNd POWET..........ccoovieeeeeceeeeeee e ee et n e 156
L JQ POWET ...ttt et n et s e 156
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Trigger Source
Defines the trigger source. If a trigger source other than "Free Run" is set, "TRG" is
displayed in the channel bar and the trigger source is indicated.

SCPI command:
TRIGger [:SEQuence] : SOURce on page 301

Free Run — Trigger Source
No trigger source is considered. Data acquisition is started manually or automatically and
continues until stopped explicitely.

SCPI command:
TRIG:SOUR IMM, see TRIGger [:SEQuence] : SOURce on page 301

External Trigger 1/2/3 — Trigger Source
Data acquisition starts when the TTL signal fed into the specified input connector (on the
front or rear panel) meets or exceeds the specified trigger level.

(See "Trigger Level" on page 156).

Note: The "External Trigger 1" softkey automatically selects the trigger signal from the
TRIGGER INPUT connector on the front panel.

For details see the "Instrument Tour" chapter in the R&S FSW Getting Started manual.

"External Trigger 1"
Trigger signal from the TRIGGER INPUT connector on the front panel.
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"External Trigger 2"
Trigger signal from the TRIGGER INPUT/OUTPUT connector on the
front panel.
Note: in VSA, trigger output is not supported, thus the connector is
always configured for input.

"External Trigger 3"
Trigger signal from the TRIGGER 3 INPUT/ OUTPUT connector on the
rear panel.
Note: in VSA, trigger output is not supported, thus the connector is
always configured for input.

SCPI command:
TRIG:SOUR EXT, TRIG:SOUR EXT2, TRIG:SOUR EXT3

See TRIGger [ :SEQuence] : SOURce on page 301

IF Power — Trigger Source
The R&S FSW starts capturing data as soon as the trigger threshold is exceeded around
the third intermediate frequency.

For frequency sweeps, the third IF represents the start frequency. The trigger bandwidth
at the third IF depends on the RBW and sweep type.

For measurements on a fixed frequency (e.g. zero span or I/Q measurements), the third
IF represents the center frequency.

The trigger threshold depends on the defined trigger level, as well as on the RF attenu-
ation and preamplification. For details on available trigger levels and trigger bandwidths
see the data sheet.

This trigger source is only available for RF input.

SCPI command:
TRIG:SOUR IFP, see TRIGger [:SEQuence] :SOURce on page 301

Baseband Power — Trigger Source
Defines triggering on the baseband power (for digital input via the Digital Baseband
Interface R&S FSW-B17).

This trigger source is only available if "Digital IQ" is selected as the input source for the
measurement (see "Digital I/Q Input State" on page 137).

SCPI command:
TRIG:SOUR BBP, see TRIGger [ : SEQuence] : SOURce on page 301

IQ Power — Trigger Source
Triggers the measurement when the magnitude of the sampled I/Q data exceeds the
trigger threshold.

The trigger bandwidth corresponds to the "Usable 1/Q Bandwidth" setting for data acqui-
sition (see "Usable I/Q Bandwidth" on page 153).

SCPI command:
TRIG:SOUR IQP, see TRIGger [:SEQuence] :SOURce on page 301

Trigger Level
Defines the trigger level for the specified trigger source.

e
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For details on supported trigger levels, see the data sheet.

SCPI command:

TRIGger [:SEQuence] : LEVel: IFPower on page 300

]
TRIGger [:SEQuence] : LEVel: IQPower on page 300
TRIGger [:SEQuence] : LEVel [ :EXTernal<port>] on page 300
TRIGger [:SEQuence] : LEVel :BBPower on page 300
Trigger Offset

Defines the time offset between the trigger event and the start of the sweep.
The time may be entered in s or in symbols.

offset > 0: Start of the sweep is delayed

offset < 0: Sweep starts earlier (pre-trigger)

Only possible for zero span (e.g. I/Q Analyzer application) and gated trigger switched off
Maximum allowed range limited by the sweep time:

pretrigger,.x = sweep time

When using the Digital Baseband Interface (R&S FSW-B17), the maximum range is limited
by the number of pretrigger samples. (See table 4-2)

SCPI command:
TRIGger [:SEQuence] :HOLDoff [ : TIME] on page 299

Hysteresis

Defines the distance in dB to the trigger level that the trigger source must exceed before
a trigger event occurs. Settting a hysteresis avoids unwanted trigger events caused by
noise oscillation around the trigger level.

This setting is only available for "IF Power" trigger sources. The range of the value is
between 3 dB and 50 dB with a step width of 1 dB.

SCPI command:
TRIGger[:SEQuence] : IFPower:HYSTeresis on page 299

Drop-Out Time
Defines the time the input signal must stay below the trigger level before triggering again.

SCPI command:
TRIGger [:SEQuence] : DTIMe on page 298

Slope
For all trigger sources except time you can define whether triggering occurs when the
signal rises to the trigger level or falls down to it.

SCPI command:
TRIGger [:SEQuence] : SLOPe on page 301
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Trigger Holdoff
Defines the minimum time (in seconds) that must pass between two trigger events. Trig-
ger events that occur during the holdoff time are ignored.

SCPI command:
TRIGger [:SEQuence] : IFPower:HOLDoff on page 299

Capture Offset

This setting is only available for applications in MSRA operating mode. It has a similar
effect as the trigger offset in other measurements: it defines the time offset between the
capture buffer start and the start of the extracted application data. The offset must be a
positive value, as the application can only analyze data that is contained in the capture
buffer.

SCPI command:
[SENSe: ]MSRA:CAPTure:0FFSet on page 302

5.6.3 Sweep Settings

The sweep settings define how often data from the input signal is acquired and then
evaluated. They are configured via the SWEEP key.

Continuous SWEEP/RUN CONT ...t e e e e e e e e e 158
Single Sweep/ RUN SINGLE..........cciiiiiiiiiiiee et e e e s e e e e s ssntaaeeee e e enns 159
ContiNUE SINGIE SWEEP....... it e et e e e e s s aabeeee e e e aans 159
Refresh (NON-MSRA MOAE).....coiiiiiiiiiie ittt 159
Y= 11 (o3 00T o | SR SPPPPRR 159
7= =Y o1 al =S 0 G g o 160
= (ST o U PR 160

Continuous Sweep/RUN CONT
After triggering, starts the measurement and repeats it continuously until stopped. This
is the default setting.

While the measurement is running, the "Continuous Sweep" softkey and the RUN
CONT key are highlighted. The running measurement can be aborted by selecting the
highlighted softkey or key again. The results are not deleted until a new measurement is
started.

Note: Sequencer. If the Sequencer is active, the "Continuous Sweep" softkey only con-
trols the sweep mode for the currently selected channel; however, the sweep mode only
has an effect the next time the Sequencer activates that channel, and only for a channel-
defined sequence. In this case, a channel in continuous sweep mode is swept repeatedly.
Furthermore, the RUN CONT key on the front panel controls the Sequencer, not individ-
ual sweeps. RUN CONT starts the Sequencer in continuous mode.

For details on the Sequencer, see the R&S FSW User Manual.

SCPI command:
INITiate:CONTinuous on page 327
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Single Sweep/ RUN SINGLE
After triggering, starts the number of evaluations set in "Statistics Count". The measure-
ment stops after the defined number of evaluations has been performed.

While the measurement is running, the "Single Sweep" softkey and the RUN SINGLE
key are highlighted. The running measurement can be aborted by selecting the highligh-
ted softkey or key again.

Note: Sequencer. If the Sequencer is active, the "Single Sweep" softkey only controls
the sweep mode for the currently selected channel; however, the sweep mode only has
an effect the next time the Sequencer activates that channel, and only for a channel-
defined sequence. In this case, a channel in single sweep mode is swept only once by
the Sequencer.

Furthermore, the RUN SINGLE key on the front panel controls the Sequencer, not indi-
vidual sweeps. RUN SINGLE starts the Sequencer in single mode.

If the Sequencer is off, only the evaluation for the currently displayed measurement
channel is updated.

SCPI command:
INITiate[:IMMediate] on page 328

Continue Single Sweep
After triggering, repeats the number of evaluations set in "Statistics Count", without delet-
ing the trace of the last measurement.

While the measurement is running, the "Continue Single Sweep" softkey and the RUN
SINGLE key are highlighted. The running measurement can be aborted by selecting the
highlighted softkey or key again.

SCPI command:
INITiate:CONMeas on page 327

Refresh (non-MSRA mode)

Repeats the evaluation of the data currently in the capture buffer without capturing new
data. This is useful after changing settings, for example filters, patterns or evaluation
ranges.

SCPI command:
INITiate:REFMeas on page 329

Statistic Count
Defines the number of measurements to be considered for statistical evaluations. The
behavior depends on the active sweep mode.

Description
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Activate "Description" to display a visualization of the behavior of the current settings.

Note: If the "Statistic Count" is set to 7, trace averaging is not performed; Max Hold and
Min Hold, however, remain active, unlike in the Spectrum application.

"Auto" In single sweep mode: captures the I/Q data once and evaluates it
In continuous sweep mode: captures I/Q data continuously; for each
evaluation, the average is calculated over the last 10 capture sets
(moving average)

"Manual" In single sweep mode: captures 1/Q data until the defined number of
evaluations have been performed
In continuous sweep mode: captures I/Q data continuously; if trace
averaging is selected, the average is calculated over the defined num-
ber of capture sets (moving average);

SCPI command:
[SENSe: ] SWEep:COUNt [ : VALue] on page 303

Select Result Rng
Selects the result range from the capture buffer that you want to evaluate.
This function is available in single sweep mode only.

By default, the application shows the results over all result ranges that have been cap-
tured in the signal capturing process and are in the R&S FSW's memory. By selecting a
range number, you can evaluate a specific result range, e.g. a particular burst.

The range depends on the number of result ranges you have captured previously.
For more information refer also to chapter 4.6, "Measurement Ranges", on page 111.

SCPI command:
[SENSe: ] DDEMod: SEARch:MBURst : CALC on page 303

Refresh
This function is only available if the Sequencer is deactivated and only for MSRA appli-
cations.

The data in the capture buffer is re-evaluated by the currently active application only. The
results for any other applications remain unchanged.

This is useful, for example, after evaluation changes have been made or if a new sweep
was performed from another application; in this case, only that application is updated
automatically after data acquisition.

SCPI command:
INITiate:REFResh on page 329

Burst and Pattern Configuration

Information on known patterns and bursts in the captured signal improve the accuracy of
the determined ideal reference signal, and calculation of the signal parameters becomes
quicker.

e
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For details on burst and patterns see chapter 4.4, "Overview of the Demodulation Proc-
ess", on page 84.

Burst Search

The "Burst Search" settings define when a burst is detected in the evaluated signal.

A live preview of the capture buffer with the current settings is displayed in the preview
area at the bottom of the dialog box. The blue lines below the trace indicate the detected
bursts. The preview area is not editable directly.

The "Burst Search" settings are displayed when you select the "Burst/Pattern” button in
the "Overview" or the "Burst/Pattern Search" softkey in the main VSA menu.

Burst Search PpPattern Search

Auto (according to Signal Structure)

Advanced
Meas only if Burst found

Auto Configuration

Search Tolerance = 14.769 ps
Minimum Gap Length = 3.692 ps

Information
Expected Burst Length: 148 +/- 4 sym
Burst Found
Preview
Preview Mag(CapBuf) e 1 Clrw
; :
e Wmmmw

Start 0 sym Stop 1500 sym

ENabling BUrst SEArCHES........cuuiiiiieiii ittt e e e e 162
Measuring only if burst was fOUNd............ooiiiiiiiiiiiiec e 162
Burst Configuration...........uuuuoiii i e 162
L SarCh TOIBIANCE. ...ttt ettt 162
L MIN GaP LENGN... ettt et e s 162

|
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Enabling Burst Searches

Enables or disables burst searches. If "Auto" is selected, burst search is enabled only if
the signal structure defines a bursted signal (in the "Signal Structure" tab of the "Modu-
lation & Signal Description" dialog box, see "Signal Type" on page 132).

SCPI command:
[SENSe: ] DDEMod: SEARch:BURSt : AUTO on page 304

Measuring only if burst was found

If enabled, measurement results are only displayed (and are only averaged) if a valid
burst has been found. When measuring bursted signals that are averaged over several
measurements, it is recommended that you enable this option so that erroneous meas-
urements do not affect the result of averaging.

SCPI command:
[SENSe: ] DDEMod: SEARch : BURSt : MODE on page 305

Burst Configuration

The conditions under which a burst is detected in the captured data can be configured
either manually or automatically according to the defined signal structure settings (see
"Burst Settings" on page 132.

SCPI command:
[SENSe: ] DDEMod: SEARch:BURSt : CONFigure: AUTO on page 304

Search Tolerance «— Burst Configuration

Defines the number of symbols that may differ from the burst length without influencing
the burst detection. A search tolerance of 5, for example, with a minimum and maximum
burst length of 100, will detect bursts that are 95 to 100 symbols long. (The minimum and
maximum burst length is defined in the Signal Structuresettings

Note: Due to the fact that the VSA does not have knowledge of the ramp length, there is
an uncertainty in the burst search algorithm. Thus, setting this parameter to "0" will result
in a failed burst search for most signals.

SCPI command:
[SENSe: ] DDEMod: SEARch:BURSt : TOLerance on page 305

Min Gap Length < Burst Configuration

Represents the minimum distance (in symbols) between adjacent bursts. The default
value is 1 symbol in order to make sure that the burst search finds bursts that are very
close to each other. However, in case the capture buffer does not contain very close
bursts, itis recommended that you increase the value. This makes the burst search faster
and also more robust for highly distorted signals.

Note that this parameter only influences the robustness of the burst search. It should not
be used to explicitly exclude certain bursts from the measurement. For example, setting
the minimum gap length to 100 symbols does not ensure that the burst search does not
find bursts that have a very small gap.

SCPI command:
[SENSe: ] DDEMod: SEARch:BURSt :GLENgth [ :MINimum] on page 305

e
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5.7.2 Pattern Search

The "Pattern Search" settings define when a pattern is detected in the evaluated signal.

A live preview of the capture buffer with the current settings is displayed in the preview
area at the bottom of the dialog box. The preview area is not editable directly.

The "Pattern Search" settings are displayed when you select the "Burst/Pattern” button
in the "Overview" or the "Burst/Pattern Search" softkey in the main VSA menu and then
switch to the "Pattern Search" tab.

Preview Mag(CapBuf)

-40 dBn

60 dBm

|
120 dBm
Start 0 sym

Enabling Pattern SearChes..........oooiiiiiiiii e 163
1/Q Correlation ThreShOld.........oooo i 164
Meas only if Pattern Symbols COrrecCt.......uuuiiiiiiiiiiiiii e 164
Selected Pattern for SEaArCh...........ooov i 164
Pattern FOUNG.........oieeeeiiicee ettt e e e e e e e e e e e e e st ae e e e e e e e s eeeaesbanaans 164

Enabling Pattern Searches

Enables or disables pattern searches. If "Auto" is selected, pattern search is enabled only
if the signal structure defines a pattern in the signal (in the "Signal Structure" tab of the
"Modulation & Signal Description" dialog box, see "Pattern Settings" on page 132).

SCPI command:
[SENSe: ] DDEMod: SEARch: SYNC: STATe on page 307
[SENSe: ] DDEMod: SEARch : SYNC : AUTO on page 306
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1/Q Correlation Threshold

The I/Q correlation threshold decides whether a match is accepted or not during a pattern
search (see also chapter 4.4.2, "I/Q Pattern Search", on page 88). If the parameter is set
to 100%, only 1/Q patterns that match totally with the input signal are found. This is only
the case for infinite SNR.

If the threshold "Auto" option is enabled, the default value of 90% is used. As long as the
pattern is found, there is no need to change this parameter. However, if the pattern is
very short (approximately < 10 symbols) or if the signal is highly distorted, tuning this
parameter helps the pattern search to succeed. To define a threshold manually, disable
the "Auto" option.

SCPI command:
[SENSe: ] DDEMod: SEARch: SYNC: IQCThreshold on page 306
[SENSe: ] DDEMod: SEARch: PATTern:CONFigure: AUTO on page 306

Meas only if Pattern Symbols Correct

If enabled, measurement results are only displayed (and are only averaged) if a valid
pattern has been found. When measuring signals that contain a pattern and are averaged
over several measurements, it is recommended that you enable this option so that erro-
neous measurements do not affect the result of averaging.

SCPI command:
[SENSe: ] DDEMod: SEARch : SYNC : MODE on page 307

Selected Pattern for Search

Indicates which of the patterns that are assigned to the current standard is selected and
will be searched for.

The selected pattern is indicated for information only and cannot be edited here, only in
the "Signal Structure" settings, see "Name" on page 132).

SCPI command:

[SENSe: ] DDEMod: SEARch:SYNC: SELect on page 307

Pattern Found
Indicates whether a pattern was found in the currently captured data.

Pattern Configuration

For common signal standards, the patterns to be searched for in the captured signal are
predefined in the VSA application. In addition, new patterns can be defined and assigned
to a signal standard manually.

Patterns are configured in the "Advanced Pattern Settings" dialog box which is displayed
when you do one of the following:
e Select the "Pattern Config" softkey in the main VSA menu.

e |n the "Signal Description" dialog box, switch to the "Signal Structure" tab and select
the "Pattern Config" button.

e
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- N -

Standard Patterns Pattern Details

MName

W4 EDGE_TSCO e s
’_ EDGE_TSC1 Description
[ EDGE Mormal Burst

EDGE_TSC2

EDGE_TSC3 el

Remove from Standard ) 3
Modulation Order &

All Patterns

EDGE_TSCOD
EDGE_TSC1
EDGE_TSC2
EDGE_TSC3
EDGE_TSC4
EDGE_TSCS
EDGE_TSC6
EDGE_TSC7

Add to Standard

Pattern Search On Meas only if Pattern Symbols Correct

Standard Patterns.... ..o ————————— 165
Removing patterns from a standard............occueeiiiiii e 165
Adding patterns to a standard.........ccccceviiiiiiiiiiie e 166
Displaying available patterns. ... 166

L PIEfiIX.u vttt bbbt bbbt b 166

L Show Compatible/ SHOW All........ccueiieeeeeeeeee et eeeee e en e 166
o ) RSP 166
SV Ao e aeeeeaaaaeeeeetee— et ———————————————— 166
N1 S 166
(=11 (< TSP 167
Pattern detailS........ccccuiiiiiiiiiiiieeee e e e e e e e e e e e e e e nnnnan 167
Pattern Sarch ON.......oco e e e e e e e e e e e e e e e e e e e s e e s e e e nnnneaes 167
Meas only if Pattern Symbols COrrect..........ocvueiiiiiiiiiiee e 167

Standard Patterns

The "Standard Patterns" are the patterns assigned to the currently selected standard.
You can add existing patterns to the standard or remove patterns already assigned to
the standard.

Removing patterns from a standard

Removes the assignment of the selected patterns to the standard. The patterns are
removed from the "Standard Patterns" list, but not deleted.

SCPI command:

[SENSe: ] DDEMod: SEARch: SYNC: PATTern:REMove on page 310
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Adding patterns to a standard
Adds the selected patterns in the list of available patterns ("All Patterns") to the list of
assigned patterns ("Standard Patterns").

For details see "To add a predefined pattern to a standard" on page 205.

SCPI command:
[SENSe: ] DDEMod: SEARch: SYNC: PATTern:ADD on page 310

Displaying available patterns

The "All Patterns” list contains the patterns available in the VSA application.

You can assign available patterns to the selected standard, edit existing or define new
patterns. For details on managing standard patterns, see chapter 7.2.2.3, "How to Man-
age Patterns", on page 207

The list can be filtered using the following functions:

Prefix — Displaying available patterns
Shows only patterns that contain the specified prefix.

Show Compatible/ Show All — Displaying available patterns
Shows only patterns that are compatible to the selected modulation mode or all patterns
(regardless of the selected standard).

Edit
Opens the "Edit Pattern" dialog box to edit the pattern definition. See chapter 5.7.4, "Pat-
tern Definition", on page 167.

For details on defining a pattern, see example "Defining a pattern" on page 207.

SCPI command:

[SENSe: ] DDEMod: SEARch: SYNC: NAME on page 309
[SENSe: ] DDEMod: SEARch: SYNC: COMMent on page 308
[SENSe: ] DDEMod: SEARch: SYNC: DATA on page 309
[SENSe: ] DDEMod: SEARch:SYNC: TEXT on page 310

Save As
Saves a copy of an existing pattern under a new name.

SCPI command:
[SENSe: ] DDEMod: SEARch: SYNC:COPY on page 308

New
Opens the "Pattern” dialog box to create a new pattern definition. See chapter 5.7 .4,
"Pattern Definition", on page 167.

For details on defining a pattern, see chapter 7.2.2.2, "How to Define a New Pattern”,
on page 206.

SCPI command:

[SENSe: ] DDEMod: SEARch: SYNC : NAME on page 309

[SENSe: ] DDEMod: SEARch: SYNC: COMMent on page 308

[SENSe: ] DDEMod: SEARch: SYNC: DATA on page 309

[SENSe: ] DDEMod: SEARch: SYNC: TEXT on page 310

e
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Delete
Deletes the selected patterns. Any existing assignments to other standards are removed.

SCPI command:
[SENSe: ] DDEMod: SEARch: SYNC:DELete on page 308

Pattern details

Pattern details for the currently focussed pattern are displayed at the upper right-hand
side of the dialog box. You can refer to these details, for example, when you want to add
a new pattern to the standard and want to make sure you have selected the correct one.

Pattern Search On

If enabled, the VSA application searches for the selected pattern. This setting is identical
to the setting in the "Pattern Search" dialog box (see "Enabling Pattern Searches"

on page 163).

SCPI command:
[SENSe: ] DDEMod: SEARch: SYNC: STATe on page 307

Meas only if Pattern Symbols Correct

If enabled, measurement results are only displayed (and are only averaged) if a valid
pattern has been found. When measuring signals that contain a pattern and are averaged
over several measurements, it is recommended that you enable this option so that erro-
neous measurements do not affect the result of averaging.

SCPI command:
[SENSe: ] DDEMod: SEARch: SYNC : MODE on page 307

Pattern Definition

New patterns can be defined and then assigned to a standard. Patterns are defined in
the "New Pattern" dialog box which is displayed when you select the "New" button in the
"Advanced Pattern Settings" dialog box.

e
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Name [EDGE_HSR_QPSK_TSC 1

Description

Mod. Order

Symbols

Format

Size:
31

Remove

For details on defining a pattern, see chapter 7.2.2.2, "How to Define a New Pattern”,
on page 206.

[N E= T 0T PSSPV PRSP 168
[T od 4 o] i) o PSR 168
1Y (oo o] (o LY PP PPPPPUPURP 169
01 oo £ 169

L SyMDBOl FOMMAL......cvvevevereieeeeeieeeeee ettt s e ee e e s s e s ananeeas 169

L ADAING SYMDOIS......eveeeeeecececeetetete et ee et ee e e ensasas st s s seneses 169

L REMOVING SYMDOIS.......c.oueerereceetereeeeeeeeeeeeeeeesessaeae e seseeseseesesenasasessetesesesesenes 169
(67010014 1=T o | PP RPRT PRSI 169
Name

Pattern name that will be displayed in selection list

SCPI command:
[SENSe: ] DDEMod: SEARch: SYNC : NAME on page 309

Description
Optional description of the pattern which is displayed in the pattern details

SCPI command:
[SENSe: ] DDEMod: SEARch: SYNC: TEXT on page 310

|
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Mod. order
The order of modulation, e.g. 8 for an 8-PSK.

SCPI command:
[SENSe: ] DDEMod: SEARch: SYNC:NSTate on page 309

Symbols
The pattern definition is a symbol table consisting of one or more symbols. The number
of symbols is indicated as the "Size" to the left of the symbol table.

A scrollbar beneath the input area alows you to scroll through the table for long patterns.
The numbers beneath the scrollbar indicate the sequential number of the following sym-
bols, from left to right:

e the first symbol
e the currently selected symbol
e the last symbol

SCPI command:
[SENSe: ] DDEMod: SEARch: SYNC:DATA on page 309

Symbol format — Symbols
Defines the format in which each symbol is defined: hexadecimal, decimal or binary

Adding symbols — Symbols
Adds a new symbol in the symbol table to the left of the currently selected symbol.

Removing symbols — Symbols
Removes the currently selected symbol in the symbol table.

Comment
Optional comment for the pattern, displayed in the pattern details (kept for compatibility
with FSQ)

SCPI command:
[SENSe: ] DDEMod: SEARch: SYNC:COMMent on page 308

Result Range Configuration

The result range determines which part of the capture buffer, burst or pattern is displayed.
For more information, see chapter 4.6, "Measurement Ranges", on page 111.

A visualization of the result display with the current settings is displayed in the visualiza-
tion area at the bottom of the dialog box.

The result range settings are displayed when you select the "Cut Result Ranges" button
in the "Overview" or the "Range Settings" softkey in the main VSA menu.

e
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Result Range Evaluation Range

Length

Result Length | 148 sym = 546.462 ps

Result Range Alignment

Reference . Capture . Burst n Pattern Waveform
Alignment . Left u Center . Right

Offset 0 sym

Symbol Number at Burst Start 3 sym

Visualization

RESUIL LENGLN.....ceeeiiee e e 170
REFEIENCE. .. e s e e e e anes 170
1o 10 =Y o | PSSP 171
(017 PRSP 171
Symbol Number at <Reference> Start...........ouveiiiiiiiiiieccc e 171

Result Length
Defines the number of symbols that are to be demodulated. All traces over time are dis-
played over the result range.

SCPI command:
[SENSe: ] DDEMod: TIME on page 312

Reference
Defines the reference for the result range alignment.

The result of the current setting is displayed in the visualization area of the dialog box.

"Capture" the capture buffer
"Burst" the detected burst
"Pattern” the detected pattern

SCPI command:
CALCulate<n>:TRACe<t>:ADJust [:VALue] on page 311

|
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Alignment
Defines the type of alignment of the result range to the reference source. The result of
the current setting is displayed in the visualization area of the dialog box.

SCPI command:
CALCulate<n>:TRACe<t>:ADJust:ALIGnment [:DEFault] on page 310

Offset
Defines the offset of the result range to the alignment reference. The result of the current
setting is displayed in the visualization area of the dialog box.

Note: Note the following restrictions to this parameter:

e Anoffset <0is not possible if you align the result range to the left border of the capture
buffer.

e An offset that moves the pattern outside the result range is not allowed. For example,
if you align the result to the left border of the pattern, only offsets = 0 are allowed.
Otherwise, you would never be able to find the pattern within the result range.

SCPI command:
CALCulate<n>:TRACe<t>:ADJust:ALIGnment:0FFSet on page 311

Symbol Number at <Reference> Start

Defines the number of the symbol which marks the beginning of the alignment reference
source (burst, capture buffer or pattern). The result of the current setting is displayed in
the visualization area of the dialog box.

In effect, this setting defines an offset of the x-axis (in addition to the one defined for the
signal structure, see "Offset" on page 133).

Note: When you define the "Symbol Number at <Reference> Start" remember to take
the offset defined for the signal structure into consideration (see "Offset" on page 133).
The "Symbol Number at Pattern Start" refers to the first symbol of the pattern offset, not
the first symbol of the pattern.

SCPI command:
DISPlay[:WINDow<n>] :TRACe<t>:X[:SCALe] :VOFFset on page 312

Demodulation Settings

During demodulation of the vector signal some undesired effects that may occur during
transmission can be compensated for. Furthermore, you can influence the synchroniza-
tion process.

e Demodulation - Compensation.............coeiiiiiiiiiiiciciiiiee e 172
e Advanced Demodulation (Synchronization)...........ouceeeeiiiiiiiiiieieeeeee e, 175

e
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5.9.1 Demodulation - Compensation

ON\ Note that compensation for all the listed distortions can result in lower EVM values.

Demodulation settings are displayed when you select the "Demodulation" button in the
"Overview" or the "Demod/Meas Filter" softkey in the main VSA menu.

A live preview of the constellation with the current settings is displayed in the preview
area at the bottom of the dialog box. The preview area is not editable directly.

Demodulation settings depend on the used modulation.

Demodulation Demodulation - Advanced Meas Filter

Compensate for ...

I/Q Offset 1/Q Imbalance

Amplitude Droop Symbol Rate Error

Channel

Equalizer

State

Mode

Filter Length

Reset Equalizer

Preview

Preview Const I/Q(Meas&Ref) ® 11 Clrw

Start -0.002 Stop 0.002

Fig. 5-2: Demodulation settings for PSK, MSK and QAM modulation
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Demodulation Demodulation - Advanced Meas Filter

L3

Compensate for ...

Carrier Frequency Drift FSK Deviation Error
Symbol Rate Error

Equalizer

State

Mode

Filter Length

Reset Equalizer

Preview

Preview Const Freg{Meas&Ref) o 1M Clrw

Start -21.888 MHz Stop 21.888 MHz

Fig. 5-3: Demodulation settings for FSK modulation

Compensate for... (PSK, MSK, ASK, QAM).....ccttiiiiiiieiii ittt ee e 173
Compensate for...  (FSK)...uuiiiii e e e 174
EQUANZETr SEHINGS...ciiiiiiiieiiiee e 174
SRR 174
L MO ettt 174
L FIEI LONGEN. ..ottt ee e e e e e eeeeene 175
L RESEt EQUANIZET ...ttt 175
L Store/Load CUrrent EQUANIZET..........cooveeeueeeeeeeeeeeeeeeeee e 175

Compensate for... (PSK, MSK, ASK, QAM)

If enabled, compensation for various effects is taken into consideration during demodu-
lation. Thus, these distortions are not shown in the calculated error values.

Note: Note that compensation for all the listed distortions can result in lower EVM values.

e |/Q Offset (default: on)
e |/Q Imbalance

User Manual 1173.9292.02 — 04 173



R&S®FSW-K70 Configuration
e
Demodulation Settings

e Amplitude Droop (default: on)

e Symbol Rate Error

e Channel (default: on)
Note that channel distortion can only be determined if the equalizer is on (see
"State" on page 174). Thus, compensation can only be disabled if the equalizer is
on.
By default, channel compensation is enabled to improve accuracy of the error results.
If compensation is disabled, the EVM is calculated from the original input signal with
channel distortions.

For details on these effects see chapter 4.5.1.3, "Modulation Errors", on page 98.

SCPI command:

[SENSe: ] DDEMod:NORMalize: IQOFfset on page 319
[SENSe: ] DDEMod:NORMalize: IQIMbalance on page 319
[SENSe: ] DDEMod:NORMalize: ADRoop on page 318
[SENSe: ] DDEMod:NORMalize:SRERror on page 320
[SENSe: ] DDEMod:NORMalize:CHANnel on page 319

Compensate for... (FSK)
If enabled, compensation for various effects is taken into consideration during demodu-
lation. Thus, these distortions are not shown in the calculated error values.

e Carrier Frequency Drift
e FSK Deviation Error
e Symbol Rate Error

For details on these effects see chapter 4.5.2.3, "Modulation Errors", on page 110.

SCPI command:

[SENSe: ] DDEMod:NORMalize:CFDRift on page 319
[SENSe: ] DDEMod:NORMalize:FDERror on page 319
[SENSe: ] DDEMod:NORMalize: SRERror on page 320

Equalizer Settings
The equalizer can compensate for a distorted transmission of the input signal or improve
accuracy in estimating the reference signal.

For details see chapter 4.4.5, "The Equalizer", on page 93.

State — Equalizer Settings
Activates or deactivates the equalizer to compensate for a distorted channel.

SCPI command:
[SENSe: ] DDEMod:EQUalizer[:STATe] on page 317

Mode — Equalizer Settings
Defines the operating mode of the equalizer.

"Normal" Determines the filter values from the difference between the ideal (ref-
erence) signal and the measured signal. Normal mode is sufficient for
small distortions and performance remains high.

e
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Demodulation Settings

"Tracking" The results of the equalizer in the previous sweep are considered to
calculate the new filter until adaquate results are obtained. This "learn-
ing" effect allows for powerful removement of larger distortions within a
minimum of sweeps. During the tracking phase calculation of the equal-
izer requires additional processing time.

"Freeze" The filter is no longer changed, the current equalizer values are used
for subsequent sweeps.

"User" A user-defined equalizer loaded from a file is used.

"Averaging" The results of the equalizer in all previous sweeps (since the instrument

was switched on or the equalizer was reset) are considered to calculate
the new filter. To start a new averaging process, select the Reset
Equalizer button. Calculation of the equalizer requires additional pro-
cessing time.

SCPI command:
[SENSe: ] DDEMod:EQUalizer:MODE on page 315

Filter Length < Equalizer Settings

Defines the length of the equalizer in symbols. The longer the equalizer, the more accu-
rate the filter becomes and the more distortion can be compensated. However, this
requires extended calculation time. The shorter the filter length, the less calculation time
is required during the equalizer's tracking or averaging phase.

SCPI command:
[SENSe: ] DDEMod:EQUalizer:LENGth on page 314

Reset Equalizer — Equalizer Settings

Deletes the data of the currently selected equalizer. After deletion, averaging and tracking
starts anew.

This is useful in the rare case that calculation takes a wrong symbol decision into con-
sideration and distorts the signal such that the original signal can no longer be deter-
mined.

SCPI command:

[SENSe: ] DDEMod:EQUalizer:RESet on page 316

Store/Load Current Equalizer < Equalizer Settings
Saves the current equalizer results to a file, or loads a user-defined equalizer.

The equalizer Mode must be set to USER in order to load a file.

SCPI command:
[SENSe: ] DDEMod:EQUalizer:SAVE on page 316
[SENSe: ] DDEMod:EQUalizer:LOAD on page 315

Advanced Demodulation (Synchronization)

You can influence the synchronization process and calculation of error values during
demodulation.

|
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Demodulation Settings

Advanced demodulation settings are displayed when you select the "Demodulation” but-
ton in the "Overview" or the "Demod/Meas Filter" softkey in the main VSA menu and then
switch to the "Demodulation - Advanced" tab.

A live preview of the constellation with the current settings is displayed in the preview
area at the bottom of the dialog box. The preview area is not editable directly.

Demodulation Demodulation - Advanced Meas Filter

Advanced

Normalize EVM to Mean Ref Power

Estimation Points/Sym Auto

Coarse Synchronization
Fine Synchronization

Preview

Preview Constellation I/Q(Meas&Ref) o 1M Clrw

start -3.652 Stop 3.652

NOIMANZE EVIM 10...cciiiiiieie ettt e 176
Estimation POINtS/SYM......coui e 177
Coarse SYNCHIONIZAtION........oi ittt e e e s rbre e e e e 177
Fine SyNChronization.........cceueieieeice e e e e 178
1S T =1 SRR OTS 179
OFFSEE EVIM. ..ttt ettt e et e e et e e e et e e e nee e e emseeeeaneeeeanseeeanneeeans 179

Normalize EVM to
Normalizes the EVM to the specified power value.

This setting is not available for MSK or FSK modulation.

e Max Ref Power
Maximum power of the reference signal at the symbol instants.
e Mean Ref Power
mean power of the reference signal at the symbol instants.
e Mean Constellation Power
Mean expected power of the measurement signal at the symbol instants
e Max Constellation Power
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Demodulation Settings

The maximum expected power of the measurement signal at the symbol instants

SCPI command:
[SENSe: ] DDEMod:ECALc [ :MODE] on page 313

Estimation Points/Sym

During synchronization, the measurement signal is matched to the reference signal and
various signal parameters are calculated. You can define how many sample points are
used for this calculation at each symbol.

For more information on estimation points per symbol see chapter 4.7, "Display Points
vs Estimation Points per Symbol", on page 115.

You can set the estimation points manually or let the VSA application decide how many
estimation points to use.

If automatic mode is enabled, the VSA application uses the following settings, depending
on the modulation type:

Modulation Est. Points

PSK, QAM 1

Offset QPSK 2

FSK, MSK Capture Oversampling

For manual mode, the following settings are available:

""" the estimation algorithm takes only the symbol time instants into
account
"2" two points per symbol instant are used (required for Offset QPSK)

"Capture Over- the number of samples per symbol defined in the signal capture settings
sampling” is used (see "Sample Rate" on page 153), i.e. all sample time instants
are weighted equally

SCPI command:
[SENSe: ] DDEMod:EPRate:AUTO on page 314
[SENSe: ] DDEMod:EPRate [ :VALue] on page 314

Coarse Synchronization
It is not only possible to check whether the pattern is part of the signal, but also to use
the pattern for synchronization, in order to obtain the correct reference signal.

For details on synchronization see chapter 4.4, "Overview of the Demodulation Proc-
ess", on page 84.

If "Auto” mode is selected, the detected data is used. In manual mode you can select one
of the following settings:

"Data" (Default): the detected data is used for synchronization, i.e. unknown
symbols
Use this setting if no pattern is available or if the pattern is short or does
not have suitable synchronization properties, e.g. a pattern that consists
of only one repeated symbol.

|
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Demodulation Settings

"Pattern” Known symbols from a defined pattern are used for synchronization
Depending on the signal, using the pattern can speed up your mea-
surement considerably and make it more robust against high carrier
frequency offsets.

Make sure that the pattern is suitable for synchronization, e.g. a GSM
pattern.

SCPI command:
[SENSe: ] DDEMod: SEARch: PATTern: SYNC:AUTO on page 320

[SENSe: ] DDEMod : SEARch: PATTern: SYNC[:STATe] on page 320

Fine Synchronization

In addition to the coarse synchronization used for symbol decisions, a fine synchroniza-
tion is available to calculate various results from the reference signal, e.g. the EVM.
However, when the signal is known to have a poor transmission quality or has a high
noise level, false symbol decisions are more frequent, which may cause spikes in the
EVM results.

To improve these calculations the reference signal can be estimated from a smaller area
that includes a known symbol sequence in the input signal. In this case, the results for
the limited reference area are more precise, at the cost of less accurate results outside
this area. Thus, the result range should be set to the length of the reference area. The
reference area can be defined either using a pattern or using a known data sequence
from a Known Data file. If no predefined data sequences are available for the signal, the
detected data is used by default.

If "Auto" mode is selected and a Known Data file has been loaded and activated for use,
the known data sequences are used. Otherwise, the detected data is used.

Note: You can define a maximum symbol error rate (SER) for the known data in reference
to the evaluated data. If the SER of the known data exceeds this limit, the default syn-
chronization using the detected data is performed.

"Known Data" The reference signal is defined as the data sequence from the loaded
Known Data file that most closely matches the measured data.

"Pattern” The reference signal is estimated from the defined pattern.
"Detected (Default) The reference signal is estimated from the detected data.
Data"

SCPI command:

[SENSe: ] DDEMod:FSYNc:AUTO on page 317
[SENSe: ] DDEMod:FSYNc [ :MODE] on page 317
[SENSe: ] DDEMod:FSYNc:RESult? on page 317

e
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Measurement Filter Settings

If SER <

This setting is only available if "Known Data" is selected for "Fine Synchronization". You
can define a maximum symbol error rate for the known data in reference to the evaluated
data. Thus, if a wrong file was mistakenly loaded or the file proves to be unsuitable, it is
not used for synchronization. Otherwise the results would be strongly distorted. If the
SER of the known data exceeds this limit, the default synchronization using the detected
data is performed.

SCPI command:
[SENSe: ] DDEMod:FSYNc:LEVel on page 317

Offset EVM
The offset EVM is only available for Offset QPSK modulated signals.

Unlike QPSK modulation, the Q component of Offset QPSK modulation is delayed by
half a symbol period against the | component in the time domain. The symbol time instants
of the | and the Q component therefore do not coincide.

The offset EVM controls the calculation of all results that are based on the error vector.
It affects the EVM, Real/lmag and Vector I/Q result displays as well as the EVM results
in the Result Summary (EVM and MER).

You can configure the way the VSA application calculates the error vector results.

If "Offset EVM" is disabled, the VSA application substracts the measured signal from the
reference signal to calculate the error vector. This method results in the fact that the error
vector contains two symbol instants per symbol period: one that corresponds to the |
component and one that corresponds to the Q component.

If "Offset EVM" is enabled, however, the VSA application compensates the delay of the
Q component with respect to the | component in the measurement signal as well as the
reference signal before calculating the error vector. That means that the error vector
contains only one symbol instant per symbol period.

SCPI command:
[SENSe: ] DDEMod:ECALc:OFFSet on page 313

Measurement Filter Settings

The measurement filter can be used to filter both the measured signal and the reference
signal, and thus the error vector. You can configure the measurement filter to be used.

For more information on measurement filters see chapter 4.1.4, "Measurement Filters",
on page 53.

Measurement filter settings are displayed when you select the "Meas Filter" button in the
"Overview" or the "Demod/Meas Filter" softkey in the main VSA menu and then switch
to the "Meas Filter" tab.

A live preview of the constellation with the current settings is displayed in the preview
area at the bottom of the dialog box. The preview area is not editable directly.

e
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Measurement Filter Settings

’l-. ;
Demodulation & Measurement Filter

Demodulation Demodulation - Advanced Meas Filter

Measurement Filter

Auto (according to Transmit Filter)

Type RRC

Alpha/BT 0.22

Preview

Preview Constellation I/Q{Meas&Ref) o 1M Clrw

Start -2.794 Stop 2.794

Using the Transmit Filter as a Measurement Filter (Auto)

If the "Auto" option is enabled, the measurement filter is defined automatically depending
on the transmit filter specified in the "Modulation" settings (see "Transmit Filter Type"
on page 130).

Note: If a user-defined transmit filter is selected and the measurement filter is defined
automatically, a Low-ISI measurement filter according to the selected user filter is cal-
culated and used.

SCPI command:
[SENSe: ] DDEMod:MFILter : AUTO on page 321

Type
Defines the measurement filter type, if the Using the Transmit Filter as a Measurement
Filter (Auto) setting is not enabled.

"<Predefined An overview of available measurement filters is provided in chapter A.
Filter>" 2.2, "Measurement Filters", on page 404.

e
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Evaluation Range Configuration

"User" User-defined filter.
Define the filter using the Load User Filter function or the [SENSe:
]DDEMod :MFILter:USER command.
For more information on user-defined filters see chapter 4.1.5, "Cus-
tomized Filters", on page 55.

"None" No measurement filter is used.

SCPI command:

[SENSe: ] DDEMod:MFILter[:STATe] on page 321
To turn off the measurement filter.

[SENSe: ] DDEMod:MFILter : USER on page 322

To use a user-defined filter.

[SENSe: ] DDEMod:MFILter : NAME on page 321

To define the name of the measurement filter.

Load User Filter — Type
Opens afile-selection dialog box to select the user-defined measurement filter to be used.

This setting is only available if "User" is selected as the "Filter Type".

For detailed instructions on working with user-defined filters see chapter 7.2.1, "How to
Select User-Defined Filters", on page 204.

SCPI command:
[SENSe: ] DDEMod:MFILter : USER On page 322

Alpha/BT < Type
Defines the roll-off factor (Alpha) or the filter bandwidth (BT).

The roll-off factor or filter bandwidth are available for RC, RRC and Gauss filters.

If the measurement mode is automatically selected according to the transmit filter, this
setting is identical to the "Alpha/BT" value in the modulation settings (see "Alpha/BT"
on page 130).

SCPI command:

Measurement filter: [SENSe: ] DDEMod:MFILter : ALPHa on page 321

Transmit filter: [SENSe: | DDEMod: TFILter:ALPHa on page 274

Evaluation Range Configuration

The evaluation range defines which range of the result is to be evaluated - either the
entire result range or only a specified part of it. The calculated length of the specified
range is indicated beneath the entries.

A visualization of the evaluation range (in relation to the result range) with the current
settings is displayed at the bottom of the dialog box. The green bar below the trace indi-
cates the defined result range, indented red lines indicate defined start and stop symbols
(see "Evaluation range display" on page 114). The visualization is not editable directly.

e
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Evaluation Range Configuration

The evaluation range settings are displayed when you select the "Evaluation Range"
button in the "Overview" or the "Range Settings" softkey in the main VSA menu and then
switch to the "Evaluation Range" tab.

Result Range Evaluation Range

Evaluation Range

Entire Result Range: 0 sym ... 148 sym

LG | 3.0 sym

Stop 144.75 sym

Length 142.0 sym =524.308 ps

Visualization

For details on the evaluation range see chapter 4.6, "Measurement Ranges”,
on page 111.

For an example on setting the evaluation range see chapter 8.3.5, "Setting the Evaluation
Range", on page 234.

Evaluating the Entire Result Range..........cuuuuioiiiiiiiiiiicce e 182
R = 4 ] (o o J PSP 182

Evaluating the Entire Result Range
If enabled, the entire result range is evaluated.

If disabled, you can define a specific part of the result range to be evaluated.

SCPI command:
CALCulate<n>:ELIN<startstop>:STATe on page 322

Start / Stop
Defines the symbol in the result range at which evaluation is started and stopped. The
start and stop symbols themselves are included in the evaluation range.

|
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Adjusting Settings Automatically

Note: Note that the start and stop values are defined with respect to the x-axis including
an optional offset defined via the Symbol Number at <Reference> Start parameter.

SCPI command:
CALCulate<n>:ELIN<startstop>[:VALue] on page 323

Adjusting Settings Automatically

Some settings can be adjusted by the R&S FSW automatically according to the current
measurement settings. In order to do so, a measurement is performed. The duration of
this measurement can be defined automatically or manually.

To activate the automatic adjustment of a setting, select the corresponding function in
the AUTO SET menu or in the configuration dialog box for the setting, where available.

Setting the Reference Level Automatically (Auto Level).........ooccuveeeeeiiiiiiiiieenniinnins 183
Resetting the Automatic Measurement Time (Meastime Auto)..........ccccccvviviieeeeeneenn. 183
Changing the Automatic Measurement Time (Meastime Manual)................cceeevnnnen... 183
UppPEr LeVel HYStEIESIS....coiiiiiiiiiccii ettt e e e e e e e e e e e e ee e e 184
Lower Level HYSIEreSiS. ..ottt e 184
Auto Scale Once/Auto Scale WINAOW.........couiiiiiieiieiiee e 184
U (o IR o= | L= SRR 184

Setting the Reference Level Automatically (Auto Level)

Automatically determines the optimal reference level for the current input data. At the
same time, the internal attenuators and the preamplifier are adjusted so the signal-to-
noise ratio is optimized, while signal compression, clipping and overload conditions are
minimized.

In order to do so, a level measurement is performed to determine the optimal reference
level.

You can change the measurement time for the level measurement if necessary (see
"Changing the Automatic Measurement Time (Meastime Manual)" on page 183).

SCPI command:
[SENSe: ]ADJust:LEVel on page 326

Resetting the Automatic Measurement Time (Meastime Auto)
Resets the measurement duration for automatic settings to the default value.

SCPI command:
[SENSe:]ADJust:CONFigure:DURation:MODE on page 324

Changing the Automatic Measurement Time (Meastime Manual)
This function allows you to change the measurement duration for automatic setting
adjustments. Enter the value in seconds.

SCPI command:
[SENSe:]ADJust:CONFigure:DURation:MODE on page 324
[SENSe:]ADJust:CONFigure:DURation on page 324

e
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Upper Level Hysteresis

When the reference level is adjusted automatically using the Setting the Reference Level
Automatically (Auto Level) function, the internal attenuators and the preamplifier are also
adjusted. In order to avoid frequent adaptation due to small changes in the input signal,
you can define a hysteresis. This setting defines an upper threshold the signal must
exceed (compared to the last measurement) before the reference level is adapted auto-
matically.

SCPI command:
[SENSe:]ADJust:CONFigure:HYSTeresis:UPPer on page 325

Lower Level Hysteresis

When the reference level is adjusted automatically using the Setting the Reference Level
Automatically (Auto Level) function, the internal attenuators and the preamplifier are also
adjusted. In order to avoid frequent adaptation due to small changes in the input signal,
you can define a hysteresis. This setting defines a lower threshold the signal must fall
below (compared to the last measurement) before the reference level is adapted auto-
matically.

SCPI command:
[SENSe:]ADJust:CONFigure:HYSTeresis:LOWer on page 325

Auto Scale Once/Auto Scale Window
If enabled, both the x-axis and y-axis are automatically adapted to the current measure-
ment results (only once, not dynamically) in the selected window.

To adapt the range of all screens together, use the Auto Scale All function.

SCPI command:
DISPlay[:WINDow<n>]:TRACe:Y[:SCALe] :AUTO ONCE on page 324

Auto Scale All

Adapts the x-axis and y-axis to the current measurement values (only once, not dynam-
ically) in all measurement windows.

SCPI command:

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe] :AUTO:ALL on page 324
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6 Analysis

General result analysis settings concerning the trace, markers, windows etc. can be con-
figured via the "Analysis" button in the "Overview". They are identical to the analysis
functions in the base unit except for the special window functions.

Window-specific configuration

The settings in the "Analysis" dialog box are specific to the selected window. Thus, the
"Analysis" button is only available in the "Overview" if the "Specifics for" option is enabled.
To configure the settings for a different VSA window, select the window outside the dis-
played dialog box, or select the window from the "Specifics for" selection list in the dialog

box.

L I = Vot T oY ] o S 185
®  Trace EXport SEttiNgS.....ccccuiiiiiiiieece e 188
L I V= T = < TP OPPPPRT 189
e Modulation Accuracy Limit LINES.......cocveiiiiiiiiiicccciieie e 194
e Display and Window Configuration..............oooiiiiiiiiiii i 196
L J4 o o T B U] o3 1T 1= S 199

6.1 Trace Settings
The trace settings determine how the measured data is analyzed and displayed in the
window. Depending on the result display, between 1 and 6 traces may be displayed.

Trace settings can be configured via the TRACE key, in the "Traces" dialog box, or in the
vertical "Traces" tab of the "Analysis" dialog box.

Trace data can also be exported to an ASCII file for further analysis. For details see
chapter 6.2, "Trace Export Settings", on page 188.

|
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Trace Settings

Mode Evaluation

Trace 2

Clear Write

View

Blank

Quick Config

1 Set Trace Mode Set Trace Mode
w11l 1: Const I/Q(Meas&Ref) = |

Trace 1/Trace 2/Trace 3/Trace 4/Trace S5/Trace B.......c.ccoveeviivuceeeiieeeeeeeeiiceeeeeeeeeeeens 186
= o= 1 o Yo [ 186
EVAIUATION. ... 187
Predefined Trace Settings - Quick Config.......cccccoimiiiiiiiiiieeee e 187
Trace 1/Trace 2/Trace 3/Trace 4 (SOftkeYS)...uuvvivviieiiiiiiiiiiieee, 187

Trace 1/Trace 2/Trace 3/Trace 4/Trace 5/Trace 6
Selects the corresponding trace for configuration. The currently selected trace is high-
lighted orange.

SCPI command:
DISPlay[:WINDow<n>]:TRACe<t>[:STATe] on page 333
Selected via numeric suffix of TRACe<t> commands

Trace Mode
Defines the update mode for subsequent traces.

The available trace modes depend on the selected result display. Not all evaluations
support all trace modes.

"Clear Write" Overwrite mode: the trace is overwritten by each sweep. This is the
default setting.
The "Detector" is automatically set to "Auto Peak".
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"Max Hold"

"Min Hold"

"Average"

"VieW"
"Blank"
SCPI command:

Trace Settings

The maximum value is determined over several sweeps and displayed.
The R&S FSW saves the sweep result in the trace memory only if the
new value is greater than the previous one.

The "Detector" is automatically set to "Positive Peak".

The minimum value is determined from several measurements and
displayed. The R&S FSW saves the sweep result in the trace memory
only if the new value is lower than the previous one.

The "Detector" is automatically set to "Negative Peak".

The average is formed over several sweeps.
The Statistic Count determines the number of averaging procedures.
The "Detector" is automatically set to "Sample".

The current contents of the trace memory are frozen and displayed.
Removes the selected trace from the display.

DISPlay[:WINDow<n>] :TRACe<t>:MODE on page 333

Evaluation

Defines whether the trace displays the evaluation of the measured signal or the reference
signal (if "Meas & Ref Signal" is used as the evaluation data source, see "Signal
Source" on page 197).

SCPI command:

CALCulate<n>:

TRACe<t>[:VALue] on page 332

Predefined Trace Settings - Quick Config
Commonly required trace settings have been predefined and can be applied very quickly
by selecting the appropriate button.

Function

Trace Settings

Preset All Traces

Trace 1: Clear Write

Traces 2-6: Blank

Set Trace Mode
Max | Avg | Min

Trace 1: Max Hold
Trace 2: Average
Trace 3: Min Hold

Traces 4-6: Blank

Set Trace Mode
Max | CIrWrite | Min

Trace 1: Max Hold
Trace 2: Clear Write
Trace 3: Min Hold

Traces 4-6: Blank

Trace 1/Trace 2/Trace 3/Trace 4 (Softkeys)
Displays the "Traces" settings and focuses the "Mode" list for the selected trace.

SCPI command:

DISPlay[:WINDow<n>]:TRACe<t>[:STATe] on page 333
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Trace Export Settings

6.2 Trace Export Settings

The captured (trace) data can also be exported to an ASCI! file. The format of these files
can be configured.

Traces Trace Export
Mode

Header

Off
Dedmal Seperator | Point

Export Trace to ASCII File
for all Windows

Export Trace to ASCII File
for Spedific Window

LN (Al 1: Constellation I/Q(Meas&Ref) ]

D= Te g B B T=T o =T = | (o P 189
Trace ASCII EXPOIT.... .. et e e e e e e e e e e e e eeeeaeeaeeeeeaens 189

Data Export Mode
Defines whether raw I/Q data (as captured) or trace data (evaluated) is stored.

SCPI command:
FORMat : DEXPort :MODE on page 362

Header
If enabled, a header with scaling information etc. is included in the file.

SCPI command:
FORMat : DEXPort :HEADer on page 362

User Manual 1173.9292.02 — 04 188



R&S®FSW-K70

Analysis

6.3

6.3.1

Markers

Decimal Separator
Defines the decimal separator for floating-point numerals for the data export files. Eval-
uation programs require different separators in different languages.

SCPI command:
FORMat :DEXPort:DSEParator on page 362

Trace ASCII Export
Opens a file selection dialog box and saves the traces of the captured data in ASCII
format to the specified file and directory.

Either the traces for the selected window only (see "Specifics for" on page 125) are
exported, or the traces of all windows are exported, one after the other.

For details on the file format see chapter A.3, "ASCII File Export Format for VSA Data",
on page 406.

SCPI command:
MMEMory : STORe<n>: TRACe on page 363

Markers

Markers help you analyze your measurement results by determining particular values in
the diagram. Thus you can extract numeric values from a graphical display.

Markers are configured in the "Marker" dialog box which is displayed when you do one
of the following:

e In the "Overview", select "Analysis", and switch to the vertical "Marker" tab.
e Press the MKR key, then select the "Marker Config" softkey.

Individual Marker SEHiNGS....ccoooi i i i 189
Marker Search SettiNgS. .. ... cciciiii e 191
e Marker Positioning FUNCHONS. ... .....eiiiiiie e 193

Individual Marker Settings

In VSA evaluations, up to 5 markers can be activated in each diagram at any time.
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Analysis Markers Marker Settings Search
Range

Selected State Stimulus

Code Domain
Settings Off
TR Off Norm

Marker

All Marker Off
HelleiileNio]ll 1: Code Domain Power %

SeIECIEA IMAIKET ... e e e e e e e e e e e e e 190
MaAFKEE STALE...... .ttt e e e e e e e e e e e e e 190
SHIMUIUS ...ttt e e e e s e e e e e e st e e e e e e s saateeeeeeessanstaeeeeeessasteeneeeesans 190
Y= T4 =T 1Y/ o1 T PP PP PP PP 191
Assigning the Marker t0 @ Trace.........ooooe i 191
AlLMArKErs Off ...t e st e e e e s e e e e e s sannreeeaens 191
COUPIE WINAOWS... ..ottt ree e e e e e e e e e e e e aa e e e e e s e st s e s s nae e s ba st aeeeraereereaeeaaaaaaaaaesees 191

Selected Marker
Marker name. The marker which is currently selected for editing is highlighted orange.

SCPI command:
Marker selected via suffix <m> in remote commands.

Marker State

Activates or deactivates the marker in the diagram.

SCPI command:

CALCulate<n>:MARKer<m>[:STATe] on page 335
CALCulate<n>:DELTamarker<m>[:STATe] on page 336

Stimulus

Defines the position of the marker on the x-axis.
SCPI command:
CALCulate<n>:DELTamarker<m>:X on page 336
CALCulate<n>:MARKer<m>:X on page 335

|
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Markers

Marker Type
Toggles the marker type.

The type for marker 1 is always "Normal", the type for delta marker 1 is always "Delta".
These types cannot be changed.

Note: If normal marker 1 is the active marker, switching the "Mkr Type" activates an
additional delta marker 1. For any other marker, switching the marker type does not acti-
vate an additional marker, it only switches the type of the selected marker.

"Normal" A normal marker indicates the absolute value at the defined position in
the diagram.
"Delta" A delta marker defines the value of the marker relative to the specified

reference marker (marker 1 by default).

SCPI command:
CALCulate<n>:MARKer<m>[:STATe] on page 335
CALCulate<n>:DELTamarker<m>|[:STATe] on page 336

Assigning the Marker to a Trace

The "Trace" setting assigns the selected marker to an active trace. The trace determines
which value the marker shows at the marker position. If the marker was previously
assigned to a different trace, the marker remains on the previous frequency or time, but
indicates the value of the new trace.

The marker can also be assigned to the currently active trace using the "Marker to
Trace" softkey.

If a trace is turned off, the assigned markers and marker functions are also deactivated.

SCPI command:
CALCulate<n>:MARKer<m>:TRACe on page 335

All Markers Off
Deactivates all markers in one step.

SCPI command:
CALCulate<n>:MARKer<m>:AOFF on page 334

Couple Windows

If enabled, markers in all diagrams with the same x-axis (time or symbols) have coupled
x-values (except for capture buffer display), i.e. if you move the marker in one diagram,
it is moved in all coupled diagrams.

SCPI command:
CALCulate<n>:MARKer<m>:LINK on page 334

Marker Search Settings

Several functions are available to set the marker to a specific position very quickly and
easily. In order to determine the required marker position, searches may be performed.
The search results can be influenced by special settings.

These settings are available as softkeys in the "Marker To" menu, or in the "Search" tab
of the "Marker" dialog box. To display this tab, do one of the following:

e
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e Press the MKR key, then select the "Marker Config" softkey. Then select the hori-
zontal "Search" tab.

e In the "Overview", select "Analysis", and switch to the vertical "Marker Config" tab.
Then select the horizontal "Search" tab.

Markers

Peak Search

o 1M Clrw 2 f:‘ati---fuu}

Search

NextPeakMode Left in Right l

Real/Imag Plot

IMAG

Search Mode for NeXt PEaK........ccoco it 192
ReEaI 7 IMAG PIOL....ciiieee e 192
Search Limits (Left / RIight).....ccoo e 193

Search Mode for Next Peak
Selects the search mode for the next peak search.

"Left" Determines the next maximum/minimum to the left of the current peak.

"Absolute" Determines the next maximum/minimum to either side of the current
peak.

"Right" Determines the next maximum/minimum to the right of the current peak.

SCPI command:
CALCulate<n>:
CALCulate<n>:
CALCulate<n>:
CALCulate<n>:
CALCulate<n>:
CALCulate<n>:
:DELTamarker<m>:MINimum:LEFT on page 338
CALCulate<n>:
CALCulate<n>:
:MARKer<m>:MINimum:NEXT on page 340
CALCulate<n>:
CALCulate<n>:

CALCulate<n>

CALCulate<n>

DELTamarker<m>:MAXimum:LEFT on page 337
MARKer<m>:MAXimum:LEFT on page 339
DELTamarker<m>:MAXimum:NEXT on page 338
MARKer<m>:MAXimum:NEXT on page 339
DELTamarker<m>:MAXimum:RIGHt on page 338
MARKer<m>:MAXimum:RIGHt on page 339

MARKer<m>:MINimum:LEFT on page 340
DELTamarker<m>:MINimum:NEXT on page 338

DELTamarker<m>:MINimum:RIGHt on page 339
MARKer<m>:MINimum:RIGHt on page 340

Real / Imag Plot
Defines whether marker search functions are performed on the real or imaginary trace
of the "Real/lmag" measurement.

SCPI command:
CALCulate<n>:MARKer:SEARch on page 341

|
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Search Limits (Left / Right)

If activated, limit lines are defined and displayed for the search. Only results within the
limited search range are considered.

SCPI command:

CALCulate:MARKer:X:SLIMits[:STATe] on page 342
CALCulate:MARKer:X:SLIMits:LEFT on page 341
CALCulate:MARKer:X:SLIMits:RIGHT on page 341

6.3.3 Marker Positioning Functions

The following functions set the currently selected marker to the result of a peak search.
These functions are available as softkeys in the "Marker To" menu, which is displayed
when you press the MKR -> key.

PEAK SEAICN.....eeieeeeeee ettt e e et e e e ra e aaaens 193
SEAINCN NEXE PBAK....ccveeeiiiieiie ettt e et e e e et e e e e e e e e eraananns 193
= D L= PSP 193
ST 1] A/ LT 10T 193
SearCh NEeXt IMINIMUM ... oot e e s ee e e e e e e e e s e e b e e e reaaaanes 194
Peak Search

Sets the selected marker/delta marker to the maximum of the trace. If no marker is active,
marker 1 is activated.

SCPI command:

CALCulate<n>:MARKer<m>:MAXimum[:PEAK] on page 340
CALCulate<n>:DELTamarker<m>:MAXimum/[:PEAK] on page 338

Search Next Peak

Sets the selected marker/delta marker to the next (lower) maximum of the assigned trace.
If no marker is active, marker 1 is activated.

SCPI command:

CALCulate<n>:MARKer<m>:MAXimum:NEXT on page 339
CALCulate<n>:DELTamarker<m>:MAXimum:NEXT on page 338

Max |Peak]|
Sets the active marker/delta marker to the largest absolute peak value (maximum or
minimum) of the selected trace.

SCPI command:
CALCulate<n>:MARKer<m>:MAXimum:APEak on page 339

Search Minimum
Sets the selected marker/delta marker to the minimum of the trace. If no marker is active,
marker 1 is activated.

SCPI command:
CALCulate<n>:MARKer<m>:MINimum[:PEAK] on page 340
CALCulate<n>:DELTamarker<m>:MINimum[:PEAK] on page 339

User Manual 1173.9292.02 — 04 193



R&S®FSW-K70 Analysis

e
Modulation Accuracy Limit Lines

Search Next Minimum
Sets the selected marker/delta marker to the next (higher) minimum of the selected trace.
If no marker is active, marker 1 is activated.

SCPI command:
CALCulate<n>:MARKer<m>:MINimum:NEXT on page 340
CALCulate<n>:DELTamarker<m>:MINimum:NEXT on page 338

6.4 Modulation Accuracy Limit Lines

The results of a modulation accuracy measurement can be checked for violation of
defined limits automatically (see "Modulation Accuracy" on page 18).

Limits and the limit check are configured in the "Limits" dialog box that is displayed when
you press the "ModAcc Limits Config" softkey in the "Lines" menu.

Modulation Accuracy Li ’ -

Limit Checking Set to Default

Current Mean Peak

Limit Value Check

Phase Error Peak [3.5 o ]

Magnitude Error RMS |1.5 % |
Magnitude Error Peak |2.5 % |

Carrier Frequency Error 1.0 kHz .

Rho

1/Q Offset
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For details on working with limits see chapter 7.3.2, "How to Check Limits for Modulation
Accuracy", on page 216.

Checking Modulation Accuracy LimitS........ooeiiiiii e 195
S0 DEFAUI.... e e e rraaas 195
CUMTENT/IMEANIPEAK.......ccceviie ettt et e e et e e e et e e e e eer e e e e eesananns 195
L LMt VaIUG. .. seasassesessssassssessansesesnsesnsnsees 195
L 01T SO 196

Checking Modulation Accuracy Limits
Activates or deactivates evaluation of modulation accuracy limits in the result summary.

SCPI command:
CALCulate:LIMit:MACCuracy:STATe on page 342

Set to Default
Restores the default limits and deactivates all checks.

SCPI command:
CALCulate:LIMit:MACCuracy:DEFault on page 342

Current/Mean/Peak

Defines and activates the limits for the currently measured value, the mean and the peak
value on separate tabs. Note that the limits for the current and peak values are always
the same.

Limit Value — Current/Mean/Peak

Define the limit with which the currently measured, mean or peak value is to be compared.
A different limit value can be defined for each result type. Depending on the modulation
type, different result types are available.

Result type Remote command

PSK, MSK, QAM:

EVM RMS CALCulate<n>:LIMit:MACCuracy:EVM:RCURrent:VALue
on page 345

EVM Peak CALCulate<n>:LIMit:MACCuracy:EVM: PCURrent:VALue
on page 345

Phase Err Rms CALCulate<n>:LIMit:MACCuracy:PERRor:RCURrent:VALue
on page 346

Phase Err Peak CALCulate<n>:LIMit:MACCuracy:PERRor:PCURrent:VALue
on page 346

Magnitude Err Rms CALCulate<n>:LIMit:MACCuracy:MERRor:RCURrent:VALue
on page 346

Magnitude Err Peak CALCulate<n>:LIMit:MACCuracy:MERRor:PCURrent:VALue
on page 346

Carr Freq Err CALCulate<n>:LIMit:MACCuracy:CFERror:CURRent:VALue
on page 344

Rho CALCulate<n>:LIMit:MACCuracy:RHO:CURRent:VALue on page 347

|
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Result type Remote command

1Q Offset CALCulate<n>:LIMit:MACCuracy:00FFset :CURRent:VALue
on page 346

FSK modulation only:

Freq Err Rms CALCulate<n>:LIMit:MACCuracy:FERRor:RCURrent:VALue
on page 345

Freq Err Peak CALCulate<n>:LIMit:MACCuracy:FERRor:PCURrent:VALue
on page 345

Magnitude Err Rms CALCulate<n>:LIMit:MACCuracy:MERRor:RCURrent :VALue
on page 346

Magnitude Err Peak CALCulate<n>:LIMit:MACCuracy:MERRor:PCURrent : VALue
on page 346

FSK Dev Err CALCulate<n>:LIMit:MACCuracy:FERRor:PCURrent:VALue
on page 345

Carr Freq Err CALCulate<n>:LIMit:MACCuracy:CFERror:CURRent:VALue
on page 344

Check — Current/Mean/Peak

Considers the defined limit value in the limit check, if checking is activated.
SCPI command:
CALCulate<n>:LIMit:MACCuracy:<ResultType>:<LimitType>:STATe
on page 343

6.5 Display and Window Configuration

The captured I/Q data can be evaluated using various different methods without having
to start a new measurement.

As opposed to the R&S FSW Spectrum application or other applications, in VSA config-
uring the result display requires two steps:

1. Display Configuration: In the first step, you select the data source for the evaluation
and the window placement in the SmartGrid.
The SmartGrid mode is activated automatically when you select the "Display Con-
fig" softkey from the main VSA menu or the "Display Config" button in the Overview.
Note, however, that this button is only displayed in the general Overview, not for
window-specific configuration ("Specifics for" must be disabled).
The default evaluation for the selected data source is displayed in the window.
Up to 16 result displays can be displayed simultaneously in separate windows. The
VSA evaluation methods are described in chapter 3, "Measurements and Result Dis-
plays", on page 15.
For details on working with the SmartGrid see the R&S FSW Getting Started manual.
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2. Window Configuration: In a second step, you can select a different evaluation
method (result type) for the window, based on the data source selected in the "Display
Configuration”.

6.5.1 Window Configuration

For each window you can select a different evaluation method (result type), based on the
data source selected in the "Display Configuration". Further window settings are available
for some result types.

The "Window Configuration" is displayed when you select the "Window Config" softkey
from the main VSA menu.

N\ Some settings are only displayed after you select the "More" button in the dialog box. To
/ hide these settings, select the "Less" button.

SIGNAI SOUICE....ccii i e e e e e e e e e e e e e e e s et a b e aeeeeeaaeaaaaeens 197
YT UL A I8/ oYU 197
Result Type Transformation.............ooeiiiiiiiiiieie e 197
Highlight SYMDOIS. ......eeiiii e 198
Display PoOINIS/SYM ..ot 198
(@Y= =TT o1 o] 1o T T PO OPPPPRR 198

Signal Source

Data source as selected in the "Display Configuration" (see chapter 3, "Measurements
and Result Displays", on page 15). If you change the signal source setting here, the
default result type for the new data source is activated for the current window.

SCPI command:
LAYout:ADD[ :WINDow] ? on page 351

Result Type
The result type defines the evaluation method used in the current window.

The available result types in VSA are described in chapter 3.2, "Result Types in VSA",
on page 19.

SCPI command:
CALCulate<n>:FORMat on page 357

Result Type Transformation

For certain result types it is not only possible to see the common "over time" represen-
tation of the measurement, but also the spectrum or the statistics (in form of a histogram).
These are the transformations of the results.

These settings are not available for symbol evaluation, i.e. the following signal sources:

e Symbols
e Modulation Accuracy

"Normal" Evaluation in time domain
X-axis displays time values.

e
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"Spectrum" Evaluation in frequency domain
X-axis displays frequency values. The usable I/Q bandwidth is indicated
in the display.

"Statistics" Statistical evaluation (histogram)

X-axis displays former y-values. Y-axis displays statistical information:

e Trace 1: the probability of occurrence of a certain value is plotted
against the value

e Trace 2: the cumulated probability of occurance is plotted against
the value.

SCPI command:
CALCulate<n>:DDEM:SPECtrum|[:STATe] on page 357
CALCulate<n>:STATistics:CCDF[:STATe] on page 358

Highlight Symbols
If enabled, the symbol instants are highlighted as squares in the window for measured
and reference signals in time (normal) display, as well as error displays.

Only evaluations that are based on symboils (e.g. constellations or traces) support this
function.

SCPI command:
DISPlay[:WINDow<n>] :TRACe:SYMBol on page 360

Display Points/Sym

Defines the number of display points that are displayed per symbol. If more points per
symbol are selected than the defined Sample Rate, the additional points are interpolated
for the display. The more points are displayed per symbol, the more detailed the trace
becomes.

For more information see chapter 4.7, "Display Points vs Estimation Points per Sym-
bol", on page 115

Note: If the capture buffer is used as the signal source, the Sample Rate defines the
number of displayed points per symbol; the "Display Points/Sym" parameter is not avail-
able.

If "Auto" is enabled, the Sample Rate value is used.

Alternatively, select the number of points to be displayed per symbol manually. The
available values depend on the source type.

""" only the symbol time instants are displayed

"2,4,8,16, 32" more points are displayed than symbols

"Capture Over- the number of samples per symbol defined in the signal capture settings
sampling” are displayed (see "Sample Rate" on page 153)

SCPI command:

DISPlay[:WINDow<n>] :PRATe[:VALue] on page 359

DISPlay[:WINDow<n>] :PRATe:AUTO on page 359

Oversampling
Defines the sample basis for statistical evaluation. This setting is only available for the
result type transformation "Statistics".
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Fig. 6-1: Statistics measurement: window C: measured signal (symbols highlighted); window A: sta-
tistics for all trace points; window B: statistics for symbol instants only

"Symbols only" Statistics are calculated for symbol instants only
See window B in figure 6-1.

"Infinite” Statistics are calculated for all trace points (symbol instants and inter-
mediate times)
See window A in figure 6-1.

"auto" currently not used

SCPI command:
CALCulate<n>:STATistics:MODE on page 359

6.6 Zoom Functions

The zoom functions are only available from the toolbar.

S g le | [ o o] o o FO PP PR OPIPPPPR 200
0] =07 o T o TSP 200
Restore Original DiSPlay.......uieiiieiiieiiiece e 200
Deactivating Zoom (Selection MOdE)........cccccccuriiiiiiiiiiiriee e 200
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Single Zoom

=R

A single zoom replaces the current diagram by a new diagram which displays an enlarged
extract of the trace. This function can be used repetitively until the required details are
visible.

SCPI command:

DISPlay[:WINDow<n>] :200M:STATe on page 348

DISPlay[:WINDow<n>] :ZOOM:AREA on page 347

Multiple Zoom
=3

In multiple zoom mode, you can enlarge several different areas of the trace simultane-
ously. An overview window indicates the zoom areas in the original trace, while the
zoomed trace areas are displayed in individual windows. The zoom area that corresponds
tothe individual zoom display is indicated in the lower right corner, between the scrollbars.
SCPI command:

DISPlay[:WINDow<n>] :Z00M:MULTiple<zoom>:STATe on page 349
DISPlay[:WINDow<n>]:200M:MULTiple<zoom>:AREA on page 348

Restore Original Display

Restores the original display and closes all zoom windows.

SCPI command:

DISPlay[:WINDow<n>] :Z00M:STATe on page 348 (single zoom)
DISPlay[:WINDow<n>] :200M:MULTiple<zoom>:STATe on page 349 (for each
multiple zoom window)

Deactivating Zoom (Selection mode)

Deactivates zoom mode; tapping the screen no longer invokes a zoom, but selects an
object.

SCPI command:

DISPlay[:WINDow<n>] :ZOOM: STATe on page 348 (single zoom)
DISPlay[:WINDow<n>]:Z00M:MULTiple<zoom>:STATe on page 349 (for each
multiple zoom window)
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How to Perform VSA According to Digital Standards

7 How to Perform Vector Signal Analysis

Using the VSA option you can perform vector signal analysis measurements using pre-
defined standard setting files, or independently of digital standards using user-defined
measurement settings. Such settings can be stored for recurrent use.

Thus, configuring VSA measurements requires one of the following tasks:

e Selecting an existing standard settings file and, if necessary, adapting the measure-
ment settings to your specific requirements.

e Configuring the measurement settings and, if necessary, storing the settings in afile.

e How to Perform VSA According to Digital Standards...........ccccoeevieeiiiiiienennnnieen. 201
How to Perform Customized VSA Measurements..........ccccceveeeeeiciieeieeeeeesciiieenn. 203
How to Analyze the Measured Data.......ccccceieieiiiiiieiic e 212

7.1 How to Perform VSA According to Digital Standards

In order to perform vector signal analysis as specified in digital standards, various pre-
defined settings files for common digital standards are provided for use with the VSA
option. In addition, you can create your own settings files for user-specific measurements.

For an overview of predefined standards and settings see chapter A.1, "Predefined
Standards and Settings", on page 398.

This section provides instructions for the following tasks:

® "To perform a measurement according to a standard" on page 201
® "To load predefined settings files" on page 202

e '"To store settings as a standard file" on page 202

® "To delete standard files" on page 202

e "To restore standard files" on page 202

To perform a measurement according to a standard
1. Press the MODE key on the front panel and select the "VSA" application.
2. Press the MEAS key and select the "Digital Standards" softkey.

3. Select the required settings file and then "Load" (see "To load predefined settings
files" on page 202).

The instrument is adjusted to the stored settings for the selected standard and a
measurement is started immediately.

4. Press the RUN SINGLE key to stop the continuous measurement mode and start a
defined number of measurements.

The measured data is stored in the capture buffer and can be analyzed (see chap-
ter 7.3, "How to Analyze the Measured Data", on page 212).

e
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To load predefined settings files

1.
2.

In the "Meas" menu, select the "Digital Standards" softkey.

In the file selection dialog box, select the standard whose settings you want to load.
To change the path, press the arrow icons at the right end of the "Path" field and
select the required folder from the file system.

Press the "Load" button.

The dialog box is closed and the instrument is adjusted to the stored settings for the
selected standard.

To store settings as a standard file

1.

Configure the measurement as required (see chapter 7.2, "How to Perform Custom-
ized VSA Measurements”, on page 203).

In the "Meas" menu, select the "Digital Standards" softkey.

In the "File Name" field, enter the name of the standard for which you want to store
settings.

To change the path, press the arrow icons at the right end of the "Path" field and
select the required folder from the file system.

To insert a new folder, select the "New Folder" button and enter a name in the "New
Folder" dialog box.

Press the "Save" button.

The dialog box is closed and the current measurement settings are stored in a stand-
ard file.

To delete standard files

1.
2.

In the "Meas" menu, select the "Digital Standards" softkey.

In the "Manage VSA Standards" file selection dialog box, select the standard whose
settings file you want to delete. Standards predefined by Rohde & Schwarz can also
be deleted.

To change the path, press the arrow icons at the right end of the "Path" field and
select the required folder from the file system.

Press the "Delete" button.

Confirm the message to avoid unintentionally deleting a standard.

The standard file is removed from the folder.

To restore standard files

1.

To restore the predefined standard files, do one of the following:

e In the "Meas" menu, select the "Digital Standards" softkey.
The "Manage VSA Standards" file selection dialog box is displayed.
e In the "Meas" menu, select the "Restore Factory Settings" softkey.

e
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2.

How to Perform Customized VSA Measurements

Select "Restore Standard Files".

The standards predefined by Rohde & Schwarz available at the time of delivery are
restored to the Standards folder.

7.2 How to Perform Customized VSA Measurements

In addition to performing vector signal analysis strictly according to specific digital stand-
ards, you can configure the analysis settings for customized tasks. The general process
for a typical VSA measurement is described here.

1.
2.

10.

Press the MODE key on the front panel and select the "VSA" application.
Select the "Overview" softkey to display the "Overview" for VSA.

Select the "Signal Description" button and configure the expected signal character-
istics.

If the input data is largely known in advance, define files with the known data to com-
pare the measured data to (see chapter 7.2.3, "How to Manage Known Data Files",
on page 208). This can improve demodulation significantly.

Select the "Input/Frontend" button to define the input signal's center frequency,
amplitude and other basic settings.

Select the "Signal Capture" button and define how much and which data to capture:
(In MSRA mode, define the application data instead, see chapter 4.9, "VSA in MSRA
Operating Mode", on page 118).

e "Capture length": the duration or number of symbols to be captured
e "Sample rate": how many points are to be captured for each symbol

Optionally, select the "Trigger" tab and define a trigger for data acquisition, for exam-
ple an external trigger to start capturing data only when a useful signal is transmitted.
(In MSRA mode, define a "Capture Offset" instead, see chapter 4.9, "VSA in MSRA
Operating Mode", on page 118).

For bursted signals, select the "Burst/Pattern" button and define the criteria to detect
the individual bursts within the input signal (see chapter 7.2.2, "How to Perform Pat-
tern Searches", on page 204).

Select the "Cut Result Ranges" button and define which of the captured data is to be
demodulated (see chapter 7.2.4, "How to Define the Result Range", on page 211).

Select the "Demodulation” button to configure and optimize the synchronization proc-
ess.

Select the "Meas filter" button to select a different or user-defined measurement filter
to improve the accuracy of the error vector (see chapter 7.2.1, "How to Select User-
Defined Filters", on page 204).

e
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7.21

7.2.2

How to Perform Customized VSA Measurements

11. Select the "Evaluation Range" button to define which part of the demodulated data
is to be evaluated and displayed.

12. Press the RUN SINGLE key to stop the continuous sweep and start a new sweep
with the new configuration.

The measured data is stored in the capture buffer and can be analyzed (see chap-
ter 7.3, "How to Analyze the Measured Data", on page 212)

How to Select User-Defined Filters

The most frequently required measurement and TX filters required for vector signal
analysis according to digital standards are provided by the R&S FSW VSA application.
However, you can also load user-defined filters.

To load a user measurement filter
1. In the "Overview", select the "Meas Filter" button.

2. Inthe "Meas Filter" tab of the "Demodulation & Measurement Filter "dialog box, select
"Type": User.

3. Select "Load User Filter".

4. Load your .vaf file from the USB stick.

To load a user transmit (TX) filter
1. In the "Overview", select the "Signal Description" button.

2. In the "Modulation" tab of the "Signal Description" dialog box, select "Transmit Filter
Type": User.

3. Select "Load User Filter".

4. Load your .vaf file from the USB stick.

How to Perform Pattern Searches

To configure a pattern search

1. In the "Overview", select "Signal Description".
2. Select the "Signal Structure" tab.

3. Select the "Burst Signal" signal type.

4. Enable the "Pattern" option.

5. From the "Name" selection list, select a pattern that is assigned to the currently
defined standard.

e
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If the pattern you require is not available, continue with "To add a predefined pattern
to a standard" on page 205 or chapter 7.2.2.2, "How to Define a New Pattern”,
on page 206.

Optionally, select the "Offset" option and enter the number of symbols in the signal
to be ignored during the pattern search.

Close the "Signal Description" dialog box.

In the "Overview" dialog box, select "Burst / Pattern " and switch to the "Pattern
Search" tab.

Select "On" to enable the search.
To enable a search only if a pattern is part of the signal description, enable the
"Auto" option.

The results of the pattern search with the selected pattern on the current measure-
ment data is displayed in the "Preview" area of the dialog box. Whether a pattern was
detected or not is indicated in the "Information" area.

If necessary, adapt the 1/Q correlation threshold. If bursts are not detected, reduce
the threshold; if false bursts are detected, increase the threshold.

Optionally, enable the "Meas only if pattern symbols correct" option. In this case,
measurement results are only displayed if a valid pattern has been detected.

Close the dialog box.

The selected pattern is used for a pattern search in the next measurement.

7.2.21 How To Assign Patterns to a Standard

Only patterns that are assigned to the currently selected VSA standard are available for
the pattern search.

To add a predefined pattern to a standard

1.
2.
3.

In the "Overview", select "Signal Description" and switch to the "Signal Structure” tab.
Select "Pattern Config" to display the "Advanced Pattern Settings" dialog box.

In the list of "All Patterns", select the required pattern.
If the required pattern is not displayed, see "To change the display for the list of
patterns" on page 207.

Select "Add to Standard".

The selected pattern is inserted in the list of "Standard Patterns”.

Select the pattern to be used for the pattern search from the list of "Standard Pat-
terns".

To remove a predefined pattern from a standard

1.

In the "Overview", select "Signal Description" and switch to the "Signal Structure" tab.
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2. Select "Pattern Config" to display the "Advanced Pattern Settings" dialog box.
3. Select the pattern from the list of "Standard Patterns".
4. Select "Remove from Standard".

The pattern is removed from the list of "Standard Patterns" and is no longer assigned
to the current standard, but is still available for assignment from the list of "All Pat-
terns”.

7.2.2.2 How to Define a New Pattern

1. Inthe "Overview", select "Signal Description" and switch to the "Signal Structure" tab.
2. Select "Pattern Config" to display the "Advanced Pattern Settings" dialog box.

3. Select the "New" button.
The pattern definition dialog box is displayed.

4. Define the following pattern settings:

Setting Description

Name Pattern name that will be displayed in selection list

Description Optional description of the pattern which is displayed in the pattern details

Modulation order Number of values each symbol can represent, e.g. 8 for 8-PSK

Comment Optional comment for the pattern, displayed in the pattern details (kept for com-
patibility with FSQ)

5. Define the format used to define the individual symbols of the pattern.

6. Define the symbols of the pattern.

a) Select the symbol field you want to define.

If necessary, add a new symbol field by selecting "Add".

b) Enter a value using the keyboard. Depending on the "Modulation Order" <n>, the
value can be in the range 0 to <n>-1.

c) Select the next symbol field, or insert a new one, and continue to define the other
symbols. To scroll through the fields for long patterns, use the scrollbar beneath
the input area. The number beneath the scrollbar at the right end indicates the
sequential number of the last symbol field, the number in the center indicates the
sequential number of the currently selected symbol field.

To remove a symbol field, select it and press "Remove".

7. Select "Save" to save the pattern under the specified name. The pattern is stored on
the instrument as an xml file named <Name>.xml under

<Installation directory>\vsa\Pattern.

If you copy this file to another location, you can restore the pattern at a later time, e.g.
after deletion.
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Example: Defining a pattern

x|
|
|
|

Name TETRA_SA

Description [Special Continuous Downlink Burst

Mod. Order [4

- Symbols
Format { Binary (@ Hex (" Decimal
(a] (8] lc)[p][e]LF]
Sizet 1 3|1 0 0 3| 2|21
11
1
Add
Remove
1 12 16

Comment [ l

Save " Cancel I

Fig. 7-1: Pattern definition

7.2.2.3 How to Manage Patterns

To change the display for the list of patterns
1. Inthe "Overview", select "Signal Description" and switch to the "Signal Structure" tab.
2. Select "Pattern Config" to display the "Advanced Pattern Settings" dialog box.

3. Todisplay all available patterns, select "Show All".
To display all patterns that are compatible to the defined standard, select "Show
Compatible".
To display only patterns that contain a specific prefix, enter the "Prefix" in the edit
field.

To edit a predefined pattern

1. Inthe "Overview", select "Signal Description" and switch to the "Signal Structure" tab.

2. Select "Pattern Config" to display the "Advanced Pattern Settings" dialog box.

3. Select the pattern from the list of "All Patterns".

|
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4. Press "Edit Pattern".

5. Change the settings as required as described in chapter 7.2.2.2, "How to Define a
New Pattern", on page 206.

To delete a predefined pattern

1. Inthe"Overview", select "Signal Description" and switch to the "Signal Structure" tab.

2. Select "Pattern Config" to display the "Advanced Pattern Settings" dialog box.

3. Select the pattern from the list of "All Patterns".

4. Press "Delete Pattern".

The pattern is removed from the lists of available and assigned patterns and can no
longer be assigned to any standard. Any existing assignments to other standards are
removed, as well.

To restore predefined patterns

Default patterns provided by Rohde&Schwarz can be restored.
1. Press the MEAS key.

2. Select the "Restore Factory Settings" softkey.

3. Select the "Restore Pattern Files" softkey.

The patterns as defined by Rohde & Schwarz at the time of delivery are restored.

@ Restoring user-defined patterns

User-defined patterns can only be restored if you have a copy of the pattern file created
during creation. In this case, copy the file named <Patternname>.xml back to the
installation directory of the VSA application under vsa/standards. After a preset or
after performing certain operations (e.g. changing the modulation settings) the pattern
will be included in the list of "All Patterns" again.

7.2.3 How to Manage Known Data Files

You can load xml files containing the possible sequences to the VSA application and use
them to compare the measured data to. In particular, you can use known data for the
following functions:

® Fine synchronization during the demodulation process (see figure 4-43 and "Fine
Synchronization" on page 178)

® Calculation of the Bit Error Rate (BER), see chapter 3.2.23, "Bit Error Rate (BER)",
on page 42

7.2.3.1 How to Load Known Data Files

Known Data files are loaded in the "Modulation & Signal Description" settings.
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To load an existing Known Data file
1. In the "Overview", select "Signal Description".
2. Switch to the "Known Data" tab.

3. Activate the usage of a Known Data file by enabling the "Known Data" option. This
enables the "Load Data File" function.

4. Select the "Load Data File" button.
A file selection dialog box is displayed.

5. Select the xml file which contains the possible data sequences of the input signal.
The file must comply with the syntax described in chapter A.4, "Known Data File
Syntax Description”, on page 408.

The header information of the xml file is displayed in the dialog box.

Once a Known Data file has been loaded, the Bit Error Rate result display becomes
available.

If the "Fine Synchronization" setting in the "Demodulation” dialog box is set to
"Auto" mode, the known data is also used for synchronization. Otherwise it can be
selected manually. Defining a maximum symbol error rate for the known data in ref-
erence to the analyzed data avoids using a falsely selected or unsuitable file for syn-
chronization (see also "If SER <" on page 179.

7.2.3.2 How to Create Known Data Files

You must create the Known Data files yourself according to the possible data sequences
of the input signal. Use any xml editing tool you like, following the rules described in
chapter A.4, "Known Data File Syntax Description", on page 408. Before loading the file
to the VSA application, make sure the syntax of your file is valid.

@ Auxiliary tool to create Known Data files

An auxiliary tool to create Known Data files from data that is already available in the VSA
application is provided on the instrument free of charge.

To create a Known Data file using the recording tool for sequences

1. Import or apply input data for which stable demodulation results are available to the
VSA application. If necessary, adapt the demodulation settings until the requested
results are obtained.

2. Execute the file RecordingToolforSequences.EXE from the installation direc-
tory on the instrument.

The "R&S Recording Tool for Sequences" window is displayed.

e
User Manual 1173.9292.02 — 04 209



R&S®FSW-K70 How to Perform Vector Signal Analysis

How to Perform Customized VSA Measurements

R&S Reconding Tool for, Sequences

Configuration

WIS A TCPIP::localhost

Results

Analyzed Sequences 33 Modulation: PSE
Format: MNOEM
Order: 8

BesultLength = 148

Differert Sequences g3
Last Mew Sequence Found 0= ago

Throughput 0,72 kSymbolsiz
Store for K70 Stop Reset
L

3. Start a measurement in the VSA application.

4. In the tool window, select "Run".
The tool records the demodulated data sequences. The following result information
is provided by the tool during recording:

e Analyzed Sequences: number of data sequences analyzed since the tool was
started

e Different Sequences: number of unique sequences detected in the measured
data

e Last New Sequence Found: time that has passed since the most recent unique
sequence was detected

e Throughput: current data processing speed of the tool

Note that while the tool is running, the R&S FSW is set to remote mode, i.e. the
manual interface is not available. As soon as the tool is closed, the remote mode is
automatically deactivated.

5. When all known possible sequences have been detected, or when a significantly
large amount of time has passed so as to assume no more sequences will be detec-
ted, stop the tool by selecting "Stop".

6. e Ifthe results are acceptable, select "Store for K70" to store a valid xml file with
the recorded data sequences on the instrument.
Afile selection dialog box is displayed in which you can select the storage location
and file name.
You can also add an optional comment to the file.
e Otherwise, reset the tool to start a new recording, possibly after changing the
demodulation settings or input data.

7. Close the tool window to return to normal operation of the VSA application.
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The created xml file can now be loaded in the VSA application as described in chap-
ter 7.2.3.1, "How to Load Known Data Files", on page 208.

7.2.4 How to Define the Result Range

You can define which part of the source signal is analyzed ("Result Range") with refer-
ence to the captured data, a detected burst or a detected pattern.

(For details on the functions see chapter 5.8, "Result Range Configuration"”,
on page 169.)

1.
2.

In the "Overview", select "Range Settings".
Select the "Result Range" tab.

Define the "Result Length", i.e. the number of symbols from the result that are to be
analyzed.

Note that when you use Known Data files as a reference, the "Result Length" speci-
fied here must be identical to the length of the specified symbol sequences in the xml
file (<ResultLength> element). See chapter 4.8, "Known Data Files - Dependencies
and Restrictions", on page 116.

Define the "Reference" for the result range, i.e. the source to which the result will be
aligned. The reference can be the captured data, a detected burst or a detected pat-
tern.

Define the "Alignment" of the result range to the reference source, i.e. whether the
result starts at the beginning of the reference source, ends with the reference source,
or is centered with the reference source.

Optionally, define an offset of the result range to the reference source, e.g. to ignore
the first few symbols of the captured data.

Optionally, define the number of the symbol which marks the beginning of the refer-
ence source to change the scaling of the x-axis. This offset is added to the one defined
for the signal description.

e
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Example: Defining the result range

In figure 7-2, a result range will be defined for the first 100 symbols of the capture buffer,
starting at the second symbol, which has the symbol number 1 (the capture buffer starts
at symbol number 1, the first symbol to be displayed is the second symbol due to the
offset: 1+1=2).

i Result Range Alignment and Evaluation Range

Result Range

Length

Result Length = 26,042 sz

Result Range Alignment

Reference o Capture (" Burst ( Pattern Waveform
Alignment (@ Left (" center Right

Offset
Symbol Mumber at Capture Start

Visualization

Capture Buffer: 8000 sym

)

2 102

[ p—

Fig. 7-2: Example: Defining the Result Range

The result range is indicated by a green bar along the time axis in capture buffer result
displays, see chapter 4.6, "Measurement Ranges", on page 111.

7.3 How to Analyze the Measured Data

Once the data has been stored in the capture buffer, the results can be analyzed in
numerous ways. The following tasks are meant to make you familiar with the most com-
mon VSA application features. For a description of all analysis functions and settings see
chapter 6, "Analysis", on page 185.

1. Press the MEAS CONFIG key to display the VSA menu.

2. Select the "Display Config" button in the "Overview" or the "Display Config" softkey
and select the data sources for evaluation that are of interest to you (see chapter 6.5,
"Display and Window Configuration”, on page 196).

Arrange them on the display to suit your preferences.

|
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For each data source, a window with the default result type for that data source is
displayed.

Exit the SmartGrid mode.

Select the "Window Config" softkey to change the result types and other display set-
tings for the selected window. To change the settings in other windows, select a
different window from the "Specifics for" list in the "Window Config" dialog box.

Select the "Overview" softkey to display the "Overview".
Enable the "Specifics for" option to access the analysis functions for the selected
window.

Select the "Analysis" button in the "Overview" to configure special analysis settings
for the individual result displays, for example:

e Configure markers and delta markers to determine deviations and offsets within
the results, e.g. when comparing errors or peaks.

e Configure the trace to display the average over a series of measurements. If
necessary, increase the "Statistics Count" defined in the "Sweep" menu.

Press the SWEEP key and select the "Selected Result Rng" softkey to select a spe-
cific burst to be evaluated.

The result displays are updated to show the results for the selected burst.

Tip: You can use a capture buffer display to navigate through the available result
ranges, and analyze the individual result ranges in another window. The currently
displayed result range is indicated by a blue bar in the capture buffer display.

Optionally, zoom into a diagram to enlarge an area of the displayed data.

Optionally, change the display scaling for diagrams (see chapter 7.3.1, "How to
Change the Display Scaling", on page 213).

Optionally, check the modulation accuracy against specified limits (see chapter 7.3.2,
"How to Check Limits for Modulation Accuracy", on page 216).

Optionally, export the trace data of the measured signal to a file (see chapter 7.3.3,
"How to Export the Trace Data to a File", on page 217).

How to Change the Display Scaling

Depending on the type of display (time, spectrum or statistics), various scaling functions
are available to adapt the result display to the current data.

How to Scale Time and Spectrum Diagrams

The range of the displayed y-axis for time and spectral diagrams can be defined in the
following ways:

manually, by defining the range size, reference values and positions
automatically, according to the current results

e
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To define the scaling manually using a reference point

With this method, you define a reference value and a position at which this value is to be
displayed on the y-axis.

1. Focus the result window.

2. Select "AMPT > YScale Config > Y-Axis Reference Value".

3. Enter a reference value for the y-axis in the current unit.

4. Select "AMPT > YScale Config > Y-Axis Reference Position" .
5

Enter the position at which this value is to be displayed on the y-axis. The position is
a percentage of the entire length, where 100 % refers to the top edge.

6. Select "AMPT > YScale Config > Y-Axis Range".

Example:

If you want the to analyze errors greater than 95%, you can define the y-axis range as 5
% and position the y-axis to start at 95%. To do so, enter the reference value 95 % and
the reference position 0%.

A EVM(Error)

Start -151.0 sym Stop 299.0 sym

Fig. 7-3: Defining the y-axis scaling using a reference point

To define the scaling automatically
1. Focus the result window.
2. Select "AMPT > Y-Axis Auto Scale".

The y-axis is adapted to display the current results optimally (only once, not dynam-
ically).

7.3.1.2 How to Scale Statistics Diagrams

Statistic diagrams show the distribution (i.e. probabilities of occurrence) of the values as
a set of bars. You can define the number of bars to be displayed, i.e. the granularity of
classifications. Additionally, you can specify whether absolute or percentage values are
displayed. For statistics measurements, both the x-axis and the y-axis can be scaled to
optimize the display.

User Manual 1173.9292.02 — 04 214



R&S®FSW-K70 How to Perform Vector Signal Analysis

How to Analyze the Measured Data

The range of the displayed x-axis for statistics diagrams can be defined in the following
ways:

e manually, by defining reference values and positions
e automatically, according to the current results

The range of the displayed y-axis can be defined in the following ways:

e manually, by defining the minimum and maximum values to be displayed
e automatically, according to the current results

After changing the scaling you can restore the default settings.

To define the number of bars

1. Focus the result window.

2. Select "AMPT > XScale Config > X-Axis Quantize".
3. Enter the number of bars to be displayed.

The diagram is adapted to display the specified number of bars.

To define the x-axis scaling manually using a reference point and divisions

With this method, you define a reference value on the x-axis to be displayed at the "Ref
Position" of the y-axis. (The reference value is determined internally according to the
displayed data and cannot be changed. The beginning of the diagram is at the position
0%, the end is at 100%.) Additionally, you define the range to be displayed in each of the
10 divisions of the display, which determines the total range to be displayed on the x-
axis.

1. Focus the result window.

2. Select "AMPT > Scale Config > Reference Value".

3. Enter a reference value on the x axis in the current unit.

4. Define the range to be displayed per division (total range/10).

The x-axis is adapted so that it displays the defined range, with the reference value
at the specified position.
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Example:

If you want to analyze the probabilities of occurrence for errors greater than 95 %, enter
the reference value 95 %.

A Statistics(EVM(Error))

i
lo.1

I
o1

Start 95.0 %o

Fig. 7-4: Defining the x-axis scaling using a reference point

To define the x-axis scaling automatically

1. Focus the result window.

2. Select "AMPT > XScale Config > Auto Scale".
The x-axis is adapted to display the current results optimally (only once, not dynam-
ically).

To define the y-axis range manually

With this method, you define the upper and lower limits of the displayed probability range.
Values on the y-axis are normalized which means that the maximum value is 1.0. If the
y-axis has logarithmic scale, the distance between max and min value must be at least
one decade.

1. Focus the result window.

2. Select "AMPT > YScale Config > Y-Axis Min Value".
3. Enter the lower limit in the current unit.

4. Select "AMPT > YScale Config > Y-Axis Max Value".
5. Enter the upper limit in the current unit.

The y-axis is adapted to display the specified range. Probabilities of occurrence loca-
ted outside the display area are applied to the bars at the left or right borders of the
display.

7.3.2 How to Check Limits for Modulation Accuracy

The results of a modulation accuracy measurement can be checked for violation of
defined limits automatically. If limit check is activated and the measured values exceed
the limits, those values are indicated in red in the result summary table. If limit check is
activated and no values exceed the limits, the checked values are indicated in green.

[
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B Result Summary

|__Current | ___Mean | ___Peak | __StdDev 95%ile | _Unit |

100.00 100.00 10 u] %

100.00 100.00 10000 o000l 1o00.00] % |

RN .00 000 1000 000 1000 000 [ 5.000 000] 1,600 000
10 Offset
Gain Imbalance
Quadrature Error
Amplitude Droop
Power

For details on the limit check functions and settings see chapter 6.4, "Modulation Accu-
racy Limit Lines", on page 194.
To define a limit check

1. Configure a measurement with "Modulation Accuracy" as the "Source" (see chap-
ter 6.5, "Display and Window Configuration”, on page 196).

2. Press the LINES key on the front panel.
3. Press the "ModAcc Limits Config" softkey in the "Limits" menu.

4. In the "Current" tab, define limits that the current value should not exceed for any or
all of the result types.
Note: the limits for the current value are automatically also defined for the peak value
and vice versa. However, the limit check can be enabled individually for current or
peak values.

5. Enable the "Check" option for each result type to be included in the limit check.

6. If necessary, define limits and enable the limit check for the mean values of the dif-
ferent result types on the "Mean" tab.

7. If necessary, enable the limit check for the peak values of the different result types
on the "Peak" tab.

8. To reset the limits to their default values, press "Set to Default".

9. Enable the "Limit Checking On" option, or press the "ModAcc Limits On" softkey in
the "Limits" menu.

The limit check is performed immediately on the current modulation accuracy mea-
surement results and for all subsequent measurements until it is disabled. The results
of the limit check are indicated by red or green values in the result summary.

7.3.3 How to Export the Trace Data to a File

The measured data can be stored to an ASCII file, either as raw data (directly from the
capture buffer) or as displayed in the diagrams (evaluated trace data). Optionally, a
header can be included with additional information on the used measurement settings.
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Press the TRACE key and select the "Trace Export Config" softkey.
Define which type of data to export (raw or trace). By default, trace data is exported.
Optionally, enable the header information to be included.

To export the traces in all windows, select "Export Trace to ASCII File for all Win-
dows".

To export the traces only for the currently selected window, select "Export Trace
to ASCII File for Specific Window". To export the data from another window, select it
from the "Specifics for" list, then export again.

In either case, all traces of the selected window(s) are exported.

Define a file name and storage location and select "OK".

The data is stored in a file and can be analyzed in an external application.

e
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8 Measurement Examples

Some sample measurements for the digital GSM and EDGE standards provide a quick
introduction to typical vector analyzer measurements. The individual measurements are
in logical order and are meant to familiarize you gradually with the measurements
required of general vector signal analysis.

The following equipment is required in addition to the R&S FSW with option R&S FSW-
K70:

e 1 test transmitter (GSM-compatible for Measurement 2), preferably R&S SMU
(1141.2005.02), with the digital standard option GSM/EDGE (order number
1160.7609.02)

e 1 ParData Adapter R&S SMU-Z5 for R&S SMU (1160.4545.02)

e 1 RF cable with 2 male N connectors

e 2 RF cable with 2 male BNC connectors

e 2 power cables

Transmitter operation is only described as far as required for performing the measure-

ments. For more details on the measurements, refer to the test transmitter documenta-
tion.

8.1 Connecting the Transmitter and Analyzer

In order to perform measurements with the R&S FSW-K70, you require a test transmitter
to emulate a DUT. For Measurement Example 2: Burst GSM EDGE Signals, the test
transmitter needs to be GSM-compatible.

Connect the RF output of the R&S SMU with the RF input of the R&S FSW.

e
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Fig. 8-1: Connection to a test transmitter (for example R&S SMU)

8.2 Measurement Example 1: Continuous QPSK Signal

In this measurement example a continuous QPSK (Quadrature Phase Shift Keying) sig-
nal will be measured and evaluated. QPSK is used in several standards such as DVB-
S2, APCO25, WCDMA, CDMAZ2000, etc. For the description (characterization) of a con-
tinuous QPSK signal, the following parameters are the most important:

e Carrier Frequency
o Level

e Symbol Rate

e Transmit Filter

8.2.1 Transmitter Settings

This section summarizes the necessary transmitter settings. It contains a list of the
parameters and step-by-step instructions for the R&S SMU. If you are interested in a
more detailed description or background information, refer to the user manual of the R&S
SMU, which can be downloaded from the Rohde&Schwarz website: www.rohde-
schwarz.com/downloads/manuals/smu200A.html.

Frequency 1 GHz
Level 0dBm
Modulation QPSK

|
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Symbol Rate 1 Msym/s

Filter Root Raised Cosine with Roll-Off 0.35

To define the settings for the R&S SMU
1. Press the PRESET key to start from a defined state.
2. Press the FREQ key and enter 1 GHz.
3. Press the LEVEL key and enter 0 dBm.
4

To define the modulation:

a) Press the DIAGRAM key.
b) Select the first block ("Baseband A") in the settings overview and press ENTER.
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c) Select "Custom Digital Mod...".

3 Custom Digital Modulation S |
—
Set to Default [ SaveRecall.. |
Data Source
Data Source |PrRBS |
PRBS Type |PRBS 9 |
Select Control List.. | None
List Management.. |
Set acc to standard |user -
SaveRecall User... I
Symbol Rate |  1.000000000 [Msymis - ||
Coding |OFF -
Modulation -
Modulation Type QPSK ;l
More... I
Filter
Filter Iﬂnut Cosine ~|
Roll Off Factor | 0.35
Oversampling ¥ Auto ] 32
More... [
Power Ramp Control.. | Off / Cosine | 1.00sym
TriggerMarker... [ Auto
Clock... | nternal

Fig. 8-2: R&S SMU: Custom Digital Modulation Dialog
d) Under "Modulation Type" select "PSK" > "QPSK".

5. In the "Custom Digital Modulation" dialog box:

a) Enter the "Symbol Rate" 1 MHz.

b) Select the "Filter" "Root Cosine".

c) Enter the "Roll Off Factor" 0.35.

d) Toggle the "State" to "On" (at the top of the dialog box) to switch modulation on.

6. Press the RF ON/OFF key to switch the RF transmission on.

|
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8.2.2 Analyzer Settings

This section helps you get your first valid measurement. It starts with step-by-step instruc-
tions and continues with a more detailed description of further functionality.

Frequency 1 GHz
Ref Level 4 dBm
Modulation QPSK
Symbol Rate 1 MHz
Tx Filter Root Raised Cosine with Alpha BT 0.35

To define the settings on the R&S FSW

1.
2.
3.

Press the PRESET key to start from a defined state.
Press the FREQ key and enter 1 GHz.

Press the AMPT key, and enter 4 dBm as the reference level. This corresponds
approximately to the peak envelope power of the signal.

Start the VSA application by pressing the MODE key and then selecting "VSA".
Select the "Overview" softkey to display the "Overview" for VSA.

Select the "Signal Description" button and configure the expected signal character-

istics.

a) Inthe "Modulation Settings" section, ensure that the "Type" is "PSK" and that the
"Order" is "QPSK". The "Mapping" defines the mapping of the bits to the QPSK
symbols. It is relevant if you are interested in a bit stream measurement but does
not affect the other measurement results. Hence, you do not need to change it
here.

b) Enter the "Symbol Rate" 1 MHz.
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c) Inthe "Transmit Filter" section, select "RRC" as "Type" and enter the "Alpha/
BT" value 0.35. In the preview area of the dialog you should then see a non-
distorted QPSK constellation diagram, as shown in figure 8-3.

odulation & Signal Description

Modulation Settings

Type (Psk s

Order (QPsk s

Mapping (wcoma B

Symbol Rate (1.0 MHz )

Transmit Filter

Type (RRC 2]
Alpha/BT 0.35 )
Trace

Constellation I/Q{Meas8Ref) ® 1M Clrw

Stop 4.68

Fig. 8-3: QPSK signal with RRC transmit filter

7. Close all open dialog boxes. By default, four measurement windows showing different
measurement results are displayed.
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Spectrum VSA

Ref Level <4.00 dBm i SR 1.0 MHz
m.+el.Att 20+4dB  Freq 1.0 GHz
A Const I/Q{Meas&Ref) ¢ B Result Summary

EYM RMS
RMS
1

Carrier Freq Err

Gain Imbalance
Quadrature Err
Amplitude Droo 0.

Start -2.43 Stop 2.43
C Mag{CapBuf) ® 1 Clrw

1

Start 0 sym . =

Fig. 8-4: Default window layout for Measurement Example 1

8.2.3 Changing the Display Configuration

1. To change the window layout, i.e. the display configuration, do one of the following:

e Select the "Display Config" softkey in the main VSA menu.
e Select the "Display Configuration" block in the "Overview" (only if "Specifics for"
option is disabled).

=
Select the "SmartGrid" icon from the toolbar.

2. Replace window 1 by an eye diagram of the inphase component of the measurement
signal.

a) Select the "Meas & Ref" data source from the SmartGrid selection bar and drag
it over window 1.

b) E ﬁ |
Close the SmartGrid mode by tapping the "Close" icon at the top right corner of
the toolbar.

c) Select the "Window Config" softkey.

d) Select the result type: "Eye Diagram Real (1)".

3. Close the dialog to take a look at your new display configuration.
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8.2.4 Navigating Through the Capture Buffer

Using the R&S FSW VSA application you can navigate through the capture buffer, i.e.
control which part of the capture buffer is currently analyzed. (Note: In the Spectrum
application, this functionality is referred to as "gating".)

1.

In the measurement display, take a closer look at window 3 (magnitude of the capture
buffer). The green bar shows how far the current measurement has already procee-
ded, i.e. how much of the signal has been evaluated.

C Mag({CapBuf) ® 1 Clrw

Start 0 sym Stop BODD sym

2. Press the RUN SINGLE key.

Since the signal you are currently analyzing is continuous (as opposed to containing
bursts), the entire capture buffer is analyzed, and hence will be marked with the green
bar. The last evaluated result range (i.e. the currently evaluated result range at the
time the measurement stopped) is highlighted in blue.

C Mag{CapBuf) & 1 Clrw

60 dBm

20 dBm-

Start 0 sym Stop BODDOD sym

To go back to a previously evaluated result range within the same capture buffer,

press the SWEEP key and then the "Select Result Rng" softkey. By selecting different
result ranges (for example using the rotary knob), you can move the highlighted blue
area through the capture buffer and choose your currently demodulated result range.

[
User Manual 1173.9292.02 — 04 226



R&S®FSW-K70 Measurement Examples

Measurement Example 1: Continuous QPSK Signal

- Select Result Range #

I
Start 0 sym Stop BODO sym

The results for this range are displayed in the "Current" column in the Result Sum-
mary, in the eye diagram and in the symbol table.
Note: Generally, all Clear/Write traces and the are affected by this selection.

8.2.5 Averaging Several Evaluations

By default, all measurement windows are displayed with a single trace, which is the Clear/
Write trace. This trace displays the result of the current evaluation, i.e. the highlighted
blue area from the example in chapter 8.2.4, "Navigating Through the Capture Buffer",
on page 226. However, for most real-world measurement tasks, you need to obtain a
result that is averaged over a certain number of evaluations, or a worst-case result of a
certain number of evaluations. This section explains how to achieve this.

To evaluate EVM vs. Time

1. Configure window 1 such that it displays the EVM versus time measurement (Source:
"Error Vector", Result Type: "EVM", see chapter 8.2.3, "Changing the Display Con-
figuration", on page 225). Tap in the window to set the focus on it.

2. Todisplay the trace averaged over several measurements, or the maximum hold
trace over several measurements, press the TRACE key.

3. Add further traces by pressing the TRACE key and then either using the "Trace
2/3..." or the "Trace Config" softkeys.
Set the second trace to "Average" and the third trace to "Max Hold".
Note that the configured traces appear in the window title.

e
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Sfar‘t 0 sym Stop E:i:ll] SYIM

Fig. 8-5: Several traces in one window

4. Press RUN SINGLE again.
The current capture buffer is evaluated for this trace setup. In the channel information
bar you can see the number of completed evaluations ("Stat Count").

Spectrum VSA
Ref Level 4.00 dem Mod @

Att 24de  Freq 1.0 GHz Reslen
SGL Stat Count 10

A EYM o1 Clrw

5. To change the number of evaluations, press the SWEEP key and select "Statistic
Count Config".
Select "Manual" and enter the desired number of evaluations, e.g. 12. When you
press RUN SINGLE, the VSA application will capture 1/Q data until 12 evaluations
are completed.

8.3 Measurement Example 2: Burst GSM EDGE Signals

In this measurement example a bursted GSM EDGE signal will be measured and eval-
uated. The goal of this section is to familiarize you with the VSA application features that
are relevant specifically for the analysis of bursted signals.

8.3.1 Transmitter Settings

This section summarizes the necessary transmitter settings. It contains a list of the
parameters and step-by-step instructions for the R&S SMU. If you are interested in a
more detailed description or background information, refer to the user manual of the R&S
SMU, which can be downloaded from the Rohde&Schwarz website: www.rohde-
schwarz.com/downloads/manuals/smu200A.html.

Frequency 1GHz
Level 0dBm
Standard GSM EDGE Burst with normal symbol rate
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Measurement Example 2: Burst GSM EDGE Signals

To define the settings for the R&S SMU
1. Press the PRESET key to start from a defined state.
2. Press the FREQ key and enter 1 GHz.
3. Pressthe LEVEL key and enter 0 dBm.
4

To define the standard:

a) Press the DIAGRAM key.

b) Select the first block ("Baseband A") in the settings overview and press ENTER.
c) Select "GSM/EDGE...".

d) Highlight the first slot in the frame diagram and press ENTER.

"B csmiEncE B SEx]

Sldle o

| «

Set To Default | SavelRecall.. |

Data List Management... |

Sequence Mode |Framed (Single) j

Symbol Rate Mode |Norma| Symbol Rate ~|

Modulation/Filter... |

Power RampiSlot Attenuations... | Cosine | 2.0sym
TriggerMarker.. | Auto
Clock... | Internal

Frame: Select Slot To Configure

]

Fig. 8-6: R&S SMU: GSM/EDGE Frame Configuration Dialog

e
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e) Select the "Burst Type" "Normal (8PSK / EDGE)".

GSLEDGE B: Burst@Slotd =)o
Data TSC Data
174 78 174
Burst Type Hormal (8P SK | EDGE) L[I
saveRecall Slots... |
Slot Level IFuII ~|
Slot Attenuation |0.n dB (A1) ~|
I Multisiot Configuration  Number OF Slots [1
Burst Fields
Tail Bits 11111 1111
Data IPRBS 9 =
Training Sequence TSC |Tsc 0 =
User TSC 111111 0.. |
Guard 1111111 1111 1111 1111 1111 1111
slot Marker Definition... |

f) Close the "GSM/EDGE: Burst@Slot0" dialog box.

5. Toggle the "State" to "On" (at the top of the "GSM/EDGE" dialog box) to switch the
modulation on.

6. Press the RF ON/OFF key to switch the RF transmission on.

£ T

Set To Default | SaveRecall |

8.3.2 Analyzer Settings

This section helps you get your first valid measurement with a bursted signal. It starts
with step-by-step instructions and continues with a more detailed description of further
functionality.

Frequency 1 GHz
Ref Level 4 dBm
Standard GSM 8PSK EDGE

To define the settings on the R&S FSW
1. Press the PRESET key to start from a defined state.
2. Press the FREQ key and enter 1 GHz.

e
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Measurement Example 2: Burst GSM EDGE Signals

Press the AMPT key, and enter 4 dBm as the reference level. This corresponds
approximately to the peak envelope power of the signal.

Start the VSA application by pressing the MODE key and then selecting "VSA".
Select the "Overview" softkey to display the "Overview" for VSA.
Press the MEAS key, then select the "Digital Standards" softkey.

From the file selection list, select the GsM folder and then the file EDGE 8PSK. Select
"Load".

Predefined settings corresponding to the selected standard are loaded. The VSA
application should show good measurement results.

Spectrum VSA

Ref Level 4.00 dBm std <
m.+el.Att d8  Freq 1.0 GHz CaplLen 1500
18

Carrier Freq Err

IQ Dffset
Gain Imbalance
Quadrature Err

g e
Start 0 sym Stop 148 sym
C Mag{CapBuf) ® 1 Clrw

R Ry e i

T e I Ty

Start 0 sym

Fig. 8-7: Default display configuration for GSM 8PSK EDGE

In window 3, you see the currently evaluated burst marked with a green bar.
To include more bursts in the display you need to increase the capture length.

a) Press the MEAS CONFIG key and then the "Overview" softkey.
b) Select "Signal Capture".
c) Increase the "Capture Length", e.g. to 10000 symbols.

In the preview area of the dialog box you see that more bursts are now contained in
the capture buffer. They are all marked with a green bar, meaning that they are all
evaluated.
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Mag(CapBul)
i L] L 2] L L 1 L]

N P RN RREEE SN AP B R |

Start 0 syrm Htp L0000 sy

Fig. 8-8: Preview of capture buffer

8.3.3 Navigating Through the Capture Buffer

This example describes how to navigate through the capture buffer for a continuous sig-
nal. This navigation feature is especially important for bursted signals. Therefore, we
provide a further navigation example for the GSM EDGE signal.

1. In order to see more details in the capture buffer, close window 4.

a) Press the "Display Config" softkey, or the "Display Configuration" button in the
"Overview".
b) Select the (w "Delete" icon for window 4.

X
Close the SmartGrid mode by tapping the "Close" icon at the top right corner of
the toolbar.
2. Press the RUN SINGLE key.

3. Inthe"EVM vs. Time" display (window 1), add a maximum hold trace by pressing the
TRACE key and then selecting the "Trace Config" softkey (see chapter 8.2.5, "Aver-
aging Several Evaluations", on page 227).

4. Re-evaluate the whole capture buffer by pressing the SWEEP key and then the
"Refresh" softkey.

5. Use the "Select Result Rng" softkey to navigate through your capture buffer. Thus,
you can determine which peak was caused by which burst.
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Spectirum VSA
Ref Level -25.00 diim Std EDGE_BPSK SR 270,833 kHz
At 10 dB Freq 1.0 GHz Res Len 148
SGL Stat Count B BURST PATTERM Bweep
AEVYM ®1Clwe 2 Ma: B Result Surmmary 3
| | | Mean | Peak | Unit | Single

‘ [E¥M  RMS | J.: U.26 %% Sweap

Continuous

Phase Frrar  RM&
w| 'l select Result Range # 5 | N -
Gain Innbalance
Quadrature Error

A Amplitude Droop 0.0
L Power

i (P—————,
1 Clrw Statistic |
Count
(Auta)
————

Start 0 sym ) ) Stop 10000 sym

Fig. 8-9: Navigation through the capture buffer

8.3.4 Evaluating the Rising and Falling Edges

The "Result Length" is the number of symbols that are to be demodulated and analyzed
together. In most common applications, only the parts of the capture buffer containing
the bursts need to be analyzed. Hence, for bursted signals the "Result Length" usually
coincides with the burst length. However, there are certain scenarios where the rising
and falling edge of a burst are also of interest, e.g. checking the power ramping of the
device under test. For this measurement task, it is useful to choose a "Result Length”
that exceeds the burst length.

1. Inordertoinclude the rising and falling edges of the bursts in the EVM vs Time display
(window 1), you need to increase the "Result Length".
In the "Overview", select "Cut Result Range" and increase the "Result Length" to
200 symbols.

2. To evaluate the rising and falling edges further, display the absolute magnitude val-
ues of the measured signal in window 4 (Source: "Meas&Ref Signal", Result type:
"Magnitude Absolute", see chapter 8.2.3, "Changing the Display Configuration",
on page 225).

3. Press RUN SINGLE.

The rising and falling edges of the burst in the selected result range are displayed in
window 4. You could now add an average trace to evaluate the rising and falling
edges further.
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VSA

Ref Level 4.00 dBm std
At 24 Freq 1.0 GHz ResLen
SGL Stat Count 8 BURST PATTERN

Settings
Owverview

(]

Frontend

1/Q Capture

s

Config

g

— i Pattern
Start -26 sym Stop 174 sym
C Mag{CapBuf) : ®] Clrer D MagAb;( Me_asEk-Rel“'J ) & 1M Clrw Burst/
1 ! | 4 |r PR -I'hl‘] - - Pattern
IEI .'II' | ||[ search
|

|

Range
Settings

d

Demod /S
Meas Filter

i

Display
Config
Start 0 sym Stop 10000 sym

[EST ST
13:32:07

Fig. 8-10: Result range that exceeds the burst length

8.3.5 Setting the Evaluation Range

In some scenarios, such as in Evaluating the Rising and Falling Edges, the result range
contains symbols that are not supposed to be considered for the EVM or other calculated
parameters that are displayed in the Result Summary. Thus, you would not include them
in the evaluation range.

To change the evaluated data

1. Start from the configuration described in chapter 8.3.4, "Evaluating the Rising and
Falling Edges", on page 233.

2. Display the I/Q constellation diagram of the signal in window 1(Source: "Meas&Ref
Signal", Result type: "Constellation 1/Q", see chapter 8.2.3, "Changing the Display
Configuration", on page 225).

A clear 8PSK constellation is displayed.

C Const 1/Q(Meashiiel)

+
+

Glart -B6sym _ Gtop 174 sym

Fig. 8-11: Evaluation lines properly adjusted

[
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In order to understand the effect of an incorrectly set evaluation range, change the
evaluation range to include the entire result range.

a) Inthe "Overview", select "Evaluation Range".
b) Enable the "Entire Result Range" option.

The displayed constellation diagram is no longer clear, it contains additional points.
This is due to the fact that the constellation diagram now displays symbol instants
that are beyond the burst.

¢ Const 1/Q{MeasiRal) ® 1M Cirw D Magal
: o' Ll

| J].,:'.:J

5 | Start -26 sym Btop 174 sym

Fig. 8-12: Evaluation lines not properly adjusted

red lines in the title bar.

All measurement windows that consider the evaluation range are marked with two small

A Const 1/Q{Meas8Ref) & 1M Clrwe

8.3.6 Comparing the Measurement Signal to the Reference Signal

You have seen thatitis possible to add different traces such as maximum hold or average
to each window. When evaluating the measurement signal it is also possible to display
the ideal reference signal as an additional trace. This can be a significant help when
troubleshooting, since it allows for an immediate comparison.

1.

Start from the configuration described in chapter 8.3.4, "Evaluating the Rising and
Falling Edges", on page 233.

Select window 4 to set the focus on it.
Press the TRACE key and then the "Trace 2" softkey.

Select "Clear Write" as the "Trace Mode" and "Evaluation: Ref". This adds a second
trace to your result display. This trace is the ideal reference signal that can now be
compared to the measurement signal (see figure 8-13).

[
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5. To view the traces in more detail, enlarge the window using the "Split/Maximize" key
(EE50), and zoom into the display using the 3 icon in the toolbar (see the dotted
rectangle in figure 8-13).

trum VSA

Ref Level 4.00 dBm EDGE_8PSK SR 270.833 kHz

Att 24dB  Freq 1.0 GHz

BURST PATTERN

D MagAbs(Meas&Ref) ® 1M Clrw @ 2R Clrw

0 dBm
10dBm
20 dBmit
-30 dBm
10 dBm

S0 dBm

Start -26 sym ) ) ) Stop 174 sym

Fig. 8-13: Zooming

Now you can compare the measured and the ideal reference signal.

[
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9 Optimizing and Troubleshooting the Mea-
surement

If the results do not meet your expectations, the following tips may help you optimize or
troubleshoot the measurement.

9.1

Flow Chart for TroubleShOOtiNg.........cuuriririiieiiiriie e 237
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Obtaining Technical SUPPOIt..........ccoo et e e e e e e e e e s e snenes 255

Flow Chart for Troubleshooting

If you experience a concrete measurement problem, you might want to try solving it with
the help of the flow chart.
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Troubleshooting Overview

Press Preset
(in order to start from a
known state)

v

Check the following parameters (at the DUT and the K70):
- Center frequency
- Reference Level, overload
- Symbol rate
- Transmit filter
- Modulation Type

Optimizing and Troubleshooting the Measurement

Flow Chart for Troubleshooting

Demodulation Failed

dications are (e.g.):
Sync Failed/Unstable Message in the Status Bar
- The measurement |/Q Constellation does not look at all like a constellation

Check the

- Input (RF, Baseband)
- Sideband inversion (Swap Q)

v

To make sure you realize once the problem is fixed,
switch on the EVM trace and keep an eye on it.

v

Press the "SWEEP" Hardkey and set the statistic count to
"1". Then, press "Single Sweep". The FSW will stop
capturing IQ data, which makes it easier for you to debug.

measurement:
Mag(CapBuffer)

e colored bar (="Result Range
in arange where you expect the signal to
have the set modulation ?

no
See
part 2

yes

-

Is your signal bursted?

T - > s

Description" > "Signal
Structure" dialog

Try to increase "Run-In" and
"Run-Out" in the "Signal

Refer to the "Error Messages"

[ Sync prefers more valid symbols. 1

Is "Sync prefers more valid

section in the manual

symbols" displayed in the status
bar?

yes

his can be problematic. If you have a pattern;
you can try to use it for synchronization, i.e. use
the setting "Coarse Synchronization: Pattern”
("Demodulations - Advanced" dialog).
Advanced

Normalize EVM to

Mean Constellation Power  +

umaton s/ sy (G Ao [

coarse smehwonizaion [ ave TN NIID
- —

no

burst possibly larger?

an you increase the leng
of your "Result Range"? Is your

Do you transmit uncor-
related random bits on the

no physical level?

your "Result Range" large
than ~8xModulation Order, e.g.
8x4=32 for QPSK?

to at least 8xModulation
Order.

Increase the "Result Range"

Go back to 0

Hard to find the origin of the problem.
It might be that:

- Your DUT suffers from massive impairments.

- Your DUT suffers from a severe symbol rate error.

- The adjacent channel power is very high.

User Manual 1173.9292.02 — 04

238



R&S®FSW-K70 Optimizing and Troubleshooting the Measurement

e e s |
Explanation of Error Messages

no
From 1

no
Is your signal bursted?

yes

Does your signal contain a
pattern?

s this pattern relevant, e.g:
to align your result to the pattern or to
heck whether the pattern is transmitted
correctly?

Does your signal consist of ranges
with different modulation types?
no

@roven
PR 5w aps 1

Make sure your "Signal Type" Make sure the pattern is
in the "Signal Description" indicated in the "Signal
dialog is a "Burst Signal" Description" dialog

se the "Offset" and "Result Length"
parameters in the "Result Range"

dialog to move your result range to the
desired point in the capture buffer.

Make sure the burst search is
switched on in the "Burst
Search" dialog

Make sure the pattern search
is switched on.

Is "Burst Not Found"
displayed in the status bar?

Do you see a "Pattern Not
Found" Message?

se an external trigger and al
appropriate trigger offset.
Go back to

Make sure your Make sure your
"Result Range Alignment" "Result Range Alignment"
reference is "Burst". reference is "Pattern Waveform".
("Range Settings" dialog) (Range Setting Dialog)

Alignment:

B o~ s T rocrn wavtom
T e

Refer to the "Error Messages"
section in the manual

Refer to the "Error Messages"
section in the manual

Go back to o

9.2 Explanation of Error Messages

The following section describes error messages and possible causes.

Message: 'Burst NOt FOUN'........coiiiiiiiiiii e
Message: 'Pattern Not FOUNd'............oooiimiiiiii e
Message: 'Result Alignment Failed'
Message: 'Pattern Search On, But No Pattern Selected'....
Message: 'Pattern Not (Entirely) Within Result Range...........cccccoviirriiiiiicccenn,
Message: 'Short Pattern: Pattern Search Might Fail'.............co e
Message: 'Sync Prefers More Valid Symbols'............ooooiiiiiiiiciieeeee
Message: 'Sync Prefers Longer Pattern'............oooo i
Message: 'Result Ranges OVErlap'..........cccccccviiriiiiiiiiieieeeer e

|
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Explanation of Error Messages

Message: '‘Burst Not Found'
The "Burst Not Found" error message can have several causes:
e Burst search is active, but the signal is not bursted

C Mag(CapBuf)

Start 0 sym

Fig. 9-1: Example for active burst search with continuous signal

Solution: Select "Continuous Signal" as the signal type.
For more information, see
— "Signal Type" on page 132.
e Signal is bursted, but bursts have not been captured completely
The burst search can only find bursts that start and end within the capture buffer. It

ignores bursts that are cut off.

C Man(CapBuf)
=

Stop 1250 sym

GIDIDI i 18.02.2010
L e 09:56:05

Fig. 9-2: Example for incomplete burst capture

Solution: Change the trigger settings and/or enlarge the capture length.
For more information, see
— chapter 5.6, "Signal Capture", on page 151
e The current measurement is being performed on a burst that has not been
captured completely.
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® 1 Clrw

Stop 3000 sym

T3/ 6773 01.04.2010
il 14:43:40

Start 0 sym

FF™/) EXT A
| L0 s

Fig. 9-4: Example for measurement on complete burst capture

Solution:
Change the trigger settings or increase the result length.
Note, however, that in this case, the results are actually correct and the message can
be ignored.

o The settings do not match the signal
In order to allow you to select certain bursts, the burst search only searches for bursts
that have a length between "Min Length" and "Max Length" (plus a tolerance that you
can set in the "Burst Search" Dialog). In case the burst is, e.g. shorter than the "Burst
Min Length", the burst search fails.
C Mag(CapBuf)

odulation & Signal Description
D2[1]

. 148.00 synﬂ

M1[1] ~vyHg uum] Signal Description 1

49,000 sym Signal Type
" Continuous Signal ® Burst Signal
Burst
Min Length C |E'200 SYm ]|D= 738.462
Max Length 300 sym ) =1.108 m:
T e RLn=In @ sym ) =11.077 |
3 sym ) =11,077

Fig. 9-5: Example for a failed burst search due too a burst that is too short
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Solution: try one of the following:

— Switch on the Magnitude (Capture Buffer) result display. Move a marker to the
start of the burst. Move a delta marker to the end of the burst and compare the
burst length to the settings in the "Signal Description" dialog.

— Increase the search tolerance in the "Burst Search" dialog. Keep an eye on the
green/red field. If the burst search succeeds, you can see the length of the found
bursts.

— Set the minimum burst length to 50 and the maximum burst length to 5000.

For more information, see:
"Burst Settings" on page 132
— "Burst Configuration" on page 162
e The signal is highly distorted and/or has modulation noise
One possibility to enhance the robustness of the burst search is to increase the min-
imum gap length. If the bursts within your capture buffer are not closely spaced, it
makes sense to increase the value of this parameter.

Burst & Pattern Search Burst & Pattern Search

Burst Search | SiESSsRa urst Search | SRS SeE
W Auto {according to Signal Desaription)  Burst found: W Auto {according to Signal Desaription)  Burst found:
® on off . ome ® on off 146 sym
Measz only if Burst was found Meas only if Burst was found
Lusto Conbguration Lute Configuration
Search Tolerance 4 sym = 14,769 ps Search Tolerance & sym | = 14769 us
Min Gap Length = 3,692 us Min Gap Length 36,923 us
Related Settings Related Settings
i Signal Description ] : Signal Description ]

Trace

Mag(Caphul) ® 1 Clrw
' 3 4 4 4 4

Start 0 sym Stop 1500 sym

Start 0 sym i . i Stop 1500 sym |

Fig. 9-6: Example for adjusting the minimum gap length

For more information, see "Min Gap Length" on page 162

e The pattern search is switched on, fails and the alignment is with reference to
the pattern.
In case the pattern search is switched on and the reference for the alignment is the
pattern (and not the burst), a non-detected pattern causes the result range to be
positioned at the beginning of the capture buffer. Hence, if a the burst does not start
right at the beginning of the capture buffer, you will see a "Burst Not Found" Message.
Solution:
— Refer to "Message: 'Pattern Not Found™ on page 242
— Switch the pattern search off.
— Choose "Burst" as the reference for the result range alignment.

Message: 'Pattern Not Found'
The "Pattern Not Found" error message can have several causes:
e The burst search has failed
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Explanation of Error Messages

If burst and pattern search are active, the application looks for patterns only within
the found bursts. Hence, in case the burst search fails, the pattern search will also
fail.

Solution: Try one of the following:

— Make sure the burst search is successful.

— Deactivate the burst search but keep the pattern search active.

For more information, see
— "Message: 'Burst Not Found™ on page 240

chapter 5.7.1, "Burst Search", on page 161

e The offset of the pattern within the burst is incorrectly set

It is possible to set a pattern offset to speed up the pattern search. The offset of the
pattern would be the offset of the pattern start with respect to the start of the useful
part of the burst. However, if the entered offset is not correct (within about 4 symbols
of tolerance), the pattern will not be found.

Spectrum VSA

Ref Level -22.00 dBm Mod ", AModulation & Signal Description
m.+el Att +0dd  Freq 1.0 GHz Cap Ler

SGL TRGIEXT BURST PATTERN _ Signal Description '
A EVM ® 1 Clrw || .
T T T T Signal Type
Continuoius Signal ® Burst Signal
Burst
Min Length (148 sym 1 = 546.462
Max Length (148 sym ) = 546.462
Run-In 3 sym 1 =11.077
Run-0ut 3 sym 1 =11.077
ey v Pattern
Start 3 sym r
C Mag{CapBuf) Marne 16QAM_EDGE_TSCC -][Pattem 5
w Offset [0 sym ) 3005
Descrip
L Burst Length-——————
[Run-In | e _[Run<
AH—Offset—w
Start 0 sym Stop 1500 sym

Fig. 9-7: GSM EDGE burst; Pattern is actually located in the middle of the burst. The correct value
for "Offset" here would be 58.

Solution: Try one of the following:
— Remove the offset (‘'unknown’).
— Enter the correct offset (within about 4 symbols of tolerance).

For more information, see
— "Offset" on page 133
e The specified pattern does not coincide with the pattern in your signal:
In the R&S FSQ-K70 it is possible to search for multiple patterns at the same time.
For example, in a GSM measurement, the capture buffer can be checked for all TSCs
simultaneously. This is not possible in the R&S FSW-K70.
Solution:
Make sure that the correct pattern is specified in the "Signal Description" dialog.
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Explanation of Error Messages

For more information, see
— chapter 5.4, "Signal Description", on page 126

Message: 'Result Alignment Failed'
The result range alignment is not possible for the patricular capture buffer. The result
range needs I/Q data that has not been captured.

Spectrum VSA
Ref Level -10.00 dBm

Att 0dé  Freqg 1§ .
SGL TRGIEXT BURST Result Range |Evalliation Range |

Length

A EVM
‘ | H Result Length 400 sym |

Result Range Alignment and Evaluation Range

Result Range Alignment

Reference Capture ® Burst C
Alignment Left ® Center
Offset O sy

Symbol No @ Burst Start 0 sym

r~..---'.vl-r~|4i el
Start -126 sym

C Mag{CapBuf)

WVisualization

Display
CGonfig
Start O sym

Fig. 9-8: Example for failed alignment

In this windowshot, the alignment of the long result range to the burst center is not pos-
sible because there are not enough samples in the capture buffer before the burst starts.
In this scenario, the trigger settings should be changed such that the burst is in the middle
of the capture buffer.

Solution: Change the trigger settings and/or enlarge the capture length.

For more information, see:
e chapter 5.6, "Signal Capture", on page 151
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Explanation of Error Messages

Message: 'Pattern Search On, But No Pattern Selected’

VSA | Modulation & Signal Description

Spectrum

Ref Level -4,00 dem P — .
ALt 16 o8 _ Signal Description
SGL BURST PATTERN .
s I T
A EVM 'gna’l ‘ype
| Continuous Signal @ Burst Signal
Burst
Min Length (148 sym ) = 546.462 us
Max Length 148 sym ) = 546,462 us
Run-In 3@ sym ) =11.077 ps
Run=-Cut 3 sym ) =11.077 us
W/ Pattern
Start 13 sym Marme (E_ :J[Battern Settings]
C Mag({CapBuf) v Offset 58 sym | =214.154 ps
Description
e Burst Length Ly
/ M—Offset—w
A% it

Start D sym

OLUR LU0 5y

Pattern search on, but no pattern selected. Done

Fig. 9-9: The red circle shows the place where you can specify a pattern

Solution: Select an existing pattern (or create a new pattern) that you expect to be within
the signal.

For more information, see
e "Pattern Settings" on page 132
chapter 7.2.2, "How to Perform Pattern Searches", on page 204

Message: 'Pattern Not (Entirely) Within Result Range
A pattern can only be found, if it is entirely within the result range. Therefore, this error
message always occurs with a "Pattern Not Found" error.

Solution: Choose the pattern as reference of your result range alignment. Then, the pat-
tern will be forcefully part of your result range and the pattern search can succeed.

For more information, see
e chapter 5.8, "Result Range Configuration", on page 169
® chapter 7.2.4, "How to Define the Result Range", on page 211

Message: 'Short Pattern: Pattern Search Might Fail'

The R&S FSW performs the pattern search in two stages.

e Stage 1 involves the generation of an I/Q pattern waveform by modulating the pattern
symbol sequence. The 1/Q pattern is then correlated with the measured signal. At
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e
Explanation of Error Messages

positions where the correlation metric exceeds the "I/Q Correlation Threshold" the I/
Q pattern is found.

e Stage 2 demodulates the measured signal at the I/Q pattern location and the trans-
mitted symbols are checked for correctness against the pattern symbol sequence.

In case of a very short pattern, i.e. a pattern length in the order of the inter-symbol inter-
ference (ISI) duration, a number of issues can arise:
e False positive
The 1/Q pattern is found at positions where the transmitted symbols differ from the
pattern symbols.
Solution: Try one of the following:
— Activate "Meas only if Pattern Symbols Correct".
— Increase the "I/Q Correlation Threshold"
(see chapter 5.7.2, "Pattern Search", on page 163).
e False negative
The 1/Q pattern search misses a position where transmitted symbols match the pat-
tern symbols.
Solution:
— Decrease the "I/Q Correlation Threshold"
(see chapter 5.7.2, "Pattern Search", on page 163).

In case of bursted signals the pattern search finds only the first occurrence of the I/

Q pattern within each burst. If a false positive occurs in this situation (cf. case 1.) the

use of "Meas only if pattern symbols correct" will not provide a satisfactory solution.

In this case do the following:

— Increase the "I/Q Correlation Threshold".

— Specify the expected position of the pattern within the burst by adjusting the
"Offset" parameter.

Message: 'Sync Prefers More Valid Symbols’

Note: Note that this message does not necessarily indicate a problem. Its purpose is to
inform you that you might have the opportunity to get a more stable demodulation and/
or better measurement results by improving your setup.

Synchronization in the VSA application is performed in two stages: coarse synchroniza-
tion that precedes the reference signal generation and fine synchronization based on the
reference signal.

e The coarse synchronization stage can work data-aided (i.e. based on a known pat-
tern) or non-data-aided (i.e. based on the unknown data symbols). The default is a
non-data-aided coarse synchronization. In the case that a pattern is part of signal,
the user can switch to data-aided synchronization.

e The fine synchronization stage always works data-aided.

'Sync Prefers More Valid Symbols' indicates that one of the synchronization stages has
too few symbols to ensure that the synchronization is robust.

The message is given if
e Coarse Synchronization = Non-Data-Aided (User Pattern for Sync = Off):
Estimation range shorter than 40 symbols
(see chapter 4.5.1.2, "Estimation”, on page 97)
e Fine Synchronization:
Estimation range shorter than 10 symbols
(see chapter 4.5.1.2, "Estimation”, on page 97)

e
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Explanation of Error Messages

Solution:
e If the signal contains a pattern, set "Coarse Synchronization: Pattern".
(see "Coarse Synchronization" on page 177).
Example: measurement of a GSM EDGE pattern that has a length of 26 symbols.

C Mag{CapBuf) ® 1 Clrw D Const I/Q(Meas8&Ref) ® 1M Clrw

A L LG L I
-20d ‘E'- m
iR EEEE
m#....-.._

WMIIIIIIIM
N O

Start 0 sym Stop 200 sym |Start -2.91 Stop 2.91

Sync prefers more valid symbols. ED:ED:IID g 'sn",'{fﬁ':}g

Fig. 9-10: User Pattern for Sync = Off

C Mag{CapBuf) ® 1 Clrw D Const I/Q{Meas&Ref) ® 1M Clrw

AL L LU A
-20 dBm

d L
NiIEEEEEEEN
I O O A
T P A

Start 0 sym Stop 200 sym  Start -2.91

18.03.2010
08:21:35

Fig. 9-11: User Pattern for Sync = On

e Choose a longer "Result Range".

e If the signal is bursted and the bursts are short:
— Make sure your "Result Range" comprises the entire burst.
— Make sure that "Run-In/Out" is not chosen too large, since the "Run-In/Out"

ranges are excluded from the synchronization.

e |[f the signal is bursted and contains a pattern:
Only switch off the burst search if absolutely necessary. If you need to switch it off,
align your "Result Range" to the pattern, make sure it does not exceed the burst
ramps and choose "Continuous Signal" as the "Signal Type" in the "Signal Descrip-
tion" dialog.

For more information, see

e chapter 4.4, "Overview of the Demodulation Process", on page 84

Message: 'Sync Prefers Longer Pattern’

This message can only occur if the coarse synchronization is data-aided, i.e is based on
a known pattern. In case the pattern is very short, pattern-based coarse synchronization
might be unstable. If demodulation is stable, e.g. you get a reasonable EVM, there is no
need to change anything. Otherwise, you have two options:

e Switch to the non-pattern-based mode by setting the parameter "Coarse Synchroni-
zation: Data "
(see "Coarse Synchronization" on page 177
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9.3

Frequently Asked Questions

e If possible, use a longer pattern.

For more information, see
e chapter 4.4, "Overview of the Demodulation Process", on page 84

Message: 'Result Ranges Overlap’

This message does not indicate an error. It is merely displayed to inform you that the
defined result ranges in the capture buffer overlap. Thus, some captured data is evalu-
ated more than once. For example, the same peak value may be listed several times if
it is included in several result ranges, and averaging is performed on (partially) duplicate
values. However, a negative influence on the measurement results is not to be expected.

Frequently Asked Questions

Problem: The trace is not entirely visible within the measurement window................ 248
Problem: The trace of the measurement signal is visible in the measurement window; the
trace of the reference signal isS NOL.........cciviiiiiieiiii e 248
Problem: The measurement window does not show average results......................... 249
Problem: The spectrum is not displayed in the logarithmic domain..........c................. 250
Problem: The Vector 1/Q result display and the Constellation 1/Q result display look dif-
L= =Y 0 SR 250
Problem: The Constellation I1/Q measurement result display has a different number of
constellation points in the R&S FSQ-K70 and the R&S FSW-K70.........cccoeeeevrvvveneee. 250

Problem: the MSK/FSK signal demodulates on the R&S FSQ-K70, but not on the R&S
FSW-K70 or: Why do | have to choose different transmit filters in the R&S FSQ-K70 and
LI X S T S T R 251
Problem: The EVM trace looks okay, but the EVM in the result summary is significantly
o1 1= =Y o PSSR 251
Question: Why isn't the FSK Deviation Error in R&S FSW-K70 identical to the FSK DEV
ERROR iN R&S FSQ-KT70?...ueiiiiiiiiiieiieeiiiiiiete e sttt e e s s ssiiee e e e s s sssreee e e s s ssssree e e s s e nnnees 253
Problem: The PSK/QAM Signal shows spikes in the Frequency Error result display

Question: The y-axis unit for the spectrum of the measurement signal can be chosen to
be "dB". What level is this relative t07.......cccccuviiiiieeieee e 254
Question: How can | get the demodulated symbols of all my GSM bursts in the capture
buffer in remote CONTIOI?.....c.oii e e 254
Question: Why do the EVM results for my FSK-modulated signal look wrong?......... 255

Problem: The trace is not entirely visible within the measurement window
Solution:

o 1. Select the measurement window.

e 2. Press the AUTO key.

e 3. Press the "Y-Axis Auto Scale" softkey.

Problem: The trace of the measurement signal is visible in the measurement win-
dow; the trace of the reference signal is not

Solution:

e 1.Select the measurement window.

e 2. Press the TRACE key.

|
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Frequently Asked Questions

e 3. Press the "Trace Config" softkey.
e 4. Select a second trace, choose "Clear Write" as "Trace Mode" and toggle to "Ref"
in the "Evaluation" column.

I_ X - Trace Wizard - Screen A

Trace Trace Mode Evaluation
l Trace 1 ][ Clear Write 3][ Meas
—_—
[ Trace 2 ][ Clear Write :(I Ref D
[ Trace 3 ] Blank :] }
[ Trace 4 ] Blank :] }
[ Trace 5 ] Blank 3]
[ Trace 6 ] Blank :] }
Preset Select Select
All Traces ||Max | Avg | Min| |Max | ClrWrite | Min

Problem: The measurement window does not show average results
Solution:

e 1. Select the measurement window.

e 2. Pressthe TRACE key.

e 3. Press the "Trace Config" softkey.

e 4. Select a second trace and choose the preferred "Trace Mode", e.g. "Max Hold" or

"Average".

Spectrum VSA

§ Trace Wizard - Screen A

Ref Level 0.00 dBm Mod
0de Freq 1.0 GHz ResLen E
Trace Trace Mode Evaluation
Trace 1 [ Clear Write :l
| Tracez ||Average XY
)
| traces  |{MaxHold ]
B
I Trace 4 l[ Blank :l
Fart 0 sym | traces || Blank {
C Mag(CapBuf) ®1lcC
[ Trace 6 ][Blank :]
Preset Select Select
All Traces | |Max | Avg | Min| |Max | ClrWrite | Min

Start 0 sym Stop 1500 sym | Start -2.535 Stop 2.535

Measuring... Iml :‘:_':

[
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Frequently Asked Questions

Problem: The spectrum is not displayed in the logarithmic domain
Solution:

e 1. Select the measurement window.

2. Press the AMPT key.

3. Press the "Unit" softkey.

4. Press the "Y-Axis Unit" softkey.

5. Select dB.

Problem: The Vector I/Q result display and the Constellation I/Q result display look
different

Spectrum

Ref Level 1.9 g std EDGE
Att ' Freq 1.0 GHz ResLlen
SGL BURST PATTERM

® 1M Clrw

Sfart 0 sym Stop 2.91
C Mag(CapBuf) e

=20 dBm

60 dBm

o Lo Ll |

|

Start 0 sym Stop 1500 sym | Start -2.91 Stop 2.91

16.03.2010
10:08:34

Date: 16.MAR.2010 10:08:24

Reason:

e The Vector I/Q diagram shows the measurement signal after the measurement filter
and synchronization.

® The Constellation 1/Q diagram shows the de-rotated constellation (i.e. for a T/4-

DQPSK, 4 instead of 8 points are displayed). The inter-symbol interference has been
removed.

In case the measurement filter does not remove the inter-symbol interference, the win-
dows show measurements that are significantly different.

Problem: The Constellation I/Q measurement result display has a different number
of constellation points in the R&S FSQ-K70 and the R&S FSW-K70
Reason:
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Frequently Asked Questions

In the FSQ-K70, the Constellation I/Q measurement displays the symbol instants of the
Vector I/Q measurement. Hence, this is a rotated constellation, e.g. for a m/4-DQPSK, 8
points are displayed.

In the R&S FSW-K70, the Constellation I/Q diagram shows the de-rotated constellation
(i.e. for a m/4-DQPSK, 4 instead of 8 points are displayed). The inter-symbol interference
has been removed.

Note: The result display "I/Q Constellation (Rotated)" displays the rotated constellation,
as the FSQ-K70 does.

For details on the Constellation 1/Q diagram in the R&S FSW-K70, see chapter 3.2.11,
"Constellation 1/Q", on page 30.

Table 9-1: Constellation I/Q and Vector I/Q for pi/4-DQPSK modulation

C Constellation 1/Q(Meas&Ref)

Start -5.13
D Vector 1/Q(Meas&Ref)

R&S FSQ-K70 R&S FSW-K70

Problem: the MSK/FSK signal demodulates on the R&S FSQ-K70, but not on the
R&S FSW-K70 or: Why do | have to choose different transmit filters in the R&S
FSQ-K70 and the R&S FSW-K707?

When generating an MSK/FSK reference signal, the R&S FSQ-K70 automatically repla-
ces the Dirac pulses generated by the frequency mapper with square pulses with the
length of one symbol. In the R&S FSW-K70, however, this "replacement” is part of the
transmit filter routine. Thus, the R&S FSQ and the R&S FSW require different transmit
filters for measuring the same FSK/MSK signal.

Example:

e |f your transmit filter for the R&S FSQ-K70 was "NONE", you need to choose "Rec-
tangular" as the transmit filter type in the R&S FSW.

e |f your transmit filter for the R&S FSQ-K70 was "GAUSS", you need to choose
"GMSK" as the transmit filter type in the R&S FSW.

Problem: The EVM trace looks okay, but the EVM in the result summary is signifi-

cantly different

Solution:

e Make sure that the position of the "Evaluation Lines" is reasonable. The Result Sum-
mary only evaluates sample instants that are within the evaluation lines. Hence, in
the case the "Result Range" covers the burst ramps, it is important to adjust the
"Evaluation Range" appropriately.

[
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Frequently Asked Questions

Spectrum

Ref Level | dBm Std
m.+el. Att 0 de 1.0 GHz Res Len
SGL nt O PATTERM

Phase Err RMS
Carrier Freq Err

1) Offset

Gain Imbalance

Quadrature Err

Amplitude Droop

Start -76 sym
C Mag{CapBuf)

-20 dBm

-40 dBm

Spectrum

Ref Level | dBm Std
m.+el.Att db GHz ResLen
SGL R Lan

Phase Err RMS

Carrier Freq Err

Rho |
|

i T2

Start -76 sym
C Mag{CapBuf)

-20 dBm

-40 dBm

Start 0 sym

Fig. 9-13: Solution: Result Summary with correct evaluation range setting

e Make sure that the same samples are evaluated. By default, the EVM trace displays
all sample instants, e.g. if the sample rate is 4, the EVM trace shows 4 samples per
symbol. The Result Summary does not automatically evaluate all sample instants.
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Frequently Asked Questions

E.g. for a PSK modulation, by default only symbol instants contribute to the EVM
result.

I[THAIR II\IIII il
|
|

|

LA
ARV

WY

. M
Ml lll,‘.l.;l ’” ﬂl,!*|',lr:1r1ll}lll|i' m,”r“:lw ot a

Question: Why isn't the FSK Deviation Error in R&S FSW-K70 identical to the FSK
DEV ERROR in R&S FSQ-K70?
Solution:

The FSK deviation error in the R&S FSW-K70 is calculated as the difference between
the measured frequency deviation and the reference frequency deviation as entered by
the user (see "FSK Ref Deviation (FSK only)" on page 129). What is referred to as the
"FSK DEV ERROR" in the R&S FSQ-K70 is calculated differently (see the R&S FSQ-
K70 Software Manual) and is comparable to the "Freq Err RMS" in the R&S FSW-K70.
However, while the "FSK DEV ERROR" in the R&S FSQ-K70 is given in Hz, the "Freq
Err RMS" in the R&S FSW-K70 is given in percent, i.e. relative to the "FSK Meas Devi-
ation".
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Frequently Asked Questions

Problem: The PSK/QAM Signal shows spikes in the Frequency Error result dis-
play

Spectrum
Ref Level -2 dBm Mod
m.+el.Att dé  Freq 1.0 GHz Reslen
SGL TRGIEX
81 Clrw B Phase Error

Start 3 sym Stop 203 sym
D Yector 1/Q{Meas8:Ref)

Stop 5.13

|:|]]]]]]I| i 11.03.2010
- - il 09:30:16

Solution:

These spikes are usually uncritical and are caused by zero-transitions in the 1/Q Plane.

Question: The y-axis unit for the spectrum of the measurement signal can be
chosen to be "dB". What level is this relative to?
Answer:

Spectrum (Reallmag, Meas&Ref) calculates the FFT of the result Reallmag(Meas&Ref).
Reallmag(Meas&Ref) has the unit "none". In this case, "none" means the measured sig-
nal has been scaled such that it matches the ideal corresponding reference signal as well
as possible. The reference signal in turn is scaled such that max(abs(at symbol instants))
=1.0.

Question: How can | get the demodulated symbols of all my GSM bursts in the
capture buffer in remote control?
Answer:

Use the following remote commands:
:SENSel:DDEMod:PRESet 'GSM NB'
Load the GSM standard.
:SENSel:DDEMod:RLENgth 10000 SYM

Enlarge the capture buffer length such that all the bursts you want to demodulate can be
seen within the capture buffer.

:INITiatel:CONTinuous OFF

Go to single sweep mode.
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Obtaining Technical Support

:SENSel:SWEep:COUNt O

Set the "Statistic Count" to "Auto" mode.
:INITiatel:IMMediate

Do single sweep.
:SENSel:SWEep:COUNt :CURRent?

Query the number of demodulated bursts within the capture buffer.

For n = 1:NumberOfBursts

:SENSel : DDEMod: SEARch :MBURst : CALC n

:TRACed4? TRACel 'Query the result symbols in window D
End

Step through all bursts and query the demodulated symbols.

Question: Why do the EVM results for my FSK-modulated signal look wrong?
Answer:

For an FSK-modulated signal, the signal processing differs to an PSK/QAM/MSK-modu-
lated signal. The estimation model does not minimize the EVM but the error of the instan-
taneous frequency (see chapter 4.5.2.1, "Error Model", on page 107). Therefore, the
measurement value that corresponds to the EVM value for FSK is the the Frequency
Error (Absolute/Relative). (Source Type: Modulation Error; Result Type: Frequency Error
(Absolute/Relative))

9.4 Obtaining Technical Support

If problems occur, the instrument generates error messages which in most cases will be
sufficient for you to detect the cause of an error and find a remedy.

Error messages are described in chapter 9.2, "Explanation of Error Messages",
on page 239.

In addition, our customer support centers are there to assist you in solving any problems
that you may encounter with your R&S FSW. We will find solutions more quickly and
efficiently if you provide us with the information listed below.

e System Configuration: The "System Configuration" dialog box (in the "Setup"
menu) provides information on:
— Hardware Info: hardware assemblies
— Versions and Options: the status of all software and hardware options installed
on your instrument

— System Messages: messages on any errors that may have occurred

An .xml file with information on the system configuration ("device footprint") can be
created automatically.

e Error Log: The RSError. log file (in the log directory of the main installation direc-
tory) contains a chronological record of errors.
e Support file: a *.zip file with important support information can be created automat-

ically. The *.zip file contains the system configuration information ("device footprint"),
the current eeprom data and a screenshot of the screen display.
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To collect the support information

1. Press the SETUP key.

2. Select "Service > R&S Support" and then "Create R&S Support Information"”.
The file is stored as C: \R_S\instr\user\service.zip.

Attach the support file to an e-mail in which you describe the problem and send it to
the customer support address for your region as listed at the beginning of the R&S
FSW Getting Started manual.
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Introduction

10 Remote Commands for VSA

The following commands are required to perform measurements in VSA in a remote
environment. It assumes that the R&S FSW has already been set up for remote operation
in a network as described in the base unit manual.

Common Suffixes

In VSA, the following common suffixes are used in remote commands:

Suffix Value range Description
<m> 1.4 Marker

<n> 1..16 Window
<t> 1..6 Trace

Note that basic tasks that are also performed in the base unit in the same way are not
described here. For a description of such tasks, see the R&S FSW User Manual.

In particular, this includes:
e Managing Settings and Results, i.e. storing and loading settings and result data

e Basic instrument configuration, e.g. checking the system configuration, customizing
the screen layout, or configuring networks and remote operation

e Using the common status registers

The following tasks specific to VSA are described here:

L [ 01 (o T VT 4o o 1 SRR 257
e Activating Vector Signal ANalysis........ccoeiiaiiiiiiiiiieee e 262
@ Digital Standards........oceieiiiiiiiiie e 265
L I O70) 1o 18 5] o TV AT 267
e Performing @ MeasuremMeNt.......ccceeiiiiiiiicciiiiiieeec e e e e e e e ee e 326
L I N F= 1 T 332
e Configuring the Result DiSplay.........cccceiiiiiiiiieeceeeeeeeecccree e 349
o  RetrieVing RESUILS... ... 360
o Status Reporting System....coo i 378
o ODbsolete COMMEANGS........uuiiiiiii it e e e 388
o Programming EXampPles........coooiiiiiiiiiiiie e 390

10.1 Introduction

Commands are program messages that a controller (e.g. a PC) sends to the instrument
or software. They operate its functions ('setting commands' or 'events') and request infor-
mation (‘query commands'). Some commands can only be used in one way, others work
in two ways (setting and query). If not indicated otherwise, the commands can be used

for settings and queries.

|
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The syntax of a SCPI command consists of a header and, in most cases, one or more
parameters. To use a command as a query, you have to append a question mark after
the last header element, even if the command contains a parameter.

A header contains one or more keywords, separated by a colon. Header and parameters
are separated by a "white space” (ASCIl code 0 to 9, 11 to 32 decimal, e.g. blank). If
there is more than one parameter for a command, these are separated by a comma from
one another.

Only the most important characteristics that you need to know when working with SCPI
commands are described here. For a more complete description, refer to the User Manual
of the R&S FSW.

\ Remote command examples

/ Note that some remote command examples mentioned in this general introduction may
not be supported by this particular application.

10.1.1 Long and Short Form

The keywords have a long and a short form. You can use either the long or the short
form, but no other abbreviations of the keywords.

The short form is emphasized in upper case letters. Note however, that this emphasis
only serves the purpose to distinguish the short from the long form in the manual. For the
instrument, the case does not matter.

Example:
SENSe:FREQuency:CENTer is the same as SENS: FREQ: CENT.

10.1.2 Numeric Suffixes

Some keywords have a numeric suffix if the command can be applied to multiple instan-
ces of an object. In that case, the suffix selects a particular instance (e.g. a measurement
window).

Numeric suffixes are indicated by angular brackets (<n>) next to the keyword.

If you don't quote a suffix for keywords that support one, a 1 is assumed.

Example:

DISPlay[:WINDow<1l...4>]:ZOOM:STATe enables the zoom in a particular mea-
surement window, selected by the suffix at WINDow.

DISPlay:WINDow4:ZOOM: STATe ON refers to window 4.
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10.1.3 Optional Keywords

Some keywords are optional and are only part of the syntax because of SCPI compliance.
You can include them in the header or not.

Note that if an optional keyword has a numeric suffix and you need to use the suffix, you
have to include the optional keyword. Otherwise, the suffix of the missing keyword is
assumed to be the value 1.

Optional keywords are emphasized with square brackets.

Example:
Without a numeric suffix in the optional keyword:
[SENSe: ] FREQuency:CENTer is the same as FREQuency: CENTer

With a numeric suffix in the optional keyword:
DISPlay[:WINDow<1l...4>]:Z00M:STATe

DISPlay:Z00OM:STATe ON enables the zoom in window 1 (no suffix).
DISPlay:WINDow4:ZOOM: STATe ON enables the zoom in window 4.

10.1.4 Alternative Keywords

A vertical stroke indicates alternatives for a specific keyword. You can use both keywords
to the same effect.

Example:
[SENSe: ]BANDwidth|BWIDth[:RESolution]

In the short form without optional keywords, BAND 1MHZ would have the same effect as
BWID 1MHZ.

10.1.5 SCPI Parameters

Many commands feature one or more parameters.

If a command supports more than one parameter, these are separated by a comma.

Example:
LAYout :ADD:WINDow Spectrum, LEFT,MTABle

Parameters may have different forms of values.
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10.1.5.2

Introduction

Numeric Values

Numeric values can be entered in any form, i.e. with sign, decimal point or exponent. In
case of physical quantities, you can also add the unit. If the unit is missing, the command
uses the basic unit.

Example:
with unit; SENSe : FREQuency:CENTer 1GHZ
without unit: SENSe : FREQuency:CENTer 1E9 would also set a frequency of 1 GHz.

Values exceeding the resolution of the instrument are rounded up or down.

If the number you have entered is not supported (e.g. in case of discrete steps), the
command returns an error.

Instead of a number, you can also set numeric values with a text parameter in special
cases.

e MIN/MAX

Defines the minimum or maximum numeric value that is supported.
e DEF

Defines the default value.
e UP/DOWN

Increases or decreases the numeric value by one step. The step size depends on
the setting. In some cases you can customize the step size with a corresponding
command.

Querying numeric values

When you query numeric values, the system returns a number. In case of physical quan-
tities, it applies the basic unit (e.g. Hz in case of frequencies). The number of digits after
the decimal point depends on the type of numeric value.

Example:
Setting: SENSe: FREQuency:CENTer 1GHZ
Query: SENSe : FREQuency: CENTer? would return 1E9

In some cases, numeric values may be returned as text.

e INF/NINF
Infinity or negative infinity. Represents the numeric values 9.9E37 or -9.9E37.

e NAN
Not a number. Represents the numeric value 9.91E37. NAN is returned in case of
errors.

Boolean

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.

e
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10.1.5.5

Introduction

Querying boolean parameters

When you query boolean parameters, the system returns either the value 1 ("ON") or the
value 0 ("OFF").

Example:
Setting: DISPlay:WINDow:ZOOM: STATe ON
Query: DISPlay:WINDow:ZOOM: STATe? would return 1

Character Data

Character data follows the syntactic rules of keywords. You can enter text using a short
or a long form. For more information see chapter 10.1.1, "Long and Short Form",
on page 258.

Querying text parameters

When you query text parameters, the system returns its short form.

Example:
Setting: SENSe:BANDwidth:RESolution:TYPE NORMal
Query: SENSe :BANDwidth:RESolution:TYPE? would return NORM

Character Strings

Strings are alphanumeric characters. They have to be in straight quotation marks. You
can use a single quotation mark (') or a double quotation mark (" ).

Example:
INSTRument:DELete 'Spectrum'

Block Data

Block data is a format which is suitable for the transmission of large amounts of data.

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.

e
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10.2 Activating Vector Signal Analysis

Vector signal analysis requires a special application on the R&S FSW. A measurement
is started immediately with the default settings.

INSTrUMENE:CREGIE[INEW]...cctuiieiiiiieieeeeiie e eeeete e e e ettt ee e e e e eateeeeestnaeeesesnaeeeeesnnnseeresnanaaees 262
INSTrUMENt:CREAIEIREPLACE.......c.cevuieeeiiiiieeeeeeteieeeeeeeteeeeeseebeeeeseesaeeeeseesnaeeseeranaeaaens 262
INSTIUMENEDELEBLE. ...cue ittt e e e e ee e e e e e e e eeeas 263
TN SR U TaaT=T Y I S N 263
N SR Ul aa 1T Y = N F=T 1= N 264
INSTIUMENTSELECE]....eeiiieeeerieiiriiiieeieieeeeeeeeeeeeteeeeeeeeerebaas e sesesaaeasserereerersssssrasnnnnnnns 264
SYSTem:PRESet: CHANNEI[EXECULE] .. iiierueieeiiteieeeiiieeee et e eeeeete e e e eaneeeeera e e e eet e eeeenanss 264

INSTrument:CREate[:NEW] <ChannelType>, <ChannelName>

This command adds an additional measurement channel. The number of measurement
channels you can configure at the same time depends on available memory.

Parameters:

<ChannelType> Channel type of the new channel.
For a list of available channel types see table 10-1.

<ChannelName> String containing the name of the channel. The channel name is
displayed as the tab label for the measurement channel.
Note: If the specified name for a new channel already exists, the
default name, extended by a sequential number, is used for the
new channel (see table 10-1).

Example: INST:CRE SAN, 'Spectrum 2'

Adds an additional spectrum display named "Spectrum 2".

INSTrument:CREate:REPLace <ChannelName1>,<ChannelType>,<ChannelName2>

This command replaces a measurement channel with another one.

Parameters:

<ChannelName1>  String containing the name of the measurement channel you want
to replace.

<ChannelType> Channel type of the new channel.

For a list of available channel types see table 10-1.

<ChannelName2> String containing the name of the new channel.
Note: If the specified name for a new channel already exists, the
default name, extended by a sequential number, is used for the
new channel (see table 10-1).

Example: INST:CRE:REPL 'Spectrum2',IQ,'IQAnalyzer'
Replaces the channel named 'Spectrum2' by a new measurement
channel of type 'lQ Analyzer' named '|QAnalyzer'.
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INSTrument:DELete <ChannelName>

This command deletes a measurement channel. If you delete the last measurement
channel, the default "Spectrum" channel is activated.

Parameters:

<ChannelName> String containing the name of the channel you want to delete.
A measurement channel must exist in order to be able delete it.

Example: INST:DEL 'Spectrumi'

Deletes the spectrum channel with the name 'Spectrum4'.

INSTrument:LIST?

This command queries all active measurement channels. This is useful in order to obtain
the names of the existing measurement channels, which are required in order to replace
or delete the channels.

Return values:

<ChannelType>, For each channel, the command returns the channel type and
<ChannelName> channel name (see table 10-1).
Tip: to change the channel name, use the INSTrument : REName
command.
Example: INST:LIST?

Result for 3 measurement channels:
'ADEM', 'Analog Demod', 'IQ','IQ
Analyzer', 'SANALYZER', 'Spectrum'

Usage: Query only

Table 10-1: Available measurement channel types and default channel names
Application <ChannelType> Parameter Default Channel Name*)
Spectrum SANALYZER Spectrum

1/Q Analyzer 1Q I1Q Analyzer

Pulse (R&S FSW-K6) PULSE Pulse

Analog Demodulation (R&S | ADEM Analog Demod
FSW-K7)

GSM (R&S FSW-K10) GSM GSM

Multi-Carrier Group Delay | MCGD MC Group Delay
(R&S FSW-K17)

Noise (R&S FSW-K30) NOISE Noise

Phase Noise (R&S FSW- PNOISE Phase Noise

K40)

VSA (R&S FSW-K70) DDEM VSA

Note: the default channel name is also listed in the table. If the specified name for a new channel already
exists, the default name, extended by a sequential number, is used for the new channel.
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Application <ChannelType> Parameter Default Channel Name*)
3GPP FDD BTS (R&S BWCD 3G FDD BTS

FSW-K72)

3GPP FDD UE (R&S FSW- | MWCD 3G FDD UE

K73)

cdma2000 BTS (R&S FSW- | BC2K CDMA2000 BTS

K82)

cdma2000 MS (R&S FSW- | MC2K CDMA2000 MS

K83)

1xEV-DO BTS (R&S FSW- | BDO 1xEV-DO BTS

K84)

1XEV-DO MS (R&S FSW- | MDO 1xEV-DO MS

K85)

WLAN (R&S FSW-K91) WLAN WLAN

LTE (R&S FSW-K10x) LTE LTE

Note: the default channel name is also listed in the table. If the specified name for a new channel already
exists, the default name, extended by a sequential number, is used for the new channel.

INSTrument:REName <ChannelName1>, <ChannelName2>
This command renames a measurement channel.

Parameters:
<ChannelName1> String containing the name of the channel you want to rename.

<ChannelName2> String containing the new channel name.
Note that you can not assign an existing channel name to a new
channel; this will cause an error.

Example: INST:REN 'Spectrum2', 'Spectrum3’
Renames the channel with the name 'Spectrum2' to 'Spectrum3'.

INSTrument[:SELect] <ChannelType>

Selects the application (channel type) for the current channel.
See also INSTrument :CREate [ :NEW] on page 262.

For a list of available channel types see table 10-1.

Parameters:
<ChannelType> VSA
VSA, R&S FSW-K70

SYSTem:PRESet:CHANnNel[:EXECute]
This command restores the default instrument settings in the current channel.

Use INST:SEL to select the channel.

e
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Example: INST 'Spectrum2'

Selects the channel for "Spectrum2"”.
SYST:PRES:CHAN:EXEC

Restores the factory default settings to the "Spectrum2" channel.
Usage: Event

Manual control: See "Preset Channel" on page 125

Digital Standards

Various predefined settings files for common digital standards are provided for use with
the VSA application. In addition, you can create your own settings files for user-specific
measurements.

Manual configuration of digital standards is described in chapter 5.2, "Configuration
According to Digital Standards", on page 121.

[SENSE:IDDEMOA:FACTONY[:VALUE].....ceeteeererererrrresnnnniaiaieseseseeseeeseeeeeserereeeeessssssssssssnnnnns 265
[SENSe:]DDEMOd:PRESE[:STANAAI]....ccuuuieieeeiiiriieeeeeetetieeeeeeeetiieeeeeeeetaeeeseerennnaeaesenes 265
[SENSe:]IDDEMOod:STANdard: COMMENL. ....iuiiiiii it 266
[SENSe:]IDDEMOd:STANArd:DELE.....cvuiiiieieeeeeeie e e e e e 266
[SENSe:]DDEMOG: STANGAIA:PRESEH:VALUE]. .-e-ereeeeeereeeesereseeseseseeseseseesesesesseseseseesesesees 266
[SENSe:]IDDEMOd:STANAAId:SAVE.....cciiuiieeiieieiee ettt e e e setee e e s et e e e e eaae e e e eeaa e e e erenaeeeeennn 267

[SENSe:]DDEMod:FACTory[:VALue] <Factory>

This command restores the factory settings of standards or patterns for the VSA appli-
cation.

Setting parameters:

<Factory> ALL | STANdard | PATTern
ALL
Restores both standards and patterns.
*RST: ALL

Usage: Setting only

Manual control: See "Restore Factory Settings" on page 121

See "Restore Standard Files" on page 121
See "Restore Pattern Files" on page 121
See "Digital Standards" on page 122

[SENSe:]DDEMod:PRESet[:STANdard] <Standard>

This command selects an automatic setting of all modulation parameters according to a
standardized transmission method or a user-defined transmission method. The standar-
dized transmission methods are available in the instrument as predefined standards.

e
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Setting parameters:
<Standard> string

Specifies the file name that contains the transmission method
without the extension. For user-defined standards, the file path
must be included. Default standards predefined by
Rohde&Schwarz do not require a path definition. A list of prede-
fined standards (including short forms) is provided in the annex
(see chapter A.1, "Predefined Standards and Settings",

on page 398).

Example: DDEM:PRES 'TETRA NDDOWN'
Switches the predefined digital standard "TETRA_Discontinuous-
Downlink" on.
DDEM:PRES 'C:\R _S\Instr\usr\standards\USER GSM'
Switches the user-defined digital standard "USER_GSM" on.

Manual control: See "Digital Standards" on page 122
See "Load Standard" on page 122

[SENSe:]DDEMod:STANdard:COMMent <Comment>

This command enters the comment for a new standard. The comment is stored with the
standard and is only displayed in the selection menu (manual operation). When remote
control is used, the string is deleted after the standard has been stored, allowing a new
comment to be entered for the next standard. In this case a blank string is returned when
a query is made.

Setting parameters:
<Comment> string

Manual control: See "Digital Standards" on page 122
See "Comment" on page 122

[SENSe:]DDEMod:STANdard:DELete <FileName>

This command deletes a specified digital standard file in the vector signal analysis. The
file name includes the path. If the file does not exist, an error message is displayed

Setting parameters:
<FileName> string

File name including the path for the digital standard file
Usage: Setting only

Manual control: See "Digital Standards" on page 122
See "Delete Standard" on page 123

[SENSe:]DDEMod:STANdard:PREset[:VALue]
This command restores the default settings of the currently selected standard.

Usage: Event

-
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[SENSe:]DDEMod:STANdard:SAVE <FileName>

This command stores the current settings of the vector signal analysis as a new user-
defined digital standard. If the name of the digital standard is already in use, an error
message is output and a new name has to be selected. Itis recommended that you define
a comment before storing the standard.

Setting parameters:
<FileName> string

The path and file name to which the settings are stored.

Example: DDEM:STAN:COMM 'GSM AccessBurst with Pattern'
Defines a comment for the settings.
DDEM: STAN:SAVE 'C:
\R_S\Instr\usr\standards\USER GSM'
Stores the settings in the user-defined digital standard
"USER_GSM".

Usage: Setting only

Manual control: See "Digital Standards" on page 122
See "Save Standard" on page 123
See "Save Standard" on page 123

10.4 Configuring VSA

L IS o Tq = LI =Y Yol ] ) o] o T 267
o Input and Frontend SettingsS.........uucciiiiiiiiii s 279
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o  Triggering MeasuUremMENTS. ... ... et eeeee e 297
L I Oo) 1o 18 15T o TR T o1 S 303
o Configuring Bursts and Patterns. ...t 304
o Defining the ReSUIt RANGE.......cciiiiiiiiiii e 310
o  Demodulation SEttiNgS. ... 312
o Measurement Filter SettingS.....ccuuiuuciiiii e 320
e Defining the Evaluation Range.............cooiiiiiiiiiiiiiiiiiei e 322
e Adjusting Settings Automatically..........co oo 323

10.4.1 Signal Description
The signal description provides information on the expected input signal, which optimizes
pattern and burst detection and the calculation of the ideal reference signal.

Manual configuration of the signal description is described in chapter 5.4, "Signal
Description", on page 126.

O MOAUIATION. ... 268
O SigNAl SHrUCIUIE....i e 276
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Modulation

The modulation settings vary depending on the selected modulation type; in particular,
FSK modulation provides some additional settings.

CALCulate<n>:FSK:DEViation:REFerence:RELAtIVE..........ccuueiieieiiiieeiiiieee e 268
CALCulate<n>:FSK:DEViation:REFErence[:-VALUE]L.......ccieerirreieriieiiieeeeeiee e e e eeieeeeeeennanns 268
[SENSE:IDDEMOG:APSKINSTAL . 1uuuuieieeeeeiieeeiitiiiieeeeeeeeeeettateeaeeeeeesereeestanaseeeaeeseressssanes 269
[SENSE:IDDEMOG:ASKINSTALE. ....ccceeeeeieieeeeeeererererrir i reeseieseeeeeeeeeeeaaaeesesereeeeeeessrsarssannnns 269
[SENSE:]IDDEMOA:FILTErALPHAE. ... .ciiiiteieeeiitee ettt e e et e e e e e ee e e e e eaae e e e e eaaeeaeeenan 269
[SENSE: DDEMOG:FILTEIT:STATE] e eeeeeereeeseeeeeeeseseeeseeeeeeeeseseseseseseseseseseseseseeeessesesesesesens 269
[SENSE:IDDEMOA:FORMEL.......ceeiiiiiiiee et r e e e e e e e e e eas 270
[SENSE:IDDEMOA:FSKINSTAE. ceuiuiiieiii et e e e e e e e e e eas 270
[SENSe:IDDEMOd:MAPPINGICATAIOG?. ... ieeeeeeeeeeeeieeieiaaaaeeeeeeeeeeeeaentnnaaaaeeeeeeeeeeeensnnnannn 271
[SENSe:IDDEMOA:MAPPING[:VALUE]......cceeetieeeettititeeieeeeeeeeeeeeeeeesesbaneaeseeeeeeeeeereeesessannnns 271
[SENSE:IDDEMOG:MSK:FORMEL....uvvururnniieieieereeeeeeeiereeeeeresrsrasieseeeeeasaseseseereessssssssnnnnns 271
[SENSE:]IDDEMOA:PSKIFORMEL.......iiiiiiiiieeiiiieieeeetie e e ettt e e e et eeeeeataeeeeeenaaeeesesnaeaerenan 272
[SENSE:IDDEMOA:PSKINS T At . ittt e e e e e s e eas 272
[SENSe:]IDDEMOd:QAM:FORMAL. ... e it r e e e e e e eas 272
[SENSEe:]IDDEMOA:QAM:INS T At . cuuiiiiiiieiie e e et e et e e e e e e e e e e e e e a e e e e eeas 273
[SENSe:IDDEMOA:QPSKIFORMEL . 1..eetutueaeieeeeeeeeeeeeeeeeeeieeaeinnaaaaeaeeeeeeeaaeaeeeeeeneneennnnnnnnnn 273
[SENSE:IDDEMOU:SRATE....cettttitiieieeeeeeeeeeett i iaaeeeeeeeeeeeteat i aaaeeeeeeseeessstanasseaesereeessnnanns 274
[SENSE:IDDEMOA: TFILIEIALPHA. ....ccceiieeeeetiiieeeeeeeeeeeeeett e ee e e e e e e e e e eearabaeseeeeseseeessssanas 274
[SENSe:]IDDEMOA:TFILIERNAME. .. ..t e e 275
[SENSE:IDDEMOG: TEILIEM:STATE . cveveereeeeeereseeseeeseseesaeesessaseesseseessessessessessessessesseesessennes 275
[SENSe:]IDDEMOA:TFILIErRUSER. ... e et e e e e e e ea e 275
[SENSe:]IDDEMOA:USERINAME..... .ottt e e e e e e e e e e e e eeas 275

CALCulate<n>:FSK:DEViation:REFerence:RELative <FSKRefDev>

This command defines the deviation to the reference frequency for FSK modulation as a
multiple of the symbol rate.

For details see "FSK Ref Deviation (FSK only)" on page 129.

Setting parameters:

<FSKRefDev> numeric value
Range: 0.1 to 15
*RST: 1

Default unit: NONE
Manual control: See "FSK Ref Deviation (FSK only)" on page 129

CALCulate<n>:FSK:DEViation:REFerence[:VALue] <FSKRefDevAbsRes>

This command defines the deviation to the reference frequency for FSK modulation as
an absolute value in Hz.

|
User Manual 1173.9292.02 — 04 268



R&S®FSW-K70 Remote Commands for VSA

Configuring VSA

Setting parameters:
<FSKRefDevAbsRes>numeric value

Range: 10.0 to 64e9
*RST: 100e3
Default unit: Hz

Manual control: See "FSK Ref Deviation (FSK only)" on page 129

[SENSe:]DDEMod:APSK:NSTate <APSKNstate>

This command defines the specific demodulation mode for APSK. The following APSK
demodulation modes are possible;: DDEMod:APSK:NSTate 16 16APSK 32 32APSK

Setting parameters:

<APSKNstate> numeric value
*RST: 16
Manual control: See "Modulation Order" on page 128

[SENSe:]DDEMod:ASK:NSTate <ASKNstate>

This command defines the specific demodulation mode for ASK. The following ASK
demodulation modes are possible: DDEMod:ASK:NSTate 2 OOK 4 4ASK

Setting parameters:

<ASKNstate> numeric value
*RST: 2
Manual control: See "Modulation Order" on page 128

[SENSe:]DDEMod:FILTer:ALPHa <MeasFiltAlphaBT>
This command determines the filter characteristic (ALPHA/BT). The resolution is 0.01.

Setting parameters:

<MeasFiltAlphaBT> numeric value
Range: 0.1 to 1.0
*RST: 0.22
Default unit: NONE

[SENSe:]DDEMod:FILTer[:STATe] <MeasFilterState>

This command defines whether the input signal that is evaluated is filtered by the mea-
surement filter. This command has no effect on the transmit filter.
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ON | OFF

ON

[SENSe: ] DDEMod:MFILter:AUTO is activated.

OFF

The input signal is not filtered. [SENSe: ] DDEMod:MFILter :
AUTO is deactivated.

*RST: ON

[SENSe:]DDEMod:FORMat <Group>

This command selects the digital demodulation mode.

Setting parameters:
<Group>

Example:

Manual control:

MSK | PSK | QAM | QPSK | FSK | ASK | APSK | UQAM

QPSK

Quad Phase Shift Key

PSK

Phase Shift Key

MSK

Minimum Shift Key

QAM

Quadrature Amplitude Modulation
FSK

Frequency Shift Key

ASK

Amplitude Shift Keying
APSK

Amplitude Phase Shift Keying
UQAM

User-defined modulation (loaded from file, see [SENSe:
] DDEMod : USER : NAME on page 275)

*RST: PSK
SENS :DDEM: FORM QAM

See "Modulation Type" on page 127
See "Load User Modulation" on page 128

[SENSe:]DDEMod:FSK:NSTate <FSKNstate>

This command defines the demodulation of the FSK modulation scheme.
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Setting parameters:
<FSKNstate> 2148

2
2FSK

4
4FSK

8
8FSK

*RST: 2

Manual control: See "Modulation Order" on page 128

[SENSe:]DDEMod:MAPPing:CATalog?

This command queries the names of all mappings that are available for the current mod-
ulation type and order. A mapping describes the assignment of constellation points to

symbols.

Return values:

<Mappings> A comma-separated list of strings, with one string for each map-
ping name.

Example: : SENSe : DDEMod :MAPPing:CATalog?
Result:

"CDMA2K_FWD', 'DVB_S2', 'GRAY', 'NATURAL', 'WCDMA'
Usage: Query only

Manual control: See "Modulation Mapping" on page 129

[SENSe:]DDEMod:MAPPing[:VALue] <Mapping>

To obtain a list of available symbol mappings for the current modulation type use the
[SENSe: ] DDEMod:MAPPing:CATalog?? query.

Setting parameters:
<Mapping> string

Example: SENS:DDEM:MAPP 'GSM'
Sets mapping to GSM.

Manual control: See "Modulation Mapping" on page 129

[SENSe:]DDEMod:MSK:FORMat <Name>

This command defines the specific demodulation mode for MSK.

e
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Setting parameters:
<Name> TYPE1 | TYPE2 | NORMal | DIFFerential

TYPE1 | NORMal
MSK

TYPE2 | DIFFerential
DMSK

*RST: QPSK

Manual control: See "Modulation Order" on page 128

[SENSe:]DDEMod:PSK:FORMat <Name>

Together with DDEMod : PSK : NST, this command defines the demodulation order for PSK
(see also [SENSe: ] DDEMod: PSK:NSTate on page 272). Depending on the demodu-
lation format and state, the following orders are available:

NSTATe <Name> Order

2 any BPSK

8 NORMal 8PSK

8 DIFFerential D8PSK

8 N3Pi8 3pi/8-8PSK (EDGE)
8 PIBD8PSK Pi/8-D8PSK

Setting parameters:

<Name> NORMal | DIFFerential | N3Pi8 | PISD8PSK
*RST: QPSK
Manual control: See "Modulation Order" on page 128

[SENSe:]DDEMod:PSK:NSTate <PSKNstate>

Together with DDEMod : PSK : FORMat, this command defines the demodulation order for
PSK (see also [SENSe: ] DDEMod: PSK: FORMat on page 272).

Setting parameters:

<PSKNstate> 2|8
*RST: 2
Manual control: See "Modulation Order" on page 128

[SENSe:]DDEMod:QAM:FORMat <Name>

This command defines the specific demodulation mode for QAM.
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Setting parameters:
<Name> NORMal | DIFFerential | NPI4 | MNPI4

NORMal
QAM

DIFFerential
DQAM

NPI4
m/4-16QAM

MNPI4
-11/4-32QAM

*RST: QPSK

Manual control: See "Modulation Order" on page 128

[SENSe:]DDEMod:QAM:NSTate <QAMNState>

This command defines the demodulation order for QAM.

<QAMNSTate> Order

16 16QAM

16 Pi/4-16QAM
32 32QAM

32 Pi/4-32QAM
64 64QAM

128 128QAM
256 256QAM

Setting parameters:

<QAMNState> numeric value
*RST: 16
Manual control: See "Modulation Order" on page 128

[SENSe:]DDEMod:QPSK:FORMat <Name>

This command defines the demodulation order for QPSK.

|
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NORMal | DIFFerential | NP4 | DPI4 | OFFSet | N3PI4

NORMal
QPSK
DIFFerential
DQPSK
NPI4

4 QPSK
DPI4

/4 DQPSK
OFFSet
OQPSK
N3PI4

3m/4 QPSK

*RST: NORMal
DDEM:FORM QPSK

Switches QPSK demodulation on.
DDEM:QPSK:FORM DPI4

Switches m4 DQPSK demodulation on.
See "Modulation Order" on page 128

[SENSe:]DDEMod:SRATe <SymbolRate>

This command defines the symbol rate.

The minimum symbol rate is 25 Hz. The maximum symbol rate depends on the defined
Sample Rate (see chapter 4.2, "Sample Rate, Symbol Rate and 1/Q Bandwidth",

on page 57).

Setting parameters:
<SymbolRate>

Manual control:

numeric value

Range: 25 to 250e6
*RST: 3.84e6
Default unit: Hz

See "Symbol Rate" on page 129

[SENSe:]DDEMod:TFILter:ALPHa <Alpha>

This command determines the filter characteristic (ALPHA/BT). The resolution is 0.01.

Setting parameters:
<Alpha>

numeric value
Range: 0.1 to 1.0

*RST: 0.22
Default unit: NONE
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Manual control: See "Alpha/BT" on page 130
See "Type" on page 180
See "Alpha/BT" on page 181

[SENSe:]DDEMod:TFILter:NAME <Name>
This command selects a transmit filter and automatically switches it on.

For more information on transmit filters, refer to chapter A.2.1, "Transmit Filters",
on page 404.

Setting parameters:

<Name> string
Name of the Transmit filter; an overview of available transmit filters
is provided in chapter A.2.1, "Transmit Filters", on page 404.

Manual control: See "Transmit Filter Type" on page 130
See "Load User Filter" on page 130

[SENSe:]DDEMod:TFILter[:STATe] <TXFilterState>

Use this command to switch the transmit filter off. To switch a transmit filter on, use the
[SENSe: ] DDEMod:TFILter : NAME command.

Setting parameters:
<TXFilterState> ON | OFF

OFF
Switches the transmit filter off.

ON

Switches the transmit filter specified by [SENSe: ] DDEMod :
TFILter:NAME on. However, this command is not necessary, as
the [SENSe: ] DDEMod:TFILter : NAME command automatically
switches the filter on.

*RST: ON

Manual control: See "Transmit Filter Type" on page 130

[SENSe:]DDEMod:TFILter:USER <FilterName>
This command selects a user-defined transmit filter file.

Setting parameters:
<FilterName> The name of the transmit filter file.

Manual control: See "Transmit Filter Type" on page 130
See "Load User Filter" on page 130

[SENSe:]DDEMod:USER:NAME <Name>

Selects the file that contains the user-defined modulation to be loaded.

|
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Setting parameters:
<Name> string

Path and file name of the * .vam file

Example: SENS :DDEM: FORM UQAM
Define the use of a user-defined modulation
SENS:DDEM:USER:NAME 'D:\MyModulation.vam'
Select the file name to be loaded

Manual control: See "Modulation Type" on page 127
See "Load User Modulation" on page 128

Signal Structure

The signal structure commands describe the expected input signal and determine which
settings are available for configuration. You can define a pattern to which the instrument
can be synchronized, thus adapting the result range.

[SENSe:]DDEMod:SEARch:BURSHLENGth:MAXIMUM.....cuiieiiiiiieiiecie e 276
[SENSe:]IDDEMod:SEARch:BURSH:LENGh:MINIMUM]..cuiiiiiiiicicieciccece e e 276
[SENSe:]IDDEMod:SEARCh:BURSH:SKIP:FALLING...c.u it et et e e ee e e 277
[SENSe:]IDDEMod:SEARCh:BURSH:SKIP:RISING. ....ceuieiee ettt 277
[SENSe:]IDDEMO0d:SEARCH:SYNC:CATAIOF- - cuuitueeaeieeee ettt e e e 277
[SENSe:IDDEMOA:SIGNAIPATTEIMN. ..iiiieieieeeeeeeieieieteeeeeaaaae e e e e e e e e eeeeeeeeeeeeeeereeeenensnnnnnnnnnn 278
[SENSE:IDDEMOA:SIGNAI[:VALUEL. . uuueieereeeeeieeeeertttiieieeeeeeeeeererreessssasnaieseeeeeesereeessssannnns 278
[SENSe:]DDEMod:STANdard:SYNC:OFFSet:STATE .uu et ieiiettiieeeeeinteeeeeeeeeteseeeereneeeeeerenns 278
[SENSe:]DDEMod:STANdard:SYNC:OFFSEt[:VALUE]......uuieeieereeeieitieeeeeetieeeeereeeeeereeeeeee 278

[SENSe:]DDEMod:SEARch:BURSt:LENGth:MAXimum <MaxLength>

This command defines the maximum length of a burst. Only those bursts will be recog-
nized that fall below this length. The default unit is symbols. The value can also be given
in seconds.

Setting parameters:

<MaxLength> numeric value
Range: 0 to 15000
*RST: 1600

Default unit: SYM

Manual control: See "Burst Settings" on page 132
See "Min Length / Max Length" on page 132

[SENSe:]DDEMod:SEARch:BURSt:LENGth[:MINimum] <UsefulLength>

This command defines the minimum length of a burst. Only those bursts will be recog-
nized that exceed this length. The default unit is symbols. The value can also be given
in seconds.

e
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Setting parameters:

<UsefulLength> numeric value
Range: 10 to 15000
*RST: 98

Default unit;: SYM

Manual control: See "Burst Settings" on page 132
See "Min Length / Max Length" on page 132

[SENSe:]DDEMod:SEARch:BURSt:SKIP:FALLing <RunOut>

This command defines the length of the falling burst edge which is not considered when
evaluating the result. The default unitis symbols. The value can also be given in seconds.

Setting parameters:

<RunOut> numeric value
Range: 0 to 15000
*RST: 1

Default unit;: SYM

Manual control: See "Burst Settings" on page 132
See "Run-Out" on page 132

[SENSe:]DDEMod:SEARch:BURSt:SKIP:RISing <Runin>

This command defines the length of the rising burst edge which was not considered when
evaluating the result. The default unit is symbols. The value can also be given in seconds

Setting parameters:

<Runin> numeric value
Range: 0 to 15000
*RST: 1

Default unit;: SYM

Manual control: See "Burst Settings" on page 132
See "Run-In" on page 132

[SENSe:]DDEMod:SEARch:SYNC:CATalog <Patterns>

This command reads the names of all patterns stored on the hard disk. The file names
are returned as a comma-separated list of strings, one for each file name (without the file
extension).

Setting parameters:

<Patterns> CURRent | ALL
CURRent
Only patterns that belong to the current standard
ALL
All patterns
*RST: ALL

|
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Example: :DDEM: SEAR:SYNC:CAT? CURR
Result:
'GSM _ABO','GSM ABl','GSM AB2','GSM TSCl'

[SENSe:]DDEMod:SIGNal:PATTern <PatternedSignal>
This command specifies whether the signal contains a pattern or not.

Setting parameters:
<PatternedSignal> ON | OFF

*RST: OFF

Manual control: See "Pattern Settings" on page 132
See "Name" on page 132

[SENSe:]DDEMod:SIGNal[:VALue] <SignalType>
This command specifies whether the signal is bursted or continuous.

Setting parameters:

<SignalType> CONTinuous | BURSted
*RST: CONTinuous
Manual control: See "Signal Type" on page 132

[SENSe:]DDEMod:STANdard:SYNC:OFFSet:STATe <PattOffsState>
This command (de)activates the pattern offset.

Setting parameters:
<PattOffsState> ON | OFF

*RST: OFF

Manual control: See "Pattern Settings" on page 132
See "Offset" on page 133

[SENSe:]DDEMod:STANdard:SYNC:OFFSet[:VALue] <PatternOffset>

This command defines a number of symbols which are ignored before the comparison
with the pattern starts.

Setting parameters:

<PatternOffset> numeric value
Range: 0 to 15000
*RST: 0

Default unit: SYM

Manual control: See "Pattern Settings" on page 132
See "Offset" on page 133

e
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10.4.2 Input and Frontend Settings

The R&S FSW can analyze signals from different input sources. The frequency and
amplitude settings represent the "frontend" of the measurement setup.

Manual configuration of the input and frontend is described in chapter 5.5, "Input and
Frontend Settings", on page 134.

O RE INPUL. .. e e e e e e e et e e e e e e e e e e eeeeesraaaans 279
e Configuring Digital I/Q Input and OULPUL......cc.cooiiiiiiiiiii e, 281
L I Yo [ 1= o R 284
@  AMPIItUAE SENGS..ciiiiiiiiiiie e 286
e Configuring the Attenuation..............ooriiiiiiicccrr e 288
L IS Tor- 1 10 Yo =g o IO L o1 €3PS 290

10.4.2.1 RF Input

INPUut:ATTenuation:PROTECHONIRESE! ....oeiiiiiiieeieitee et eee ettt eeerane e 279
INP UL COUPIING. -ttt ettt ettt ettt ettt ettt et e e et e e e e et e e e e e e s eeaaeea e e sennaenaeennaeenaen 279
1N U o o =T o | S T R AN I 280
TN U o 1 =Y G (€] RS A = 280
L] = =Y of N 280

INPut:ATTenuation:PROTection:RESet

This command resets the attenuator and reconnects the RF input with the input mixer
after an overload condition occured and the protection mechanism intervened.The error
status bit (bit 3 in the STAT : QUES : POW status register) and the INPUT OVLD message
in the status bar are cleared.

(For details on the status register see the R&S FSW User Manual).
The command works only if the overload condition has been eliminated first.

Usage: Event

INPut:COUPIling <CouplingType>
This command selects the coupling type of the RF input.

The command is not available for measurements with the Digital Baseband Interface
(R&S FSW-B17).

Parameters:
<CouplingType> AC
AC coupling
DC
DC coupling
*RST: AC
Example: INP:COUP:DC
Usage: SCPI confirmed

e
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Manual control: See "Input Coupling" on page 135
See "Input Settings" on page 145

INPut:FILTer:HPASSs[:STATe] <State>

Activates an additional internal high-pass filter for RF input signals from 1 GHz to 3 GHz.
This filter is used to remove the harmonics of the R&S FSW in order to measure the
harmonics for a DUT, for example.

This function requires option R&S FSW-B13.

(Note: for RF input signals outside the specified range, the high-pass filter has no effect.
For signals with a frequency of approximately 4 GHz upwards, the harmonics are sup-
pressed sufficiently by the YIG filter.)

Parameters:
<State> ON | OFF
*RST: OFF
Usage: SCPI confirmed
Manual control: See "High-Pass Filter 1...3 GHz" on page 135

INPut:FILTer:YIG[:STATe] <State>
This command turns the YIG-preselector on and off.

Note the special conditions and restrictions for the YIG filter described in "Y1G-Preselec-
tor" on page 136.

Parameters:
<State> ON | OFF
*RST: ON (OFF for 1/Q Analyzer, GSM and MC Group Delay
measurements)
Example: INP:FILT:YIG OFF
Deactivates the YIG-preselector.
Manual control: See "YIG-Preselector" on page 136

INPut:SELect <Source>

This command selects the signal source for measurements, i.e. it defines which connec-
tor is used to input data to the R&S FSW. If no additional options are installed, only RF
input is supported.

e
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Parameters:
<Source> RF
Radio Frequency ("RF INPUT" connector)
DIQ
Digital IQ data (only available with optional Digital Baseband Inter-
face R&S FSW-B17)
For details on I/Q input see the R&S FSW I/Q Analyzer User Man-
ual.
*RST: RF
Manual control: See "Radio Frequency State" on page 135

See "Digital I/Q Input State" on page 137

10.4.2.2 Configuring Digital I/Q Input and Output

Useful commands for digital 1/Q data described elsewhere:
® TRIG:SEQ:LEV:BBPTRIGger[:SEQuence] :LEVel:BBPower on page 300

@ Remote commands for the R&S DiglConf software

Remote commands for the R&S DiglConf software always begin with SOURce : EBOX.
Such commands are passed on from the R&S FSW to the R&S DiglConf automatically
which then configures the R&S EX-IQ-BOX via the USB connection.

All remote commands available for configuration via the R&S DiglConf software are
described in the "R&S®EX-IQ-BOX Digital Interface Module R&S®DiglConf Software
Operating Manual".

Example 1:

SOURce : EBOX: *RST

SOURce : EBOX: *IDN?

Result:

"Rohde&Schwarz,DiglConf,02.05.436 Build 47"

Example 2:

SOURce :EBOX:USER:CLOCk:REFerence: FREQuency 5MHZ
Defines the frequency value of the reference clock.

Remote commands exclusive to digital 1/Q data input and output

INPULDIQ:ICDEVICE. .ttt ettt ettt et et e e e e e e e e e eeee e e e e eneenaenneen 282
INPUL:DIQ:RANGEIAUTO . ..ttt ettt ettt ettt et e et e et e e e e e e e e e e e enaaaeaaen 283
INPUt:DIQ:RANGE:COUPIING. ...ttt eeeeeeeieeeeaae e e e e e et e eeeeeeeteaeae e e e e e e eeeeeeeennaaaaeaeeaeeeeeeeneensnnannn 283
INPUt:DIQ:RANGE[IUPPET. ... ittt e e eeeeeieeesee e e e e e et e et eaeeeae s e e e e e eeeeeeeaesna s e e e eeeeeeeeeanssnnannn 283
INPUt:DIQ:RANGE[:UPPEIT:UNIT....ceeitiititiiieieieeeeeeeeeeeeeeeeeeeetebaasaaaaeseseesaeaeseeeeesesssrasnnnnns 284
I U [ B YA =P 284
INPUL:DIQ:SRATEIAUTO . ettt ettt et et e et e e et et et e e ee e e s earennaenaeneeneennaen 284
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This command queries the current configuration and the status of the digital 1/Q input
from the optional Digital Baseband Interface (R&S FSW-B17).

For details see the section "Interface Status Information" for the Digital Baseband Inter-
face (R&S FSW-B17) in the R&S FSW I/Q Analyzer User Manual.

Return values:
<ConnState>

<DeviceName>
<SerialNumber>
<PortName>

<SampleRate>

<MaxTransferRate>

<ConnProtState>

<PRBSTestState>

<SampleRateType>

<FullScaleLevel>

Defines whether a device is connected or not.

0
No device is connected.

1

A device is connected.

Device ID of the connected device
Serial number of the connected device

Port name used by the connected device

Maximum or currently used sample rate of the connected device
in Hz (depends on the used connection protocol version; indicated
by <SampleRateType> parameter)

Maximum data transfer rate of the connected device in Hz

State of the connection protocol which is used to identify the con-
nected device.

Not Started

Has to be Started

Started

Passed

Failed

Done

State of the PRBS test.

Not Started

Has to be Started

Started

Passed

Failed

Done

0

Maximum sampling rate is displayed
1

Current sampling rate is displayed

The level (in dBm) that should correspond to an I/Q sample with
the magnitude "1" (if transferred from connected device);
If not available, 9.97e37 is returned
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Example: INP:DIQ:CDEV?
Result:
1,SMU200A,103634,0ut
A,70000000,100000000, Passed,Not Started, 0,0

Manual control: See "Connected Instrument” on page 138

INPut:DIQ:RANGe:AUTO <State>

If enabled, the digital input full scale level is automatically set to the value provided by
the connected device (if available).

This command is only available if the optional Digital Baseband interface (option R&S
FSW-B17) is installed.

Parameters:
<State> ON | OFF
*RST: OFF
Manual control: See "Full Scale Level" on page 137

INPut:DIQ:RANGe:COUPIling <State>

If enabled, the reference level for digital input is adjusted to the full scale level automat-
ically if the full scale level changes.

This command is only available if the optional Digital Baseband Interface (R&S FSW-
B17) is installed.

Parameters:
<State> ON | OFF
*RST: OFF
Manual control: See "Adjust Reference Level to Full Scale Level" on page 138

INPut:DIQ:RANGe[:UPPer] <Level>

Defines or queries the "Full Scale Level", i.e. the level that corresponds to an I/Q sample
with the magnitude "1".

This command is only available if the optional Digital Baseband Interface (R&S FSW-
B17) is installed.

Parameters:

<Level> <numeric value>
Range: 1V to 7.071V
*RST: 1V

Manual control: See "Full Scale Level" on page 137

e
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INPut:DIQ:RANGe[:UPPer]:UNIT <Unit>

Defines the unit of the full scale level (see "Full Scale Level" on page 137). The availability
of units depends on the measurement application you are using.

This command is only available if the optional Digital Baseband Interface (R&S FSW-
B17) is installed.

Parameters:

<Level> VOLT | DBM | DBPW | WATT | DBMV | DBUV | DBUA | AMPere
*RST: Volt

Manual control: See "Full Scale Level" on page 137

INPut:DIQ:SRATe <SampleRate>

This command specifies or queries the sample rate of the input signal from the Digital
Baseband Interface (R&S FSW-B17, see "Input Sample Rate" on page 137).

Note: the final user sample rate of the R&S FSW may differ and is defined using
SENS : DEM: PRAT (see [SENSe: ] DDEMod: PRATe on page 296).

Parameters:
<SampleRate> Range: 1Hz to 10 GHz
*RST: 32 MHz
Example: INP:DIQ:SRAT 200 MHz
Manual control: See "Input Sample Rate" on page 137

INPut:DIQ:SRATe:AUTO <State>

If enabled, the sample rate of the digital 1/Q input signal is set automatically by the con-
nected device.

This command is only available if the optional Digital Baseband Interface (R&S FSW-
B17) is installed.

Parameters:
<State> ON | OFF

*RST: OFF
Manual control: See "Input Sample Rate" on page 137
Frequency
[SENSE:JFREQUENCY:CENTE ... iiieeieiieeeeeeeiee e e e e eetee e e e e seaae e e e e e eea e e s e e e eanaaeeeeeeetneeeeenenan 285
[SENSEe:]JFREQUENCY:CENTEINSTEP. ...ttt i i eeeice e e et e e e e e e e e e e e e e et e e e e eete e e e reaaeeeeenan 285
[SENSe:JFREQUENCY:CENTENSTEP:AUTO. .. it iiieeeeeeiieeieeeeeeeeeeieae e e e e e eeeeesnenn e e eeeeeeeennnas 285
[SENSE: JFREQUENCY:OFFSEL.cuurutuuiiiiiieeeeeieiieeeeiiiiieaeieeseeeeeeeeeeessstasseseeeseeserererssrannnns 286
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[SENSe:]JFREQuency:CENTer <Frequency>
This command defines the center frequency.

Parameters:
<Frequency> The allowed range and f,,,, is specified in the data sheet.

uUpP
Increases the center frequency by the step defined using the
[SENSe: | FREQuency:CENTer : STEP command.

DOWN

Decreases the center frequency by the step defined using the
[SENSe: ] FREQuency:CENTer : STEP command.

*RST: fmax/2

Default unit: Hz

Example: FREQ:CENT 100 MHz
FREQ:CENT:STEP 10 MHz
FREQ:CENT UP
Sets the center frequency to 110 MHz.

Usage: SCPI confirmed

Manual control: See "Center" on page 139

[SENSe:]JFREQuency:CENTer:STEP <StepSize>
This command defines the center frequency step size.

You can increase or decrease the center frequency quickly in fixed steps using the
SENS:FREQ UP AND SENS:FREQ DOWN commands, see [SENSe: ] FREQuency:
CENTer on page 285.

Parameters:
<StepSize> frax IS specified in the data sheet.

Range: 1 to fMAX
*RST: 0.1 x span
Default unit: Hz

Example: FREQ:CENT 100 MHz
FREQ:CENT:STEP 10 MHz
FREQ:CENT UP
Sets the center frequency to 110 MHz.

Manual control: See "Center Frequency Stepsize" on page 142

[SENSe:]JFREQuency:CENTer:STEP:AUTO <LinkMode>

Defines the step width of the center frequency.
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Setting parameters:
<LinkMode> ON | OFF

ON
Links the step width to the current standard (currently 1 MHz for
all standards)

OFF
Sets the step width as defined using the FREQ : CENT : STEP com-
mand (see [SENSe: ] FREQuency:CENTer : STEP on page 285).

*RST: ON

Manual control: See "Center Frequency Stepsize" on page 142

[SENSe:]JFREQuency:OFFSet <Offset>
This command defines a frequency offset.

If this value is not 0 Hz, the application assumes that the input signal was frequency
shifted outside the application. All results of type "frequency” will be corrected for this
shift numerically by the application.

See also "Frequency Offset" on page 142.

Parameters:

<Offset> Range: -100 GHz to 100 GHz
*RST: 0 Hz

Example: FREQ:OFFS 1GHZ

Usage: SCPI confirmed

Manual control: See "Frequency Offset" on page 142

Amplitude Settings
Amplitude and scaling settings allow you to configure the vertical (y-)axis display and for
some result displays also the horizontal (x-)axis.

Useful commands for amplitude settings described elsewhere:
® INPut:COUPling on page 279
® [SENSe:]ADJust:LEVel on page 326

Remote commands exclusive to amplitude settings:

DISPlay[:WINDOW<N>]:TRACE:Y[:SCALEJ:RLEVEL. ... eeeeeeeeeeeeeeeeeseseseseseeseseseseseseesesesenesenes 286
DISPlay[:WINDow<n>]:-TRACe:Y[:SCALe]:RLEVel:OFFSet......cccoiuiiiiiiiiiiieieeee e 287
[SENSe:]IDDEMOA:PRESELRLEVEL....cuiiiieiie ettt r e e e e 287
1T €A | Y72 ST 287
TN LT R 7 [N RS 2 =N 288

DISPlay[:WINDow<n>]:TRACe:Y[:SCALe]:RLEVel <ReferencelLevel>

This command defines the reference level.

e
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With a reference level offset + 0, the value range of the reference level is modified by the

offset.
Parameters:
<ReferencelLevel>  The unit is variable.
Range: see datasheet
*RST: 0dBm
Example: DISP:TRAC:Y:RLEV -60dBm
Usage: SCPI confirmed
Manual control: See "Reference Level" on page 139

DISPlay[:WINDow<n>]:TRACe:Y[:SCALe]:RLEVel:OFFSet <Offset>

This command defines a reference level offset.

Parameters:

<Offset> Range: -200 dB to 200 dB
*RST: 0dB

Example: DISP:TRAC:Y:RLEV:OFFS -10dB

Manual control: See "Reference Level" on page 139

See "Shifting the Display (Offset)" on page 140

[SENSe:]DDEMod:PRESet:RLEVel

This command initiates a measurement that evaluates and sets the ideal reference level
for the current measurement. This ensures that the settings of the RF attenuation and
the reference level are optimally adjusted to the signal level without overloading the R&S
FSW or limiting the dynamic range by an S/N ratio that is too small.

Usage: Event

INPut:GAIN[:VALue] <Gain>

This command selects the preamplification level if the preamplifier is activated
(INP:GAIN:STAT ON, see INPut:GAIN:STATe on page 288).

The command requires option R&S FSW-B24.

Parameters:

<Gain> 15dB | 30 dB
The availability of preamplification levels depends on the R&S
FSW model.

* R&S FSW8: 15dB and 30 dB

* R&S FSW13: 15dB and 30 dB

* R&S FSW26: 30 dB

All other values are rounded to the nearest of these two.

*RST: OFF

e
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Example: INP:GAIN:VAL 30
Switches on 30 dB preamplification.
Usage: SCPI confirmed
Manual control: See "Preamplifier (option B24)" on page 136

See "Input Settings" on page 145

INPut:GAIN:STATe <State>
This command turns the preamplifier on and off.
The command requires option R&S FSW-B24.

This function is not available for input from the Digital Baseband Interface (R&S FSW-
B17).

Parameters:
<State> ON | OFF
*RST: OFF
Example: INP:GAIN:STAT ON
Switches on 30 dB preamplification.
Usage: SCPI confirmed
Manual control: See "Preamplifier (option B24)" on page 136

See "Input Settings" on page 145

Configuring the Attenuation

1L o 2 =Yg U= o] o TN 288
INPULATTENUAION:AUTO . ..cuuiiei it et et e et e e et e e e e e e e et e e ean e e eaaeeebaeeeanseeennerean 289
N | U = N 289
1N | U = N I A O N 0 T 290
1N LU o N I I AN = TS PP 290

INPut:ATTenuation <Attenuation>
This command defines the total attenuation for RF input.

If an electronic attenuator is available and active, the command defines a mechanical
attenuation (see INPut :EATT: STATe on page 290).

If you set the attenuation manually, it is no longer coupled to the reference level, but the
reference level is coupled to the attenuation. Thus, if the current reference level is not
compatible with an attenuation that has been set manually, the command also adjusts
the reference level.

This function is not available if the Digital Baseband Interface (R&S FSW-B17) is active.

Parameters:
<Attenuation> Range: see data sheet
Increment: 5 dB
*RST: 10 dB (AUTO is set to ON)
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Example: INP:ATT 30dB
Defines a 30 dB attenuation and decouples the attenuation from
the reference level.

Usage: SCPI confirmed

Manual control: See "RF Attenuation” on page 140
See "Attenuation Mode / Value" on page 140
See "RF Attenuation” on page 145

INPut:ATTenuation:AUTO <State>

This command couples or decouples the attenuation to the reference level. Thus, when
the reference level is changed, the R&S FSW determines the signal level for optimal
internal data processing and sets the required attenuation accordingly.

This function is not available if the Digital Baseband Interface (R&S FSW-B17) is active.

Parameters:
<State> ON | OFF
*RST: ON
Example: INP:ATT:AUTO ON
Couples the attenuation to the reference level.
Usage: SCPI confirmed
Manual control: See "RF Attenuation" on page 140

See "Attenuation Mode / Value" on page 140
See "RF Attenuation" on page 145

INPut:EATT <Attenuation>

This command defines an electronic attenuation manually. Automatic mode must be
switched off (INP:EATT:AUTO OFF, see INPut :EATT:AUTO on page 290).

If the current reference level is not compatible with an attenuation that has been set
manually, the command also adjusts the reference level.

This command is only available with option R&S FSW-B25.
It is not available if R&S FSW-B17 is active.

Parameters:
<Attenuation> attenuation in dB
Range: see data sheet
Increment: 1 dB
*RST: 0 dB (OFF)
Example: INP:EATT:AUTO OFF
INP:EATT 10 dB
Manual control: See "Using Electronic Attenuation (Option B25)" on page 141
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INPut:EATT:AUTO <State>

This command turns automatic selection of the electronic attenuation on and off.

If on, electronic attenuation reduces the mechanical attenuation whenever possible.
This command is only available with option R&S FSW-B25.

It is not available if R&S FSW-B17 is active.

Parameters:
<State> ON | OFF
*RST: ON
Example: INP:EATT:AUTO OFF
Manual control: See "Using Electronic Attenuation (Option B25)" on page 141

INPut:EATT:STATe <State>

This command turns the electronic attenuator on and off.
This command is only available with option R&S FSW-B25.
It is not available if R&S FSW-B17 is active.

Parameters:
<State> ON | OFF
*RST: OFF
Example: INP:EATT:STAT ON
Switches the electronic attenuator into the signal path.
Manual control: See "Using Electronic Attenuation (Option B25)" on page 141

10.4.2.6 Scaling and Units

Useful commands for scaling described elsewhere:
® DISPlay[:WINDow<n>]:TRACe:Y[:SCALe] :AUTO ONCE on page 324

® DISPlay[:WINDow<n>]:TRACe<t>:X[:SCALe] :VOFFset on page 312

Remote commands exclusive to scaling and units:

CALCUIate<n>:STATISHCS:PRESE! . ..cuvuuuieieiieeeeeiieereiiiiieieeeeeeeereeessbbae e eeeeseereesrarneaeeas 291
CALCulate<n>:STATIistics:SCALE:AUTO ONCE......cccivvteieiiiieeeeetieeee et eeeteeeeeer e eeenanns 291
CALCulate<n>:STATIisticS:SCALE: X BCOUNL.....ccvuveieeiiiiieieeeeiieeeeeeeee e e e e e e e e e e ennanss 291
CALCulate<n>:STATIStICS:SCALE: Y LOWET.....couieeieete et et et e et eeeeaanns 292
CALCulate<n>:STATIistiCS:SCALEIY:UPPET.......coteeeeeeee et 292
CALCulate<n>:STATIStiCS:SCALE:Y I UNIT....ceneeieie et e e e e e e enanas 292
CALCUIAtESNZIUNITIANGLE. .. .cceuiieteeee et e e eee et e et e et e e e e e e s e e e san e eenneereneernnnns 292
CALCUIAte<N> X:UNITITIME....ciivitiitiiiieeieieeeeeeeeeeeeeeeetsrssaaaaeseseeeeeseseereessstsrsnnaaeseeaens 292
DISPlay[:WINDow<n>]:-TRACe<t>:X[:SCALE]:PDIVISION.......ccevrrrrriiieeeeeieeeieiiieieeeeeereeeennnn 293
DISPlay[: WINDow<n>]: TRACE<t>:X[:SCALE]:RPOSHION. 1..v-veeerereeeeeeeeeeeeeeseseseserereneseeeeeens 293
DISPlay[:WINDow<n>]:-TRACe<t>:X[:SCALE]:RVALUE.......cceuririeiei et 293
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DISPIay[:WINDOW<N>]:TRACE:Y[:SCALE].....cetteeeruuruuaaiaeeeeeeeeeeeeeeeeensanaaaaeeeeaeeeeeeeeansnnnnnns 293
DISPlay[:WINDow<n>]:TRACE:Y[:SCALE]:PDIVIiSION....cceeeiereeeieeeieieiinieaeieeeeeeeeeeeeeeeneennnnns 294
DISPlay[:WINDow<n>]:TRACE:Y[:SCALE:RPOSItION......cevruieeeerriieeeeeeiiieeeeeeriieeeeeeereeeeeenns 294
DISPlay[:WINDow<n>]:-TRACE:Y[:SCALEL:RVALUE......ceuiiiieeieei ettt e e 294
DISPlay[:WINDow<n>]:TRACE:Y :SPACING. .. ettt ettt e e e e e e 294

CALCulate<n>:STATistics:PRESet

This command sets the x- and y-axis of the statistics measurement to measurement
dependent default values.

Usage: Event

Manual control: See "X-Axis Scaling" on page 149
See "Default Settings" on page 149

CALCulate<n>:STATistics:SCALe:AUTO ONCE
This command initiates an automatic scaling of the diagram (x- and y-axis).

To obtain maximum resolution, the level range is set as a function of the measured spac-
ing between peak power and the minimum power for the APD measurement and of the
spacing between peak power and mean power for the CCDF measurement. In addition,
the probability scale for the number of test points is adapted.

To get valid results, you have to perform a complete sweep with synchronization to the
end of the auto range process. This is only possible in single sweep mode.

Parameters:
ONCE
Example: CALC:STAT:SCAL:AUTO ONCE; *WAI
Adapts the level setting for statistical measurements.
Usage: Event
Manual control: See "X-Axis Scaling" on page 149

See "Adjust Settings" on page 149

CALCulate<n>:STATistics:SCALe:X:BCOunt <StatNofColumns>
This command defines the number of columns for the statistical distribution.

Setting parameters:
<StatNofColumns> numeric value

Range: 2 to 1024

*RST: 101
Default unit: NONE

Manual control: See "X-Axis Scaling" on page 149
See "Quantize" on page 149
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CALCulate<n>:STATistics:SCALe:Y:LOWer <Magnitude>

This command defines the lower vertical limit of the diagram.

Parameters:

<Magnitude> The number is a statistical value and therefore dimensionless.
Range: 1E-9 to 0.1
*RST: 1E-6

Example: CALC:STAT:SCAL:Y:LOW 0.001

Manual control: See "Defining Min and Max Values" on page 148

CALCulate<n>:STATistics:SCALe:Y:UPPer <Magnitude>

This command defines the upper vertical limit of the diagram.

Parameters:

<Magnitude> The number is a statistical value and therefore dimensionless.
Range: 1E-5 to 1.0
*RST: 1.0

Example: CALC:STAT:SCAL:Y:UPP 0.01

Manual control: See "Defining Min and Max Values" on page 148

CALCulate<n>:STATistics:SCALe:Y:UNIT <Unit>

This command selects the unit of the y-axis.

Parameters:
<Unit> PCT | ABS
*RST: ABS
Example: CALC:STAT:SCAL:Y:UNIT PCT
Sets the percentage scale.
Manual control: See "Y-Axis Unit" on page 151

CALCulate<n>:UNIT:ANGLe <Unit>
This command selects the default unit for angles.

Setting parameters:

<Unit> DEG | RAD
*RST: RAD
Manual control: See "Y-Axis Unit" on page 151

CALCulate<n>:X:UNIT:TIME <Unit>

This command selects the unit (symbols or seconds) for the x axis.
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Setting parameters:

<Unit> S| SYM
*RST: SYM
Manual control: See "X-Axis Unit" on page 150

DISPlay[:WINDow<n>]:TRACe<t>:X[:SCALe]:PDIVision <PDiv>
This command defines the scaling of the x-axis for statistical result displays.
For all other result displays, this command is only available as a query.

Setting parameters:
<PDiv> numeric value

Defines the range per division (total range = 10*<PDiv>)

Manual control: See "X-Axis Scaling" on page 149
See "Range per Division" on page 149

DISPlay[:WINDow<n>]:TRACe<t>:X[:SCALe]:RPOSition <RPos>
This command defines the position of the reference value for the X axis.

Setting the position of the reference value is possible only for statistical result displays.
All other result displays support the query only.

Setting parameters:
<RPos> numeric value

<numeric_value>

Example: DISP:TRAC:X:RPOS 30 PCT
The reference value is shifted by 30% towards the left.

Manual control: See "X-Axis Scaling" on page 149
See "X-Axis Reference Position" on page 149

DISPlay[:WINDow<n>]:TRACe<t>:X[:SCALe]:RVALue <RVal>
This command defines the reference value for the x-axis for statistical result displays.
For all other result displays, this command is only available as a query.

Setting parameters:
<RVal> numeric value

Reference value for the x-axis

Manual control: See "X-Axis Scaling" on page 149
See "X-Axis Reference Value" on page 149

DISPlay[:WINDow<n>]:TRACe:Y[:SCALe] <Range>

This command defines the display range of the y-axis.

e
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Example: DISP:TRAC:Y 110dB

Usage: SCPI confirmed

DISPlay[:WINDow<n>]: TRACe:Y[:SCALe]:PDIVision <Value>

This remote command determines the grid spacing on the Y-axis for all diagrams, where

possible.

Parameters:

<Value> numeric value; the unit depends on the result display
Defines the range per division (total range = 10*<Value>)
*RST: depends on the result display

Example: DISP:TRAC:Y:PDIV 10
Sets the grid spacing to 10 units (e.g. dB) per division

Manual control: See "Configuring a Reference Point and Divisions" on page 148

See "Range per Division" on page 148

DISPlay[:WINDow<n>]:TRACe:Y[:SCALe]:RPOSition <Position>
This command defines the vertical position of the reference level on the display grid.

The R&S FSW adjusts the scaling of the y-axis accordingly.

Example: DISP:TRAC:Y:RPOS 50PCT
Usage: SCPI confirmed
Manual control: See "Configuring a Reference Point and Divisions" on page 148

See "Y-Axis Reference Position" on page 148

DISPlay[:WINDow<n>]:TRACe:Y[:SCALe]:RVALue <Value>

The command defines the power value assigned to the reference position in the grid.

Parameters:

<Value> *RST: 0 dBm, coupled to reference level

Example: DISP:TRAC:Y:RVAL -20dBm
Sets the power value assigned to the reference position to -20
dBm

Manual control: See "Configuring a Reference Point and Divisions" on page 148

See "Y-Axis Reference Value" on page 148

DISPlay[:WINDow<n>]:TRACe:Y:SPACing <ScalingType>

This command selects the scaling of the y-axis.

e
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Parameters:
<ScalingType> LOGarithmic
Logarithmic scaling.

LINear
Linear scaling in %.

LDB
Linear scaling in the specified unit.

PERCent
Linear scaling in %.

*RST: LOGarithmic

Example: DISP:TRAC:Y:SPAC LIN
Selects linear scaling in %.

Usage: SCPI confirmed

Manual control: See "Y-Axis Unit" on page 151

Signal Capture

The signal capture commands define how much, how and when data is captured from
the input signal.

MSRA operating mode

In MSRA operating mode, only the MSRA Master channel actually captures data from
the input signal. The data acquisition settings for the VSA application in MSRA mode
define the application data extract and analysis interval.

For details on the MSRA operating mode see the R&S FSW MSRA User Manual.

The tasks for manual operation are described in chapter 5.6, "Signal Capture",
on page 151.

CALCUlate:MSRAIWINDOWSNZ IV AL ... ettt e e e e e e e e enaenas 295
[SENSE: IDDEMOA:PRAT . .. ettt ettt ettt et r e e e e et e e e e e e e s e e e s e e s annaeneeaeen 296
[SENSE:]DDEMOG:RLENGINAUTO . c..vveeeeeeeeeeeeeeeeeseeeseseeeseseeeesseseseseseseseseseensesesesesesesesens 296
[SENSE:]IDDEMOA:RLENGN[:VALUE] ... eeeeeteeieeiietieeeeetiieeeeetaeeeseetaeeeestanseesestnsessennnsaerenns 296
IS N ST BB =11V Fo e B = 7N 1N [ P 297
RV O (@ Ry N L | S 3 1 = 1SS 297

CALCulate:MSRA:WINDow<n>:IVAL?

This command queries the analysis interval for the current window. This command is only
available in application measurement channels, not the MSRA View or MSRA Master.

Return values:
<IntStart> Start value of the analysis interval

Default unit: us

e
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<IntStop> Stop value of the analysis interval
Default unit: us

Usage: Query only

[SENSe:]DDEMod:PRATe <CaptOverSmplg>

Defines the number of samples that are captured per symbol, i.e. the factor by which the
symbol rate is multiplied to obtain the sample rate. This parameter also affects the
demodulation bandwidth and thus the usable 1/Q bandwidth.

The sample rate depends on the defined Symbol Rate (see chapter 4.2, "Sample Rate,
Symbol Rate and 1/Q Bandwidth", on page 57).

Setting parameters:
<CaptOverSmplg> 481632

The factor by which the symbol rate is multiplied to obtain the
sample rate, e.g. 4 samples per symbol:
sample rate = 4*symbol rate

*RST: 4

Manual control: See "Sample Rate" on page 153

[SENSe:]DDEMod:RLENgth:AUTO <RecLengthAuto>

This command switches the automatic adaptation of the recording length on or off. The
automatic adaptation is performed so that a sufficient recording length is set as a function
of result length, burst and pattern search and network-specific characteristics (e.g. burst
and frame structure).

Setting parameters:
<RecLengthAuto> ON | OFF

*RST: ON
Manual control: See "Capture Length Settings" on page 152

[SENSe:]DDEMod:RLENgth[:VALue] <RecordLength>

This command defines the capture length for further processing, e.g. for burst search.
The record length is defined in time (S, default) or symbols (SYM).

Note that the maximum record length depends on the sample rate for signal capture (see
[SENSe: ] DDEMod: PRATe on page 296). For the default value =4, the maximum is
50.000 symbols. For larger sample rates, the maximum record length (in symbols) can
be calculated as:

Recordlengthyax = 200.000/ <points per symbol>
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Setting parameters:

<RecordLength> numeric value
Range: 369.231 us to 184.615 ms
*RST: 29.538 ms

Default unit: s (not symbols as in manual operation!)

Manual control: See "Capture Length Settings" on page 152

[SENSe:]DDEMod:SBANd <SidebandPos>
This command selects the sideband for the demodulation.

Setting parameters:

<SidebandPos> NORMal | INVerse
NORMal
Normal (non-inverted) position
INVerse
Inverted position
*RST: NORMal
Manual control: See "Swap 1/Q" on page 153

TRACe:IQ:WBANd[:STATe] <State>

Activates the bandwidth extension option R&S FSW-B160 / U160, if installed. Only if the
extension is activated a bandwidth up to 160 MHz is available, which corresponds to a
sample rate of 200 MHz. The extension must be activated for sample rates > 100 MHz.

Note: As opposed to manual operation, the bandwidth extension can also be activated
for sample rates < 100 MHz using this remote command. However, it is only actually
employed when the sample rate exceeds 100 MHz. This simplifies creating remote pro-
grams as the sequence of activating the extension and controlling the sample rate is
irrelevant.

Parameters:
<State> ON | OFF
*RST: OFF
Manual control: See "Maximum Bandwidth" on page 153

Triggering Measurements

The trigger commands define the beginning of a measurement.

e
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@ MSRA operating mode

In MSRA operating mode, only the MSRA Master channel actually captures data from
the input signal. Thus, no trigger settings are available in the VSA application in MSRA
operating mode. However, a capture offset can be defined with a similar effect as a
trigger offset. It defines an offset from the start of the captured data (from the MSRA
Master) to the start of the application data for vector signal analysis. (See Capture Off-
set.)

For details on the MSRA operating mode see the R&S FSW MSRA User Manual.

Tasks for manual configuration are described in chapter 5.6.2, "Trigger Settings",

on page 154.

TRIGger[:SEQuence]:BBPOWErHOLDO........c.uueieieeiiiice et eeee s 298
TRIGGEN:SEQUENCELDTIME. ..t iiiieiiisiee ittt e ettt e et s e e e eabe s e e e e s e e s eebn e e e sreaaaneaaans 298
TRIGGe: SEQUENCE]:HOLDOM TIME]...eeeeeeeeeeerereeeesesesestesesesesesaesesesesessesesestasssseseseesesens 299
TRIGger[:SEQueNce]:IFPOWEr:HOLDOR . .......cceieieieeeice e eeice e e e e e e e e e e e e 299
TRIGGer[:SEQUENCE]:IFPOWEIHY STEIESIS. . .ivvtueiieiiiieeeeeii i e e eetee e e e eeee e e e et e e e eet e e eeaneaees 299
TRIGQer[:SEQUENCE]:LEVEIBBPOWET . ....ccccieeieeeeeeeeeeeeeeeeeeeeeeeeeeeae e ae e e e e e e e e e aaaeeeeeeeeees 300
TRIGger[:SEQuence]:LEVel[:EXTErNal<port™]....ccciceeeeererrriiiieeeeeieeerrsneieeeeesserersnnneseeesssees 300
TRIGQEN:SEQUENCE]:LEVELIFPOWEN.......iiiieiiiieeieetiiee e eetiee e e e eeaee e e eeeta e e e eeetaaeseseenneeaens 300
TRIGGer:SEQUENCE]:LEVELIQPOWET . ....cvuuiiiiietieieeeiiee e e et e et e e s eaiee s e e e e e e sere e e eeaaeeaes 300
TRIGQEN:SEQUENCE]:SLOPE.....cciiiie e eeeiee et e e e et e e e e et e e e e e e e e e e e aaa e s e eeanaeseeeannanaaaes 301
TRIGQE:SEQUENCE]:SOURCE. ...cetvtuieeeeiieiee e ee ettt e e e e e tie e e e e eeaae e e e e eaae e e e e eet e eeeeeeanaaeaeens 301
[SENSE:IMSRA:CAPTUIE:OFFSEL. .. iiiiiiieiieeieee et e e e e e e et e e e e e e e e e ean e e eeenan 302

TRIGger[:SEQuence]:BBPower:HOLDoff <Period>
This command defines the holding time before the baseband power trigger event.
The command requires option R&S FSW-B17.

Note that this command is maintained for compatibility reasons only. Use the
TRIGger [:SEQuence] : IFPower : HOLDof f on page 299 command for new remote
control programs.

Parameters:

<Period> Range: 150 ns to 1000 s
*RST: 150 ns

Example: TRIG:SOUR BBP

Sets the baseband power trigger source.
TRIG:BBP:HOLD 200 ns

Sets the holding time to 200 ns.

TRIGger[:SEQuence]:DTIMe <DropoutTime>

Defines the time the input signal must stay below the trigger level before a trigger is
detected again.
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Parameters:

<DropoutTime> Dropout time of the trigger.
Range: 0sto10.0s
*RST: Os

Manual control: See "Drop-Out Time" on page 157

TRIGger[:SEQuence]:HOLDoff[: TIME] <Offset>

Defines the time offset between the trigger event and the start of the sweep (data cap-

turing).

Parameters:

<Offset> The allowed range is 0 s to 30 s.
*RST: Os

Example: TRIG:HOLD 500us

Manual control: See "Trigger Offset" on page 157

TRIGger[:SEQuence]:IFPower:HOLDoff <Period>
This command defines the holding time before the next trigger event.
Note that this command is available for any trigger source, not just IF Power.

Note: If you perform gated measurements in combination with the IF Power trigger, the
R&S FSW ignores the holding time for frequency sweep, FFT sweep, zero span and 1/Q
data measurements.

Parameters:
<Period> *RST: 150 ns
Example: TRIG:SOUR IFP
Sets the IF power trigger source.
TRIG:IFP:HOLD 200 ns
Sets the holding time to 200 ns.
Manual control: See "Trigger Holdoff" on page 158

TRIGger[:SEQuence]:IFPower:HYSTeresis <Hysteresis>

This command defines the trigger hysteresis.

Parameters:
<Hysteresis> Range: 3dB to 50 dB
*RST: 3dB
Example: TRIG:SOUR IFP
Sets the IF power trigger source.
TRIG:IFP:HYST 10DB
Sets the hysteresis limit value.
Manual control: See "Hysteresis" on page 157

e
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TRIGger[:SEQuence]:LEVel:BBPower <Level>
This command sets the level of the baseband power trigger.

This command is available with the Digital Baseband Interface (R&S FSW-B17).

Parameters:

<Level> Range: -50 dBm to +20 dBm
*RST: -20 DBM

Example: TRIG:LEV:BB -30DBM

Manual control: See "Trigger Level" on page 156

TRIGger[:SEQuence]:LEVel[:EXTernal<port>] <TriggerLevel>

This command defines the level the external signal must exceed to cause a trigger event.

Suffix:
<port> 112]3
Selects the trigger port.
1 = trigger port 1 (TRIGGER INPUT connector on front panel)
2 = trigger port 2 (TRIGGER INPUT/OUTPUT connector on front
panel)
3 = trigger port 3 (TRIGGER3 INPUT/OUTPUT connector on rear
panel)
Parameters:
<TriggerLevel> Range: 05V to 3.5V
*RST: 14V
Example: TRIG:LEV 2V
Manual control: See "Trigger Level" on page 156

TRIGger[:SEQuence]:LEVel:IFPower <TriggerLevel>

This command defines the power level at the third intermediate frequency that must be
exceeded to cause a trigger event. Note that any RF attenuation or preamplification is
considered when the trigger level is analyzed.

Parameters:

<TriggerLevel> Range: -50 dBm to 20 dBm
*RST: -20 dBm

Example: TRIG:LEV:IFP -30DBM

Manual control: See "Trigger Level" on page 156

TRIGger[:SEQuence]:LEVel:IQPower <TriggerLevel>

This command defines the magnitude the 1/Q data must exceed to cause a trigger event.
Note that any RF attenuation or preamplification is considered when the trigger level is
analyzed.
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Parameters:

<TriggerLevel> Range: -130 dBm to 30 dBm
*RST: -20 dBm

Example: TRIG:LEV:IQP -30DBM

Manual control: See "Trigger Level" on page 156

TRIGger[:SEQuence]:SLOPe <Type>

For all trigger sources except time you can define whether triggering occurs when the
signal rises to the trigger level or falls down to it.

Parameters:

<Type> POSitive | NEGative
POSitive
Triggers when the signal rises to the trigger level (rising edge).
NEGative
Triggers when the signal drops to the trigger level (falling edge).
*RST: POSitive

Example: TRIG:SLOP NEG

Manual control: See "Slope" on page 157

TRIGger[:SEQuence]:SOURce <Source>
This command selects the trigger source.
Note on external triggers:

If a measurement is configured to wait for an external trigger signal in a remote control
program, remote control is blocked until the trigger is received and the program can con-
tinue. Make sure this situation is avoided in your remote control programs.

]
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Example:

Manual control:
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IMMediate
Free Run

EXTern
Trigger signal from the TRIGGER INPUT connector.

EXT2
Trigger signal from the TRIGGER INPUT/OUTPUT connector.
Note: Connector must be configured for "Input".

EXT3
Trigger signal from the TRIGGER 3 INPUT/ OUTPUT connector.
Note: Connector must be configured for "Input".

IFPower
Second intermediate frequency

IQPower

Magnitude of sampled 1/Q data

For applications that process 1/Q data, such as the 1/Q Analyzer
or optional applications

BBPower
Baseband power (for digital input via the Digital Baseband Inter-
face R&S FSW-B17)

*RST: IMMediate

TRIG:SOUR EXT
Selects the external trigger input as source of the trigger signal

See "Trigger Source" on page 155

See "Free Run" on page 155

See "External Trigger 1/2/3" on page 155
See "IF Power" on page 156

See "Baseband Power" on page 156
See "IQ Power" on page 156

[SENSe:]MSRA:CAPTure:OFFSet <Offset>

This setting is only available for applications in MSRA mode, not for the MSRA Master.
It has a similar effect as the trigger offset in other measurements.

Parameters:
<Offset>

Manual control:

This parameter defines the time offset between the capture buffer
start and the start of the extracted application data. The offset must
be a positive value, as the application can only analyze data that
is contained in the capture buffer.

Range: 0 to <Record length>
*RST: 0

See "Capture Offset" on page 158
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10.4.5 Configuring Sweeps

The sweep commands define how often data from the input signal is acquired and then
evaluated.

Manual configuration of the sweeps is described in chapter 5.6.3, "Sweep Settings",

on page 158.

[SENSe:]IDDEMod:SEARCh:MBURSE:CALC. ... e ettt e e 303
[SENSE:]SWEEP:COUNIIVALUEL....cieeteeiueeaaeeeeeeeereeeeeeinnaaaaseesaeeeeeeaeesnnaaaaeesseaeseeeenssnnnnnn 303
[SENSE:]SWEEP:COUNECURRENL.......ccvvvrriririieieeeeeeeeeeteeeeeeesssransesseseeesssereeessssssannnns 303

[SENSe:]DDEMod:SEARch:MBURst:CALC <SelResRangeNr>
Sets the result range to be displayed after a single sweep (e.g. a burst number).
Setting parameters:

<SelResRangeNr>  numeric value

Range: 1 to 1000000
*RST: 1
Default unit: NONE

Manual control: See "Select Result Rng" on page 160

[SENSe:]SWEep:COUNt[:VALue] <SweepCount>
This command sets the statistics count.

For more information see "Statistic Count" on page 159.
Setting parameters:

<SweepCount> numeric value

0
activates "Auto" mode

numeric value >0

Activates "Manual" mode and sets the statistics count to the cor-
responding number.

Range: 0 to 32767

*RST: 0

Default unit: NONE

Usage: SCPI confirmed

Manual control: See "Statistic Count" on page 159

[SENSe:]SWEep:COUNt:CURRent <Counter>

This command queries the current statistics counter value which indicates how many
result ranges have been evaluated. For results that use the capture buffer as a source,
the number of used capture buffers can be queried.

e
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Setting parameters:
<Counter> CAPTure | STATistics

STATistics
Returns the number of result ranges that have been evaluated.

CAPTure
Returns the number of used capture buffers evaluated.

*RST: STATistics

Configuring Bursts and Patterns

The burst and pattern search settings can be configured, and new patterns can be
defined.

Manual configuration of bursts and patterns is described in chapter 5.7, "Burst and Pat-
tern Configuration", on page 160.

LI = TV S Y=Y= (o] o 304
I oY (= A IS 1= T= (0] 0 [T TR 306
o  Configuring PatternS.........ci i 307

Burst Search

The burst search commands define when a burst is detected in the analyzed signal.

[SENSe:]IDDEMod:SEARCh:BURSEAUTO....uiiiiieiiiie ittt e e e e e e e e e 304
[SENSe:IDDEMod:SEARCh:BURSt:CONFIgUre:AUTO.....cciiiiiiiieiiceieie e e e e eeeeeeeeeeeeeeeeenennnnas 304
[SENSe:]DDEMod:SEARCh:BURSt: GLENGth[:MINIMUM].....vveveeeeeeeeeeeeeeeeeeeeeseeeseseeseeeseeeene 305
[SENSe:]IDDEMod:SEARCh:BURSEMODE....... ittt ettt ee e e 305
[SENSe:]IDDEMOd:SEARCHh:BURSE ST AT . ... ettt ettt e e e e e 305
[SENSe:IDDEMod:SEARCh:BURSE TOLEIANCE. - et eeeeeeeeieieeeiiiiniaaaaaae e e e e eeeaeeeeeeeeeeeennennanas 305

[SENSe:]DDEMod:SEARch:BURSt:AUTO <AutoBurstSearch>

This command links the burst search to the type of signal. When a signal is marked as
bursted, burst search is switched on automatically.

Setting parameters:
<AutoBurstSearch> AUTO | MANual

*RST: AUTO

Manual control: See "Enabling Burst Searches" on page 162

[SENSe:]DDEMod:SEARch:BURSt:CONFigure:AUTO <AutoConfigure>
This command sets the search tolerance and the min gap length to their default values.

Setting parameters:
<AutoConfigure> ON | OFF

*RST: ON

e
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Manual control: See "Burst Configuration" on page 162

[SENSe:]DDEMod:SEARch:BURSt: GLENgth[:MINimum] <MinGapLength>

This command defines the minimum time between two bursts. A minimum time with
decreased level must occur between two bursts. The default unit is symbol. The value
can also be given in seconds.

Setting parameters:

<MinGapLength> numeric value
Range: 1 to 15000
*RST: 1

Default unit: SYM

Manual control: See "Burst Configuration” on page 162
See "Min Gap Length" on page 162

[SENSe:]DDEMod:SEARch:BURSt:MODE <MeasOnlyOnBurst>

This command sets the vector analyzer so that a measurement is performed only if a
burst is found. The command is available only if the burst search is activated (see
[SENSe: ] DDEMod:SEARch:BURSt : STATe on page 305).

Setting parameters:
<MeasOnlyOnBurst> MEAS | BURS

MEAS
Measurement is always performed

BURS
Measurement is performed only if a burst is found

*RST: MEAS

Manual control: See "Measuring only if burst was found" on page 162

[SENSe:]DDEMod:SEARch:BURSt:STATe <SearchState>
This command switches the search for a signal burst on or off.

Setting parameters:
<SearchState> ON | OFF

*RST: OFF

[SENSe:]DDEMod:SEARch:BURSt:TOLerance <SearchTolerance>

This command controls burst search tolerance.

e
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Setting parameters:
<SearchTolerance> numeric value

Range: 0 to 100000
*RST: 4
Default unit: SYM

Manual control: See "Burst Configuration" on page 162
See "Search Tolerance" on page 162

Pattern Searches

The pattern search commands define when a pattern is detected in the analyzed signal.

[SENSe:]IDDEMod:SEARch:PATTern: CONFigure:AUTO.. ...t 306
[SENSe:]IDDEMOd:SEARCH:SYNC:AUTO. .. ettt ettt e e e e e e e 306
[SENSe:IDDEMod:SEARCh:SYNC:IQCThreshold............covvueriuiuiiiieieieeeeeeeeeeeeeeeeeeeesannanann 306
[SENSe:]IDDEMOod:SEARCh:SYNC:MODE.......iiuiiiiiiieiii ettt e s s e e e e e e 307
[SENSe:]IDDEMOd:SEARCH:SYNC:SELECE....cctuiieiiieieeiiiiieeeete e e eeee e e e e e e et e e s eeneeeeeee 307
[SENSE:]IDDEMOG:SEARCH:SYNC:STATE  ..ereeeereeeereeeeeeeseseseseeseseseseesesesesessesesesessesesesenes 307

[SENSe:]DDEMod:SEARch:PATTern:CONFigure:AUTO <AutoConfigure>
This command sets the |Q correlation threshold to its default value.

Setting parameters:
<AutoConfigure> ON | OFF

*RST: ON

Manual control: See "I/Q Correlation Threshold" on page 164

[SENSe:]DDEMod:SEARch:SYNC:AUTO <AutoPattSearch>

This command links the pattern search to the type of signal. When a signal is marked as
patterned, pattern search is switched on automatically.

Setting parameters:
<AutoPattSearch>  AUTO | MANual

*RST: AUTO

Manual control: See "Enabling Pattern Searches" on page 163

[SENSe:]DDEMod:SEARch:SYNC:IQCThreshold <CorrelationLev>

This command sets the 1Q correlation threshold for pattern matching in percent. A high
level means stricter matching.

Setting parameters:

<CorrelationLev> numeric value
Range: 10.0 to 100.0
*RST: 90.0

Default unit: PCT
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Manual control: See "I/Q Correlation Threshold" on page 164

[SENSe:]DDEMod:SEARch:SYNC:MODE <MeasOnlyOnPatt>

This command sets the vector analyzer so that the measurement is performed only if the
measurement was synchronous to the selected sync pattern.

The command is available only if the pattern search is activated (see [SENSe:
]DDEMod: SEARch: SYNC: STATe on page 307).

Setting parameters:
<MeasOnlyOnPatt> MEAS | SYNC

MEAS
The measurement is performed independently of successful syn-
chronization

SYNC

The measured values are displayed and considered in the error
evaluation only if the set sync pattern was found. Bursts with a
wrong sync pattern (sync not found) are ignored. If an invalid or
no sync pattern is found, the measurement waits and resumes
running only when a valid sync pattern is found.

*RST: OFF

Manual control: See "Meas only if Pattern Symbols Correct" on page 164

[SENSe:]DDEMod:SEARch:SYNC:SELect <Select>
This command selects a predefined sync pattern file.

Setting parameters:
<Select> string

Manual control: See "Selected Pattern for Search" on page 164

[SENSe:]DDEMod:SEARch:SYNC:STATe <PatternSearch>
This command switches the search for a sync sequence on or off.

Setting parameters:
<PatternSearch> ON | OFF

*RST: OFF

Manual control: See "Enabling Pattern Searches" on page 163
See "Pattern Search On" on page 167

Configuring Patterns

New patterns can be defined and assigned to a signal standard.

e
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Useful commands for configuring patterns described elsewhere:
® [SENSe:]DDEMod:SEARch:SYNC:STATe on page 307
® [SENSe:]DDEMod:SEARch:SYNC:CATalog on page 277

Remote commands exclusive to configuring patterns:

[SENSe:]IDDEMod:SEARCh:SYNC:COMMENL. . ...ttt et e e 308
[SENSe:IDDEMO0d:SEARCH:SYNCICOPY ....iiiiiieeeeieeeeeeeeeeeeae e e e e e e e e e e e e e e e e e eeeeeeeneneean 308
[SENSe:IDDEMOd:SEARCH:SYNC:DELE....cceeeeeieieeeiieiiceeee e e e e e eeeeeeeeeineeae e e e e e e e e eeeeeeennanas 308
[SENSe:]DDEMOG:SEARCH:SYNC:DATA ... eeeeeeeeeeseeeeseseeeeseseeseseseesesesseseseesesessesesessesesens 309
[SENSe:]IDDEMOd:SEARCH:SYNC:NAME. ......iiiiiiiiieiee e e 309
[SENSe:]IDDEMOod:SEARCH:SYNC:INSTAte. .. et et e e e e e e e e 309
[SENSe:]IDDEMod:SEARCh:SYNC:PATTErN:ADD. ...ttt 310
[SENSe:]IDDEMod:SEARCh:SYNC:PATTErn:REMOVE......c..oiiuiiiiieieeii et 310
[SENSe:]IDDEMOd:SEARCH:SYNC TEXT ...ttt ettt e e e e e e e e e ea e ees 310

[SENSe:]DDEMod:SEARch:SYNC:COMMent <Comment>

This command defines a comment to a sync pattern. The pattern must have been
selected before using [SENSe: ] DDEMod: SEARch : SYNC : NAME on page 309.

Setting parameters:
<Comment> string

Manual control: See "Edit" on page 166
See "New" on page 166
See "Comment" on page 169

[SENSe:]DDEMod:SEARch:SYNC:COPY <Pattern>

This command copies a pattern file. The pattern to be copied must have been selected
before using [SENSe: ] DDEMod: SEARch: SYNC : NAME on page 309.

Tip: In manual operation, a pattern can be copied in the editor by storing it under a new
name.

Setting parameters:
<Pattern> string

Example: :DDEM: SEAR: SYNC:NAME 'GSM TSCO'

Selects the pattern.
:DDEM: SEAR: SYNC:COPY 'GSM_PATT'

Copies "GSM_TSCO0" to GSM_PATT.
Usage: Setting only

Manual control: See "Save As" on page 166

[SENSe:]DDEMod:SEARch:SYNC:DELete

This command deletes a sync sequence. The sync sequence to be deleted must have
been selected before using [SENSe: ] DDEMod: SEARch: SYNC : NAME on page 309.
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Usage: Event

Manual control: See "Delete" on page 167

[SENSe:]DDEMod:SEARch:SYNC:DATA <Data>

This command defines the sync sequence of a sync pattern. The pattern must have been
selected before using [SENSe: ] DDEMod: SEARch : SYNC : NAME on page 309.

Important: The value range of a symbol depends on the degree of modulation,e.g. for
an 8PSK modulation the value range is from 0 to 7. The degree of modulation belongs
to the pattern and is set using the DDEM: SEAR: SYNC:NST command (see [SENSe:
]DDEMod: SEARch: SYNC:NSTate on page 309).

Setting parameters:

<Data> string
Four values represent a symbol (hexadecimal format). The value
range of a symbol depends on the degree of modulation.
With a degree of modulation of 4, all symbols have a value range
of: 0000, 0001, 0002, 0003
With a degree of modulation of 8:
0000, 0001, 0002, 0003, 0004, 0005, 0006, 0007

Example: DDEM: SEAR:SYNC:DATA 'OOO10000FFFF'
Defines the pattern data.

Manual control: See "Edit" on page 166
See "New" on page 166
See "Symbols" on page 169

[SENSe:]DDEMod:SEARch:SYNC:NAME <Name>
This command selects a sync pattern for editing or for a new entry.

Setting parameters:
<Name> string

Manual control: See "Edit" on page 166
See "New" on page 166
See "Name" on page 168

[SENSe:]DDEMod:SEARch:SYNC:NSTate <NState>

This command selects the degree of modulation (number of permitted states). The pat-
tern must have been selected before using using [SENSe: ] DDEMod: SEARch: SYNC:
NAME on page 309.

The number of permitted states depends on the modulation mode.

Setting parameters:
<NState> numeric value

Manual control: See "Mod. order" on page 169
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[SENSe:]DDEMod:SEARch:SYNC:PATTern:ADD <AddPattern>

This command adds a pattern to the current standard. Using the
DDEM: SEAR: SYNC: SEL command, only those patterns can be selected which belong to

the current standard (see [SENSe: ] DDEMod:SEARch:SYNC:SELect on page 307).

Setting parameters:

<AddPattern> string
Usage: Setting only
Manual control: See "Adding patterns to a standard" on page 166

[SENSe:]DDEMod:SEARch:SYNC:PATTern:REMove
This command deletes one or all patterns from the current standard.
Usage: Setting only

Manual control: See "Removing patterns from a standard" on page 165

[SENSe:]DDEMod:SEARch:SYNC:TEXT <Text>

This command defines a text to explain the pattern. The text is displayed only in the
selection menu (manual control). This text should be short and concise. Detailed infor-
mation about the pattern is given in the comment (see [SENSe: ] DDEMod: SEARch::
SYNC:COMMent on page 308).

Setting parameters:
<Text> string

Manual control: See "Edit" on page 166
See "New" on page 166
See "Description" on page 168

Defining the Result Range

The result range determines which part of the capture buffer, burst or pattern is displayed.

Manual configuration of the result range is described in chapter 5.8, "Result Range Con-
figuration", on page 169.

CALCulate<n>:TRACe<t>:ADJust:ALIGNMent[:DEFaUt].........cceererrrriieeeiieiieeeeeeree e, 310
CALCulate<n>:TRACe<t>:ADJust:ALIGNMENt:OFFSet.......cccciviiieiiiiiicie e eee e 311
CALCulate<n>:TRACE<t>:ADJUSI:VALUE]. .. ettt ee e e e e e e e e e eneenas 311
DISPlay[:WINDow<n>]:TRACe<t>:X[:SCALE]:VOFFSEt.....ccevueerieiiiieeiie et eeeeee e 312
[SENSE:IDDEMOA:TIME....cuituiitieiiiie et s et s s et s e s eae s e e e e e e e e ea s eeaeeeaseeneen 312

CALCulate<n>:TRACe<t>:ADJust:ALIGnment[:DEFault] <Alignment>

This command defines where the reference point is to appear in the result range.
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Suffix:

<t> 1..6

Setting parameters:

<Alignment> LEFT | CENTer | RIGHt
LEFT
The reference point is at the start of the result range.
CENTer
The reference point is in the middle of the result range.
RIGHt
The reference point is displayed at the end of the result range.
*RST: LEFT

Manual control: See "Alignment” on page 171

CALCulate<n>:TRACe<t>:ADJust:ALIGnment:OFFSet <FitOffset>

This command shifts the display range (relative to the reference time) by the number of
given symbols. The resolution is 1 symbol. A value >0 results in a shift towards the right,
and a value <0 results in a shift towards the left.

Suffix:

<t> 1..6

Setting parameters:

<FitOffset> numeric value
Range: -8000 to 8000
*RST: 0

Default unit: SYM

Manual control: See "Offset" on page 171

CALCulate<n>:TRACe<t>:ADJust[:VALue] <Reference>

This command defines the reference point for the display.

Suffix:

<t> 1..6

Setting parameters:

<Reference> TRIGger | BURSt | PATTern
TRIGger
The reference point is defined by the start of the capture buffer.
BURSt
The reference point is defined by the start/center/end of the burst.
PATTern
The instrument selects the reference point and the alignment.
*RST: TRIGger

Manual control: See "Reference" on page 170
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DISPlay[:WINDow<n>]:TRACe<t>:X[:SCALe]:VOFFset <VOffset>
This command defines an offset to numbering of the symbols (Except capture buffer).

Setting parameters:

<VOffset> numeric value
Range: -100000 to 100000
*RST: 0

Default unit: NONE

Manual control: See "Symbol Number at <Reference> Start" on page 171

[SENSe:]DDEMod:TIME <ResultLength>
The command determines the number of displayed symbols (result length).

Setting parameters:

<ResultLength> numeric value
Range: 10 to 20000
*RST: 800

Default unit: SYM

Manual control: See "Result Length" on page 170

Demodulation Settings

During demodulation of the vector signal some undesired effects that may occur during
transmission can be compensated for. Furthermore, you can influence the synchroniza-
tion process.

Manual configuration of the demodulation process is described in chapter 5.9, "Demod-
ulation Settings", on page 171.

[SENSE:IDDEMOG:ECALCEMODE]: . eeeeeeereesereeeeseseeeeseseeseseseeseseeeeseseeseseseesesessesesessesesens 313
[SENSE:]IDDEMOA:ECALC:OFFSEL. . cn it e e e e 313
[SENSe:IDDEMOA:EPRALEIAUTO....cceiiiiiiiiteaeaeee e e e e eeeeeeeeeeeeeeeet e ae e e e e eaeaeeeeeeeeeeenennnnannn 314
[SENSE:IDDEMOG:EPRAIE[IVALUE]L......cceeieeereriiiieieeeeeieeerettiiaeeseeeeeserresstanaseeeeeeseressssanes 314
[SENSe:]DDEMOd:EQUAlIZENLENGIN......iiiieiiieeeeeeeice ettt e e e e e e s et e e e e eeenas 314
[SENSe:]IDDEMOd:EQUANIZENLOAD. .....uiieeiiieeieeiee e ettt e e e e e e s e e s e sea s e e eet s e e reaneaeeenns 315
[SENSe:]IDDEMOod:EQUAlIZENMODE........iie et e e e e e e e e e eas 315
[SENSe:]IDDEMOd:EQUAlIZENRESEL....c..ceeeeee et 316
[SENSe:]IDDEMOA:EQUENIZEISAVE ... ..o ieeeeee et e e ettt e e e e e eeae s e e eeaae s e e e reebaneeeeens 316
[SENSe:IDDEMOA:EQUANZEIM:STATE] i eieeeeeeeeeetiieeieeeeeeeeertieeeeeeeeeeeeessabaaaeeeaaeseressssanns 317
[SENSE:IDDEMOG:FSYNCAUTO.c.uuututiteiieieeeeeeeeeeeeieeeeeeetessstaranaieseeseeasasssereeeeesssssrssnnnnns 317
[SENSE:IDDEMOA:FSYNCILEVEL . .iuiiiiiiiiii i 317
[SENSe:]IDDEMOA:FSYNC:RESUIE?. ...t e 317
[SENSE:IDDEMOG:FSYNCEMODEL v eeeeeeeeeeeeeseeseseseeseseseeseseeseseseeseseesesessesesesesessesesens 317
[SENSE: I DDEMOA: KD AT A S T AT €. tteiee ettt et e e et et e e e e e e e e e e e e e e e e eas 318
[SENSE:IDDEMOA:KDATALENAMEL. ... veeeeereeeeeeeeeseeseseeeeeseseseesseseseseseeseseseseeeseseeseseseeeeesenes 318
[SENSe:IDDEM0Od:NORMaIIZE:ADROOP...cevvvruueeeeeeeeeieieteniunaaaeeeeeeseeeeneensnaaaseesaeeeennesnnnnnn 318
[SENSE:]DDEMOG:NORMANZE:CFDRIM. . .e.eeeererererrerereresesesesesesesesesesesesesesessseseseeesesesesens 319
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[SENSe:IDDEMod:NORMaliZE:CHANNEL. ....cceeeieiietieeee e e e e e e et e e e e e e e e e e e eeeaenennanas 319
[SENSe:]IDDEMOd:NORMaIZE:FDERION. .....ccvuiiieeieeiiiceeeeeeittee e e e e eeeteeeeeeeeesaeeeeseetnneeesensnns 319
[SENSe:]IDDEMod:NORMalize:IQIMDaIANCE. .....uuiiiieireiieeiiiie s eeeeeee e e et e e e e e e e e eens 319
[SENSe:]IDDEMod:NORMalize:IQOFTSEL. ...cuuieeeeieeee ettt e e e e 319
[SENSe:]IDDEMOod:NORMAIIZE:SRERFIOF . .....cuiieeee ettt 320
[SENSe:]IDDEMod:SEARCh:PATTErn:SYNC:AUTO...cuiiiiiieeei et 320
[SENSe:IDDEMod:SEARCh:PATTErN:SYNC[:STATE]..ceeeeeeeeeineaaaaeeeeeeeeeeieiaaeeeeeeeeeeeeennnas 320

[SENSe:]DDEMod:ECALc[:MODE] <EvmCalc>
This command defines the calculation formula for EVM.

Setting parameters:
<EvmCalc> SIGNal | SYMBol | MECPower | MACPower
SIGNal
Calculation normalized to the average power within the measure-
ment range (mean ref power)
SYMBol
Calculation normalized to the maximum power at symbol times
(max ref power)
MECPower
Calculation normalized to mean constellation power
MACPower
Calculation normalized to maximum constellation power

*RST: SIGN

Manual control: See "Normalize EVM to" on page 176

[SENSe:]DDEMod:ECALc:OFFSet <EVMOffsetState>

ConfigureS the way the VSA application calculates the error vector results for offset
QPSK.

Setting parameters:
<EVMOffsetState> ON | OFF

ON

VSA application compensates the delay of the Q component with
respect to the | component in the measurement signal as well as
the reference signal before calculating the error vector. That
means that the error vector contains only one symbol instant per
symbol period.

OFF

the VSA application substracts the measured signal from the ref-
erence signal to calculate the error vector. This method results in
the fact that the error vector contains two symbol instants per
symbol period: one that corresponds to the | component and one
that corresponds to the Q component.

*RST: ON
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Manual control: See "Offset EVM" on page 179

[SENSe:]DDEMod:EPRate:AUTO <LinkMode>

Defines how many sample points are used at each symbol to calculate modulation accu-
racy results automatically.

If enabled, the VSA application uses the following settings, depending on the modulation

type:

Modulation Est. Points

PSK, QAM 1

Offset QPSK 2

FSK, MSK Sample rate (see [SENSe: ] DDEMod: PRATe on page 296)

Setting parameters:

<LinkMode> ON | OFF
*RST: ON
Manual control: See "Estimation Points/Sym" on page 177

[SENSe:]DDEMod:EPRate[:VALue] <EstOverSmplg>

Defines how many sample points are used at each symbol to calculate modulation accu-
racy results.

For more information see "Estimation points per symbol" on page 115.

You can also let the VSA application decide how many estimation points to use, see
[SENSe: ] DDEMod:EPRate: AUTO on page 314.

Setting parameters:

<EstOverSmplg> 1
the estimation algorithm takes only the symbol time instants into
account
2
two points per symbol instant are used (required for Offset QPSK)
4181632
the number of samples per symbol defined in the signal capture
settings is used (see [SENSe: | DDEMod: PRATe on page 296),
i.e. all sample time instants are weighted equally

*RST: 1

Manual control: See "Estimation Points/Sym" on page 177

[SENSe:]DDEMod:EQUalizer:LENGth <FilterLength>

This command defines the length of the equalizer in terms of symbols.
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Setting parameters:

<FilterLength> numeric value
Range: 1 to 256
*RST: 10
Default unit: SYM
Example: DDEM:EQU:LENG 101

Sets the equalizer length to 101 symbols.

Manual control: See "Equalizer Settings" on page 174
See "Filter Length" on page 175

[SENSe:]DDEMod:EQUalizer:LOAD <Name>

This command selects a user-defined equalizer. The equalizer mode is automatically
switched to USER (see [SENSe: ] DDEMod:EQUalizer :MODE on page 315).

Setting parameters:
<Name> string

Path and file name (without extension)

Example: DDEM:EQU:LOAD 'D:\MyEqualizer'
Selects equalizer named MyEqualizer in directory D.

Manual control: See "Equalizer Settings" on page 174
See "Store/Load Current Equalizer” on page 175

[SENSe:]DDEMod:EQUalizer:MODE <Mode>
Switches between the equalizer modes.

For details see chapter 4.4.5, "The Equalizer", on page 93.
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Setting parameters:

<Mode> NORMal
Switches the equalizer on for the next sweep.
TRACKking
Switches the equalizer on; the results of the equalizer in the pre-
vious sweep are considered to calculate the new filter.
FREeze
The filter is no longer changed, the current equalizer values are
used for subsequent sweeps.
USER
A user-defined equalizer loaded from a file is used.
AVERaging
Switches the equalizer on; the results of the equalizer in all previ-
ous sweeps (since the instrument was switched on or the equalizer
was reset) are considered to calculate the new filter. To starta new
averaging process, use the [SENSe: | DDEMod:EQUalizer:
RESet on page 316 command.

*RST: TRACe

Example: DDEM:EQU:MODE TRAC
Activates the tracking mode of the equalizer.

Manual control: See "Equalizer Settings" on page 174
See "Mode" on page 174

[SENSe:]DDEMod:EQUalizer:RESet

This command deletes the data of the currently selected equalizer. After deletion, training
can start again using the command DDEM: EQU :MODE TRA (see [SENSe: ] DDEMod :
EQUalizer:MODE on page 315).

Usage: Event

Manual control: See "Equalizer Settings" on page 174
See "Reset Equalizer" on page 175

[SENSe:]DDEMod:EQUalizer:SAVE <Name>
This command saves the current equalizer results to a file.

Setting parameters:

<Name> string
File name
Example: DDEM:EQU:SAVE 'D:\MyEqualizer''

Saves the current equalizer results to D: \MyEqualizer.vae.

Manual control: See "Equalizer Settings" on page 174
See "Store/Load Current Equalizer” on page 175

e
User Manual 1173.9292.02 — 04 316



R&S®FSW-K70 Remote Commands for VSA

Configuring VSA

[SENSe:]DDEMod:EQUalizer[:STATe] <State>
This command activates or deactivates the equalizer.
For more information on the equalizer see chapter 4.4.5, "The Equalizer”, on page 93.

Setting parameters:

<State> ON | OFF
*RST: OFF
Example: DDEM:EQU OFF
Manual control: See "Equalizer Settings" on page 174

See "State" on page 174

[SENSe:]DDEMod:FSYNc:AUTO <FineSyncAuto>
This command selects manual or automatic Fine Sync

Setting parameters:
<FineSyncAuto> ON | OFF

*RST: ON

Manual control: See "Fine Synchronization" on page 178

[SENSe:]DDEMod:FSYNc:LEVel <SERLevel>
This command sets the Fine Sync Level if fine sync works on Known Data

Setting parameters:

<SERLevel> numeric value
Range: 0.0 to 100.0
*RST: 10.0

Default unit: PCT
Manual control: See "If SER <" on page 179

[SENSe:]DDEMod:FSYNc:RESult?
The result of this query is 0 if the fine sync with known data failed, otherwise 1.
Usage: Query only

Manual control: See "Fine Synchronization" on page 178

[SENSe:]DDEMod:FSYNc[:MODE] <FineSync>

This command defines the fine synchronization mode used to calculate results, e.g. the
bit error rate.
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Note: You can define a maximum symbol error rate (SER) for the known data in reference
to the analyzed data. If the SER of the known data exceeds this limit, the default syn-
chronization using the detected data is performed. See [SENSe: ] DDEMod: FSYNc :
LEVel on page 317.

Setting parameters:
<FineSync> KDATa | PATTern | DDATa

KDATa

The reference signal is defined as the data sequence from the
loaded Known Data file that most closely matches the measured
data.

PATTern

The reference signal is estimated from the defined pattern.
This setting requires an activated pattern search, see [SENSe:
] DDEMod : SEARch: SYNC: STATe on page 307.

DDATa
(Default) The reference signal is estimated from the detected data.

*RST: DDATa

Manual control: See "Fine Synchronization" on page 178

[SENSe:]DDEMod:KDATa:STATe <KnownDataState>

This command selects the Known Data state. The use of known data is a prerequisite for
the BER measurement and can also be used for the fine sync.

Setting parameters:
<KnownDataState> ON | OFF

*RST: OFF

Manual control: See "Known Data" on page 134

[SENSe:]DDEMod:KDATa[:NAME] <FileName>
This command selects the Known Data file

Setting parameters:
<FileName> string

Manual control: See "Load Data File" on page 134

[SENSe:]DDEMod:NORMalize:ADRoop <CompAmptDroop>
This command switches the compensation of the amplitude droop on or off.

Setting parameters:
<CompAmptDroop> ON | OFF

*RST: ON
Manual control: See "Compensate for... (PSK, MSK, ASK, QAM)" on page 173

e
User Manual 1173.9292.02 — 04 318



R&S®FSW-K70 Remote Commands for VSA

Configuring VSA

[SENSe:]DDEMod:NORMalize:CFDRIft <CarrFreqDrift>

This command defines whether the carrier frequency drift is compensated for FSK mod-
ulation.

Setting parameters:

<CarrFreqDrift> ON | OFF
*RST: OFF
Manual control: See "Compensate for... (FSK)" on page 174

[SENSe:]DDEMod:NORMalize:CHANnel <TransmitChannel>
This command switches the channel compensation on or off. (With equalizer only)

Setting parameters:
<TransmitChannel> ON | OFF

*RST: ON
Manual control: See "Compensate for... (PSK, MSK, ASK, QAM)" on page 173

[SENSe:]DDEMod:NORMalize:FDERror <RefDevComp>

This command defines whether the deviation error is compensated for when calculating
the frequency error for FSK modulation.

Setting parameters:

<RefDevComp> ON | OFF
ON
Scales the reference signal to the actual deviation of the mea-
surement signal.

OFF
Uses the entered nominal deviation for the reference signal.
*RST: ON

Manual control: See "Compensate for... (FSK)" on page 174

[SENSe:]DDEMod:NORMalize:IQIMbalance <ComplQImbalance>
This command switches the compensation of the IQ imbalance on or off.

Setting parameters:
<ComplQImbalance> ON | OFF

*RST: OFF
Manual control: See "Compensate for... (PSK, MSK, ASK, QAM)" on page 173

[SENSe:]DDEMod:NORMalize:IQOFfset <ComplQOffset>

This command switches the compensation of the 1Q offset on or off.

e
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Setting parameters:
<ComplQOffset> ON | OFF

*RST: ON
Manual control: See "Compensate for... (PSK, MSK, ASK, QAM)" on page 173

[SENSe:]DDEMod:NORMalize:SRERror <SymbolClockError>
This command switches the compensation for symbol rate error on or off

Setting parameters:
<SymbolClockError> ON | OFF

*RST: OFF

Manual control: See "Compensate for... (PSK, MSK, ASK, QAM)" on page 173
See "Compensate for... (FSK)" on page 174

[SENSe:]DDEMod:SEARch:PATTern:SYNC:AUTO <UseWfmForSync>

This command selects manual or automatic synchronization with a pattern waveform to
speed up measurements.

Setting parameters:
<UseWfmForSync> AUTO | MANual

*RST: AUTO

Manual control: See "Coarse Synchronization" on page 177

[SENSe:]DDEMod:SEARch:PATTern:SYNC[:STATe] <FastSync>

This command switches fast synchronization on and off, if you manually synchronize with
a waveform pattern.

Setting parameters:

<FastSync> ON | OFF
*RST: OFF
Manual control: See "Coarse Synchronization" on page 177

Measurement Filter Settings

You can configure the measurement filter to be used.

Manual configuration of the measurement filter is described in chapter 5.10, "Measure-
ment Filter Settings", on page 179.

For more information on measurement filters, refer to chapter 4.1.4, "Measurement Fil-
ters", on page 53.

Useful commands for defining measurement filters described elsewhere:
® [SENSe:]DDEMod:FILTer:ALPHa on page 269

e
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® [SENSe:]DDEMod:FILTer[:STATe] on page 269

Remote commands exclusive to configuring measurement filters:

[SENSE:]IDDEMOA:MFILLErALPHE. .. .. iieieeiitcee e et eeee et e e e et e e e e e eeete s e s e e s eesaseeeeens 321
[SENSe:]IDDEMOA:MFILIENAUTO . ..t e e e e st e e ea e eas 321
[SENSe:]IDDEMOA:MFILIENNAME. ..o e e e e e e eas 321
[SENSE: IDDEMOU:MFILLEI:STATE . v eereeeeerereereeeeeseeseseeeseseeseseeeseseeseseeesessesesesesesseseeesenes 321
[SENSEe:]IDDEMOA:MFILLENUSER......ccieieiieieee et e e eeee e s e e e tee e e e e e e e e e s ee s e s e eeana e e e e eeenan 322

[SENSe:]DDEMod:MFILter:ALPHa <MeasFiltAlphaBT>
This command sets the alpha value of the measurement filter.

Setting parameters:
<MeasFiltAlphaBT> numeric value

Range: 0.1 to 1.0
*RST: 0.22
Default unit: NONE

Manual control: See "Type" on page 180
See "Alpha/BT" on page 181

[SENSe:]DDEMod:MFILter:AUTO <MeasFilterAuto>

If this command is set to "ON", the measurement filter is defined automatically depending
on the transmit filter (see [SENSe: ] DDEMod: TFILter : NAME on page 275).

Setting parameters:
<MeasFilterAuto> ON | OFF

*RST: ON

Manual control: See "Using the Transmit Filter as a Measurement Filter (Auto)"
on page 180

[SENSe:]DDEMod:MFILter:NAME <Name>
This command selects a measurement filter and automatically sets its state to "ON".

Setting parameters:

<Name> Name of the measurement filter or 'User’ for a user-defined filter.
An overview of available measurement filters is provided in chap-
ter A.2.2, "Measurement Filters", on page 404.

Manual control: See "Type" on page 180

[SENSe:]DDEMod:MFILter[:STATe] <MeasFilterState>

Use this command to switch the measurement filter off. To switch a measurement filter
on, use the [SENSe: ] DDEMod:MFILter : NAME command.

e
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Setting parameters:
<MeasFilterState>  ON | OFF

OFF
Switches the measurement filter off.

ON

Switches the measurement filter specified by [SENSe:
]DDEMod:MFILter:NAME on. However, this command is not
necessary, asthe [SENSe: ] DDEMod :MFILter : NAME command
automatically switches the selected filter on.

*RST: ON

Manual control: See "Type" on page 180

[SENSe:]DDEMod:MFILter:USER <FilterName>
This command selects the user-defined measurement filter.
For details on user-defined filters, see chapter 4.1.5, "Customized Filters", on page 55.

Setting parameters:
<FilterName> Name of the user-defined filter

Example: SENS:DDEM:MFIL:NAME 'USER'

Selects user filter mode for the meas filter
ENS:DDEM:MFIL:USER 'D:\MyMeasFilter'
Selects the user-defined meas filter

Manual control: See "Type" on page 180
See "Load User Filter" on page 181

Defining the Evaluation Range

The evaluation range defines which range of the result is to be evaluated.

Manual configuration of the evaluation range is described in chapter 5.11, "Evaluation
Range Configuration", on page 181.

CALCuUlate<n>: ELIN<StartStop>:STATE.....ccuuuieieeiiiriieieeieeiiee e e e eetee e e e e et e e e e eeta e e eeerananns 322
CALCulate<n>:ELIN<StartStop>[:VALUE].....cceiittueieeiitieeeetetieeeeetieeeeeraeeeeeete e eeeeaneeeseenanss 323

CALCulate<n>:ELIN<startstop>:STATe <Auto>

This command restricts the evaluation range. The evaluation range is considered for the
following display types:

e eye diagrams

e constellation diagrams

e modulation accuracy

e statistic displays

e spectrum displays

e
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Suffix:

<startstop> 1.2
irrelevant

Setting parameters:

<Auto> ON | OFF
ON

The evaluation range extends from the start value defined by
CALC:ELIN1:VAL to the stop value defined by
CALC:ELIN2:VAL (see CALCulate<n>:
ELIN<startstop>[:VALue] on page 323).

OFF

The complete result area is evaluated.

*RST: OFF

Manual control: See "Evaluating the Entire Result Range" on page 182

CALCulate<n>:ELIN<startstop>[:VALue] <LeftDisp>

Defines the start and stop values for the evaluation range (see CAL.Culate<n>:
ELIN<startstop>:STATe on page 322).

Suffix:
<startstop> 1.2
1: start value, 2: stop value

Setting parameters:

<LeftDisp> numeric value
Range: 0 to 1000000
*RST: 0

Default unit: SYM
Manual control: See "Start / Stop" on page 182

Adjusting Settings Automatically

Some settings can be adjusted by the R&S FSW automatically according to the current
measurement settings.

Manual execution of automatic adjustment functions is described in chapter 5.12, "Adjust-
ing Settings Automatically”, on page 183.

DISPlay[:WINDow<n>]:-TRACe:Y[:SCALE:AUTO ONCE.........coeerrrrrrinreaaaiereeeeeeeeeeeeenennnnnns 324
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALEJ:AUTO:ALL.....ccccerurrrrrrrrrrereeeeeeeeeeeeeseeennnnnnns 324
[SENSe:]ADJust:CONFIgUre:DURGLION. .....cuueiieiiiieeeeiiieeeeete e ee et e e et s e e e et e eesenaeeeeeens 324
[SENSe:]JADJust:CONFigure:DURation:MODE.........cciiiiiiiiiiiieie e 324
[SENSe:JADJust:CONFigure:HY STeresis:LOWEN.......cvievuueieeieeieieeeeeiiseeeeeinaeseeeanneeeeeeens 325
[SENSe:JADJust:CONFigure:HY STeresis:UPPEr.........cciii i eeeeeecee e e ceease e e e e e et e e 325
[SENSE:JADJUSELEVEL. ..cceiiiiieieeiiiiie et e et e e et e s e e et e e e e e e e s e e e ee s e e e eeenan e e eenenan 326
[SENSe:IDDEMOA:PRESEERLEVEL..cccvuuiieiieeiiieiieieeeie e e e eeeeeeeeee s e e e e e e eeeeatanae e e e e e e eeeeennnnas 326
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DISPlay[:WINDow<n>]:TRACe:Y[:SCALe]:AUTO ONCE
Automatic scaling of the y-axis is performed once, then switched off again.
Usage: SCPI confirmed

Manual control: See "Auto Scale Once/Auto Scale Window" on page 148

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:AUTO:ALL
Automatic scaling of the y-axis is performed once in all windows, then switched off again.
Usage: Event

Manual control: See "Auto Scale All" on page 184

[SENSe:]JADJust:CONFigure:DURation <Duration>

In order to determine the ideal reference level, the R&S FSW performs a measurement
on the current input data. This command defines the length of the measurement if
[SENSe: ]ADJust :CONFigure:DURation:MODE is set to MANual.

Parameters:

<Duration> Numeric value in seconds
Range: 0.001 to 16000.0
*RST: 0.001
Default unit: s

Example: ADJ:CONF:DUR:MODE MAN

Selects manual definition of the measurement length.
ADJ:CONF:LEV:DUR 5ms

Length of the measurement is 5 ms.

Manual control: See "Changing the Automatic Measurement Time (Meastime
Manual)" on page 183

[SENSe:]JADJust:CONFigure:DURation:MODE <Mode>

In order to determine the ideal reference level, the R&S FSW performs a measurement
on the current input data. This command selects the way the R&S FSW determines the
length of the measurement .

Parameters:

<Mode> AUTO
The R&S FSW determines the measurement length automatically
according to the current input data.
MANual
The R&S FSW uses the measurement length defined by
[SENSe: ]ADJust :CONFigure:DURation on page 324.

*RST: AUTO

e
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Manual control: See "Resetting the Automatic Measurement Time (Meastime
Auto)" on page 183
See "Changing the Automatic Measurement Time (Meastime
Manual)" on page 183

[SENSe:]JADJust:CONFigure:HYSTeresis:LOWer <Threshold>

When the reference level is adjusted automatically using the [SENSe: ]ADJust:
LEVel on page 326 command, the internal attenuators and the preamplifier are also
adjusted. In order to avoid frequent adaptation due to small changes in the input signal,
you can define a hysteresis. This setting defines a lower threshold the signal must fall
below (compared to the last measurement) before the reference level is adapted auto-

matically.
Parameters:
<Threshold> Range: 0dB to 200 dB
*RST: +1 dB
Default unit: dB
Example: SENS:ADJ:CONF:HYST:LOW 2
For an input signal level of currently 20 dBm, the reference level
will only be adjusted when the signal level falls below 18 dBm.
Manual control: See "Lower Level Hysteresis" on page 184

[SENSe:]JADJust:CONFigure:HYSTeresis:UPPer <Threshold>

When the reference level is adjusted automatically using the [SENSe: ]ADJust:
LEVel on page 326 command, the internal attenuators and the preamplifier are also
adjusted. In order to avoid frequent adaptation due to small changes in the input signal,
you can define a hysteresis. This setting defines an upper threshold the signal must
exceed (compared to the last measurement) before the reference level is adapted auto-

matically.
Parameters:
<Threshold> Range: 0dB to 200 dB
*RST: +1dB
Default unit: dB
Example: SENS:ADJ:CONF:HYST:UPP 2
Example: For an input signal level of currently 20 dBm, the reference level
will only be adjusted when the signal level rises above 22 dBm.
Manual control: See "Upper Level Hysteresis" on page 184

e
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[SENSe:]JADJust:LEVel
[SENSe:]DDEMod:PRESet:RLEVel

This command initiates a measurement that evaluates and sets the ideal reference level
for the current measurement. This ensures that the settings of the RF attenuation and
the reference level are optimally adjusted to the signal level without overloading the R&S
FSW or limiting the dynamic range by an S/N ratio that is too small.

Usage: Event

Performing a Measurement
When the VSA application is activated, a continuous sweep is performed automatically.
However, you can stop and start a new measurement any time.

Furthermore, you can perform a sequence of measurements using the Sequencer (see
"Multiple Measurement Channels and Sequencer Function" on page 12).

Y T o R 326
INITIAtE:CONMEAS. ... e ettt e et e et e e e et e e et e e e ea e e e e ae e e et e e e e e eennneeeens 327
INITIAtE:CONTINUOUS. ... ceeee et e eee ettt e et e et e et eeee e e e e e e e e e eee e e e e e enaeeeean 327
I =Y (=Y B Y=Y =T £ S 328
INITIAtEIREFMEES. ......ceeeeeerereriririntiiiaieeeeseseeeeeseeetereeeereeresssssrasasannnieseseesasassesessereressens 329
INITIAtEIREFRESN. ...iiitiiiee et e et e e e e eeee e e e ettt s e e e e et eeeeeeta e eeeeestasaerentaneeesesnnnaaaeens 329
INITiate:SEQUENCErREFRESN[IALL] ... iiiiiiie ittt s e e ettt e e e et e e e eere e e e e eann e e e s eeanneeaees 329
INITiate:SEQUENCEIABORL..... .ot et e e et e et e et e e ea e eaaeaeas 330
INITiate:SEQUENCEr:IMMEIAtE. .......ceuneiiieeeiee e e 330
INITiate:SEQUENCEIMODE........ciceeeeiee et et e e et e e eee e e e e e e e e eaaeeena e e eeneeeean 330
N T = LS ] =T @ TUT= g Vo =Y 331
ABORt

This command aborts a current measurement and resets the trigger system.

To prevent overlapping execution of the subsequent command before the measurement
has been aborted successfully, use the *OPC? or *WAT command after ABOR and before
the next command.

For details see the "Remote Basics" chapter in the R&S FSW User Manual.

To abort a sequence of measurements by the Sequencer, use the TNITiate:
SEQuencer : ABORt on page 330 command.

Note on blocked remote control programs:

If a sequential command cannot be completed, for example because a triggered sweep
never receives a trigger, the remote control program will never finish and the remote
channel (GPIB, LAN or other interface) to the R&S FSW is blocked for further commands.
In this case, you must interrupt processing on the remote channel first in order to abort
the measurement.

e
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To do so, send a "Device Clear" command from the control instrument to the R&S FSW
on a parallel channel to clear all currently active remote channels. Depending on the used
interface and protocol, send the following commands:

e Visa:viClear ()
e GPIB: ibclr ()
e RSIB: RSDLLibclr ()

Now you can send the ABORt command on the remote channel performing the mea-

surement.

Example: ABOR; : INIT:IMM
Aborts the current measurement and immediately starts a new
one.

Example: ABOR; *WAT
INIT:IMM
Aborts the current measurement and starts a new one once abor-
tion has been completed.

Usage: SCPI confirmed

INITiate:CONMeas

This command restarts a (single) measurement that has been stopped (using
INIT:CONT OFF) or finished in single sweep mode.

The measurement is restarted at the beginning, not where the previous measurement
was stopped.

As opposed to INITiate[:IMMediate], this command does not reset traces in max-
hold, minhold or average mode. Therefore it can be used to continue measurements
using maxhold or averaging functions.

Example: (for Spectrum application:)
INIT:CONT OFF

Switches to single sweep mode.
DISP:WIND:TRAC:MODE AVER

Switches on trace averaging.
SWE : COUN 20

Setting the sweep counter to 20 sweeps.
INIT; *WAI

Starts the measurement and waits for the end of the 20 sweeps.
INIT:CONM; *WAT

Continues the measurement (next 20 sweeps) and waits for the
end.
Result: Averaging is performed over 40 sweeps.

Manual control: See "Continue Single Sweep" on page 159

INITiate:CONTinuous <State>

This command controls the sweep mode.
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Note that in single sweep mode, you can synchronize to the end of the measurement with
*OPC, *OPC? or *WAI. In continuous sweep mode, synchronization to the end of the
measurement is not possible. Thus, it is not recommended that you use continuous
sweep mode in remote control, as results like trace data or markers are only valid after
a single sweep end synchronization.

For details on synchronization see the "Remote Basics" chapter in the R&S FSW User
Manual.

If the sweep mode is changed for a measurement channel while the Sequencer is active
(see INITiate:SEQuencer:IMMediate on page 330) the mode is only considered
the next time the measurement in that channel is activated by the Sequencer.

Parameters:
<State> ON | OFF
ON
Continuous sweep

OFF
Single sweep

*RST: ON

Example: INIT:CONT OFF

Switches the sweep mode to single sweep.
INIT:CONT ON

Switches the sweep mode to continuous sweep.

Manual control: See "Continuous Sweep/RUN CONT" on page 158

INITiate[:IMMediate]
This command starts a (single) new measurement.

For a statistics count > 0, this means a restart of the corresponding number of measure-
ments. With trace mode MAXHold, MINHold and AVERage, the previous results are reset
on restarting the measurement.

You can synchronize to the end of the measurement with *OPC, *OPC? or *WAI.

For details on synchronization see the "Remote Basics" chapter in the R&S FSW User
Manual.

Example: (For Spectrum application:)
INIT:CONT OFF

Switches to single sweep mode.
DISP:WIND:TRAC:MODE AVER

Switches on trace averaging.
SWE : COUN 20

Sets the sweep counter to 20 sweeps.
INIT; *WAI

Starts the measurement and waits for the end of the 20 sweeps.

Manual control: See "Single Sweep/ RUN SINGLE" on page 159
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INITiate:REFMeas

Repeats the evaluation of the data currently in the capture buffer without capturing new
data. This is useful after changing settings, for example filters, patterns or evaluation

ranges.
Usage: Event
Manual control: See "Refresh (non-MSRA mode)" on page 159

INITiate:REFResh

This function is only available if the Sequencer is deactivated (SYSTem: SEQuencer
SYST:SEQ:OFF) and only for applications in MSRA mode, not the MSRA Master.

The data in the capture buffer is re-evaluated by the currently active application only. The
results for any other applications remain unchanged.

Example: SYST:SEQ:OFF
Deactivates the scheduler
INIT:CONT OFF

Switches to single sweep mode.

INIT; *WAT

Starts a new data measurement and waits for the end of the
sweep.

INST:SEL 'IQ ANALYZER'

Selects the IQ Analyzer channel.

INIT:REFR

Refreshes the display for the 1/Q Analyzer channel.

Usage: Event

Manual control: See "Refresh" on page 160

INITiate:SEQuencer:REFResh[:ALL]

This function is only available if the Sequencer is deactivated (SYSTem: SEQuencer
SYST:SEQ:OFF) and only in MSRA mode.

The data in the capture buffer is re-evaluated by all active MSRA applications.

Example: SYST:SEQ:OFF
Deactivates the scheduler
INIT:CONT OFF
Switches to single sweep mode.
INIT; *WAI
Starts a new data measurement and waits for the end of the
sweep.
INIT:SEQ:REFR

Refreshes the display for all MSRA channels.

Usage: Event

e
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INITiate:SEQuencer:ABORt

This command stops the currently active sequence of measurements. The Sequencer
itself is not deactivated, so you can start a new sequence immediately using
INITiate:SEQuencer:IMMediate on page 330.

To deactivate the Sequencer use SYSTem: SEQuencer on page 331.

Usage: Event

INITiate:SEQuencer:IMMediate

This command starts a new sequence of measurements by the Sequencer. Its effect is
similar to the INITiate [ : IMMediate] command used for a single measurement.

Before this command can be executed, the Sequencer must be activated (see
SYSTem:SEQuencer on page 331).

Example: SYST:SEQ ON
Activates the Sequencer.
INIT:SEQ:MODE SING
Sets single Sequencer mode so each active measurement will be
performed once.
INIT:SEQ:IMM

Starts the sequential measurements.

Usage: Event

INITiate:SEQuencer:MODE <Mode>

This command selects the way the R&S FSW application performs measurements
sequentially.

Before this command can be executed, the Sequencer must be activated (see
SYSTem:SEQuencer on page 331).

A detailed programming example is provided in the "Operating Modes" chapter in the
R&S FSW User Manual.

Note: In order to synchronize to the end of a sequential measurement using *OPC,
*OPC? or *WAI you must use SING1le Sequencer mode.

For details on synchronization see the "Remote Basics" chapter in the R&S FSW User
Manual.

e
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Parameters:
<Mode>

Example:

Performing a Measurement

SINGle

Each measurement is performed once (regardless of the chan-
nel's sweep mode), considering each channels' sweep count, until
all measurements in all active channels have been performed.
CONTinuous

The measurements in each active channel are performed one
after the other, repeatedly (regardless of the channel's sweep
mode), in the same order, until the Sequencer is stopped.
CDEFined

First, a single sequence is performed. Then, only those channels
in continuous sweep mode (INIT:CONT ON) are repeated.

*RST: CONTinuous

SYST:SEQ ON

Activates the Sequencer.

INIT:SEQ:MODE SING

Sets single Sequencer mode so each active measurement will be
performed once.

INIT:SEQ:IMM

Starts the sequential measurements.

SYSTem:SEQuencer <State>

This command turns the Sequencer on and off. The Sequencer must be active before
any other Sequencer commands (INIT:SEQ. . .) are executed, otherwise an error will

occur.

A detailed programming example is provided in the "Operating Modes" chapter in the
R&S FSW User Manual.

Parameters:
<State>

Example:

ON | OFF

ON

The Sequencer is activated and a sequential measurement is
started immediately.

OFF

The Sequencer is deactivated. Any running sequential measure-
ments are stopped. Further Sequencer commands
(INIT:SEQ...)are not available.

*RST: OFF

SYST:SEQ ON

Activates the Sequencer.

INIT:SEQ:MODE SING

Sets single Sequencer mode so each active measurement will be
performed once.

INIT:SEQ:IMM

Starts the sequential measurements.

SYST:SEQ OFF
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10.6 Analysis

General result analysis settings concerning the trace, markers, windows etc. can be con-

figured.

L I O] o) o [0 g L I =T == TR 332
®  WOrking With IMArKErs.......cccoiiiiiiiiec s s e e e e e e e e e e e e e e e e e e e e eeee e 334
e Configuring Modulation Accuracy Limit LiN€S...........ueeiimiiimiiiiiiiiiiiiiiiiieeeeeeeeeeeeee 342
e  Z00mMiNg iNtO the DiSPIay.......eeiriiiiiiiiiiei e 347

10.6.1 Configuring Traces

The trace settings determine how the measured data is analyzed and displayed on the
screen. Depending on the result display, between 1 and 6 traces may be displayed.

Manual configuration of traces is described in chapter 6.1, "Trace Settings",
on page 185.

Commands for storing trace data are described in chapter 10.8.1, "Retrieving Trace Data
and Marker Values", on page 361.

Useful commands for trace configuration described elsewhere:

® DISPlay[:WINDow<n>]:TRACe:Y[:SCALe] on page 293

Remote commands exclusive to trace configuration:

CALCUIate<N>TRACESES[IVALUE] ettt e eietti ettt i e e e etie e e e eetae s e e et eeeeete e e e eet s e e s eaneeeseananss 332
DISPlay[:WINDow<n>]:TRACE<t>IMODE.........cieiiiiiiiieeeeieeteeeeeeeereeeeeeeeaaeeeeseesaeeeseeeans 333
DISPIay[: WINDOWSNS>]: TRACESIS:STATE . vvvvvereeeeeeseseeterreeeesesessesssesesessesesesseeseseseseens 333

CALCulate<n>:TRACe<t>[:VALue] <TrRefType>

This commands selects the measurment or the reference signal as the data source for a

trace.
Suffix:
<t> 1..6
Setting parameters:
<TrRefType> MEAS | REF
*RST: The default for trace 1 is always the measurement

signal (MEAS). For all other traces, the default signal
type depends on the current measurement.

Usage: SCPI confirmed

Manual control: See "Evaluation” on page 187
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DISPlay[:WINDow<n>]:TRACe<t>:MODE <Mode>
This command selects the trace mode.

In case of max hold, min hold or average trace mode, you can set the number of single
measurements with [SENSe: ] SWEep:COUNt [ : VALue]. Note that synchronization to
the end of the measurement is possible only in single sweep mode. Depending on the

result display, not all trace modes may be available.

Parameters:

<Mode> WRITe
Overwrite mode: the trace is overwritten by each sweep. This is
the default setting.
AVERage
The average is formed over several sweeps. The "Sweep/Average
Count" determines the number of averaging procedures.
MAXHold
The maximum value is determined over several sweeps and dis-
played. The R&S FSW saves the sweep resultin the trace memory
only if the new value is greater than the previous one.
MINHold
The minimum value is determined from several measurements
and displayed. The R&S FSW saves the sweep result in the trace
memory only if the new value is lower than the previous one.
VIEW
The current contents of the trace memory are frozen and dis-
played.
BLANk
Hides the selected trace.

*RST: Trace 1: WRITe, Trace 2-6: BLANk

Example: INIT:CONT OFF

Switching to single sweep mode.
SWE:COUN 16

Sets the number of measurements to 16.
DISP:TRAC3:MODE WRIT

Selects clear/write mode for trace 3.
INIT; *WAT

Starts the measurement and waits for the end of the measure-
ment.

Manual control: See "Trace Mode" on page 186

DISPlay[:WINDow<n>]:TRACe<t>[:STATe] <State>
This command turns a trace on and off.
The measurement continues in the background.

Example: DISP:TRAC3 ON
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Usage: SCPI confirmed
Manual control: See "Trace 1/Trace 2/Trace 3/Trace 4/Trace 5/Trace 6"
on page 186

See "Trace 1/Trace 2/Trace 3/Trace 4 (Softkeys)" on page 187

Working with Markers

Markers help you analyze your measurement results by determining particular values in
the diagram. Thus you can extract numeric values from a graphical display.

Manual configuration of markers is described in chapter 6.3, "Markers", on page 189.

e Individual Marker Settings.......cccccciiiiiiiiiieeie e 334
e Marker Search and Positioning Settings..........cceeeiiiiiiciiiecccc e, 337

Individual Marker Settings

In VSA evaluations, up to 5 markers can be activated in each diagram at any time.

CALCUIate<n>:MARKEIr<M>IAOFF ... .ccu it e et e e e e e e e e e e e e e eranes 334
CALCulate<n>:MARKEr<M>:LINK........cutuieieieereeeiiieetiiiiieieeeeeeeereeersineseeesesrersssrnnenns 334
CALCUIate<n> MARKEIr<MS>[:STATE]....citutuieieeeeiitiieieeeeettieieeeeeetstaeseeeeestanaaseesrestaaaeaeserenns 335
CALCUIate<n>:MARKEIr<M>:TRACE. ......cceteitruiieeeeeietieeeetetteeeeeeettaeseeseetaeeeeeeraaeeeeesananss 335
CALCUIate<n>:MARKEISM> X ..o it e et et e et ee e et e et e e et e e e e e e e e eebeesnannns 335
CALCulate<n>:DELTamMarker:AOFF ..... ...t e e 335
CALCulate<n>:DELTamarker<m>[:STATE] . uuutieeirerieieeieeiuiaeeeeerinaeeeeereaaeeeeeenin e eeresnnanns 336
CALCulate<n>:DELTamarker<m>:TRACE. ......cccuutteruieiieeeeiee e e e e eeie e e e e e e e eraeeeennas 336
CALCuUlate<n>:DELTaMArKEr<mM>:X.......ccuuuieeeeeriieeeetieieereriaeeerestaeeesernneeeeernieesesnaeeesssnnnns 336
CALCuUlate<n>:DELTaMarker<mM>:Y ?......cuuuceieeeeeiiiieieeiertiiieeeeeessnesesesesrnnaaseeseestaaeeesessans 336

CALCulate<n>:MARKer<m>:AOFF

This command turns all markers off.

Example: CALC:MARK:AQOFF
Switches off all markers.
Usage: Event
Manual control: See "All Markers Off" on page 191

CALCulate<n>:MARKer<m>:LINK <MarkerCoupling>

With this command markers between several screens can be coupled, i.e. use the same
stimulus. All screens can be linked with the marker stimulus scaled in symbols or time,
except those showing the capture buffer. If several capture buffer measurements are
visible, their markers are coupled, too.

Setting parameters:
<MarkerCoupling>  ON | OFF

*RST: OFF

e
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Manual control: See "Couple Windows" on page 191

CALCulate<n>:MARKer<m>[:STATe] <State>

This command turns markers on and off. If the corresponding marker number is currently
active as a deltamarker, it is turned into a normal marker.

Parameters:
<State> ON | OFF
*RST: OFF
Example: CALC:MARK3 ON
Switches on marker 3.
Manual control: See "Marker State" on page 190

See "Marker Type" on page 191

CALCulate<n>:MARKer<m>:TRACe <Trace>
This command selects the trace the marker is positioned on.
Note that the corresponding trace must have a trace mode other than "Blank".

If necessary, the command activates the marker first.

Parameters:
<Trace> 1to 6
Trace number the marker is assigned to.
Example: CALC:MARK3:TRAC 2
Assigns marker 3 to trace 2.
Manual control: See "Assigning the Marker to a Trace" on page 191

CALCulate<n>:MARKer<m>:X <Position>
This command moves a marker to a particular coordinate on the x-axis.
If necessary, the command activates the marker.

If the marker has been used as a delta marker, the command turns it into a normal marker.

Parameters:
<Position> Numeric value that defines the marker position on the x-axis.
Range: The range depends on the current x-axis range.
Example: CALC:MARK2:X 1.7MHz
Positions marker 2 to frequency 1.7 MHz.
Manual control: See "Stimulus" on page 190

CALCulate<n>:DELTamarker:AOFF

This command turns all delta markers off.

e
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Example: CALC:DELT:AQFF
Turns all delta markers off.

Usage: Event

CALCulate<n>:DELTamarker<m>[:STATe] <State>
This command turns delta markers on and off.
If necessary, the command activates the delta marker first.

No suffix at DELTamarker turns on delta marker 1.

Parameters:
<State> ON | OFF
*RST: OFF
Example: CALC:DELT2 ON
Turns on delta marker 2.
Manual control: See "Marker State" on page 190

See "Marker Type" on page 191

CALCulate<n>:DELTamarker<m>:TRACe <Trace>
This command selects the trace a delta marker is positioned on.
Note that the corresponding trace must have a trace mode other than "Blank".

If necessary, the command activates the marker first.

Parameters:
<Trace> Trace number the marker is assigned to.
Example: CALC:DELT2:TRAC 2

Positions delta marker 2 on trace 2.

CALCulate<n>:DELTamarker<m>:X <Position>
This command moves a delta marker to a particular coordinate on the x-axis.

If necessary, the command activates the delta marker and positions a reference marker
to the peak power.

Example: CALC:DELT:X?
Outputs the (absolute) x-value of delta marker 1.

Manual control: See "Stimulus" on page 190

CALCulate<n>:DELTamarker<m>:Y?

This command moves a marker to a particular coordinate on the x-axis. If necessary, the
command activates the marker.

e
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Return values:
<Value>

Usage: Query only

Marker Search and Positioning Settings

Several functions are available to set the marker to a specific position very quickly and
easily. In order to determine the required marker position, searches may be performed.
The search results can be influenced by special settings.

Useful commands for positioning markers described elsewhere:
® CALCulate<n>:MARKer<m>:TRACe on page 335

® CALCulate<n>:DELTamarker<m>:TRACe on page 336

Remote commands exclusive to positioning markers:

CALCulate<n>:DELTamarker<m>:MAXimuUm:APEaK.............ccimmiiiiiiiiiieeie e 337
CALCulate<n>:DELTamarker<m>:MAXIimUM:LEFT.........cooimiii e 337
CALCulate<n>:DELTamarker<m>:MAXIMUMINEXT .......ccoeuiiiiiieeeeeeeeeeeeeeeee e e e eeeanas 338
CALCulate<n>:DELTamarker<m>:MAXIiMUM[:PEAK]...........cetrruieieieeeeieeeriieeeeeeeeeeeerannns 338
CALCulate<n>:DELTamarker<m>:MAXIMUM:RIGHL..........uuurieiiieieiieeeeieiieeeereeiireeene e 338
CALCulate<n>:DELTamarker<m>:MINiMUM:LEFT.......c.uciiiiiiiiiieeeeeriiceeeeeeee e eenaees 338
CALCulate<n>:DELTamarker<m>:MINiMmUumM:NEXT.........ccoouiiiiiiiiiiiieiiic e eeeaaas 338
CALCulate<n>:DELTamarker<m>:MINimUM[:PEAK]......ccuuiiriiiriie e e e e 339
CALCulate<n>:DELTamarker<m>:MINimum:RIGHt..............coeimiiiiiiiiieeeee e 339
CALCulate<n>:MARKer<m>:MAXIMUM:APESK..........ccevurmruieiiieiereeeeeeeeeeeeereerernnnaeeeens 339
CALCulate<n>:MARKer<m>:MAXIMUMILEFT........covttruriiiiiiiieieieeeeeeeeeeeeeeeeesrsranne e eeeas 339
CALCulate<n>:MARKer<m>:MAXIMUMINEXT ......c.ceiieiiiiieeeeiiiieeeeeereeeeeeere e e e e erte e eeeennanns 339
CALCulate<n>:MARKer<m>:MAXIiMUM:RIGHTL.........cccoeiiiiiiiieiiiiiieee e 339
CALCulate<n>:MARKer<m>:MAXIiMUM[:PEAK]....cctittieiieiiiee e e e e e e e e eenes 340
CALCulate<n>:MARKer<m>:MINIMUM:LEFT.......cooiiieeie e 340
CALCulate<n>:MARKer<m>:MINIMUMINEXT .......cotiiiiiieeieeiee e eeeeeeeteeeeeeeeeeeeaeeeeanas 340
CALCulate<n>:MARKer<m>:MINIMUM:RIGHL..........ccevutiiiuiiiieieieeeeeeeeeeeeeeeeeere e e 340
CALCulate<n>:MARKer<m>:MINIMUM[:PEAK]......cciiiieiiieieriiiieieeeeeeeeeerianeeeeeseeeessrnne s 340
CALCUIate<n>:MARKEINSEARCN. ....cuuci ittt ettt e e e e e et e e e e e e eebee e e e e eet e e e e seerananns 341
CALCuUlate:MARKEr X:SLIMItS: LEF T ...riiiiiii e et e e e e e e e e s e e s e s raeaees 341
CALCulate:MARKEr X:SLIMItS:RIGHT .. ..t e e e s e s s eaenees 341
CALCulate:MARKET: X SLIMItS S T AT ]t tiiiieeieiie et e e e e e e e e e enas 342

CALCulate<n>:DELTamarker<m>:MAXimum:APEak

This command positions the active marker or deltamarker on the largest absolute peak
value (maximum or minimum) of the selected trace.

Usage: Event

CALCulate<n>:DELTamarker<m>:MAXimum:LEFT

This command moves a delta marker to the next higher value.

|
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The search includes only measurement values to the left of the current marker position.
Usage: Event

Manual control: See "Search Mode for Next Peak" on page 192

CALCulate<n>:DELTamarker<m>:MAXimum:NEXT
This command moves a marker to the next higher value.
Usage: Event

Manual control: See "Search Mode for Next Peak” on page 192
See "Search Next Peak" on page 193

CALCulate<n>:DELTamarker<m>:MAXimum[:PEAK]

This command moves a delta marker to the highest level.

If the marker hasn't been active yet, the command first activates the marker.
Usage: Event

Manual control: See "Peak Search" on page 193

CALCulate<n>:DELTamarker<m>:MAXimum:RIGHt

This command moves a delta marker to the next higher value.

The search includes only measurement values to the right of the current marker position.
Usage: Event

Manual control: See "Search Mode for Next Peak" on page 192

CALCulate<n>:DELTamarker<m>:MINimum:LEFT

This command moves a delta marker to the next higher minimum value.

The search includes only measurement values to the right of the current marker position.
Usage: Event

Manual control: See "Search Mode for Next Peak” on page 192

CALCulate<n>:DELTamarker<m>:MINimum:NEXT
This command moves a marker to the next higher minimum value.
Usage: Event

Manual control: See "Search Mode for Next Peak" on page 192
See "Search Next Minimum" on page 194
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CALCulate<n>:DELTamarker<m>:MINimum[:PEAK]

This command moves a delta marker to the minimum level.

If the marker hasn't been active yet, the command first activates the marker.
Usage: Event

Manual control: See "Search Minimum" on page 193

CALCulate<n>:DELTamarker<m>:MINimum:RIGHt

This command moves a delta marker to the next higher minimum value.

The search includes only measurement values to the right of the current marker position.
Usage: Event

Manual control: See "Search Mode for Next Peak" on page 192

CALCulate<n>:MARKer<m>:MAXimum:APEak

sets the marker to the largest absolute peak value (maximum or minimum) of the selected

trace.
Usage: Event
Manual control: See "Max |Peak|" on page 193

CALCulate<n>:MARKer<m>:MAXimum:LEFT

This command moves a marker to the next lower peak.

The search includes only measurement values to the left of the current marker position.
Usage: Event

Manual control: See "Search Mode for Next Peak" on page 192

CALCulate<n>:MARKer<m>:MAXimum:NEXT
This command moves a marker to the next lower peak.
Usage: Event

Manual control: See "Search Mode for Next Peak” on page 192
See "Search Next Peak" on page 193

CALCulate<n>:MARKer<m>:MAXimum:RIGHt
This command moves a marker to the next lower peak.
The search includes only measurement values to the right of the current marker position.

Usage: Event
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Manual control: See "Search Mode for Next Peak" on page 192

CALCulate<n>:MARKer<m>:MAXimum[:PEAK]

This command moves a marker to the highest level.

If the marker hasn't been active yet, the command first activates the marker.
Usage: Event

Manual control: See "Peak Search" on page 193

CALCulate<n>:MARKer<m>:MINimum:LEFT

This command moves a marker to the next minimum value.

The search includes only measurement values to the right of the current marker position.
Usage: Event

Manual control: See "Search Mode for Next Peak" on page 192

CALCulate<n>:MARKer<m>:MINimum:NEXT
This command moves a marker to the next minimum value.
Usage: Event

Manual control: See "Search Mode for Next Peak" on page 192
See "Search Next Minimum" on page 194

CALCulate<n>:MARKer<m>:MINimum:RIGHt

This command moves a marker to the next minimum value.

The search includes only measurement values to the right of the current marker position.
Usage: Event

Manual control: See "Search Mode for Next Peak" on page 192

CALCulate<n>:MARKer<m>:MINimum[:PEAK]

This command moves a marker to the minimum level.

If the marker hasn't been active yet, the command first activates the marker.
Usage: Event

Manual control: See "Search Minimum" on page 193
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CALCulate<n>:MARKer:SEARch <MarkReallmag>

This command specifies whether the marker search works on the real or the imag trace
(for all markers).

Setting parameters:
<MarkReallmag> REAL | IMAG

*RST: REAL

Manual control: See "Real / Imag Plot" on page 192

CALCulate:MARKer:X:SLIMits:LEFT <SearchLimit>
This command defines the left limit of the marker search range.

If you perform a measurement in the time domain, this command limits the range of the
trace to be analyzed.

Parameters:
<SearchLimit> The value range depends on the span or sweep time.
The unit is Hz for frequency domain measurements and s for time
domain measurements.
*RST: left diagram border
<Limit> Range: -1e9 to 1e9
*RST: 0.0
Example: CALC:MARK:X:SLIM ON
Switches the search limit function on.
CALC:MARK:X:SLIM:LEFT 10MHz
Sets the left limit of the search range to 10 MHz.
Manual control: See "Search Limits (Left / Right)" on page 193

CALCulate:MARKer:X:SLIMits:RIGHT <SearchLimit>
This command defines the right limit of the marker search range.

If you perform a measurement in the time domain, this command limits the range of the
trace to be analyzed.

Parameters:
<Limit> The value range depends on the span or sweep time.
The unit is Hz for frequency domain measurements and s for time
domain measurements.
*RST: right diagram border
<Limit> Range: -1e9 to 1e9
*RST: 800.0
Example: CALC:MARK:X:SLIM ON

Switches the search limit function on.
CALC:MARK:X:SLIM:RIGH 20MHz

Sets the right limit of the search range to 20 MHz.
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Manual control: See "Search Limits (Left / Right)" on page 193

CALCulate:MARKer:X:SLIMits[:STATe] <State>
This command turns marker search limits on and off.

If you perform a measurement in the time domain, this command limits the range of the
trace to be analyzed.

Parameters:
<State> ON | OFF
*RST: OFF
Example: CALC:MARK:X:SLIM ON
Switches on search limitation.
Manual control: See "Search Limits (Left / Right)" on page 193

Configuring Modulation Accuracy Limit Lines
The results of a modulation accuracy measurement can be checked for violation of
defined limits automatically.

Manual configuration of limit lines is described in chapter 6.4, "Modulation Accuracy Limit
Lines", on page 194.

@ GENEral COMMEANGS........i it ettt et et e et e e e e e st s e st e e saa s e sansesanesean 342
L I 1= a1 1T TN T 1 343

General Commands

The following commands determine the general behaviour of the limit line check.

CALCulate:LIMit:MACCUracy:DEFAUIL........c...eeieeiiirieieeiietieeeeeeeree e e e e eeree e e e s eetaeeeeeesnnanns 342
CALCuUIate:LIMit:MAC CUIaCY : ST AT €. ettt ettt ettt et e e e e e e e e eeas 342

CALCulate:LIMit:MACCuracy:DEFault
Restores the default limits and deactivates all checks in all windows.
Usage: Event

Manual control: See "Set to Default" on page 195

CALCulate:LIMit:MACCuracy:STATe <LimitState>

Limits checks for all evaluations based on modulation accuracy (e.g. Result Summary)
are enabled or disabled.

Setting parameters:
<LimitState> ON | OFF

*RST: OFF

e
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Manual control: See "Checking Modulation Accuracy Limits" on page 195

Defining Limits
The following commands are required to define limits for specific results.

CALCulate<n>:LIMit:MACCuracy:CFERror:CURRent:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:CFERror:MEAN:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:CFERror:PEAK:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:EVM:PCURrent:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:EVM:PMEan:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:EVM:PPEak:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:EVM:RCURrent:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:EVM:RMEan:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:EVM:RPEak:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:FDERror:CURRent:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:FDERror:MEAN:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:FDERror:PEAK:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:FERRor:PCURrent:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:FERRor:PMEan:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:FERRor:PPEak:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:FERRor:RCURrent:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:FERRor:RMEan:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:FERRor:RPEak:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:MERRor:PCURrent:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:MERRor:PMEan:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:MERRor:PPEak:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:MERRor:RCURrent:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:MERRor:RMEan:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:MERRor:RPEak:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:0O0FFset:CURRent:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:OO0FFset:MEAN:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:OOFFset:PEAK:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:PERRor:PCURrent:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:PERRor:PMEan:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:PERRor:PPEak:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:PERRor:RCURrent:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:PERRor:RMEan:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:PERRor:RPEak:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:RHO:CURRent:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:RHO:MEAN:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:RHO:PEAK:STATe <LimitState>
CALCulate<n>:LIMit:MACCuracy:<ResultType>:<LimitType>:STATe <LimitState>

This command switches the limit check for the selected result type and limit type on or
off.
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Suffix:
<ResultType>

<LimitType>

Setting parameters:
<LimitState>

Example:

Manual control:

Analysis

CFERror = Carrier Frequency Error

EVM = Error Vector Magnitude

FERRor = Frequency error (FSK only)

FDERror = Frequency deviation error (FSK only)
MERRor = Magnitude Error

OOFFset = 1/Q Offset

PERRor = Phase Error

RHO = Rho

For CFERor, OOFFset, RHO:
CURRent

MEAN

PEAK

For EVM, FERRor, MERRor, PERRor:
PCURRent = Peak current value
PMEan = Peak mean value
PPEak = Peak peak value
RCURRent = RMS current value
RMEan = RMS mean value
RPEak = RMS peak value

ON | OFF
Activates a limit check for the selected result and limit type.
*RST: OFF

CALC2:FEED 'XTIM:DDEM:MACC'

switch on result summary in screen 2
CALC2:LIM:MACC:CFER:CURR:VAL 100 Hz
define a limit of [-100;100]
CALC2:LIM:MACC:CFER:CURR:STAT ON
switch limit check ON

See "Current/Mean/Peak" on page 195
See "Check" on page 196

CALCulate<n>:LIMit:MACCuracy:CFERror:CURRent:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:CFERror:MEAN:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:CFERror:PEAK:VALue <LimitValue>

This command defines the limit for the current, peak or mean center frequency error limit.
Note that the limits for the current and the peak value are always kept identical.

Setting parameters:
<LimitValue>

numeric value
the value x (x>0) defines the interval [-x; x]

Range: 0.0 to 1000000
*RST: 1000.0 (mean: 750.0)
Default unit: Hz
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CALCulate<n>:LIMit:MACCuracy:EVM:PCURrent:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:EVM:PMEan:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:EVM:PPEak:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:EVM:RCURrent:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:EVM:RMEan:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:EVM:RPEak:VALue <LimitValue>

This command defines the value for the current, peak or mean EVM (peak or RMS) limit.
Note that the limits for the current and the peak value are always kept identical.

Setting parameters:

<LimitValue> numeric value
Range: 0.0 to 100
*RST: 1.5

Default unit: %

CALCulate<n>:LIMit:MACCuracy:FDERror:CURRent:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:FDERror:MEAN:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:FDERror:PEAK:VALue <LimitValue>

This command defines the lower limit for the current, peak or mean center frequency
deviation error. Note that the limits for the current and the peak value are always kept
identical.

This command is available for FSK modulation only.

Setting parameters:

<LimitValue> numeric value
Range: 0.0 to 1000000
*RST: 1 kHz

Default unit: Hz

CALCulate<n>:LIMit:MACCuracy:FERRor:PCURrent:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:FERRor:PMEan:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:FERRor:PPEak:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:FERRor:RCURrent:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:FERRor:RMEan:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:FERRor:RPEak:VALue <LimitValue>

This command defines the value for the current, peak or mean frequency error (peak or
RMS) limit. Note that the limits for the current and the peak value are always kept identical.
This command is available for FSK modulation only.
Setting parameters:
<LimitValue> numeric value

the value x (x>0) defines the interval [-x; x]

Range: 0.0 to 100
*RST: 1.5 (mean: 1.0)
Default unit: Hz

e
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CALCulate<n>:LIMit:MACCuracy:MERRor:PCURrent:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:MERRor:PMEan:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:MERRor:PPEak:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:MERRor:RCURrent:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:MERRor:RMEan:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:MERRor:RPEak:VALue <LimitValue>

This command defines the value for the current, peak or mean magnitude error (peak or
RMS) limit. Note that the limits for the current and the peak value are always kept identical.

Setting parameters:
<LimitValue> numeric value
the value x (x>0) defines the interval [-x; x]

Range: 0.0 to 100
*RST: 1.5
Default unit: %

CALCulate<n>:LIMit:MACCuracy:OOFFset:CURRent:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:OOFFset:MEAN:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:OOFFset:PEAK:VALue <LimitValue>

This command defines the upper limit for the current, peak or mean 1/Q offset. Note that
the limits for the current and the peak value are always kept identical.

Setting parameters:

<LimitValue> numeric value
Range: -200.0 to 0.0
*RST: -40.0 (mean: -45.0)

Default unit: DB

CALCulate<n>:LIMit:MACCuracy:PERRor:PCURrent:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:PERRor:PMEan:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:PERRor:PPEak:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:PERRor:RCURrent:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:PERRor:RMEan:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:PERRor:RPEak:VALue <LimitValue>

This command defines the value for the current, peak or mean phase error (peak or RMS)
limit. Note that the limits for the current and the peak value are always kept identical.

Setting parameters:

<LimitValue> numeric value
the value x (x>0) defines the interval [-x; X]
Range: 0.0 to 360

*RST: 3.5 (RMS: 1.5)
Default unit: deg
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10.6.4

10.6.4.1

Analysis

CALCulate<n>:LIMit:MACCuracy:RHO:CURRent:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:RHO:MEAN:VALue <LimitValue>
CALCulate<n>:LIMit:MACCuracy:RHO:PEAK:VALue <LimitValue>

This command defines the lower limit for the current, peak or mean Rho limit. Note that
the limits for the current and the peak value are always kept identical.

Setting parameters:

<LimitValue> numeric value
Range: 0.0 to 1.0
*RST: 0.999 (mean: 0.9995)

Default unit: NONE

Zooming into the Display

Using the Single Zoom

DISPIay[: WINDOWSN>]:ZOOM:AREA. ...c.eeeeeeeeeeeeseeeseseeestsesesesesesesesesesesesesssesesesenesenenesens 347
DISPIay[:WINDOWSN>]:ZOOM:STATE . .veeeeeeeeseeeeeeeeeeseseeeeeseseeseseeeeeseeeeseseseesesseseseenenaens 348

DISPlay[:WINDow<n>]:ZOOM:AREA <x1>,<y1> <x2> <y2>
This command defines the zoom area.

To define a zoom area, you first have to turn the zoom on.

1 Frequency Sweep  1Rm Clrw %)

1 = origin of coordinate system (x1 =0, y1 =0)
2 = end point of system (x2 = 100, y2= 100)
3 = zoom area (e.g. x1 =60, y1 = 30, x2 = 80, y2 = 75)

Parameters:
<X1>,<y1>, Diagram coordinates in % of the complete diagram that define the
<xX2>,<y2> zoom area.
The lower left corner is the origin of coordinate system. The upper
right corner is the end point of the system.
Range: 0 to 100
Default unit: PCT
Manual control: See "Single Zoom" on page 200

[
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Analysis

DISPlay[:WINDow<n>]:ZOOM:STATe <State>

This command turns the zoom on and off.

Parameters:
<State> ON | OFF
*RST: OFF
Example: DISP:ZOOM ON
Activates the zoom mode.
Manual control: See "Single Zoom" on page 200

See "Restore Original Display" on page 200
See "Deactivating Zoom (Selection mode)" on page 200

Using the Multiple Zoom

DISPlay[: WINDow<n>]:ZOOM:MULTIpIE<ZOOM>AREA. .......cvrveeeeeeeereerereesesssesesessesesnenes 348
DISPlay[: WINDOW<n>]:ZOOM:MULTIpIE<ZOOM>:STATE. c. v vrereeereeereerereeaeeeeeseeseseseresesenes 349

DISPlay[:WINDow<n>]:ZOOM:MULTiple<zoom>:AREA <x1>,<y1> <x2> <y2>
This command defines the zoom area for a multiple zoom.

To define a zoom area, you first have to turn the zoom on.

1 Frequency Sweep  1Rm Clrw %)

1 = origin of coordinate system (x1 =0, y1=0)
2 = end point of system (x2 = 100, y2= 100)
3 = zoom area (e.g. x1 =60, y1 = 30, x2 = 80, y2 = 75)

Suffix:
<zoom> 1..4
Selects the zoom window.
Parameters:
<x1>,<y1>, Diagram coordinates in % of the complete diagram that define the
<x2>,<y2> zoom area.
The lower left corner is the origin of coordinate system. The upper
right corner is the end point of the system.
Range: 0 to 100
Default unit: PCT
Manual control: See "Multiple Zoom" on page 200

[
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10.71

Configuring the Result Display

DISPlay[:WINDow<n>]:ZOOM:MULTiple<zoom>:STATe <State>

This command turns the mutliple zoom on and off.

Suffix:
<zoom> 1..4
Selects the zoom window.
If you turn off one of the zoom windows, all subsequent zoom win-
dows move up one position.
Parameters:
<State> ON | OFF
*RST: OFF
Manual control: See "Multiple Zoom" on page 200

See "Restore Original Display" on page 200
See "Deactivating Zoom (Selection mode)" on page 200

Configuring the Result Display

The following commands are required to configure the result display in a remote envi-
ronment. The tasks for manual operation are described in chapter 6.5, "Display and Win-
dow Configuration”, on page 196.

o General Window ComMaNdS.........uuueiieieeeeeieieiiiieeee e eeeeeeeeeeebareae s e e e e e e eeeeessananas 349
e Working with Windows in the Display............uuueeiiiiiiiiiiiiccie e 350
o VSA Window Configuration..........ueeccceieie it e e 356

General Window Commands
The following commands are required to configure general window layout, independant
of the application.

Note that the suffix <n> always refers to the window in the currently selected measure-
ment channel (see INSTrument [ : SELect] on page 264).

D ST Y L@ ] 1 - 349
DISPIay[:WINDOWSNZ]:SIZE . ....uuuuceeeeeeeeeeeeeeietaeaaeeeeeeeeeeeatenaaaaeeeeeeeseeneensnnaaeeeeeeeeeenssnnnnns 350
DISPIay[:WINDOWSNS:SELECE...cuuuiiiiiiiiieeeeeiiiieeeeeiieeeeesttaeeeesenneeeesaaneeesesnnnaseessnnneeeerennn 350

DISPlay:FORMat <Format>

This command determines which tab is displayed.

Parameters:

<Format> SPLit
Displays the MultiView tab with an overview of all active channels
SINGle
Displays the measurement channel that was previously focused.
*RST: SPL

e
User Manual 1173.9292.02 — 04 349



R&S®FSW-K70 Remote Commands for VSA

Configuring the Result Display

Example: DISP:FORM SING

DISPlay[:WINDow<n>]:SIZE <Size>

This command maximizes the size of the selected result display window temporarily. To
change the size of several windows on the screen permanently, use the LAY : SPT. com-

mand (see LAYout:SPLitter on page 353).

Parameters:

<Size> LARGe
Maximizes the selected window to full screen.
Other windows are still active in the background.

SMALI

Reduces the size of the selected window to its original size.

If more than one measurement window was displayed originally,
these are visible again.

*RST: SMALI

Example: DISP:WIND2 :LARG

DISPlay[:WINDow<n>]:SELect
This command sets the focus on the selected result display window.
This window is then the active window.

Example: DISP:WIND1:SEL
Sets the window 1 active.

Usage: Setting only

10.7.2 Working with Windows in the Display

The following commands are required to change the evaluation type and rearrange the
screen layout for a measurement channel as you do using the SmartGrid in manual
operation. Since the available evaluation types depend on the selected application, some
parameters for the following commands also depend on the selected measurement
channel.

Note that the suffix <n> always refers to the window in the currently selected measure-
ment channel (see TNSTrument [ : SELect] on page 264).

LAY OUL ADDIWINDOW] 2. ettt et e et ettt et e et et e e e e et e et e et e e e e e e e eanaeea s aeaaeenneennaannnaen 351
LAYOUt:CATAIOG[:WINDOW] 2. .. ettt ettt et ettt e et e et e e e e e e e e e e e e e e e e eaaaeen 352
LAYOUL: IDENTfY[:WINDOW] 2. e e e eeeeeeeeee e e eeeeeeeeeie e eeeae s s s s e e e e e e e e e eaeeeeeeeeneeeesensnnnnns 352
LAYOUt:REMOVE[:WINDOW].....eeeeteeeeeeeienrnneaaaeeeseeseseseseseneenesssnsannnaaseseasaeeaeeeseennnssnsnnnnnnns 352
LAYOUE:REPLACE[:WINDOW]...uieeeiettieieeeeeetttaeeeeeettnnaeeeeereetanseesesssnnasaesessnnnseseesessnnnsaneeees 353
[ o T0 ot o 1 (=Y PP PP PP PTUPTP U 353
LAYOULWINDOWSNZIADD 7. ..ttt ettt ettt ettt e et e et e et e e ee et e e e e e e ea e enaaeenaeen 355
LAYOUt:WINDOWSN>:IDENLTY 2. ..ttt ettt e e e e e e e e e e 355
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LAY OUEWINDOWSNZREMOVE. ..euuieeiitiieeiee ettt et st et st sensssassensesnsssnsssnsesnsssnsesnseen 355
LAY OUE:WINDOWSN>IREPLACE. .. ..cuuiiiiteiieiieeieeeee e et e e s e e s e e eaa e e st ee st e eeaneseaaeeeerans 356
LAY OUEVWINDOWSNZ TY P 7. ettt ieet e ettt e et e e et e e et s e s eae s e st s s seba e s eaasasaaseseaa e seannsanenn 356

LAYout:ADD[:WINDow]? <WindowName>,<Direction>,<WindowType>
This command adds a window to the display.

This command is always used as a query so that you immediately obtain the name of the
new window as a result.

To replace an existing window, use the LAYout :REPLace [ : WINDow] command.

Parameters:

<WindowName> String containing the name of the existing window the new window
is inserted next to.
By default, the name of a window is the same as its index. To
determine the name and index of all active windows, use the
LAYout:CATalog[:WINDow] ? query.

<Direction> LEFT | RIGHt | ABOVe | BELow
Direction the new window is added relative to the existing window.

<WindowType> text value

Type of result display (evaluation method) you want to add.
See the table below for available parameter values.

Return values:
<NewWindowName> When adding a new window, the command returns its name (by
default the same as its number) as a result.

Example: LAY:ADD? 'l',LEFT,MTAB
Result:
\} 2 \}
Adds a new window named '2' with a marker table to the left of
window 1.

Usage: Query only

Manual control: See "Capture Buffer" on page 16
See "Measurement & Reference Signal" on page 16
See "Symbols" on page 17
See "Error Vector" on page 17
See "Modulation Errors" on page 17
See "Modulation Accuracy" on page 18
See "Equalizer" on page 18
See "Signal Source" on page 197

Table 10-2: <WindowType> parameter values for VSA application

Parameter value Data source (+default result display)
CBUFfer Capture buffer (Magnitude absolute)
MEAS Meas & Ref (Magnitude relative)

e
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Parameter value Data source (+default result display)
REF

EQUalizer Equalizer

EVECtor Error vector (EVM)

MACCuracy Modulation Accuracy (Result Summary)
MERRor Modulation Errors (Magnitude error)
SYMB Symbols (Hexadecimal)

LAYout:CATalog[:WINDow]?

This command queries the name and index of all active windows from top left to bottom
right. The result is a comma-separated list of values for each window, with the syntax:

<WindowName_1><Index_1>..<WindowName_n>,<Index_n>

Return values:
<WindowName> string

Name of the window.
In the default state, the name of the window is its index.

<Index> numeric value
Index of the window.

Example: LAY :CAT?
Result:
'2',2,'1',1
Two windows are displayed, named '2' (at the top or left), and '1'
(at the bottom or right).

Usage: Query only

LAYout:IDENtify[:WINDow]? <WindowName>
This command queries the index of a particular display window.

Note: to query the name of a particular window, use the LAYout : WINDow<n>:
IDENtify? query.

Query parameters:
<WindowName> String containing the name of a window.

Return values:
<Windowlndex> Index number of the window.

Usage: Query only

LAYout:REMove[:WINDow] <WindowName>

This command removes a window from the display.

e
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Parameters:
<WindowName> String containing the name of the window.

In the default state, the name of the window is its index.
Usage: Event

LAYout:REPLace[:WINDow] <WindowName>,<WindowType>

This command replaces the window type (for example from "Diagram" to "Result Sum-
mary") of an already existing window while keeping its position, index and window name.

To add a new window, use the LAYout : ADD [ : WINDow] ? command.

Parameters:

<WindowName> String containing the name of the existing window.
By default, the name of a window is the same as its index. To
determine the name and index of all active windows, use the
LAYout:CATalog [ :WINDow] ? query.

<WindowType> Type of result display you want to use in the existing window.
See LAYout:ADD[:WINDow] ? on page 351 for a list of available
window types.

Example: LAY:REPL:WIND '1l',MTAB

Replaces the result display in window 1 with a marker table.

LAYout:SPLitter <Index1>,<Index2>,<Position>

This command changes the position of a splitter and thus controls the size of the windows
on each side of the splitter.

As opposed to the DIsSPlay [ :WINDow<n>] : STZE on page 350 command, the
LAYout:SPLitter changes the size of all windows to either side of the splitter perma-
nently, it does not just maximize a single window temporarily.

Note that windows must have a certain minimum size. If the position you define conflicts
with the minimum size of any of the affected windows, the command will not work, but
does not return an error.

e
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y=100 %*=100, y=100
1 Frequendy Swsen ¥ 3 Marker Table

1.01 GHz
=102.12 dBm

Fig. 10-1: SmartGrid coordinates for remote control of the splitters

Parameters:
<Index1> The index of one window the splitter controls.

<Index2> The index of a window on the other side of the splitter.

<Position> New vertical or horizontal position of the splitter as a fraction of the
screen area (without channel and status bar and softkey menu).
The point of origin (x = 0, y = 0) is in the lower left corner of the
screen. The end point (x =100, y = 100) is in the upper right corner
of the screen. (See figure 10-1.)
The direction in which the splitter is moved depends on the screen
layout. If the windows are positioned horizontally, the splitter also
moves horizontally. If the windows are positioned vertically, the
splitter also moves vertically.

Range: 0 to 100

Example: LAY:SPL 1,3,50
Moves the splitter between window 1 (‘Frequency Sweep') and 3
('Marker Table') to the center (50%) of the screen, i.e. in the figure
above, to the left.

Example: LAY:SPL 1,4,70
Moves the splitter between window 1 ('Frequency Sweep') and 3
('Marker Peak List') towards the top (70%) of the screen.
The following commands have the exact same effect, as any com-
bination of windows above and below the splitter moves the splitter
vertically.
LAY:SPL 3,2,70
LAY:SPL 4,1,70
LAY:SPL 2,1,70
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LAYout:WINDow<n>:ADD? <Direction>,<WindowType>

This command adds a measurement window to the display. Note that with this command,
as opposed to LAYout : ADD [ : WINDow] 2, the suffix <n> determines the existing window
next to which the new window is added.

To replace an existing window, use the LAYout : WINDow<n>:REPLace command.

This command is always used as a query so that you immediately obtain the name of the
new window as a result.

Parameters:
<Direction> LEFT | RIGHt | ABOVe | BELow
<WindowType> Type of measurement window you want to add.

See LAYout:ADD[:WINDow] ? on page 351 for alist of available
window types.

Return values:
<NewWindowName> When adding a new window, the command returns its name (by
default the same as its number) as a result.

Example: LAY :WIND1:ADD? LEFT,MTAB
Result:
\} 2 \}
Adds a new window named '2' with a marker table to the left of
window 1.

Usage: Query only

LAYout:WINDow<n>:IDENtify?

This command queries the name of a particular display window (indicated by the <n>
suffix).

Note: to query the index of a particular window, use the T.AYout: IDENtify[:
WINDow] ? command.

Return values:
<WindowName> String containing the name of a window.
In the default state, the name of the window is its index.

Usage: Query only

LAYout:WINDow<n>:REMove
This command removes the window specified by the suffix <n> from the display.
The result of this command is identical to the LAYout : REMove [ : WINDow] command.

Usage: Event

|
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LAYout:WINDow<n>:REPLace <WindowType>

This command changes the window type of an existing window (specified by the suffix
<n>).

The result of this command is identical to the L.AYout : REPLace [ :WINDow] command.
To add a new window, use the LAYout : WINDow<n>:ADD? command.

Parameters:

<WindowType> Type of measurement window you want to replace another one
with.
See LAYout:ADD[ :WINDow] ? on page 351 for a list of available
window types.

LAYout:WINDow<n>:TYPe?

Queries the window type of the window specified by the index <n>. For a list of possible
window types see LAYout : ADD[ :WINDow] ? on page 351.

Example: LAY :WIND2:TYPE?
Response:
MACC
Modulation accuracy

Usage: Query only

VSA Window Configuration

For each window you can select a different evaluation method (result type), based on the
data source selected in the "Display Configuration". Further window settings are available
for some result types.

Manual configuration of VSA windows is described in chapter 6.5.1, "Window Configu-
ration", on page 197.

Useful commands for configuring the window described elsewhere:
® TAYout:ADD[:WINDow]? on page 351

Remote commands exclusive to configuring VSA windows:

CALCulate<n>:DDEM:SPE CHUM S T AT ] cu i cuiiiiiieeieeie e e et e e e e e e eas 357
CALCUIAtESNZIFORMAL. ... cieeeeeii ettt e et e et e et e e e e e ee e e eaneeeaeeennnaes 357
CALCuUlate<n>:STATIStICS:CODF [:STATE] ettuuuuuruaaeieeeereeerereerentanaaaaeseeeeeeereereeernnnnaaaeeees 358
CALCuUlate<n>:STATISHICSIMODE.........cccetttiuuuuieaieeeeeeeeeeeeeeeeieaaa e e e eaeeeeeeerees s aeeees 359
DISPlay[:WINDOWSN>:PRATEIAUTO. .. ccitueeeeiiiieeeeeteiee sttt e e eeeteeeeseeteseesesnneessssnneaesenns 359
DISPIay[:WINDOWSNS]:PRATE[VALUET. ccv. v vreeeeeeeereeeereeeseseesaeeseseeseessessessessessseesesseseeseenes 359
DISPlay[:WINDow<n>]:TRACE:SYMBOL......cuiiiiiiei ettt 360
DISPlay[:WINDow<n>]:TRACE:Y[:SCALEL:MODE...... .ot 360

e
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CALCulate<n>:DDEM:SPECtrum[:STATe] <AddEvaluation>

This command switches the result type transformation to spectrum mode. Spectral eval-
uation is available for the following result parameters:

e MAGNitude

e PHASe/UPHase

e FREQuency

e Real/lmag (RIMAG)

The result parameters are defined using the CALC:FORM command (see
CALCulate<n>:FORMat on page 357).

Setting parameters:
<AddEvaluation> ON | OFF

*RST: Off

Manual control: See "Result Type Transformation" on page 197

CALCulate<n>:FORMat <Format>

This command defines the result type of the traces. Which parameters are available
depends on the setting for the data source (see LAYout : ADD [ : WINDow] ?
on page 351 and table 3-1).

Whether the result type shows absolute or relative values is defined using the
DISP:WIND:TRAC:Y:MODE command (see DISPlay [ :WINDow<n>]:TRACe:Y [:
SCALe] :MODE on page 360).
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Setting parameters:

<Format> MAGNitude | PHASe | UPHase | RIMag | FREQuency | COMP |
CONS | IEYE | QEYE | FEYE | CONF | COVF | RCONstellation |
RSUMmary | BERate | GDELay | NONE

MAGNitude

Magnitude Absolute
PHASe

Phase Wrap

UPHase

Phase Unwrap

RIMag

Real/lmag (I/Q)
FREQuency

Frequency Absolute
COMP

Vector 1/Q

CONS

Constellation 1/Q

IEYE

Eye Diagram Real (I)
QEYE

Eye Diagram Imag (Q)
FEYE

Eye Diagram Frequency
CONF

Constellation Frequency
COVF

Vector Frequency
RCONstellation
Constellation I/Q (Rotated)
RSUMmary

Result summary
BERate

Bit error rate

GDELay
Group delay

Manual control: See "Result Type" on page 197

CALCulate<n>:STATistics:CCDF[:STATe] <AddEvaluation>

This command switches the measurement of the statistical distribution of magnitude,
phase or frequency values on or off.

e
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Setting parameters:
<AddEvaluation> ON | OFF

*RST: OFF

Manual control: See "Result Type Transformation” on page 197

CALCulate<n>:STATistics:MODE <StatisticMode>

This command defines whether only the symbol points or all points are considered for
the statistical calculations.

Setting parameters:
<StatisticMode> SONLy | INFinite

SONLy
Symbol points only are used

INFinite
All points are used

*RST: SONLy

Manual control: See "Oversampling” on page 198

DISPlay[:WINDow<n>]:PRATe:AUTO <DisplayPPSMode>

Defines the number of display points that are displayed per symbol automatically, i.e.
according to [SENSe: ] DDEMod: PRATe on page 296. To define a different number of
points per symbol for display, use the MANual parameter and the D1SPlay | :
WINDow<n>] :PRATe [ :VALue] command.

Setting parameters:
<DisplayPPSMode> AUTO | MANual

*RST: AUTO

Manual control: See "Display Points/Sym" on page 198

DISPlay[:WINDow<n>]:PRATe[:VALue] <DisplayPPS>

This command determines the number of points to be displayed per symbol if manual
mode is selected (see DISPlay [ :WINDow<n>] : PRATe : AUTO on page 359).

This command is not available for result displays based on the capture buffer; in this case,
the displayed points per symbol are defined by the sample rate ([ SENSe: ] DDEMod :
PRATe command).
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Setting parameters:
<DisplayPPS> 1,2,4,8,16 or 32

1
only the symbol time instants are displayed

2,4,8,16, 32
more points are displayed than symbols

*RST: 4

Manual control: See "Display Points/Sym" on page 198

DISPlay[:WINDow<n>]:TRACe:SYMBol

This command enables the display of the decision instants (time when the signals occur-
red) as dots on the trace.

Manual control: See "Highlight Symbols" on page 198

DISPlay[:WINDow<n>]:TRACe:Y[:SCALe]:MODE <Mode>
This command selects the type of scaling of the y-axis.

When the display update during remote control is off, this command has no immediate
effect.

Parameters:
<Mode> ABSolute
absolute scaling of the y-axis
RELative
relative scaling of the y-axis
*RST: ABSolute
Example: DISP:TRAC:Y:MODE REL

Retrieving Results

The following commands are required to retrieve the calculated VSA parameters.

All results that are not based on the capture buffer data are calculated for a single result
range only (see chapter 4.6.1, "Result Range", on page 112). To retrieve the results for
several result ranges, use the [SENSe: ] DDEMod: SEARch :MBURst : CALC

on page 303 command to move from one result range to the next.

e Retrieving Trace Data and Marker Values............coooiiiiiiiiiiiiiiiiiiieeeeeeeeeee e 361
o Retrieving Parameter Values............ueiiiiiiiiiiiiiie e 365
o Retrieving Limit Check RESUILS..........ccoiiiiiiiiii e 375
e Importing and Exporting I/Q Data and ReSUltS........ccccceviiiieiiiiiiie e, 377

e
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Retrieving Trace Data and Marker Values

In order to retrieve the trace and marker results in a remote environment, use the following
commands:

CALCulate<n>:DELTamarker<m>:X:ABSolute?

This command queries the absolute x-value of the selected delta marker in the specified
window. The command activates the corresponding delta marker, if necessary.

Usage: Query only

CALCulate<n>:DELTamarker<m>:X:RELative?
This command queries the relative position of a delta marker on the x-axis.
If necessary, the command activates the delta marker first.

Return values:
<Position> Position of the delta marker in relation to the reference marker or
the fixed reference.

Example: CALC:DELT3:X:REL?
Outputs the frequency of delta marker 3 relative to marker 1 or
relative to the reference position.

Usage: Query only

CALCulate<n>:MARKer<m>:Y?
This command queries the position of a marker on the y-axis.
If necessary, the command activates the marker first.

To get a valid result, you have to perform a complete measurement with synchronization
to the end of the measurement before reading out the result. This is only possible for
single sweeps. See also INITiate:CONTinuous on page 327.

Return values:
<Result> Result at the marker position.

Example: INIT:CONT OFF
Switches to single measurement mode.
CALC:MARK2 ON

Switches marker 2.

INIT; *WAT

Starts a measurement and waits for the end.
CALC:MARK2:Y?

Outputs the measured value of marker 2.

Usage: Query only

e
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DISPlay[:WINDow<n>]: TRACe<t>:X[:SCALe]:STARt?

This command queries the first value of the x-axis in symbols or time, depending on the
unit setting for the x-axis.

Note: using the CAL.Culate<n>:TRACe<t>:ADJust:ALIGnment :0FFSet com-
mand, the burst is shifted in the diagram; the x-axis thus no longer begins on the left at
0 symbols but at a selectable value.

Usage: Query only

FORMat:DEXPort:DSEParator <Separator>

This command selects the decimal separator for data exported in ASCII format.

Parameters:
<Separator> COMMa
Uses a comma as decimal separator, e.g. 4,05.
POINt
Uses a point as decimal separator, e.g. 4.05.
*RST: *RST has no effect on the decimal separator. Default
is POINTt.
Example: FORM:DEXP:DSEP POIN
Sets the decimal point as separator.
Manual control: See "Decimal Separator" on page 189

FORMat:DEXPort:HEADer <Header>

This command defines if a file header (including start frequency, sweep time, detector,
etc.) is created or not. A small header with the instrument model, the version and the date
is always transferred.

Setting parameters:

<Header> ON | OFF
*RST: OFF
Manual control: See "Header" on page 188

FORMat:DEXPort:MODE <Mode>
This command defines which data are transferred, raw I/Q data or trace data.

Setting parameters:

<Mode> RAW | TRACe
*RST: TRACe
Manual control: See "Data Export Mode" on page 188

e
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MMEMory:STORe<n>:TRACe <Trace>, <FileName>

This command exports trace data from the specified window to an ASCII file.

Parameters:
<Trace> Number of the trace to be stored
<FileName> String containing the path and name of the target file.
Example: MMEM:STOR1:TRAC 3, 'TEST.ASC'

Stores trace 3 from window 1 in the file TEST . ASC.
Usage: SCPI confirmed
Manual control: See "Trace ASCII Export" on page 189

TRACe<n>[:DATA] <Trace>

This command queries the trace data.

Which data is returned depends on the result display in the window specified by the suffix
<n>.

Capture Buffer

For the Capture Buffer result display, the command returns the y-axis values of the
data that is stored in the capture buffer. The number of returned values depends on
the size of the capture buffer and the sample rate. For example, a capture buffer of
500 in combination with an sample rate of 4 would return 2000 level values. The unit
is dBm.

Cartesian diagrams
For cartesian diagrams, the command returns the y-values of the trace only (magni-
tude, phase, frequency, real/imag, eye diagrams). The number of returned values is
the product of the "Result Length" and the display points per symbol. The unit
depends on the unit you have set previously. You can query the x-value that relates
to the first value of the y-axis using DISPlay [ :WINDow<n>] : TRACe<t>:X[:
SCALe] : STARt? on page 362.
When querying the results for eye diagrams, the results are merely superimposed in
the display. This means that the eye diagram result displays are the same as the real/
imag result display.
Polar diagrams
For polar diagrams, the command returns a pair of values for each trace point. The
first value is the real part, the second value the imaginary part. The number of
returned value pairs depends on the result type:
— Vector 1/Q:

evaluation range length * display points per symbol

— Constellation 1/Q:
evaluation range length

— Constellation Frequency and Vector Frequency: one value for each trace point
on the y-axis

Symbols

User Manual 1173.9292.02 — 04 363



R&S®FSW-K70 Remote Commands for VSA

e
Retrieving Results

For the symbol table result diagrams, the command returns one value for each num-

ber in the table. The command always returns the values in the decimal format. The

number of returned values depends on the modulation scheme you have selected.
e FEye diagram

For eye diagrams, the command returns one value for each sample. The number of

returned values is the product of evaluation range length and display points per sym-

bol.

e Result Summary
For the Result Summary, the command returns all values listed in the result table
from top to bottom, i.e.:
<EVM_RMS>,<EVM_Peak><MER_RMS><MER_Peak>,<Phase Error
RMS>,<Phase Error Peak>,<MagError_RMS>,<MagError_Peak>,<Carrier Fre-
quency Error>,<Rho>,<1/Q Offset>,<1/Q Imbalance>,<Gain Imbalance>,<Quadratue
Error>,Amplitude Droop>,<Power>,<Symbol Rate Error>
(Note that the "Symbol Rate Error" was appended at the end to provide compatibility
to previous versions and instruments.)
For each result type, both the current and statistical values are provided. The order
of the results is as follows:
<result1_current>, <result1_mean>, <result1_peak>, <result1_stddev>,
<result1_95%ile>,
<result2_current>, <result2_mean>, (...)
Empty cells in the table return nothing. The number of returned values depends on
the modulation scheme you have selected. PSK, MSK and QAM modulation returns
85 values, FSK modulation returns 55 values. The unit of each value depends on the
particular result.

e Equalizer
For Equalizer diagrams, the command returns the y-axis values of the equalizer trace.
The number of returned values depends on the result type:
— For impulse response diagrams:
(filter length * sample rate) +1

— For frequency response, channel and group delay diagrams: 4096 values

You can query the x-value that relates to the first value of the y-axis using
DISPlay[:WINDow<n>]:TRACe<t>:X[:SCALe] :STARL? on page 362.

Setting parameters:

<Trace> TRACe1 | TRACe2 | TRACe3 | TRACe4 | TRACe5 | TRACES |
TRACe1R | TRACe1l | TRACe2R | TRACe2! | TRACEe3R |
TRACe3!
TRACe1/2/3/4/5/6

The complete data from the corresponding trace.

TRACe1R/TRACe2R/TRACe3R

The real data from the corresponding trace. The parameters are
available for the Real/Imaginary result types.
TRACe1l/TRACe2l/TRACe3I

The imaginary data from the corresponding trace. The parameters
are available for the Real/Imaginary result types.

e
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10.8.2 Retrieving Parameter Values

For each parameter, the VSA application calculates and shows various statistical values:

e Current value

e Mean value
Calculated as the average of the number of results defined by the Statistic Count.
e Peak value
e Standard deviation
e 95 percentile
Unlike the mean value, the 95%sile is a result of all measurement results since the

last start of a single or continous sweep, or of all measurements since the last change
of a measurement parameter.

For details on the individual parameters see chapter 3.3, "Common Parameters in
VSA", on page 48 and chapter A.5, "Formulae", on page 410.

CALCUIAtESN>BERALE....cvuuiieiiiiieiee ittt ee e eetiee e e e e etee e e e s eabe s e e s eesaeeeeseeta e eeeesnnneeeseesannnns 365
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIistiC:ADROOP?......ucereeereeruniereeerennnnns 366
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIStiC:ALL?....ceveiniiiiiieieeeeeeeeeeen 366
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:CFERIOr?.........ccccceeevueeeeneeenn... 366
CALCulate<n>:MARKer<m>:FUNCtion:DDEMOod:STATIStIC:EVM?...cevveeriiriereieeieeree e, 367
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIistiC:FDERIOr?.......ooeeveveereerennereennnn. 368
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:FSK:CFDRIft?........cc.ccccevvunnnenen. 368
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:FSK:DERROI?.......cc.cceeeererrnnnn. 368
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:FSK:MDEViation?.................... 369
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:FSK:RDEViation?..................... 370
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:GIMBalance?...........ccccccvvuvennen. 370
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:IQIMbalance?............cccceeeunvenne. 370
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIistic:MERROI?.......cccevvueererneeeenneeenn. 371
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:MPOWer?.......ccccceeeernreernnnnnn. 371
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:OOFFset?.......cccccoeeeiiieiinnnnns 372
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:PERROI?........c.ccccueeiiuieeiineaennn.s 372
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:QERROI?..........ceeevvuriieneaennn... 373
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIistic:RHO?.......cooveiiiiiiiiiieiiieeenenn 374
CALCulate<n>:MARKer<m>:FUNCtion:DDEMOod:STATIStIC:SNR?.....ccvvereerieireeeeeeveeeeennen, 374
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIstiC:SRERIOI?........ccvueierieernereerennnn. 375

CALCulate<n>:BERate <Format>

Queries the Bit Error Rate results. The available results are described in chapter 3.2.23,
"Bit Error Rate (BER)", on page 42.

Query parameters:

<Format> Specifies a particular BER result to be queried. If no parameter is
specified, the current bit error rate is returned.
The parameters for these results are listed in table 10-3.

|
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Table 10-3: Parameters for BER result values

Result Current Min Max Acc
Bit Error Rate CURRent MIN MAX TOTal
Total # of Errors TECurrent TEMIN TEMAX TETotal
Total # of Bits TCURrent TMIN TMAX TTOTal

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:ADRoop? <type>

This command queries the results of the amplitude droop error measurement performed
for digital demodulation. The output values are the same as those provided in the Mod-
ulation Accuracy table (see chapter 3.2.22, "Result Summary", on page 39).

Query parameters:
<type> <none>
Amplitude droop in dB/symbol (for current sweep)
AVG
Amplitude droop in dB/symbol, evaluating the linear average value
over several sweeps

RPE
Peak value for amplitude droop over several sweeps
SDEV
Standard deviation of amplitude droop
PCTL
95 percentile value of amplitude droop
*RST: RPE
Usage: Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:ALL?
The command queries all results of the result summary as shown on the screen.

Usage: Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:CFERror? <type>

This command queries the results of the carrier frequency error measurement performed
for digital demodulation.

The output values are the same as those provided in the Modulation Accuracy table.

e
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<none>
Carrier frequency error for current sweep

AVG

Average carrier frequency error (over several sweeps)
RPE

Peak carrier frequency error (over several sweeps)

SDEV
Standard deviation of frequency error

PCTL

95 percentile value of frequency error
*RST: PEAK

Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:EVM? <type>

This command queries the results of the error vector magnitude measurement of digital
demodulation. The output values are the same as those provided in the Modulation

Accuracy table .

Query parameters:
<type>

Usage:

<none>
Average EVM value of current sweep

AVG

RMS average EVM value (over several sweeps)

RPE

Peak value of EVM (over several sweeps)

SDEV

Standard deviation of EVM values over several sweeps

PCTL

95% percentile of RMS value (over several sweeps)

PEAK

Maximum EVM over all symbols of current sweep

PAVG

Average of maximum EVM values over several sweeps
TPEA

Maximum EVM over all symbols over several sweeps

PSD

Standard deviation of maximum EVM values over several sweeps
PPCT

95% percentile of maximum RMS values over several sweeps

*RST: PEAK
Query only
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CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:FDERror? <type>

This command queries the results of the FSK deviation error of FSK modulated signals.

Query parameters:
<type>

Usage:

<none>

Deviation error for current sweep.

AVG

Average FSK deviation error.

RPE

Peak FSK deviation error.

SDEV

Standard deviation of FSK deviation error.
PCTL

95 percentile value of FSK deviation error.
*RST: PEAK

Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:FSK:CFDRIft? <type>

This command queries the results of the carrier frequency drift for FSK modulated signals.

Query parameters:
<type>

Usage:

<none>

Carrier frequency drift for current sweep.

AVG

Average FSK carrier frequency drift.

RPE

Peak FSK carrier frequency drift.

SDEV

Standard deviation of FSK carrier frequency drift.
PCTL

95 percentile value of FSK carrier frequency drift.
*RST: PEAK

Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:FSK:DERRor? <type>

This command queries the results of the frequency error of FSK modulated signals.
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<none>
Frequency error for current sweep.

AVG

Average frequency error (over several sweeps).

RPE

Frequency error (over several sweeps).

SDEV

Standard deviation of frequency error.

PCTL

95 percentile value of frequency error.

PEAK

Maximum frequency error over all symbols of current sweep.
PAVG

Average of maximum frequency error values over several sweeps.
TPE

Maximum frequency error over all symbols over several sweeps.

PSD
Standard deviation of maximum frequency error values over sev-
eral sweeps.

PPCT
95% percentile of maximum RMS values over several sweeps.

*RST: PEAK
Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:FSK:MDEViation?

<type>

This command queries the results of the measurement deviation of FSK modulated sig-

nals.

Query parameters:
<type>

Usage:

<none>
Measurement deviation for current sweep.

AVG

Average FSK measurement deviation.
RPE

Peak FSK measurement deviation.

SDEV
Standard deviation of FSK measurement deviation.

PCTL
95 percentile value of FSK measurement deviation.

*RST: PEAK
Query only
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CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:FSK:RDEViation?
<type>

This command queries the results of the reference deviation of FSK modulated signals.

Query parameters:

<type> <none>
Measurement deviation for current sweep.
AVG
Average FSK measurement deviation.
RPE
Peak FSK measurement deviation.
SDEV
Standard deviation of FSK measurement deviation.
PCTL
95 percentile value of FSK measurement deviation.
*RST: PEAK
Usage: Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:GIMBalance? <type>

This command queries the results of the Gain Imbalance error measurement of digital
demodulation. The output values are the same as those provided in the Modulation
Accuracy table .

Query parameters:

<type> <none>
Gain imbalance error for current sweep
AVG
Average gain imbalance error (over several sweeps)
RPE
Peak gain imbalance error (over several sweeps)
SDEV
Standard deviation of gain imbalance error
PCTL
95 percentile value of gain imbalance error
*RST: PEAK

Usage: Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:IQIMbalance? <type>

This command queries the results of the I/Q imbalance error measurement of digital
demodulation.

e
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<none>
I/Q imbalance error (for current sweep)

AVG
Average 1/Q imbalance error (over several sweeps)

RPE
Peak 1/Q imbalance error (over several sweeps)

SDEV

Standard deviation of I/Q imbalance error
PCTL

95 percentile value of I/Q imbalance error
*RST: PEAK

Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:MERRor? <type>

This command queries the results of the magnitude error measurement of digital demod-

ulation.

Query parameters:
<type>

Usage:

<none>

magnitude error for current sweep

AVG

Average magnitude error (over several sweeps)
RPE

Peak magnitude error (over several sweeps)
SDEV

Standard deviation of magnitude error
PCTL

95 percentile value of magnitude error
*RST: PEAK

Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:MPOWer? <type>

This command queries the results of the power measurement of digital demodulation.
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<none>
power measurement (for current sweep)

AVG

Average of power measurement (over several sweeps)
RPE

Peak of power measurement (over several sweeps)

SDEV
Standard deviation of power measurement

PCTL

95 percentile value of power measurement
*RST: PEAK

Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:OOFFset? <type>

This command queries the results of the 1/Q offset measurement performed for digital

demodulation.

Query parameters:
<type>

Usage:

<none>
Origin offset error (for current sweep)

AVG
Average origin offset error (over several sweeps)

RPE
Peak origin offset error (over several sweeps)

SDEV

Standard deviation of origin offset error
PCTL

95 percentile value of origin offset error
*RST: PEAK

Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:PERRor? <type>

This command queries the results of the phase error measurement performed for digital

demodulation.
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<none>
Phase error in degree

AVG

RMS phase error value (over several sweeps)

RPE

Peak value of phase error (over several sweeps)

SDEV

Standard deviation of phase error values over several sweeps
PCTL

95% percentile of RMS value (over several sweeps)

PEAK

Maximum phase error of current sweep

PAVG

Average of maximum phase error values over several sweeps
TPE

Maximum phase error over several sweeps

PSD
Standard deviation of maximum phase error values over several
sweeps

PPCT
95% percentile of maximum RMS values over several sweeps

*RST: PEAK
Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:QERRor? <type>

This command queries the results of the Quadratur error measurement performed for

digital demodulation.

Query parameters:
<type>

Usage:

<none>

quadrature error (for current sweep)

AVG

Average quadrature error (over several sweeps)
RPE

Peak quadrature error (over several sweeps)
SDEV

Standard deviation of quadrature error
PCTL

95 percentile value of quadrature error
*RST: PEAK

Query only
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CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:RHO? <type>

This command queries the results of the Rho factor measurement performed for digital
demodulation.

Query parameters:

<type> <none>
Rho factor (for current sweep)
AVG
Average rho factor (over several sweeps)
RPE
Peak rho factor (over several sweeps)
SDEV
Standard deviation of rho factor
PCTL
95 percentile value of rho factor
*RST: PEAK

Usage: Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:SNR? <type>

This command queries the results of the SNR error measurement performed for digital
demodulation.

Query parameters:

<type> <none>
Average SNR value of current sweep
AVG
RMS Average SNR value (over several sweeps)
RPE
Peak value of SNR (over several sweeps)
SDEV
Standard deviation of SNR values over several sweeps
PCTL
95% percentile of RMS value (over several sweeps)
PEAK
Maximum SNR over all symbols of current sweep
PAVG
Average of maximum SNR values over several sweeps
TPE
Maximum SNR over all symbols over several sweeps
PSD
Standard deviation of maximum SNR values over several sweeps
PPCT
95% percentile of maximum RMS values over several sweeps
*RST: PEAK
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Usage: Query only

CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:SRERror?
<ResultType>

This command queries the symbol rate error

Query parameters:

<ResultType> PEAK | AVG | SDEV | PCTL | TPEak | RPEak | PAVG | PSDev |
PPCTI
<none>
symbol rate error (for current sweep)
AVG
average symbol rate error (over several sweeps
RPE
Peak symbol rate error (over several sweeps)
SDEV
Standard deviation of symbol rate error
PCTL
95 percentile value of symbol rate error
*RST: PEAK
Usage: Query only

Retrieving Limit Check Results

The modulation accuracy parameters can be checked against defined limits. The follow-
ing commands are required to query the results of these limit checks.

CALCulate<n>:LIMit:MACCuracy:CFERror:CURRent[:RESult]?
CALCulate<n>:LIMit:MACCuracy:CFERror:MEAN[:RESult]?
CALCulate<n>:LIMit:MACCuracy:CFERror:PEAK[:RESult]?
CALCulate<n>:LIMit:MACCuracy:EVM:PCURrent[:RESult]?
CALCulate<n>:LIMit:MACCuracy:EVM:PMEan[:RESult]?
CALCulate<n>:LIMit:MACCuracy:EVM:PPEak[:RESUIt]?
CALCulate<n>:LIMit:MACCuracy:EVM:RCURrent[:RESult]?
CALCulate<n>:LIMit:MACCuracy:EVM:RMEan[:RESult]?
CALCulate<n>:LIMit:MACCuracy:EVM:RPEak[:RESult]?
CALCulate<n>:LIMit:MACCuracy:FDERror:CURRent[:RESult]?
CALCulate<n>:LIMit:MACCuracy:FDERror:MEAN[:RESult]?
CALCulate<n>:LIMit:MACCuracy:FDERror:PEAK[:RESult]?
CALCulate<n>:LIMit:MACCuracy:FERRor:PCURrent[:RESUI{]?
CALCulate<n>:LIMit:MACCuracy:FERRor:PMEan[:RESult]?
CALCulate<n>:LIMit:MACCuracy:FERRor:PPEak[:RESult]?
CALCulate<n>:LIMit:MACCuracy:FERRor:RCURrent[:RESult]?
CALCulate<n>:LIMit:MACCuracy:FERRor:RMEan[:RESult]?
CALCulate<n>:LIMit:MACCuracy:FERRor:RPEak[:RESult]?
CALCulate<n>:LIMit:MACCuracy:MERRor:PCURrent[:RESult]?
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CALCulate<n>:LIMit:MACCuracy:MERRor:PMEan[:RESult]?
CALCulate<n>:LIMit:MACCuracy:MERRor:PPEak[:RESult]?
CALCulate<n>:LIMit:MACCuracy:MERRor:RCURrent[:RESult]?
CALCulate<n>:LIMit:MACCuracy:MERRor:RMEan[:RESult]?
CALCulate<n>:LIMit:MACCuracy:MERRor:RPEak[:RESult]?
CALCulate<n>:LIMit:MACCuracy:OOFFset:CURRent[:RESult]?
CALCulate<n>:LIMit:MACCuracy:O0FFset:MEAN[:RESult]?
CALCulate<n>:LIMit:MACCuracy:OOFFset:PEAK[:RESult]?
CALCulate<n>:LIMit:MACCuracy:PERRor:PCURrent[:RESult]?
CALCulate<n>:LIMit:MACCuracy:PERRor:PMEan[:RESult]?
CALCulate<n>:LIMit:MACCuracy:PERRor:PPEak[:RESult]?
CALCulate<n>:LIMit:MACCuracy:PERRor:RCURrent[:RESult]?
CALCulate<n>:LIMit:MACCuracy:PERRor:RMEan[:RESult]?
CALCulate<n>:LIMit:MACCuracy:PERRor:RPEak[:RESult]?
CALCulate<n>:LIMit:MACCuracy:RHO:CURRent[:RESult]?
CALCulate<n>:LIMit:MACCuracy:RHO:MEAN[:RESult]?
CALCulate<n>:LIMit:MACCuracy:RHO:PEAK[:RESult]?
CALCulate<n>:LIMit:MACCuracy:<ResultType>:<LimitType>[:RESUIt]

This command queries whether the limit for the specified result type and limit type was
violated.

For details on result types and limit types see chapter 3.2.22, "Result Summary",
on page 39.

Suffix:
<ResultType> CFERror | EVM | FDERror | FERRor | MERRor | OOFFset | PER-
Ror | RHO
CFERror = Carrier Frequency Error
EVM = Error Vector Magnitude
FDERror = Frequency deviation error (FSK only)
FERRor = Frequency error (FSK only)
MERRor = Magnitude Error
OOFFset = 1/Q Offset
PERRor = Phase Error
RHO = Rho

<LimitType> CURRent | MEAN | PEAK | PCURRent | PMEan | PPEak | RCUR-
Rent | RMEan | RPEak
For CFERor, OOFFset, RHO:
CURRent
MEAN
PEAK
For EVM, FDERror, FERRor, MERRor, PERRor:
PCURRent = Peak current value
PMEan = Peak mean value
PPEak = Peak peak value
RCURRent = RMS current value
RMEan = RMS mean value
RPEak = RMS peak value
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Return values:
<LimitResult> NONE | PASS | FAIL | MARGIN

NONE

No limit check result available yet.

PASS

All values have passed the limit check.
FAIL

At least one value has exceeded the limit.
MARGIN

currently not used

*RST: NONE

Importing and Exporting I/Q Data and Results

The 1/Q data to be evaluated in VSA can not only be measured by the VSA application
itself, it can also be imported to the application, provided it has the correct format. Fur-
thermore, the evaluated 1/Q data from the VSA application can be exported for further
analysis in external applications.

For details on importing and exporting I/Q data see the R&S FSW User Manual.

MMEMOTY:LOAD: IQ: S T AT .t tttuie et ettt e ettt e ettt ae s e e e s e e et e e e e eb s e e e et e e e aabn s e aeesaseenenan 377
MMEMOry:STORE:IQ:COMMENL......cittiiiiutunaaaaa e e e e e e e e e e et e eeeeeeetab s e e e e e e e e aeeeeeeeeeeensnnaas 377
MMEMory:STORE:IQ:FORMAL?. ... ..ttt ettt e e e e e e 378
MMEMOTY:STORE:IQ: ST AT ... eieeeieit et e e e e ettt eee e e e e e e e ettt et ree e e eeeaeeeeestanaaeeeaaaeeeessnnanns 378

MMEMory:LOAD:IQ:STATe 1,<FileName>
This command restores I/Q data from a file.

The file extension is *.iq.tar.

Parameters:
1
<FileName> String containing the path and name of the source file.
Example: MMEM:LOAD:IQ:STAT 1, 'C:
\R S\Instr\user\data.iqg.tar'
Loads 1Q data from the specified file.
Usage: Setting only

MMEMory:STORe:IQ:COMMent <Comment>
This command adds a comment to a file that contains 1/Q data.

Parameters:
<Comment> String containing the comment.

|
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Example: MMEM:STOR:IQ:COMM 'Device test 1b'
Creates a description for the export file.
MMEM: STOR:IQ:STAT 1, 'C:
\R_S\Instr\user\data.iqg.tar'
Stores 1/Q data and the comment to the specified file.

MMEMory:STORe:IQ:FORMat? <Format>,<DataFormat>

This command queries the format of the 1/Q data to be stored.

Parameters:
<Format> FLOat32
32-bit floating point format.
*RST: FLOat32
<DataFormat> COMPIlex
Exports complex data.
*RST: COMPlex
Usage: Query only

MMEMory:STORe:IQ:STATe 1, <FileName>
This command writes the captured 1/Q data to a file.

The file extension is *.ig.tar. By default, the contents of the file are in 32-bit floating point
format.

Parameters:

1

<FileName> String containing the path and name of the target file.
Example: MMEM:STOR:IQ:STAT 1, 'C:

\R_S\Instr\user\data.iqg.tar'
Stores the captured 1/Q data to the specified file.

Status Reporting System

The status reporting system stores all information on the current operating state of the
instrument, e.g. information on errors or limit violations which have occurred. This infor-
mation is stored in the status registers and in the error queue. The status registers and
the error queue can be queried via IEC bus.

In this section, only the status registers/bits specific to the VSA application are described.

For details on the common R&S FSW status registers refer to the description of remote
control basics in the R&S FSW User Manual.

-
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@ *RST does not influence the status registers.

Description of the Status Registers

In addition to the registers provided by the base system, the following registers are used
in the VSA application:

® STATus:QUEStionable:SYNC<n> - contains application-specific information
about synchronization errors or errors during burst detection.

® STATus:QUESTionable:MODulation<n> — provides information on any limit vio-
lations that occur after demodulation in one of the 4 windows

® STATus:QUESTionable:MODulation<n>:EVM - limit violations in EVM evalua-
tion

® STATus:QUESTionable:MODulation<n>:PHASe -limitviolations in Phase Error
evaluation

® STATus:QUESTionable:MODulation<n>:MAGnitude - limit violations in Mag-
nitude Error evaluation

® STATus:QUESTionable:MODulation<n>:CFRequency - limit violations in Car-
rier Frequency evaluation

® STATus:QUESTionable:MODulation<n>:IQRHO - limit violations in I/Q-Offset
and RHO evaluation

® STATus:QUESTionable:MODulation<n>:FSK-limitviolationsin FSK evaluation

The STATus :QUEStionable register "sums up" the information from all subregisters

@ (e.g. bit 11 sums up the information for all STATus : QUEStionable: SYNC registers).
For some subregisters, there may be separate registers for each active channel. Thus,
if a status bit in the STATus : QUEStionable register indicates an error, the error may
have occurred in any of the channel-specific subregisters. In this case, you must check
the subregister of each channel to determine which channel caused the error. By default,
querying the status of a subregister always returns the result for the currently selected
channel.

The commands to query the contents of the following status registers are described in
chapter 10.9.9, "Querying the Status Registers", on page 384.

|
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10.9.1 STATus:QUEStionable:SYNC<n> Register

This register contains application-specific information about synchronization errors or
errors during burst detection for each window in each VSA channel. It can be queried

with commands STATus:QUEStionable:SYNC:CONDition? on page 386 and

STATus:QUEStionable:SYNC[:EVENt]? on page 386.

Table 10-4: Status error bits in STATus:QUEStionable:SYNC register for R&S FSW-K70

Bit

Definition

0

Burst not found.

This bit is set if a burst could not be detected.

Sync not found

This bit is set if the sync sequence (pattern) of the midamble could not be detected.

2to 14

Not used.

15

This bit is always 0.

10.9.2 STATus:QUEStionable:MODulation<n> Register

This register comprises information about any limit violations that may occur after demod-
ulation in any of the VSA windows. It can be queried with commands STATus:
QUEStionable:MODulation<n>:CONDition? on page 386 and STATus:
QUEStionable:MODulation<n>[:EVENt]? on page 386.

@ The status of the STATus : QUESTionable :MODulation register is indicated in bit 7 of

the "STATus:QUESTionable" register. It can be queried using the
STATus :QUESTionable:EVENt command.

Bit No

Meaning

Error in EVM evaluation

Error in Phase Error evaluation

Error in Magnitude Error evaluation

Error in Carrier Frequency evaluation

Error in I/Q offset or RHO evaluation

Error in FSK evaluation

6-15

These bits are not used

10.9.3 STATus:QUESTionable:MODulation<n>:EVM Register

This register comprises information about limit violations in EVM evaluation. It can be
queried with commands
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STATus :QUEStionable:MODulation<n>:EVM:CONDition and
STATus :QUEStionable:MODulation<n>:EVM[ :EVENt].

Bit No Meaning

0 Error in current RMS value
1 Error in mean RMS value
2 Error in peak RMS value
3-4 These bits are not used

5 Error in current peak value
6 Error in mean peak value
7 Error in peak peak value
8-15 These bits are not used

10.9.4 STATus:QUESTionable:MODulation<n>:PHASe Register

This register comprises information about limit violations in Phase Error evaluation. It can
be queried with commands
STATus:QUEStionable:MODulation<n>:PHASe:CONDition and
STATus:QUEStionable:MODulation<n>:PHASe[:EVENt].

Bit No Meaning

0 Error in current RMS value
1 Error in mean RMS value
2 Error in peak RMS value
3-4 These bits are not used

5 Error in current peak value
6 Error in mean peak value
7 Error in peak peak value
8-15 These bits are not used

10.9.5 STATus:QUESTionable:MODulation<n>:MAGnitude Register

This register comprises information about limit violations in Magnitude Error evaluation.
It can be queried with commands
STATus:QUEStionable:MODulation<n>:MAGNitude:CONDition and
STATus:QUEStionable:MODulation<n>:MAGNitude[:EVENt].

e
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Bit No Meaning

0 Error in current RMS value
1 Error in mean RMS value
2 Error in peak RMS value
3-4 These bits are not used

5 Error in current peak value
6 Error in mean peak value
7 Error in peak peak value
8-15 These bits are not used

10.9.6 STATus:QUESTionable:MODulation<n>:CFRequency Register

This register comprises information about limit violations in Carrier Frequency evaluation.
It can be queried with commands

STATus :QUEStionable:MODulation<n>:CFREQuency:CONDition and
STATus:QUEStionable:MODulation<n>:CFREQuency[:EVENt].

Bit No Meaning

0 Error in current value

1 Error in mean value

2 Error in peak value
3-15 These bits are not used

10.9.7 STATus:QUESTionable:MODulation<n>:IQRHO Register

This register comprises information about limit violations in 1/Q offset or RHO evaluation.
It can be queried with commands

STATus :QUEStionable:MODulation<n>:IQRHO:CONDition and
STATus:QUEStionable:MODulation<n>:IQRHO[ :EVENt].

Bit No Meaning

0 Error in current RHO value

1 Error in mean RHO value

2 Error in peak RHO value

3-4 These bits are not used

5 Error in current 1/Q offset value
6 Error in mean 1/Q offset value

|
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10.9.8 STATus:QUESTionable:MODulation<n>:FSK Register

Bit No Meaning
7 Error in peak 1/Q offset value
8-15 These bits are not used

This register comprises information about limit violations in FSK evaluation. It can be
queried with commands

STATus:QUEStionable:MODulation<n>:FSK:CONDition and
STATus:QUEStionable:MODulation<n>:FSK[:EVENt].

Bit No Meaning

0 Error in current Frequency Error RMS value
1 Error in mean Frequency Error RMS value
2 Error in peak Frequency Error RMS value
3-4 These bits are not used

5 Error in current Frequency Error peak value
6 Error in mean Frequency Error peak value
7 Error in peak Frequency Error peak value
8-9 These bits are not used

10 Error in current Frequency Deviation value
11 Error in mean Frequency Deviation value
12 Error in peak Frequency Deviation value
13-15 These bits are not used

10.9.9 Querying the Status Registers

The following commands query the contents of the individual status registers.

STATus:QUEStionable:ACPLIMit:CONDItION?........iiiiieieiiice e et eee e e e e e 386
STATus:QUEStionable:DIQ:CONDITION . ....ieeiieieireetiei e et ea st era st s rarensnranenenen 386
STATus:QUEStionable:FREQUENCY:CONDIION?....ceutuueeeeeeeeieiiee e e e e et e e e e 386
STATus:QUEStionable:LIMit<n>:CONDItiON?..........coruieei et 386
STATus:QUEStionable:LMARGIN<N>CONDItION?......cceiiiiieaeieeeeeeeceeieieaee e e e e e eeeeeeneee e 386
STATus:QUEStionable:MODulation<n>:CONDItION?.......ccieeerieerriiieeeeeereesrieeieeeeeeeernnnnns 386
STATus:QUEStionable:MODulation<n>:CFRequency:CONDItioN?...........ceeevverererrvrernnnnnnnnns 386
STATus:QUEStionable:MODulation<n>:EVM:CONDItioN?.......cccoeiuiiiiiiieiiiieeiceeeeeeieeeeanas 386
STATus:QUEStionable:MODulation<n>:FSK:CONDItiON?.......cccvueiiiiiiiieeiiieeeiceeeeeeeereeeeanaas 386
STATus:QUEStionable:MODulation<n>:1QRH0:CONDItION?.........cuueeeeeieerreeeeeeeeereeeeeeeeeenas 386
STATus:QUEStionable:MODulation<n>:MAGNitude:CONDItiON?........ceevveeeeeeeeeeeeeeieeeeennens 386
STATus:QUEStionable:MODulation<n>:PHASE:CONDItION?.......cuuvruieeiereeeeereeeeeernrneeeeenns 386
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STATus:QUEStioNable:POWEr:CONDItION?........cvvuuieiieeeieeeriiiieeieeeeeeeeestieeeeeeeeeeeesraanns 386
STATus:QUESLtIoNable:SYNC:CONDItION?...uuuieeiiiiieeeeeeiieeeeeetee e e e ete e e e e eete e e e e enaeeeesennanss 386
STATus:QUEStionable:ACPLIMItEEVENL]?....ccvuuiieii et eea e e 386
STATuUs:QUEStIoNable:DIQLEVENL]?...ccuuiiiiiiiiei et e et e e s e e e e e e e e e eana s 386
STATus:QUEStionable:FREQUENCY[:EVENL]?...coe e 386
STATus:QUEStionable:LIMit<n>[:EVENT] 2. e e 386
STATus:QUEStionable:LMARGINKNS[IEVENT]?....cocoeiiieeeeie e 386
STATus:QUEStionable:MODulation<n>:CFRequency[:EVENL]?........cceuveeerermreeeniiiiienneeeeenns 386
STATus:QUEStionable:MODulation<n>:EVM[EVENL]?......ccoiiiiiiiiiiiieieeeeeeeecce e 386
STATus:QUEStionable:MODulation<n>:FSK[EVENL]?.......ccueiiiiiiieiieeiiiie e eere e e 386
STATus:QUEStionable:MODulation<n>:1QRHO[:EVENL]?.......cccvvueeieeeiiiiiieeeeeeeeiee e 386
STATus:QUEStionable:MODulation<n>:MAGNIitude[:EVENt]?. ..., 386
STATus:QUEStionable:MODulation<n>:PHASE[:EVENL]?......ccoemmuiiiiinieieeeeeeeeeeeeeeeee e 386
STATus:QUEStionable:MODUlation<n>[:EVENL]?......ciiiieiiiiieiiiceie e eeeve e 386
STATUs:QUESTtioNable:POWEIT:EVENL]?....ccceeiieeceieeeeeeeeeeteie e e e e e e et e e e e e ee e 386
STATuUs:QUESHIONable:SYNC:EVENL]?...ccuuiiiiieiiies et eeiie e e e e e e e s e aenn e e e e 386
STATus:QUEStIoNable:ACPLIMItIENABIE. .......cciiiieieeieeeeeeeeiieeee et ee et e e eea e e e et e eeenanss 387
STATus:QUEStionable:DIQ:ENABIE.........coou ettt et e e et eeeaas 387
STATus:QUEStionable:FREQUENCY:ENABIE. ........uiiiiiieieieiiee et 387
STATuUS:QUEStioNable:LIMIt<N>:ENABIE.........ieeeeieee ettt e e e e eeanas 387
STATus:QUEStionable:LMARGIN<N>ENABIE.......cccuvtitieeieiieeeeeeeeeietreee e e eeer e 387
STATus:QUEStionable:MODulation<n>:CFRequency:ENABIE..........cccvuvueiiieeeeiiieeeeeeennnnnnn 387
STATus:QUEStionable:MODulation<N>:ENABIE.........cccuuiiiiiieeiieeec et ee e e eieeeeaaas 387
STATus:QUEStionable:MODulation<n>:EVM:ENABIE..........ccuceiitieiiieiiieeeeeeee e eanas 387
STATus:QUEStionable:MODulation<n>:FSK:ENABIE.........cuciiiuieeiieeiieeeeeeeeeeeeeeeeeeeeas 387
STATus:QUEStionable:MODulation<n>:IQRHO:ENABIE..........ccueemuieeeieiieeeeeeeeeeeeeeeeeen 387
STATus:QUEStionable:MODulation<n>:MAGNitude:ENABIE.........cceereerreiiiieeeeiceeeeeeeenenn, 387
STATus:QUEStionable:MODulation<n>:PHASE:ENABIE.........ccoeveeeriieeeeeeiieeeeeeree e e e eeenaens 387
STATuUS:QUEStIONable:POWENENABIE. .......coceeveieeeetieiee et e e e eetee e e e e e e e e eene e e s eeteeeseenanss 387
STATus:QUEStIoNable:SYNCENABIE. ..... oot ettt et e e e e e eeaas 387
STATus:QUEStionable:ACPLIMIit:NTRANSHION. .......ciieuiiiiieiieeee et 387
STATus:QUEStionable:DIQ:INTRANSItION. ......ccuuieiiieeeeee et 387
STATus:QUEStionable:FREQUeNCY:NTRANSIHION. ......ceeieiiiiiieiiiicaeeee e 387
STATus:QUEStionable:LIMit<n>:NTRANSHION. .....coieiiieeeeiiiiiieiiiicceeee e eee e eeeee e 387
STATus:QUEStionable:LMARGIN<N>NTRANSIHION. .. ..uuuueiiieieie e eeeeeeeeeee e 387
STATus:QUEStionable:MODulation<n>:CFRequency:NTRansition.........ccccceeeereeeeeeeennnnnnnnn. 387
STATus:QUEStionable:MODulation<n>:EVM:NTRaANSItION........c.ceeeererreeieeiiriieeeeeereeeeeeenann. 387
STATus:QUEStionable:MODulation<n>:FSK:NTRaNSItioN..........cccceeeeiiiiiieiiiiieeiceeeeieeee, 387
STATus:QUEStionable:MODulation<n>:IQRH0:NTRaNSItioN........c.cevreriuirieeeiieeeeeeiee e eeeeenenn 387
STATus:QUEStionable:MODulation<n>:MAGNitude:NTRansition...........ccceereeerineerinneeennnn. 387
STATus:QUEStionable:MODulation<n>:NTRaNSItION...........ccvuvrrueiiieiereeeeeieeeeeeerraraaee s 387
STATus:QUEStionable:MODulation<n>:PHASe:NTRanNSItioN...........ccoeeeerineeeeerineeriieeeeennen, 387
STATus:QUEStionable:POWErNTRANSIHION. ........ciieiiiiiiee et e e e eeaas 388
STATus:QUEStionable:SYNC:INTRANSIHION. .....ccuuiiiiceeiiiie et eeea s 388
STATus:QUEStionable:ACPLImMIit:PTRANSIION. .........eeiiiiiieeice e 388
STATus:QUEStionable:DIQ:PTRANSIHION. .......ceeeeeeie e 388
STATus:QUEStionable:FREQUENCY:PTRANSItION. ..ccu.vuruaieieieeeeiciiieiieee e e e e 388
STATus:QUEStionable:LIMit<n>:PTRANSIION. ......ccuuieereiieieereeiieieeeeniee e e eeree e e e erae e e s eenanns 388
STATus:QUEStionable:LMARGIN<N>:PTRANSHION. ..ccttitiiiiiieiiieeie it e e e 388
STATus:QUEStionable:MODulation<n>:CFRequency:PTRansition...........ccccevrucerreeeeeinnnnnn. 388
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STATus:QUEStionable:MODulation<n>:EVM:PTRANSItION........cuveeeuiiiieeeieiieeeeeeeeeeeieeeanas 388
STATus:QUEStionable:MODulation<n>:FSK:PTRANSItION.......ccccuuiiieeiriiieieeiieeeeeeeieeeeaneas 388
STATus:QUEStionable:MODulation<n>:IQRHo0:PTRaNsition...........cceoeeuieiiiieeiiiiiiieeeieeeenas 388
STATus:QUEStionable:MODulation<n>:MAGNitude:PTRansition............ccceevieeeieinceiineennnns 388
STATus:QUEStionable:MODulation<n>:PHASe:PTRansition............ccccooviiiiiiiiiiiiieiieeenns 388
STATus:QUEStionable:MODulation<n>:PTRaNSItioN..........ccoeuuiiemiiiiiieeeeee e 388
STATus:QUEStionable:POWErPTRANSItION. .....cc.eueeeeeieeeeeeeieeeeee e eeeee e e e e e e e eeanas 388
STATUs:QUESHIONabIe:SYNC:PTRANSIIION.......ccevvrreririiiiiieieieeeeeeeeerereereeresrsrsnnnneeeens 388

STATus:QUEStionable:ACPLimit: CONDition?
STATus:QUEStionable:DIQ:CONDition? <Condition>
STATus:QUEStionable:FREQuency:CONDition?
STATus:QUEStionable:LIMit<n>:CONDition?
STATus:QUEStionable:LMARgin<n>:CONDition?
STATus:QUEStionable:MODulation<n>:CONDition?
STATus:QUEStionable:MODulation<n>:CFRequency:CONDition?
STATus:QUEStionable:MODulation<n>:EVM:CONDition?
STATus:QUEStionable:MODulation<n>:FSK:CONDition?
STATus:QUEStionable:MODulation<n>:1QRHo:CONDition?
STATus:QUEStionable:MODulation<n>:MAGNitude:CONDition?
STATus:QUEStionable:MODulation<n>:PHASe:CONDition?
STATus:QUEStionable:POWer:CONDition?
STATus:QUEStionable:SYNC:CONDition? <ChannelName>

This command reads out the CONDition section of the status register.
The command does not delete the contents of the EVENt section.

Query parameters:

<ChannelName> String containing the name of the channel.
The parameter is optional. If you omit it, the command works for
the currently active channel.

Usage: Query only

STATus:QUEStionable:ACPLimit[:EVENt]?
STATus:QUEStionable:DIQ[:EVENt]? <Event>
STATus:QUEStionable:FREQuency[:EVENt]?
STATus:QUEStionable:LIMit<n>[:EVENt]?
STATus:QUEStionable:LMARgin<n>[:EVEN{]?
STATus:QUEStionable:MODulation<n>:CFRequency[:EVENt]?
STATus:QUEStionable:MODulation<n>:EVM[:EVENt]?
STATus:QUEStionable:MODulation<n>:FSK[:EVEN{]?
STATus:QUEStionable:MODulation<n>:IQRHo[:EVENt]?
STATus:QUEStionable:MODulation<n>:MAGNitude[:EVENt]?
STATus:QUEStionable:MODulation<n>:PHASe[:EVENt]?
STATus:QUEStionable:MODulation<n>[:EVENt]?
STATus:QUEStionable:POWer[:EVENt]?
STATus:QUEStionable:SYNC[:EVENt]? <ChannelName>

This command reads out the EVENTt section of the status register.

e
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The command also deletes the contents of the EVENt section.

Query parameters:

<ChannelName> String containing the name of the channel.
The parameter is optional. If you omit it, the command works for
the currently active channel.

Usage: Query only

STATus:QUEStionable:ACPLimit:ENABIle <Enable>
STATus:QUEStionable:DIQ:ENABIe <Enable>
STATus:QUEStionable:FREQuency:ENABIe <Enable>
STATus:QUEStionable:LIMit<n>:ENABIle <Enable>
STATus:QUEStionable:LMARgin<n>:ENABIle <Enable>
STATus:QUEStionable:MODulation<n>:CFRequency:ENABIle <Enable>
STATus:QUEStionable:MODulation<n>:ENABIle <Enable>
STATus:QUEStionable:MODulation<n>:EVM:ENABIe <Enable>
STATus:QUEStionable:MODulation<n>:FSK:ENABIe <Enable>
STATus:QUEStionable:MODulation<n>:I1QRHo:ENABIe <Enable>
STATus:QUEStionable:MODulation<n>:MAGNitude:ENABIle <Enable>
STATus:QUEStionable:MODulation<n>:PHASe:ENABIle <Enable>
STATus:QUEStionable:POWer:ENABIe <Enable>
STATus:QUEStionable:SYNC:ENABIle <SumBit>,<ChannelName>

This command controls the ENABIe part of a register.

The ENABIe part allows true conditions in the EVENt part of the status register to be
reported in the summary bit. If a bit is 1 in the enable register and its associated event
bit transitions to true, a positive transition will occur in the summary bit reported to the
next higher level.

Parameters:
<SumBit> Range: 0 to 65535
<ChannelName> String containing the name of the channel.

The parameter is optional. If you omit it, the command works for
the currently active channel.

STATus:QUEStionable:ACPLimit:NTRansition <NTransition>
STATus:QUEStionable:DIQ:NTRansition <NTransition>
STATus:QUEStionable:FREQuency:NTRansition <NTransition>
STATus:QUEStionable:LIMit<n>:NTRansition <NTransition>
STATus:QUEStionable:LMARgin<n>:NTRansition <NTransition>
STATus:QUEStionable:MODulation<n>:CFRequency:NTRansition <NTransition>
STATus:QUEStionable:MODulation<n>:EVM:NTRansition <NTransition>
STATus:QUEStionable:MODulation<n>:FSK:NTRansition <NTransition>
STATus:QUEStionable:MODulation<n>:IQRHo:NTRansition <NTransition>
STATus:QUEStionable:MODulation<n>:MAGNitude:NTRansition <NTransition>
STATus:QUEStionable:MODulation<n>:NTRansition <NTransition>
STATus:QUEStionable:MODulation<n>:PHASe:NTRansition <NTransition>
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STATus:QUEStionable:POWer:NTRansition <NTransition>
STATus:QUEStionable:SYNC:NTRansition <SumBit>,<ChannelName>

This command controls the Negative TRansition part of a register.

Setting a bit causes a 1 to 0 transition in the corresponding bit of the associated register.
The transition also writes a 1 into the associated bit of the corresponding EVENT register.

Parameters:
<SumBit> Range: 0 to 65535
<ChannelName> String containing the name of the channel.

The parameter is optional. If you omit it, the command works for
the currently active channel.

STATus:QUEStionable:ACPLimit:PTRansition <PTransition>
STATus:QUEStionable:DIQ:PTRansition <PTranstion>
STATus:QUEStionable:FREQuency:PTRansition <PTransition>
STATus:QUEStionable:LIMit<n>:PTRansition <PTransition>
STATus:QUEStionable:LMARgin<n>:PTRansition <PTransition>
STATus:QUEStionable:MODulation<n>:CFRequency:PTRansition <PTransition>
STATus:QUEStionable:MODulation<n>:EVM:PTRansition <PTransition>
STATus:QUEStionable:MODulation<n>:FSK:PTRansition <PTransition>
STATus:QUEStionable:MODulation<n>:IQRHo:PTRansition <PTransition>
STATus:QUEStionable:MODulation<n>:MAGNitude:PTRansition <PTransition>
STATus:QUEStionable:MODulation<n>:PHASe:PTRansition <PTransition>
STATus:QUEStionable:MODulation<n>:PTRansition <PTransition>
STATus:QUEStionable:POWer:PTRansition <PTransition>
STATus:QUEStionable:SYNC:PTRansition <SumBit>,<ChannelName>

These commands control the Positive TRansition part of a register.

Setting a bit causes a 0 to 1 transition in the corresponding bit of the associated register.
The transition also writes a 1 into the associated bit of the corresponding EVENt register.

Parameters:
<SumBit> Range: 0 to 65535
<ChannelName> String containing the name of the channel.

The parameter is optional. If you omit it, the command works for
the currently active channel.

Obsolete Commands

The following commands are maintained for compatibility reasons with previous R&S
analyzers only. Use the specified alternative commands for new remote control pro-
grams.

(O A O U] = (=3 Pt =t I T 389
CALCulate<n>:FSK:DEViation:COMPENSAtION. ........ceeueeiiereeeeiieeeieeeeteeeee e e e e et eenennas 389
[SENSe:IDDEMOd:EQUANZEIADAP.......ceveeeereririitiriiieieieieseeeeeeeaeeaseeserereeeeesessrssrarasnnnnns 390
[SENSe:]IDDEMOd:NORMAIZE[:VALUE]....ccuuueeeeeitieeeeeeeeteeeeeeeeteeeeeeetaeeeeeesaeeeseeraneeeeeenns 390

e
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CALCulate<n>:FEED <Feed>
Selects the signal source for evaluation.

Note that this command is maintained for compatibility reasons only. Use the LAYout

commands for new remote control programs (see chapter 10.7.2, "Working with Windows

in the Display", on page 350).

Setting parameters:

<Feed> string
'XTIM:DDEM:MEAS'
Measured signal
'XTIM:DDEM:REF'
Reference signal
'XTIM:DDEM:ERR:VECT'
Error vector
'XTIM:DDEM:ERR:MPH'
Modulation errors
'XTIM:DDEM:MACC'
Modulation accuracy
'XTIM:DDEM:SYMB'
Symbol table
'TCAP’
Capture Buffer
'XTIM:DDEM:IMP’
Equalizer Impulse Response
'XFR:DDEM:RAT'
Equalizer Frequency Response

'XFR:DDEM:IRAT'
Equalizer Group Delay

CALCulate<n>:FSK:DEViation:COMPensation <RefDevComp>

This command defines whether the deviation error is compensated for when calculating
the frequency error for FSK modulation.

Note that this command is maintained for compatibility reasons only. For newer remote
programs, use [SENSe: ] DDEMod:NORMalize:FDERror on page 319.

Setting parameters:

<RefDevComp> ON | OFF
ON
Scales the reference signal to the actual deviation of the mea-
surement signal.

OFF
Uses the entered nominal deviation for the reference signal.
*RST: ON
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[SENSe:]DDEMod:EQUalizer:ADAPt <Mode>
This command switches the learning phase of the equalizer on or off.

Note that this command is retained for compatibility reasons only. In newer remote pro-
grams, use the [SENS: ]DDEM:EQU:MODE TRAIN command instead (see [SENSe:
]DDEMod:EQUalizer :MODE on page 315).

Setting parameters:
<Mode> ON | OFF

*RST: OFF

[SENSe:]DDEMod:NORMalize[:VALue] <Normalize>

This command switches the compensation of the 1Q offset and the compensation of
amplitude droop on or off.

Note that this command is maintained for compatibility reasons only. Use the more spe-
cific [SENSe: ] DDEMod : NORMalize commands for new remote control programs (see
chapter 10.4.8, "Demodulation Settings", on page 312).

Parameters:
<Normalize> ON | OFF
OFF
No compensation for amplitude droop nor I/Q offset
ON
Compensation for amplitude droop and 1/Q offset enabled
*RST: ON

10.11 Programming Examples

The following examples demonstrate how to perform vector signal analysis in a remote
environment.

These examples are meant to demonstrate the use of the most common remote com-
mands for vector signal analysis. Note that not all commands executed here are actually
necessary, as they may reflect default settings.

e Measurement Example 1: User-defined Measurement of Continuous QPSK Signal

.............................................................................................................................. 391
e Measurement Example 2: GSM EDGE Burst Measurement Based on a Digital Stand-
= o U UURRRTRR 392
e Measurement Example 3: User-Defined Pattern Search and Limit Check........... 396
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10.11.1 Measurement Example 1: User-defined Measurement of Continuous
QPSK Signal

The following example describes a scenario similar to the one for manual operation
described in chapter 8.2, "Measurement Example 1: Continuous QPSK Signal”,
on page 220.

*RST

//Reset the instrument
FREQ:CENT 1GHz

//Set the center frequency.
DISP:TRAC:Y:RLEV 4dBm
//Set the reference level
INST:CRE:NEW DDEM, 'MyVSA'

//Create new measurement channel for vector signal analysis named "MyVSA"

DDEM:FORM QPSK

//Set the modulation type
DDEM:QPSK:FORM NORM

//Set the modulation order
DDEM:MAPP:CAT?

//Query the available symbol mappings for QPSK modulation
DDEM:MAPP 'WCDMA'

//Set the symbol mapping to WCDMA
DDEM:SRAT 1 MHz

//Set the symbol rate
DDEM:TFIL:NAME 'RRC'
DDEM:TFIL:ALPH 0.35

//Select the RRC transmit filter

LAY:ADD? 'l',RIGH,EVEC

//Create new window to the right of I/Q constellation (window 1) with
//error vector as data type

//Result: '5'

CALC5:FORM MAGN

//Set result type for window 5 to magnitude = EVM
DISPlay:WINDowb:TRACe?2:MODE AVER

//Add a second trace in average mode
DISPlay:WINDowb:TRACe3:MODE MAXH

//Add a third trace in max hold mode

SWE:COUN 10

//Calculate an average over 10 sweeps

|
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INIT:CONT OFF
//Select single sweep mode.
INIT; *WAT

//Initiate a new measurement and wait until the 10 sweeps have finished.

DISP:WIND1:SIZE LARG

//Display the I/Q Constellation result display (window 1) in full screen.
HCOP:DEST 'MMEM'

//Define the destination of the screenshot as a file.
HCOP:DEV:LANG BMP

//Select bmp as the file format.

MMEM:NAME 'C:\R_S\INST\USER\IQConstellation.bmp'

//Select the file name for the printout.

HCOP:ITEM:ALL

//Print all screen elements

HCOP

//Store the printout in a file called 'IQConstellation.bmp'.
DISP:WINDS5:SIZE SMAL

//Restore the I/Q Constellation result display to one subwindow.

FORM:DEXP:HEAD ON

//Include a header in the trace export file
FORM:DEXP:MODE TRAC

//Export the trace data, not raw I/Q data

MMEM: STOR4 :TRAC 1, 'AverageEVM'

//Save the detected symbol values (x-values are not exported with trace data)
//Results:

MMEM: STOR5:TRAC 1, 'AverageEVM'

//Save the EVM values (window 5) to an ascii file.
//Results:

//

Measurement Example 2: GSM EDGE Burst Measurement Based on
a Digital Standard

The following example describes a scenario similar to the one for manual operation
described in chapter 8.3, "Measurement Example 2: Burst GSM EDGE Signals",
on page 228chapter 8.2, "Measurement Example 1: Continuous QPSK Signal”,

on page 220.

|
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Note that although this example uses the settings from a predefined digital standard, the
configuration is changed to demonstrate the possibilities of the VSA application. A mea-
surement that is performed strictly according to the standard requires much less pro-
gramming efforts.

The rising and falling edges of a GSM burst are analyzed using the following result range
settings:

Result Range Evaluation Range

Length

CISSTIRRSLUE 200 sym . 738.462 ps

Result Range Alignment

Reference . Capture ' Burst . Pattern Waveform
Alignment Left . Center . Right

Offset

Symbol Number at Burst Start

Visualization

*RST

//Reset the instrument
FREQ:CENT 1GHz

//Set the center frequency.
DISP:TRAC:Y:RLEV 4dBm

//Set the reference level
INST:CRE:NEW DDEM, 'VSA'

//Create new measurement channel for vector signal analysis named "VSA"

DDEM:PRES 'EDGE NB'
//Loads the GSM EDGE_8PSK standard file and the settings defined there

User Manual 1173.9292.02 — 04 393



Programming Examples

DDEM:RLEN 10000 sym

[/ === Defining the result range ---------------
DDEMod:TIME 200

//Defines the result length as 200 symbols.

CALC:TRAC:ADJ BURS

//Defines the burst as the reference for the result range
CALC:TRAC:ADJ:ALIG LEFT

//Aligns the result range to the left edge of the burst
CALC:TRAC:ADJ:ALIG:0FFS -10

//Defines an offset of 10 symbols from the burst start
DISP:TRAC:X:VOFF 10

//Defines the symbol number 10 as the result range start

CALC:ELIN:STAT ON

CALC:ELIN1 10

CALC:ELIN2 190

//Evaluation range starts at symbol 10 and ends at symbol 190

LAY :WIND4 :REM

//Close symbol table display (window 4)
DISPlay:WINDowl:TRACe2:MODE MAXH

//Add a second trace in max hold mode to EVM vs Time display (window 1)
LAY:ADD? '3',RIGH,MEAS

//Create new window to the right of capture buffer (window 3) with
//measurement signal as data type

//Result: '4'

CALC4:FORM MAGN

//Set result type for window 4 to magnitude

DISPlay:WINDow4 :TRACe2:MODE WRIT

CALC4:TRAC2 REF

//Add a second trace in clear/write mode for the reference signal

CALC:LIM:MACC:STAT ON

//Activates limit checks for all values in the Result Summary

INIT:CONT OFF
//Select single sweep mode.
INIT; *WATL

//Initiate a new measurement and wait until the 10 sweeps have finished.
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CALC2:MARK:FUNC:DDEM: STAT:EVM? AVG

CALC:LIM:MACC:EVM:RCUR?

//Query the value and check the limit for the EVM RMS value in the

//result summary for the current evaluation range

//Result:

CALC2 :MARK:FUNC:DDEM: STAT:EVM? PAVG

CALC:LIM:MACC:EVM:PPE?

//Query the value and check the limit for the largest error vector magnitude
//in the measurement.

//Result:

CALC2:MARK:FUNC:DDEM: STAT:CFER? AVG

CALC:LIM:MACC:CFER:MEAN?

//Query the value and check the limit for the mean carrier frequency offset
//in the result summary for the current evaluation range

//Result:

[/ === Storing trace data to a file —-—----—--—-—-—-—-

FORM:DEXP:HEAD ON

//Include a header in the trace export file

FORM:DEXP:MODE TRAC

//Export the trace data, not raw I/Q data

DISP:WINDI1:TRAC2:X:STAR?

//Query the first value of the x-axis for the current result range

// (x-values are not exported with trace data)

//Result:

MMEM: STOR4 : TRAC 1, 'Measurement signal'

//Save the measurement signal values (trace 1 in window 4) to an ascii file.
//Results:

//

MMEM:STOR4:TRAC 2, 'Reference signal’

//Save the reference signal values (trace 2 in window 4) to an ascii file.
//Results:

//

MMEM:STOR2:TRAC 1, 'Result Summary'

//Save the result summary values (window 2) for the current result range
//to an ascii file.

//Results:

//

e Retrieving results for further result ranges ---—----- >
DDEM: SEAR:MBUR:CALC?
//Query the number of result ranges (current is last)

//Use variable <x> to determine number of previous result range

//DDEM: SEAR:MBUR:CALC <x>
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//Move to next result range and repeat section "retrieving results" for

//range-specific results

10.11.3 Measurement Example 3: User-Defined Pattern Search and Limit
Check

In this example a user-defined pattern is used to detect bursts and the calculated mea-
surement results are checked against defined limits. The configuration settings are stored
as a user-defined standard.

*RST

//Reset the instrument
FREQ:CENT 1GHz

//Set the center frequency.
DISP:TRAC:Y:RLEV 4dBm
//Set the reference level
INST:CRE:NEW DDEM, 'VSA'

//Create new measurement channel for vector signal analysis named "VSA"

DDEM:SEAR:SYNC:NAME 'EDGE TSC CUST'

//Create new pattern

DDEM: SEAR: SYNC:NST 4

DDEM:SEAR:SYNC:DATA '00030001000000000003000200020001000300010001"
DDEM: SEAR:SYNC:COMM 'Customized pattern’

DDEM: SEAR:SYNC:TEXT 'Special edge normal Burst'
DDEM:SEAR:SYNC:NAME 'EDGE TSC CUST'

//Store customized pattern

DDEM:SEAR:SYNC:PATT:ADD 'EDGE TSC CUST'

//Add new pattern to current standard

[/ ==—————— Configuring the expected input signal ---------------
DDEM: FORM QPSK

//Set the modulation type

DDEM:QPSK:FORM NORM

//Set the modulation order

DDEM:MAPP:CAT?

//Query the available symbol mappings for QPSK modulation
DDEM:MAPP 'WCDMA'

//Set the symbol mapping to WCDMA

DDEM:SRAT 1 MHz

//Set the symbol rate

DDEM:SIGN BURS
//Define input signal as burst signal

DDEM:SIGN:PATT ON

|
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//Enable pattern search

DDEM: SEAR:SYNC:CAT? CURR

//Query the names of all defined patterns assigned to the current standard
DDEM: SEAR: SYNC:SEL 'EDGE_TSC_CUST'

//Select a pattern

DDEM: STAN:SYNC:OFFS 10

//Ignore the first 10 symbols of the signal before comparing pattern
DDEM:STAN:SYNC:OFFS:STAT ON

DDEM:SEAR:SYNC:STAT ON

DDEM: STAN:SAVE 'C:\TEMP\CustomizedBurstMeas'

INIT:CONT OFF
//Select single sweep mode.
INIT; *WAT

//Initiate a new measurement and wait until it has finished.

[/ ===== Retrieving Results ------

TRAC3:DATA? TRACEL

//Query the trace results of the capture buffer display.
//Results:

//

TRAC2:DATA? TRACEL

//Query the results of the result summary.

//Results:

//
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A Annex

The following sections are provided for reference purposes and include detailed infor-
mation such as formulae and abbreviations.

Predefined Standards and SettingsS.........ccuvviiiiiiiiiiiiie e 398
Predefined Measurement and TX FIlters. ... 404
ASCII File Export Format for VSA Data.........cccoieeieeeiieieeeeeeeeeeeeeeee e e 406
Known Data File Syntax DesCription..........ooicuiiiiiiiiiiieeee e 408
FOIMUIGE. ...t e e e e e e s 410
ADDIEVIALIONS. ...ttt e e e e e e e e e e e e e e e 424

A.1 Predefined Standards and Settings

In the "Digital Standards" menu, predefined basic settings for standards can be selected
and user-defined standards stored (see chapter 5.2, "Configuration According to Digital
Standards", on page 121).

The most common measurements are predefined as standard settings for a large number
of mobile radio networks. The instrument comes prepared with the following settings for
those standards:

Capture length and result length
Signal description

Modulation

Transmit filter and measurement filter
Burst/Pattern search configuration
Result range alignment

Evaluation range settings

Display configuration

The standard settings are grouped in folders to facilitate selecting a standard.
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Predefined Measurement and Tx Filters

A.2 Predefined Measurement and Tx Filters

A.21

A.2.2 Measurement Filters

The most frequently required measurement and TX filters required for vector signal
analysis according to digital standards are provided by the R&S FSW VSA application.

For general information on the use of these filters see chapter 4.1, "Filters and Band-
widths During Signal Processing", on page 50.

Transmit Filters

The transmit filters required for common standards are predefined in the VSA application.

Table 1-2: Overview of predefined Transmit filters

RC Raised cosine

RRC Root raised cosine

Gauss Gauss filter

GMSK Gauss filter convolved with a rectangular filter; typically used for MSK

Linearized GMSK

Standard-specific filter for GSM EDGE (3GPP TS 45.004), normal
symbol rate

EDGE Narrow Pulse Shape

Standard-specific filter for GSM EDGE (higher symbol rate)

EDGE Wide Pulse Shape

Standard-specific filter for GSM EDGE (higher symbol rate)

Half Sine

Half Sine filter

APCO25 C4FM

Filter for the APCO25 C4FM standard.

APCO25 H-CPM

Filter for the APCO25 Phase 2 standard.

APCO25 DQPSK

Filter for the APCO25 Phase 2 standard.

APCO25 DQPSK Narrow

Filter for the APCO25 Phase 2 standard.

APCO25 DQPSK Wide

Filter for the APCO25 Phase 2 standard.

CDMA2000 1X Forward

Filter for CDMA ONE forward link (TIA/EIA/IS-95-A May 1995) and
CDMA2000 1X forward link (http://www.3gpp2.org/Public_html/
specs/C.S0002-C_v1.0.pdf 28/05/2002)

CDMA2000 1X Reverse

Filter for CDMA ONE forward link (TIA/EIA/IS-95-A May 1995) and
CDMA2000 1X reverse link (http://www.3gpp2.org/Public_html/
specs/C.S0002-C_v1.0.pdf 28/05/2002)

Rectangular

Rectangular filter in the time domain with a length of 1 symbol period

None

No filter is used.

USER

User-defined filter. Define the filter using the [SENSe: ] DDEMod:
TFILter:USER command.

The most frequently required measurement filters are predefined in the VSA application.

|
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Table 1-3: Overview of predefined measurement filters

EDGE NSR

Measurement filter required for the "EDGE, Normal Symbol Rate"
standard. (see 3GPP TS 45.005, chapter 4.6 Modulation Accu-
racy). The resulting system is NOT inter-symbol interference free.

EDGE HSR (Narrow Pulse)

Measurement filter required for the "EDGE, High Symbol Rate,
Narrow Pulse" standard.

EDGE HSR (Wide Pulse)

Measurement filter required for the "EDGE, High Symbol Rate,
Wide Pulse" standard.

Gauss

Classic Gauss filter with an adjustable BT

Low ISI Meas Filter

Measurement filter implemented to retain a low intersymbol infer-
ference. Best suited for eye diagrams or I/Q vector diagrams. Not
necessarily suited for EVM evaluation due to amplification in the
pass band.

Low Pass (Narrow)

Pass band up to Fgympo/2
Stop band starts at Fg 0 (-40dB)

Low Pass (Wide)

Pass band up to Fgymp

Stop band starts at 1.5*Fgympe (-40dB)

Rectangular

Rectangular filter in the time domain with a length of 1 symbol
period; integrate and dump effect

RRC

Root Raised Cosine Filter. The roll-off parameter "Alpha" is set
according to the Transmit filter if the "Auto (according to Transmit
filter)" option is enabled (see "Using the Transmit Filter as a Mea-
surement Filter (Auto)" on page 180). Otherwise it must be set
manually.

If the Transmit filter is also a Root Raised Cosine filter with the
same roll-off parameter, the resulting system is inter-symbol inter-
ference free.

USER

User-defined filter.

Define the filter using the Load User Filter function or the
[SENSe: ] DDEMod:MFILter: USER command.

For details see chapter 7.2.1, "How to Select User-Defined Fil-
ters", on page 204.

NONE

No measurement filter is used.

The frequency response of the available standard-specific measurement filters is shown
in chapter A.5.6.2, "Measurement Filter", on page 418.

A.2.3 Typical Combinations of Tx and Measurement Filters

Typical combinations of Tx and Meas filters are shown in table 1-4; they can be set in the
VSA application using "Meas filter = AUTQO" (see "Using the Transmit Filter as a Mea-
surement Filter (Auto)" on page 180).
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Table 1-4: Typical combinations of Tx and Meas filters

Transmit filter Measurement filter Remarks
(analyzer)

RC (raised cosine) - filter combination without intersymbol interfer-

ence (ISI)

RRC (root raised cosine) RRC filter combination without ISI

GMSK - filter combination with low IS

Linearized GMSK EDGE NSR standard specific filter; filter combination with ISI

Gauss - filter combination with low ISI

Rectangular - filter combination without ISI

Half Sine - filter combination without ISI

CDMA2000 1X FORWARD Low ISI Meas Filter filter combination without ISI

CDMA2000 1X REVERSE Low ISI Meas Filter filter combination without ISI

APCO25 C4FM Rectangular filter combination without ISI

APCO25 H-CPM Rectangular filter combination without ISI

APCO25 H-DQPSK Low ISI Meas Filter filter combination without ISI

APCO25 H-D8PSK Narrow Low ISI Meas Filter filter combination without ISI

APCO25 H-D8PSK Wide Low ISI Meas Filter filter combination without ISI

EDGE Narrow Pulse Shape EDGE HSR (Narrow standard specific filter; filter combination with ISI
Pulse)

EDGE Wide Pulse Shape EDGE HSR (Wide Pulse) | standard specific filter; filter combination with ISI

User Low ISI Meas Filter filter combination with low IS

A.3 ASCII File Export Format for VSA Data

The data of the file header consist of three columns, each separated by a semicolon:
parameter name; numeric value; basic unit. The data section starts with the keyword
"Trace <n>" (<n> = number of stored trace), followed by the measured data in one or
several columns (depending on the result type) which are also separated by a semicolon.

If several traces in several windows are exported to one file, the data for each window is
listed subsequently. Within the data for a single window, the data for the individual traces
is listed subsequently.

For details on which data is stored for which result display, see TRACe<n>[ : DATA]

on page 363.

Table 1-5: ASCII file format for VSA trace data export
File contents Description
Header

Type;FSW; Instrument model
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File contents Description
Version;1.40; Firmware version
Date;01.Apr 2012; Date of data set storage

Header section for individual window

Screen;1; Window name

Points per Symbol;4; Points per symbol

x Axis Start;-13;sym; Start value of the x axis
x Axis Stop;135;sym; Stop value of the x axis
y per div;0.22000000000000003; Y axis range per division
Ref value y axis;-10.00;dBm; Y axis reference value
Ref value position;100;%; Y axis reference position

Header section for individual trace

Trace; 1; First trace

Meas Result;1Q; Result type

Meas Signal;Meas; Data source (measurement or reference data)
Demodulator;Offset QPSK; Demodulation type

ResultMode;Trace; Result mode

X unit;sym; Unit of the x axis

y unit;dBm; Unit of the y axis

Trace Mode;Clear Write; Trace mode

Values;800; Number of measurement points

Data section for individual trace

10000;-10.3;-15.7 Measured values: <x value>, <y1>, <y2>;
10130;-11.5;-16.9 <y2>is only available with detector AUTOPEAK and contains the
10360:-12.0:-17.4 smallest of the two measured values for a measurement point

Header section for individual trace

Trace; 2; Next trace in same window

Meas Result;1Q; Result type

Meas Signal;Meas; Data source (measurement or reference data)
Demodulator;Offset QPSK; Demodulation type

ResultMode;Trace; Result mode

X unit;sym; Unit of the x axis

y unit;dBm; Unit of the y axis

Trace Mode;Clear Write; Trace mode

|
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File contents Description

Values;800; Number of measurement points

Data section for individual trace

Header section for individual window

Screen;2; Name of next window

Header section for individual trace

Trace; 1; First trace in second window

Data section for individual trace

A.4 Known Data File Syntax Description

When you load a Known Data file, the R&S FSW-K70 application checks whether the file
complies with the following syntax:

Table 1-6: Known Data File Syntax

Syntax Possible Values Description

<RS_VSA_KNOWN_DATA_FILE | as specified File Header

Version="01.00">

<Comment></Comment> arbitrary Optional file description

<Base></Base> 2|16 The base used to specify the <Data> values (binary or hexadec-
imal)

For <ModulationOrder> values 232, use binary (2).

<ModulationOrder></Modulation- 2|14|8]16|32|64|128 | | Number of values each symbol can represent (order of modula-
Order> 256 tion), e.g. 8 for 8-PSK

For <ModulationOrder> values 232, use <Base> = 2.

<ResultLength></ResultLength> 1 ... up to 2000" Number of symbols in each <Data> element

The number must be identical to the "Result Length" setting in
the "Result Range" dialog box, i.e. the number of symbols to be
demodulated.

“) the exact number also depends on available memory space
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Syntax Possible Values Description

<Data></Data> One character per symbol in | One possible sequence of symbols that can be demodulated
the sequence from the input signal
Possible characters are: Up to 6000 different sequences, i.e. <Data>-elements, can be

0 to n-1, where n is the defined in total

<ModulationOrder>

Spaces, tabs and line breaks
are ignored

</RS_VSA_KNOWN_DATA_FILE> | as specified File End

*) the exact number also depends on available memory space

Sample xml file for known data

<RS_VSA KNOWN DATA FILE Version="01.00">

<Comment> Standard EDGE 8PSK </Comment>

<Base> 16 </Base>
<ModulationOrder> 8 </ModulationOrder>
<ResultLength> 148 </ResultLength>
<Data> 777 511 727 242 206 341 366 632 073 607

770 173 705 631 011 235 507 476 330 522
177 177 171 117 777 177 717 717 111 615
527 046 104 004 106 047 125 415 723 344
241 264 773 111 337 446 514 600 677 7 </Data>

<Data> 77 511 727 242 206 341 366 632 073 607
770 173 705 631 011 235 507 476 330 522
177 177 171 117 777 177 717 717 111 615
527 046 104 004 106 047 125 415 723 344
241 264 773 111 337 446 514 600 677 7 7 </Data>

<Data> 7 511 727 242 206 341 366 632 073 607
770 173 705 631 011 235 507 476 330 522
177 177 171 117 777 177 717 717 111 615
527 046 104 004 106 047 125 415 723 344
241 264 773 111 337 446 514 600 677 7 77 </Data>

<Data> 7 777 511 727 242 206 341 366 632 073 607
770 173 705 631 011 235 507 476 330 522
177 177 171 117 777 177 717 717 111 615
527 046 104 004 106 047 125 415 723 344
241 264 773 111 337 446 514 600 677 </Data>

<Data> 77 777 511 727 242 206 341 366 632 073 607
770 173 705 631 011 235 507 476 330 522
177 177 171 117 777 177 717 717 111 615
527 046 104 004 106 047 125 415 723 344
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241 264 773 111 337 446 514 600 67 </Data>
</RS_VSA KNOWN DATA FILE>
A.5 Formulae

o Trace-based EValuationS..........coiiiiiiiiiiiiiiii e 410
e Result Summary Evaluations...........oooiiiiicce e 412
e Statistical Evaluations for the Result Summary.............ccc 415
L I = Tt N V=T Vo 1o T RS 416
o Analytically Calculated Filters...... i 416
o  Standard-SpecCific FILErS. ... . 417

A.5.1 Trace-based Evaluations

The trace-based evaluations all take place at the sample rate defined by the "Display
Points Per Symbol" parameter (see "Display Points/Sym" on page 198). The sampling
instants at this rate are referred to as "t" here, i.e.

t:n*TD

where T equals the duration of one sampling period at the sample rate defined by the
"Display Points Per Symbol" parameter.

Test parameter Formula
Error vector EV(t)= MEAS(t)— REF(t)
Error Vector Magnitude (EVM)
EV (¢
EVM ()= 40 C( )

with the normalization contant C depends on your setting. By default C? is
the mean power of the reference signal.

C= \/%Z]REF(kT}z

T = duration of symbol periods

Magnitude MagMEAS (t): |MEAS(t}

Mag e (¢)=|REF ()

Fhase Phaseys ()= 2(MEAS())
Phasepgr (t): 4(REF (t))

|
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Test parameter Formula

rreaueney FREQ 45 ()= ﬁ% ZMEAS(t)
FREQys¢ ()= - ZREF ()

Magnitude error MAG _ERR(t)= MAG 45 (¢ )= MAG - ()

Phase error PHASE _ ERR(t)= PHASE y 145 (t )~ PHASE gy (t)

Frequency error FREQ_ERR(I): FREQMEAS (t)_ FREQREF(t)

FSK Modulation

The trace based results for FSK signals are the same as those available for linear mod-
ulation types. However, as the signal processing for FSK signals is performed on the
magnitude and instantaneous frequency, the 1/Q based results first require a reconstruc-
tion of the reference and measured 1/Q waveforms, as illustrated in Reconstruction of the
reference and measured 1/Q waveforms for FSK modulation.

The dashed outline of the "compensate" blocks indicate that these operations are option-
ally (de-)activated depending on the corresponding user settings. With respect to FSK
measurements, the optional compensation parameters are:

e FSK Reference deviation
e Carrier frequency drift
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Compensate: Reference
Ref. deviationi Frequency
fREF %
Compensate: Frequency Reference
. —
Ref. deviation Modulator 1/1Q
Measured
Frequency
Sogas @ C?.:?nﬁﬁnsate: Compensate: Frequency Measured
g Carrier drift Modulator 1/1Q
Carrier offset
Compensate:
Ay (1) | Timing
Gain

A.5.2

Fig. 1-1: Reconstruction of the reference and measured I/Q waveforms for FSK modulation

Note that a reference deviation error is corrected in the reference frequency trace. This
ensures that the frequency deviation in the measured frequency trace corresponds to
that of the originally measured signal. With respect to the I/Q reconstruction, the mea-
sured magnitude is timing compensated using the timing offset estimated from the mea-
sured instantaneous frequency. This ensures that the measured magnitude and fre-
quency remain synchronized in the reconstructed 1/Q waveform.

Result Summary Evaluations

The evaluations for the result summary take place at the sample rate defined by the
"Display Points Per Symbol" parameter (see "Display Points/Sym" on page 198). This
value can be one of the following:

e "1": only the symbol instant contributes to the result
e "2":two samples per symbol instant contribute to the result (required for offset QPSK)

e the "Sample rate" defined for data acquisition (see "Sample Rate" on page 153): all
samples contribute to the result equally

The results are determined by the evaluation range.
The sampling instants at this rate are referred to as "t" here, i.e.
t:n*TD

where T equals the duration of one sampling period at the sample rate defined by the
"Display Points Per Symbol" parameter
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A.5.21

PSK, QAM and MSK Modulation

For PSK, QAM and MSK modulation the estimation model is described in detail in chapter
chapter 4.5.1, "PSK, QAM and MSK Modulation", on page 96. The parameters of the
PSK, QAM and MSK-specific result summary table can be related to the distortion model

parameters as follows:

Table 1-7: Evaluation of results in the PSK, QAM and MSK result summary

EVM RMS 1
\/—Z EVM(n-T, )
N4
Peak max(E VM (n Ty ))
Modulation RMS 1
2
error \/NZ|EV(n.TD1
—-20-log,, -
\/;{Z|REF(k TY
k
Peak | min(MER(n-T,))
[z,
with MER(n - T}, )=—20-log,, 1 -
=~ NREF(k-TY’
gl
Magnitude RMS 1 2
error \/ﬁ;|MAG_ERR(n'TD)
Pk | max(MAG_ERR(n-T,))
Phase error RMS 1
\/WZ]PHASE_ERR(n T f
Peak

max(PHASE _ERR(n-T, )

RHO (correla-
tion coeffi-
cient)

2
ZREF * (n) MEAS(FI% |KKF(MEAS5 REF)Z

ZTREF(n}2 S |MEAS()’  AKF(REF)- AKF(MEAS)

p:
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1Q Offset C ’ 2
[ < J J{CQJ
8 8o
Clinl=7 ’
EZ|REF(k -T)
k
C=10-log,, (C[nn])[dB]
1Q Imbalance !
B B —‘gl_gQ.e] ‘
Ln] =7 e
‘gl t8p-€ ‘
B=20-log,, (B[ﬁn])[dB]
Gain Imbal- g
ance G G[li"] -
g
G =20-log,, (G, dB]
Quadrature °
Error © H[Zi"] - % ‘180
0 = O ldeg]
Amplitude =e !
Droap A A[lin] =e ¢
A4=20-log,, @[lin]IdB /Sym]

A.5.2.2 FSK Modulation

For FSK modulation the estimation model is described in detail in section chapter 4.5.2,
"FSK Modulation”, on page 106. The parameters of the FSK-specific result summary
table can be related to the distortion model parameters as follows:

Table 1-8: Evaluation of results in the FSK result summary

Frequency Error RMS 1
\/N > |FREQ _ERR(n-T, )’
Peak max(FREQ _ERR(n-T,))
Magnitude Error RMS 1 5
\/Wzn]MAG_ERR(n Ty )
Peak max(MAG _ERR(n-T,))
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FSK Deviation Error AERR _ AMEAS _AREF _ (B _1) . AREF
Agrr . I
Estimated FSK deviation error [Hz].
FSK Measurement Deviation Apas = B Appr
Aygas Estimated FSK deviation of the meas signal [Hz].
FSK Reference Deviation FSK reference deviation as entered by the user [Hz].
Ager
Carrier Frequency Error C
fi fo=52
The carrier frequency error of the measured signal [Hz].
Carrier Frequency Drift D
Ja Ja= 27T
The drift in the carrier frequency of the measured signal
[Hz/Sym].

A.5.3 Statistical Evaluations for the Result Summary

The statistical evaluations in the result summary are based on the measurement results
that are displayed in the "Current" column. Hence, the index "m" here represents the
current evaluation, "M" is the total number of evaluations. In single sweep mode, M core-
sponds to the statistics count.

If the measurement values are represented in the logarithmic domain, the linear values
are averaged. The result is then subsequently converted back into logarithmic domain.
The linear values are indicated by the subscript [lin] in chapter A.5.2.1, "PSK, QAM and
MSK Modulation", on page 413.

Mathematical expression Calculation in R&S FSW
Mean _ 1 (M=) x4y,
- Xy = —me Xy =t
Xy M < M
with
Xy =0
Pf’ak Xy =Xy Xy =X, if |xM| > |)2M,1|
X - . -
M with Xy =Xy if |xM| < |xM71|
idx = arg max|xm| with
m
EO = O

e
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Mathematical expression

Calculation in R&S FSW

StdDev oy,

o= 5]

with

_ 1
Xym =ﬁ2xm

Cur :\/(M—l)-o'i[_l YA

M
with

O-OZO

95%ile

Xo5,M

Xos pr = {(|Pr(xm < x) = 0.95}

Pr() denotes the probability

Sorting the values and giving the 95%ile.

A.5.4 Trace Averaging

The index "m" represents the current evaluation, "M" is the total number of evaluations.
In single sweep mode, M coresponds to the statistics count. The index "s" represents the
st sample within the trace.

If the measurement results are represented in logarithmic domain, the average operation

is performed on the linear values. The result is then subsequently converted back into
logarithmic domain.

Measurements

Calculation in R&S FSW

RMS Average e  Error Vector Magnitude (EVM) - B
B e  Meas/Ref magnitude — (M - 1)' Xem—1+Xgm
Xgm e  Capture Buffer magnitude XM = IY;
Linear Average All measurements where trace averaging M -1)%

-1)x +x
_ is possible except for the measurements X = ( ) 5,M -1 .M
XM listed for RMS averaging ’ M

A.5.5 Analytically Calculated Filters

The following filters are calculated during runtime of the unit and as a function of the
operating parameter Alpha or BT.
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Filter Type Setting Parameter | Impulse Response
Raised cosine (RC) | Alpha (a) ] [mj (”atj
S| — | coS| ——
h(t)= Tt ) 2
)
T T
Root raised cosine | Alpha (o) i _
(RRC) cos((l+a )m/T )+ W
7e)= 4 o/
ﬂﬁﬁ— (4at/T)2)
Gaussian filter BT P
(Gauss) ETSI TS exp| ——
100 959 (V8.3.0) o) 2p%T?
t)=——%
Ver) pr
with
_ /In2
27BT

A.5.6 Standard-Specific Filters

A.5.6.1 Transmit filter

EDGE Tx filter ETSI TS 300 959 (V8.1.2) (Linearized GMSK)

e 0)= HS(t+zT) for 0<t<5T

O else

t
sin(ﬂj-g(t')z’t'] for 0<t<4T
0

4T
S()= sin[%—ﬂ j g(t')de for AT <t<8T
0

0 else

#0002 | ofar0ar 2
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Q(t): «/;_7[ J‘e7dz'

Co(t) is the impulse response of the EDGE transmit filter

A.5.6.2 Measurement Filter

EDGE Measurement filters

RC filter, Alpha = 0.25, single-side-band 6 dB bandwith = 90 kHz Windowing by multi-
plying the impulse response according to the following equation:

1 0<l|<1.57
w(()=10.50+cosfr(t|-1.57)2.25T) 157 <[] <3.75T
0, l|=3.75T

The following figure shows the frequency response of the standard-specific measurement

filters.
EDGE HER (Marrow Pulse)
A 1 ! ! 1 ! 1
0 ....d ______ i
e S B T N 7
m : : : : : : :
S A0 A A N e S e S R T
T ! !
o H | H H H | H H
p R = L A I et Rt e 7
) SRR S R N R R W 0 W s i
-100 ' '
0 02 04 O0OE 08 1 12 14 1B 18 2

Frequency in fsvmbnl
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EDGE H3R (WWide Pulse)

-20

-40

Magnitude [dB]

-0

-80

-100
0

20 .

—_————

0.8

1.2
Fregquency in fS'y'mbl:ﬂ

EDGE MER

-20

-40

Magnitude [dB]

-0

-80

-100
0

20 :

0.8 1

Frequency in fS'y'mbl:ll

1.2

Low Fass (Marrow)

Magnitude [dB]

-100 '
0

Frequency in fS'y'mbl:ll
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Magnitude [dB]

Magnitude [dB]

Formulae

Lowe Pass (Wiide)

Ar—T T T T T T T T
L ; ; ; ; ;

20 e bemoes Aeemes bomee demeee boeoee- bomeees

--I'lD """" ‘:‘ """ Tt rooTo 1Tttt E‘ """ dommmm- e S il it d-----= ]

L hitiihr

a0 b N . beeeees R b HE . S I J
PO AR AN S AR TR S S

1] 02 04 0 08 1 1.2 1.4 16 1.8 2
Fregquency in fS'y'mbl:ﬂ
Rectangular
20

-100
0

Low-ISI Filters

Frequency in fS'y'mbl:ll

The following frequency responses are obtained when using a low-ISI measurment filter
and the Transmit filter indicated in the title of each diagram.
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APCOZ25 C4FM

20

-20

-40

Magnitude [dB]

-0

-80

-100
0

02 04 o6 08 1 1.2 1.4 1.6 1.8

Fregquency in fS'y'mbl:ﬂ

2

APCO25 H-DBP Sk Marr ow

7=}
=
ek}
=
=
=
pay)
143
= f0bee----
-100
1] 0z 04 0 08 1
Frequency in fS'y'mbl:ll
APCO25 H-DEPSK Wide
20
1]
7=}
= -0
ek}
E
= -40
=
pay)
143
= &0
-50
-100
1] 02 04 0 08 1 1.2 1.4 1.6 1.8

Frequency in fS'y'mbl:ll

e
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APCOZ5 H-CPM

Magnitude [dB]

00 | | | | i | | | |
1] 02 04 0 08 1 1.2 1.4 16 1.8 2
Fregquency in fS'y'mbl:ﬂ
APCO25 H-DAPSK
20
1]
in})
= -0
o
s
= 40
=
o
(1]
= B0
-80
-100
1] 02 04 0 08 1 1.2 1.4 16 1.8 2
Frequency in fS'y'mbl:ll
COMAZ000 1% Forward
20
1]
in})
= -0
o
=
= 40
=
o
(1]
= B0
-80
-100
1] 02 04 0B 08 1 1.2 1.4 16 1.8

Frequency in fS'y'mbl:ll

e
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COMAZ000 1% Reverse
T T T T T T | T T
] e e e s SN SO
0 ' T W I S A R T I ]
e ' ' ' ' ' ' : ' '
R i S ¥ e e S
fui) 1 1 1 1 1 1 ' 1 1
= ' ' ' ' ' ' : ' '
£ -A0f------ L ! booo--- Ao beoo-e-- booo- SRRREEEE bo-m--- Ao .
= : : ' : : : ! ! !
= : : : | : :
= B0p------ tooees HERRRRl SRRy rRRRhh Fooee toenees HiRRhb Poooeee oo .
) S - U U S SYMOS NS SN W
-100 i i |ﬂﬂﬂﬁ:ﬂ|ﬁﬂmﬁ\ﬂﬂﬂm
] 02 0.4 0& 0.8 1 1.2 1.4 15 1.8 2

Fregquency in fS'y'mbl:ﬂ

EDGE Marrow Pulse Shape

Magnitude [dB]

02 04 o6 08 1 1.2 1.4 1.6 1.8 2

Frequency in fS'y'mbl:ll

EDGE Wide Pulse Shape

20

-20

40

Magnitude [dB]

-0

-80

-100
1]

0.8 1.2
Frequency in f

Fymkol
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Half Sine

Magnitude [dB]

et b AL RO
P S T T R
0

i
02 04 o6 08 1 1.2 1.4 1.6 1.8 2

Fregquency in fS'y'mbl:ﬂ

Linearized GRSk

20

-20

-40

Magnitude [dB]

-0

-50

-100
0

02 04 o6 08 1 1.2 1.4 1.6 1.8 2

Frequency in fS'y'mbl:ll

A.6 Abbreviations

The following abbreviations are commonly used in the description of the R&S FSW-K70

option.
Abbreviation Meaning See section
FSK Frequency Shift Keying Frequency Shift Keying (FSK)
Modulation mode for which the
information is encrypted in the fre-
quency.
ISI Inter-symbol Interference
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Abbreviation

Meaning

See section

ISI-free demodulation

Demodulation structure in which

the signal is no longer influenced
by adjacent symbols at the deci-

sion instants after signal-adapted
filtering.

System-Theoretical Modulation
and Demodulation Filters

MEAS filter

Measurement Filter

Weighting filter for the measure-
ment.

System-Theoretical Modulation
and Demodulation Filters

MSK

Minimum Shift Keying

Modulation mode.

Minimum Shift Keying (MSK)

NDA Demodulator

Non Data Aided Demodulator

Demodulation without any knowl-
edge of the sent data contents.

Demodulation and Algorithms

PSK

Phase Shift Keying

Modulation mode for which the
information lies within the phase or
within the phase transitions.

Phase Shift Keying (PSK)

QAM

Quadrature Amplitude Modulation

Modulation mode for which the
information is encrypted both in the
amplitude and phase.

Quadrature Amplitude Modulation
(QAM)

RMS

Root Mean Square

Averaging RMS Quantities

RX filter

Receive Filter

Baseband filter in analyzer used
for signal-adapted filtering.

System-Theoretical Modulation
and Demodulation Filters

Transmit filter

Transmitter Filter

Digital impulse shaping filter in sig-
nal processing unit of transmitter.

System-Theoretical Modulation
and Demodulation Filters

VSA

Vector Signal Analysis

Measurement at complex modula-
ted RF carriers.
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List of Remote Commands (VSA)

ABORY. ...ttt h et h e R bt h et oAt e e eRte e be e oAt e e ehte e beeeRe e e eheeebeeaneeeabeeeteenteeenne 326
CALCulate:LIMit:MACCUraCy:DEFAUIL............cooiiiieie ettt e e e ee e eaes 342
CALCUIAtE:LIMitIMAC CUIACY: STATE. ...ttt ettt ettt e et e e et e e eae e e teeaaaeeebeeenseeebeeanseeanneas 342
CALCulate:MARKer:X:SLIMits:LEFT L..341
CALCulate:MARKErX:SLIMItS:IRIGHT .......oiitiiiiiieie ettt ettt e saee e s e e enbeesnseeanneas 341
CALCuUlate:MARKE X:SLIMIES[:STATE]. ... eietieeiiieitie ettt ettt e et e st e et e et eeeteeesaeeesneeesseeesnseesnneennneas 342
CALCUIate:MSRAIWINDOWSNZIVAL?........ooiiieiie ettt ettt s e st e st e e seeenbeesnseessseesnneeseeanneas 295
CALCUIAtESNZIBERAGLE. ... .eiieiieiiie ettt ettt e e sttt e e sttt e e e saeeeeeensteeessaeeeenseeeeasseeeenneeeeanseeeeanneeeenn 365
CALCulate<n>:DDEM:SPECHUM[:STATE]......oittiiieiiie ittt ettt s 357
CALCulate<n>:DELTamarker:AOFF

CALCulate<n>:DELTamarker<m=>:MAXIMUM:APEGK...........cccctiiiiiiiiiie e 337
CALCulate<n>:DELTamarker<m>:MAXIMUM:LEF T .........coiiiiiii e 337
CALCulate<n>:DELTamarker<m>:MAXIMUM:INEXT ..........ooiiiiiiiiie e 338
CALCulate<n>:DELTamarker<m>:MAXIMUM:RIGHL............cccciiiiii e 338
CALCulate<n>:DELTamarker<m>:MAXIiMUM[:PEAK].........ccccoiiiiiiiiiait ettt 338
CALCulate<n>:DELTamarker<m>:MINimum:LEFT..

CALCulate<n>:DELTamarker<m=>:MINImMUM:NEXT ...t
CALCulate<n>:DELTamarker<m=>:MINIimUM:RIGHTL............cooiiiiii e
CALCulate<n>:DELTamarker<m>:MINiMUM[:PEAK]...........cociiiiii e 339
CALCulate<n>:DELTamarker<m>:TRACE. ......cccciieiiiieieiee et e e e e et e e e saeeeeesnneeeesnseeaeensneeeanes 336
CALCulate<n>:DELTamMarker<m>:X........ooiiiiieeiiiiieeeiiieeesiee e e st e e e st eeeaseseeeesasaeeeesnteeeeaneeeeeanseeeeeansneeeanes 336

CALCulate<n>:DELTamarker<m>:X:ABSolute?
CALCulate<n>:DELTamarker<m>:X:RELative?

CALCuUlate<n>:DELTamMarker<m>:Y ... ... ottt ettt ettt et sbe e e e e aaneas 336
CALCulate<n>:DELTamarker<m>[:STATE].......cociieiiiie et et ee ettt et e et e e e stae e e s enre e e saaeessnseaeensaeeeanes 336
CALCuUlate<n>:ELIN<StartStOp>:ST AT ... ciiiiiiiii ettt e e e e e e e s e e e et e e e assseeesenaeeeenes 322
CALCulate<n>:ELIN<StartStOP>[:VALUE].........coiiiiie ettt ettt e e e et e e e eare e e saae e e snneeeesaseeeenes 323
CALCulate<n>:FEED .

CALCUIAESNZIFORMAL. ...ttt ettt b e bt et bbbt e bt e e nne e sneenenne 357
CALCulate<n>:FSK:DEViation:COMPENSALION. .......cc.uuiiiiiiiiiiiiee ettt e e senea e 389
CALCulate<n>:FSK:DEViation:REFerence:RELALIVE............cocuiiiiiiiiii e 268
CALCulate<n>:FSK:DEViation:REFErenCe[:-VALUE]..........c.coi ittt 268
CALCulate<n>:LIMit:MACCuracy:<ResultType>:<LimitType>:STATE........cccceeriiriiiiiiireesee e 343
CALCulate<n>:LIMit:MACCuracy:<ResultType>:<LimitType>[:RESUN]...........ccceriiiiiiiniiiiiciee e 376
CALCulate<n>:LIMit:MACCuracy:CFERror:CURRENE:STATE. ......ccoiiiiiiiiiiiieiee e 343
CALCulate<n>:LIMit:MACCuracy:CFERror:CURRENE:VALUE............cooiiiiiiiiiiiiieiec e 344
CALCulate<n>:LIMit:MACCuracy:CFERror:CURRENt[:RESUI]?.........cccoeiiiiiiiiiiiiiieiee e 375
CALCulate<n>:LIMit:MACCuracy:CFERIONMEAN:STATE. ......utiiiiiitii ettt 343
CALCulate<n>:LIMit:MACCuracy:CFERIONMEAN:VALUE.........c.coiiiiiiiiiie et 344
CALCulate<n>:LIMit:MACCuracy:CFERror:MEAN[:RESUIE]?.........cooiiiiieii e 375
CALCulate<n>:LIMit:MACCuracy:CFERIOrPEAKISTATE. ... .coiiiiiie ettt 343
CALCulate<n>:LIMit:MACCuracy:CFERIOIPEAKIVALUE..........cooiiiiaiiieeie ettt 344
CALCulate<n>:LIMit:MACCuracy:CFERrorPEAK[:RESUI]?.......coiiiiiiiiinieieeee e 375
CALCulate<n>:LIMit:MACCuracy:EVM:PCURIENt:STATE. ....cueriiriiiiiriieieceesie e 343
CALCulate<n>:LIMit:MACCuracy:EVM:PCURIENt:VALUE. .......ccoeoiiiiiiieieccieeee e 345
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CALCulate<n>:LIMit:MACCuracy:EVM:PCURIent:RESUI]?........ccceiiiiiiiiiiieceeeee e 375
CALCulate<n>:LIMit:MACCuracy:EVM:PMEan:STATe
CALCulate<n>:LIMit:MACCuracy:EVM:PMEan:VALue

CALCulate<n>:LIMit:MACCuracy:EVM:PME@N[:RESUI]?.........coiiiiiiiiiie e 375
CALCulate<n>:LIMit:MACCuracy:EVM:PPEaK:STATE. ......coiiiiiieiiie it 343
CALCulate<n>:LIMit:MACCuracy:EVM:PPEaK:VALUE...........cccouiiiiiiieie et 345
CALCulate<n>:LIMit:MACCuracy:EVM:PPEaK[:RESUI]?..........coiiiiiiiieieiee e 375
CALCulate<n>:LIMit:MACCuracy:EVM:RCURrent:STATe....
CALCulate<n>:LIMit:MACCuracy:EVM:RCURIENt:VALUE..........ccooiiiiiiiiiiaiiie et
CALCulate<n>:LIMit:MACCuracy:EVM:RCURIENt:RESUI]?........cccoriiiiriiiiiiiieiecee e 375
CALCulate<n>:LIMit:MACCuUracy:EVM:RME@N:STATE. ......coriiiieiiiieeiienieeie ettt 343
CALCulate<n>:LIMit:MACCuracy:EVM:RMEGN:VALUE. .........cociiieiiriieiee et 345
CALCulate<n>:LIMit:MACCuracy:EVM:RMEaN[:RESUIR]?.........ccoeiiiiiiiiiiie e 375
CALCulate<n>:LIMit:MACCuracy:EVM:RPEak:STATe...
CALCulate<n>:LIMit:MACCuracy:EVM:RPEGK:VALUE...........ccciiiiiiiiiiiiie et
CALCulate<n>:LIMit:MACCuracy:EVM:RPE@K[:RESUI]?..........coooiiiiiiiiiieii e 375
CALCulate<n>:LIMit:MACCuracy:FDERror:CURRENt:STATE.......coiiiiiiiieiiiieiit et 343
CALCulate<n>:LIMit:MACCuracy:FDERror:CURRENt:VALUE............coiiiiiiiiiieniieeiec e 345
CALCulate<n>:LIMit:MACCuracy:FDERror:CURRENt[:RESUI]?.........cccoiiiiiiiiiiiiieiie e 375
CALCulate<n>:LIMit:MACCuracy:FDERror:MEAN:STATe....
CALCulate<n>:LIMit:MACCuracy:FDERIOIMEAN:VALUE. ......cocuiiiiiiiieeiie ettt
CALCulate<n>:LIMit:MACCuracy:FDERror:MEAN[:RESUI]?........cooiiiiiiiiiiceee e 375
CALCulate<n>:LIMit:MACCuracy:FDERIONPEAKISTATE. ..ottt 343
CALCulate<n>:LIMit:MACCuracy:FDERIONPEAKIVALUE. ......c..coiiiiiiiieeicee e 345
CALCulate<n>:LIMit:MACCuracy:FDERror:PEAK[IRESUIR]?.......cooiiiiiii e 375
CALCulate<n>:LIMit:MACCuracy:FERRor:PCURrent:STATe..
CALCulate<n>:LIMit:MACCuracy:FERROrPCURIeNt:VALUE.........cccciriiiiiiiiiiiiiiececeee e
CALCulate<n>:LIMit:MACCuracy:FERRor:PCURrent[:RESUI]?........ccociiiiiiiiiiiieiceere e 375
CALCulate<n>:LIMit:MACCuracy:FERROIPME@N:STATE......cccuiiiiiiiiiiiie et 343
CALCulate<n>:LIMit:MACCuracy:FERROIPME@N:VALUE. ........cccciiiiiiiiiiieee et 345
CALCulate<n>:LIMit:MACCuracy:FERRor:PMEan[:RESUI]?.........c.coiiiiiiiiiiiiee e 375

CALCulate<n>:LIMit:MACCuracy:FERRor:PPEak:STATe
CALCulate<n>:LIMit:MACCuracy:FERRor:PPEak:VALue

CALCulate<n>:LIMit:MACCuracy:FERROr:PPEak[:RESUI]?..........cooiiiiiiieie e 375
CALCulate<n>:LIMit:MACCuracy:FERRONRCURIENt:STATE.......cuiiiiiiiiee et 343
CALCulate<n>:LIMit:MACCuracy:FERRONRCURIENt:VALUE.........cccuuiiiiiiiiaeiie ettt 345
CALCulate<n>:LIMit:MACCuracy:FERRor:RCURIent:RESUI]?..........cccoiiiriiiiiiieiieee e 375
CALCulate<n>:LIMit:MACCuracy:FERROIRME@N:STATE.......cooiiiiiiiiiie e 343
CALCulate<n>:LIMit:MACCuracy:FERROIRMEGN:VALUE.........ccciiiiiiiiiiiiiie e 345
CALCulate<n>:LIMit:MACCuracy:FERRor:RMEan[:RESUI]?.........coooiiiiiiiiiiiieieee e 375
CALCulate<n>:LIMit:MACCuracy:FERROIRPEGK:STATE. ......coiiiiiiiiiiiee et 343
CALCulate<n>:LIMit:MACCuracy:FERROIRPEAK:VALUE.............coiiiiiiiiiiiic e 345
CALCulate<n>:LIMit:MACCuracy:FERROr:RPEaK[:RESUI]?........ccceiiiiiiiiiiieiieceeeeee e 375
CALCulate<n>:LIMit:MACCuracy:MERROIPCURIENt:STATE.....cciuiiiiiiiiieiiiesiie et 343
CALCulate<n>:LIMit:MACCuracy:MERROIPCURIENt:VALUE. .........ooiiiiiiieiiii e 346
CALCulate<n>:LIMit:MACCuracy:MERROr:PCURrent[:RESUI]?..........cooiiiiiiiiiiieciee e 375
CALCulate<n>:LIMit:MACCuracy:MERROIPMEGN:STATE. .....coiiiiiiiiiiiie et 343
CALCulate<n>:LIMit:MACCuracy:MERROIPMEGN:VALUE...........cooiiiiiiaiieeeiiee et 346

e
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CALCulate<n>:LIMit:MACCuracy:MERROr:PMEan[:RESUI]?.........ccciiiiiiiiiiiiieeeeee e 376
CALCulate<n>:LIMit:MACCuracy:MERROIPPEGK:STATE......cccuuiiiiiiiiieiieeieee et 343
CALCulate<n>:LIMit:MACCuracy:MERRor:PPEak:VALue
CALCulate<n>:LIMit:MACCuracy:MERROrPPEaK[:RESUI]?.........c.coiiiiiiiiiiiiiee e 376
CALCulate<n>:LIMit:MACCuracy:MERROIRCURIENt:STATE. ......ooiiiiiiiiiieiie ettt 343
CALCulate<n>:LIMit:MACCuracy:MERROIRCURIENt:VALUE........ccouiiiiiiiiieeiie et 346
CALCulate<n>:LIMit:MACCuracy:MERRor:RCURrent[:RESUI]?.........ccciiiiiiiiiiei e 376
CALCulate<n>:LIMit:MACCuracy:MERROIRMEGN:STATE.........utiiiiiiieeiieie et 343
CALCulate<n>:LIMit:MACCuracy:MERROIRMEGN:VALUE.........cccceiiiiiieiee et 346
CALCulate<n>:LIMit:MACCuracy:MERRONRMEGN[:RESUI]?.........cciiiiiiiiieiiieiceeee e 376
CALCulate<n>:LIMit:MACCuracy:MERROINRPEAK:STATE........ciiiirieeiiiie ettt 343
CALCulate<n>:LIMit:MACCuracy:MERRor:RPEak:VALue
CALCulate<n>:LIMit:MACCuracy:MERROr:RPEak[:RESUI]?.........cooiiiiiiiiie e 376
CALCulate<n>:LIMit:MACCuracy:OO0FFset:CURRENESTATE......ccetiiiiiiieiieeiee et 343
CALCulate<n>:LIMit:MACCuracy:O0FFset:CURRENEVALUE. .........cooiiiiiiiiiiii et 346
CALCulate<n>:LIMit:MACCuracy:O0FFset: CURREN[:RESUI]?..........cooiiiiiiiiiiiieiiiieeere e 376
CALCulate<n>:LIMit:MACCuracy:OOFFSet:MEAN:STATE......ccciiiiiiiieeiie ettt 343
CALCulate<n>:LIMit:MACCuracy:OOFFSet:MEAN:VALUE...........cooiiiiiiiiieiiie it 346
CALCulate<n>:LIMit:MACCuracy:OOFFset:MEAN[:RESUI]?.......ccceoiiiiiieiiieiieee e 376
CALCulate<n>:LIMit:MACCuracy:OOFFSet:PEAK STATE. ...ccoiiiiieiiieitie ettt

CALCulate<n>:LIMit:MACCuracy:OOFFset:PEAK:VALue...

CALCulate<n>:LIMit:MACCuracy:PERRor:PPEak:VALue....

CALCulate<n>:LIMit:MACCuracy:PERRONPPEaK[:RESUI]?........ccceiiiiiiiiiiieiieerec e 376
CALCulate<n>:LIMit:MACCuracy:PERRONRCURIENt:STATE. ....cciiiiiiieiiieeiie ettt 343
CALCulate<n>:LIMit:MACCuracy:PERROIRCURIENt:VALUE........ccccuiiiiiiiiieiie it 346
CALCulate<n>:LIMit:MACCuracy:PERRor:RCURrent[:RESUI]?..........ccooiiiiiiiiiiii e 376
CALCulate<n>:LIMit:MACCuracy:PERROIRMEGN:STATE. .....cccuuiiiiiiiieiiiie ettt 343
CALCulate<n>:LIMit:MACCuracy:PERROIRMEGN:VALUE............coiiiiiiiiiiiee it 346
CALCulate<n>:LIMit:MACCuracy:PERRor:RMEaN[:RESUI]?.........ccciiiiiiiiiieceieeeeee e 376
CALCulate<n>:LIMit:MACCuracy:PERROIRRPEGK:STATE. ....ccc.iiiiiiiieieie et 343
CALCulate<n>:LIMit:MACCuracy:PERROIRRPEGK:VALUE.........ccceieeriiiiiieseeesiee e 346
CALCulate<n>:LIMit:MACCuracy:PERRORRPEaK[:RESUI]?.........cccciiiiiiiiiiiiicieeeeeee e 376
CALCulate<n>:LIMit:MACCuracy:RHO:CURRENESTATE. ....cccuiiiiiiiiiiiiie ittt
CALCulate<n>:LIMit:MACCuracy:RHO:CURRENEVALUE. .........ooiiiiiiiiiiiee s
CALCulate<n>:LIMit:MACCuracy:RHO:CURRent[:RESult]?...
CALCulate<n>:LIMit:MACCUracy:RHO:IMEAN:STATE......cccieiiiatieiiieniie ettt sre e s
CALCulate<n>:LIMit:MACCuracy:RHO:MEAN:VALUE...........ccoiiiiiiiiiie ittt
CALCulate<n>:LIMit:MACCuracy:RHO:MEAN[:RESUI]?.......ccutiiiiiiieiie e 376
CALCulate<n>:LIMit:MACCuUracy:RHO:PEAK:STATE. .....coiiiiiiieiiie ettt 343
CALCulate<n>:LIMit:MACCuUracy:RHO:PEAKIVALUE. .......c..cooiiiiiiiiicie et 347

e
User Manual 1173.9292.02 — 04 428



R&S®FSW-K70 List of Remote Commands (VSA)

CALCulate<n>:LIMit:MACCuracy:RHO:PEAK[:RESUI]?.......cccueiiiiiiieiieee e 376
CALCulate<n>:MARKer:SEARch

CALCuUlate<n>:MARKEIr<KMZIAOFF ... ..ottt et aneas 334
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIiStiC:ADROOP?.......ccccuriieiiiiirieeeiieee e esiee e 366
CALCulate<n>:MARKer<m>:FUNCtion:DDEMOd:STATIStCIALL?.....coiiiiiiieiiie e 366
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIStiC:CFERIOr?.........ccceiiuieiieiiieiieeeesee e 366
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIStICIEVM?.....oiiiiiiiiei e 367
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:FDERror?....... ..368
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:FSK:CFDRIft?........cccoooiiiiiiiieiieeee e 368
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:FSK:DERROI?...........ccccoeiiiiiiiiieeieeciee e 368
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:FSK:MDEViation?............ccccceeeviiiieniieneeen 369
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:FSK:RDEViation?.............cccceeviieeiieeecirennn. 370
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:GIMBalance?............ccccceeeeiieeeiiiiieeeeee e 370
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:IQIMbalance?. .370
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIiStiC:MERROI?..........ccccoiiiiiiiiie e 371
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIStiC:MPOWEI?.......cccoeiriiiiiieiiieniee e 371
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIistic:OOFFSEt?.......ccccoiiiiiiiiiiiienieecieeeee e 372
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIStiC:PERROI?........ccciiiiiieiiiiiieiie e 372
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIistic:QERROI?..........cooiiiiiiiiiieiieecee e 373
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATistic:RHO?... .374
CALCulate<n>:MARKer<m>:FUNCtion:DDEMOd:STATIStIC:SNR?.......ccuiiiiiiiiii e 374
CALCulate<n>:MARKer<m>:FUNCtion:DDEMod:STATIstiC:SRERIOr?........cccoiiiiiiiiiieeeieee e 375
CALCuUlate<n>:MARKEI<M>:LINK ...ttt ettt e sttt e ebe et e e b e e saeeanseeanseeseeanneas 334
CALCulate<n>:MARKer<m>:MAXIMUM:APERGK...........ccitiiiiaiiiie et e et e e e e e e seneeeeaes 339
CALCulate<n>:MARKer<m>:MAXIMUM:LEF T .. ..o e e e e e e neeee e 339

CALCulate<n>:MARKer<m>:MAXimum:NEXT... ...339
CALCulate<n>:MARKer<m=>:MAXIiMUM:RIGHTL.........c.oiiiii e e 339
CALCulate<n>:MARKer<m>:MAXIiMUM[IPEAK]... ..ottt 340
CALCulate<n>:MARKer<m>:MINIMUMLEFT........c.ooiiiiii e
CALCulate<n>:MARKer<m=>:MINIMUMINEXT .......ccoiiiiiiiiiaiiiie et
CALCulate<n>:MARKer<m>:MINimUM:RIGHTL...........ccooiiiiiiii e e
CALCulate<n>:MARKer<m>:MINimum[:PEAK] .
CALCUIate<n>:MARKEIr<SM>ITRACE. .......oiiiiiiieiii ettt ettt b et e st e e sbe e et e e eabeesbeeanbeesnbeesseeanneas
CALCUIAte<NZIMARKEISIMZIX ..ottt ettt e e sk bt e e e bt e e e e ab e e e e aabe e e e ebseeeesnbbeeeabneeeaaen 335
CALCUIAtE<NZIMARKEISMZIY 2.ttt ettt et ettt e e et e e e e bb e e e e aabe e e e anbeeeeesnbeeeeenneeeaaen 361
CALCUIate<N> MARKEISMS[1STATE]. ..ttt ettt ettt et e e a e e ehe e e st e e eabeesaeeeaneeeenbeesnneaanneas 335
CALCUlate<n>:STATIStCS I CODF [:STATE]. ... ee ettt ettt ettt e et e bt e e e e enaeesaeeesseeeeaeeeneaanneas 358
CALCUIate<n>:STATISHCSIMODE..........cociiiiieie ettt ettt e e e e saee e s st e e enbeesaseesnseesnbeesnseeenneas 359
CALCUIate<n>:STATISHCSIPRESEL........cccuiiiiieiiieetie ettt e e st e e saseessseeenbeesnseesnneas 291
CALCulate<n>:STATisticsS:SCALE:AUTO ONCE.........ccoiuiiiiiieciie ettt ene e nseeeenneas 291
CALCulate<n>:STATIStICS:SCALE:X:BCOUNL........oiiiiiiieeiiiieeiiie e eiiee e eee e e et e e e e e snee e e snaeeesneeeeensneeennes 291
CALCUIate<n>:STATISHCS:SCALE:Y I LOWET........uiiiiiiiieeciieeeeteee et et e e st e e e st e e e eteeeeessseeeesnseeaeensneeeanes 292
CALCulate<n>:STATIStICS:SCALEIYIUNIT ..ottt 292
CALCUIate<n>:STATIStCS:SCALEYIUPPE......cciii ittt ettt sttt et neeas 292
CALCulate<n>:TRACe<t>:ADJust:ALIGNMENt:OFFSEL.........cociiiiiiiiii e 311
CALCulate<n>:TRACe<t>:ADJust:ALIGNMENt[:DEFAUIL].............ccciieiiiiieeee e 310
CALCulate<n>:TRACE<t>:ADJUSI:VALUE].......cccuii ettt et e et e e et e e e eaaea e 311
CALCUIAteE<N>TRACESEZ[IVALUE]. ...ttt ettt b ettt e e be e bt e e nbeesaeeanteeenaeesseeanneas 332
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CALCUIAtESNZIUNITIANGLE. ... eeieeeeiiee ettt st e st e e e s eee e e st eeeasteeeeasaeeeeaanseeeeanseeeeansseeeesnseeeeensnneennnn 292
CALCUIAtESNZ I XIUNITITIME......ooi ettt ettt e ettt e e et e e st e e e e seaeeesaseeeesnsseeesnsseaessseaeasseeeensnneeennn 292
DISPlay:FORMat

DISPIay[:WINDOWSNSJ:PRATEIAUTO. .....ciiiiiiiieiee ettt sttt ettt sttt e sbe e e be et e e snneesaneeeeeean 359
DISPIay[:WINDOWSNS>:PRATE[IVALUE].....ceiteiiiie ettt ettt ettt ettt et eenae e e neeaneeeean 359
DISPIay[:WINDOWSNSJISELECL. ... .eiiiieiiiieiiie ettt ettt ettt st sttt e et e et e eamteeesbeesbeeenbeeenbeesnbeanseeean 350
DISPIay[:WINDOWSNS[ISIZE...... ..ottt ettt ettt et ettt e e s b e e bt e eate e st e enbeesseeanseesnneaneeean 350
DISPlay[:WINDOWSN>]:TRACEISYMBOL......ccuiiiiieiiiteitie ettt ettt ettt sttt e et esate e beeebeesneeenneeeas 360
DISPlay[:WINDOWSN>]:TRACE:Y:SPACING. ... ceitieiiiieitie ettt etie et et ettt stee e teesateeeteeebeesaseeateaanbeesnseaaseaaan 294
DISPIay[:WINDOWSN>]:TRACE: Y[:SCALE]. .. eeitetiiii ettt ettt ettt e st e et e e st e ebeesmeeeenbeesaeeaseaea 293
DISPlay[:WINDow<n>]:TRACEe:Y[:SCALE:AUTO ONCE.........ccccotriiiieie e 324
DISPlay[:WINDow<n>]:TRACe:Y[:SCALe]:MODE
DISPlay[:WINDow<n>]:TRACE:Y[:SCALE]:PDIVISION........ccoiiiiiiiiiiiiiii ettt 294
DISPlay[:WINDow<n>]:TRACE:Y[:SCALEJ:RLEVEL.......cccciiiiiiiiiii e 286
DISPlay[:WINDow<n>]:TRACe:Y[:SCALE[:RLEVEI:OFFSEt.......cccciiiiiiiiiiiciieeecce e 287
DISPlay[:WINDow<n>]:TRACE:Y[:SCALE[:RPOSIION. ......cciueiiiiiiiieiiit et 294
DISPlay[:WINDow<n>]:TRACE:Y[:SCALEIIRVALUE. .......coooiiiiiiitieiie ettt 294
DISPlay[:WINDOWSN>]:TRACESEZIMODE........ccuiiiiieiie ettt ettt ettt e b e sneeneee e 333
DISPlay[:WINDow<n>]:TRACEe<t>:X[:SCALEL:PDIVISION......cccetiiiiiiiietie ettt 293
DISPlay[:WINDow<n>]:TRACEe<t>:X[:SCALELI:RPOSIION. .......coiiiiiiieiiieiiiesiee e 293
DISPlay[:WINDow<n>]:-TRACe<t>:X[:SCALe]:RVALue

DISPlay[:WINDow<n>]:TRACE<t>:X[:SCALELSTARL?. ... ..ottt 362
DISPlay[:WINDow<n>]:TRACEe<t>:X[:SCALEL:VOFFSEL......cciiiiiiiiiieie et 312
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALEL:AUTO:ALL......ccctriiiirieieri e 324
DISPlay[:WINDOWSN>]: TRACE SIS [1STATE] ... e eitie ettt ettt et ettt et e et e e sateessseesnbeeenseeanneeens 333
DISPlay[:WINDOWSN>J:ZOOM:AREA........co ittt ettt e st et et e et e snteesaaeesseeesseesnseeenseesnseeseeeas 347
DISPlay[:WINDow<n>]:ZOOM:MULTIple<ZOOM>:AREA........c.ciiiiitiiiiteie ettt 348
DISPlay[:WINDow<n>]:ZOOM:MULTIPlE<ZOOM>:ISTATE......oiiiiiiieeitie ittt 349
DISPIay[:WINDOWSNS>[:ZOOM:STATE. ....ueiiiieeiit ittt ettt ettt ettt ettt b et e st e e beeesb e e e e snnee e 348

FORMat:DEXPort:DSEParator
FORMEEDEXPOMIHEADET ...ttt ettt ettt ettt sa et e e st e bt e et e e e abeeeabeesabeesnbeesnneasneean
FORMat:DEXPOIIMODE....... ..ottt ettt ettt ettt e ettt e e b e e e bt e emb e e bt e eabeesbeeenseesaneeneeean
INITIGEEICONMEES. ...ttt ettt et et e h et et e ettt e a bt e she e e ab e e sa bt e abeeeh b e e ebeeembeeebeeanbeesseeanbeesnbeanseean
INITiate:CONTinuous...
INITIGEEIREFIMEAS......ccoieiieie ettt ettt et e e ettt e e e abe e e e e ab e e e e eabb e e e eaanbeeeeanbeeesanneeeeannnen

INITIGEEIREFRESN. ...ttt ettt e e ae et e ekt e e e be e e e ettt e e e nbe e e e enbeeeeanbeeeeanbaeeaanneeesannen

INITiate:SEQUENCEIABORI........oiiei ettt e ettt e e et e e e e ae e e e e saeeeaseeeeemseeaesnseeaeanneeeannneeaanes

INITiate:SEQUENCErIMMEIALE. ...ttt e s e e s e e et e e e neeeeaneeeeannen 330
INITiate:SEQUENCEIIMODE....... ... ittt e e et e e s te e e s nte e e eneee e e saeeesanaeeeeanneeeeanneeeeanseeesnnen 330
INITiate:SEQUENCEIrREFRESH[IALLY......coiiiiiiieiie ettt ettt ettt et e et esste e teeeseesnseesseeeseeenseenseeeas 329
INITItE[:IMMEAIALE]. ...ttt b ettt et e bt e s b e e ne e saneetee e

INPUE AT TENUALION. ....ceeeeiee et e et e et e e ettt e e st e e e s ste e e e e seeeeaenseeeeessseeeeansseeeeassseeesnsseaesanseeenannnen

INPut:ATTenuation:AUTO
INPut:ATTenuation:PROTECHONIRESEL ........ccuiiiiiiiiieiiie ettt 279
INPULICOUPIING. ..ttt et h ettt e b e sh bt e et e bt e e a bt e eab e e nhee et e e enbeesmbeeebeeebeeenbeasnneean 279
INPULIDIQICDEVICE. ...ttt ettt e ettt ekt e e bt e e mt e e e nb e e sbe e e beeembeesabe e beeenbeesnbeaanaeean 282
INPUL:DIQ:RANGEIAUTO. ...ttt ettt e bttt e e a bt e ea b e e e bt e e eae e e ahe e e bt e enbeeenbeesmbeeenbeesnbeaaseeean 283
INPUt:DIQ:RANGEICOUPIING. .....eee ittt ettt ettt ehe e et e e bt e e bt e e beeenbeeeabeesseeeenbeesneeaseeaan 283
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INPUEDIQ:RANGE[:UPPEI......eteee sttt sttt ettt et sm et esme e et emeenaeeme e eeeneeneeneeneenreenes 283
INPUt:DIQ:RANGE[:UPPEITUNIT ...ttt ettt nae e eetee e 284
INPut:DIQ:SRATe

INPULDIQISRATEIAUTO. ...ttt ettt h et a ekt e e bt e e bt e e bt e e be e e bt e smb e e esbeesaeeenbeeenbeesnbeennneean 284
L1 L = A TSRS OPPPP 289
INPULEATTIAUTO . ..ttt ettt h et e ke e b e e a b e ekt e bt e eme e e ehe e e beeeme e e eseeenbeeambeeaneeebeaaneeean 290
[N = I S ) I TSRS UUPRRPRPRI 290
INP UL I LTI HP A S S i ST AT .. ettt ettt ettt ettt et e st e e et e eae e e bt e ehb e e ebeeemte e beeenbeeabeeanseesnseanseeans 280
[NV o [ =Y A [T RS AN =Y TSRS U SRRSO 280
IN P UL G AN S T AT €. ettt ettt et e bt e ke e e bt e e abeeehe e e st e e beeemseeembeeeaeeabeeemseesaneeaseaanseeenseaanneean 288
INPULIGAINLVALUE]. .. ettt ettt ettt e ke e et e e bt e e ateeeaseeeabeeamseeenseeemseessseeesseesnseeassaennseesnseaseeenn 287
INPut:SELect

INSTrument:CREGEIREPLACE. ... ittt et e et e e e et e e e enteeesnnteeeeanseeeennseeesnnen 262
INSTrument:CREGE[INEW]........eiiiieiiei ettt b et ettt et e et e e etee e 262
INSTIUMENEDELELE......eeiiieee ettt e e st e e ettt e e st e e e sanaeeessseeeaaseeeeesaeeesnseeeesnsaeeesnseeeensnneeanes 263
INSTIUMENELIST 2. ettt h e bt b ettt e e hb e e h et e bt e eab e sab e e beeebeenabeeaaneenn 263
INSTIUMENERENGIME ...ttt e b et et e e ab e e sae e e beeebeennbeeanneean 264
INSTIUMENIESELECE]..... et e e e e et e e e e s s e e e e e sbaeeeasaeeeesaaeeeassaeesnnreeesnnnen 264
LAY OUEADDIWINDOW] 2.ttt ettt ettt e et e e et e e e ettt e e e st e e e e asaeeeentaeeeeansseaessseeeesanseaesassneesannes 351
LAYOUL:CATAIOGI:WINDOW] 2.ttt ettt ettt e et e st e ekt e et e e bt e emb e e embeesmeeanbeeenbeesnseenseeenn 352
LAY out:IDENtify[: WINDow]?..

LAY OUEREMOVE[:WINDOW]. ....c.eeiee ittt ettt ettt ettt e e e te e e e be et e e ease e e e amts e e e e nbeeeeamnbeeesanbeeeeanneeeeannnen
LAYOUE:REPLACE[:MWINDOW].....c.ntiiiiiieitit ettt ettt ettt ettt e e eate et e eabeesteeaneeenbeeeaseeaneeenbeaassaesneeenseaannaean
LAY QUL SPLITEET . ...ttt ettt ettt e e et e e e a bt e e e e aee e e e e mteeeeeaaseeeeamseeeeanseeeeannseaeanbeeeeanneeaeannen
LAYOUL:WINDOWSNZIADD ...ttt ettt sttt b e bt a et eae et es e bt e b e seesneeneenneenean 355
LAYOUt:WINDOWSNZIIDENLY? ...ttt ettt st e enne s ne e nreenes 355
LAYOUEWINDOWSNZIREMOVE. .......ciiiiiiiiiee ettt e st e e st e e st e e e s naeeesnaeeeenaeeeeanneeeeanneeeeannneeeannen 355
LAY OUEWINDOWSNZIREPLACE. ... uiiiiiiieeiiee ettt e st e e e st e sae e e saeee e e nnaeaessaeeesnsaeeesnsaeeesnseeeensnenennes 356
LAY OUEWINDOWSNZ I TYPE?..c..ece ettt ettt h e bttt e he e bt st e e e bt e nbe e et e e nnaeean 356
MMEMOTY:LOAD: IQ:STATE. ...ttt r e e s e e e n e eee e n e e nne e enas 377
MMEMOry:STORE:IQ:COMMENL.........oiieiieiiitieiee sttt sttt e e nn e seee e ennas 377
MMEMOry:STORE:IQ:FORMAL?.........oiiiitieiiiie ittt ettt et 378
MMEMOTY:STORE:IIQ:ISTATE. ...ttt ettt sa et sae e e s bt e e beeneebeeanenee s
MMEMory:STORe<n>:TRACe

STATus:QUEStionable:ACPLIMIit:CONDItION?.........coiiiiiie ettt 386
STATus:QUEStionable:ACPLIMItIENABIE............coiiiii ettt e et ebeesaeeas 387
STATus:QUEStionable:ACPLIMItINTRANSIHION. .....coouiiiiie et 387
STATus:QUEStionable:ACPLIMIit:PTRANSIION. ......ccoiiiieeiii e e e 388
STATus:QUEStionable: ACPLIMItEVENL]?. ...ttt 386
STATuUs:QUEStioNable:DIQ:CONDItION?..........oouiiiiee ittt s enaesne e nee s 386
STATus:QUESHIONAbIE:DIQIENABIE.........cueeiiieeiie ettt et e e saae et e e sre e e ebeesseeeneesnsaeanneas
STATus:QUESLtionable:DIQ:NTRANSIHION. .......ciiiiieeiiiie e eeee e e e e et e e e eeesnneeeesseeaeensneeeenes
STATus:QUEStionable:DIQ:PTRansition...

STATus:QUESHIONable:DIQ[IEVENT]?.......eiieie ettt ettt nae et neeas 386
STATus:QUEStionable:FREQUENCY:CONDItION?........ccouiiiiiieiieiiecire et 386
STATus:QUEStionable:FREQUENCY:ENABIE..........c.coiiiiiiiiiete et 387
STATus:QUEStionable:FREQUENCY:NTRANSItION. ......cc.iiiiiiiiiiice et e 387
STATus:QUEStionable:FREQUeNCY:PTRANSIION...........ccooiiiiiiiiiii e 388
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STATus:QUEStionable:FREQUENCY[:EVENL]?.......ooiiiiiie e 386
STATus:QUEStionable:LIMit<n>:CONDItION?.........ccoiiieeiiieeeeiee e e e et e e e e e et eeesneeeeesnneeaessneeeenes 386
STATus:QUEStionable:LIMit<n>:ENABle

STATus:QUEStionable:LIMit<n>:NTRANSIHION. ........coiiiiiiiiiiie e 387
STATus:QUEStionable:LIMit<n>:PTRANSIION. .....c...ciiiiiiiiiieiie et 388
STATus:QUEStionable:LIMit<n>[IEVENL?.....c. et 386
STATus:QUEStionable:LMARGINSN>:CONDIION?.......coviiiiiiiiiiieieie ettt 386
STATus:QUEStionable:LMARGINKNSIENABIE..........coiiiiiiii e 387
STATus:QUEStionable:LMARGIN<N>:INTRANSItION. ......cccooiiiiiiiiiiiii e 387
STATus:QUEStionable:LMARGIN<N>:PTRANSIHION. .......c.ciiiiiiiiiiii e 388
STATus:QUEStionable:LMARGINSNS[IEVENL]?......oiiiiiieiee e 386
STATus:QUEStionable:MODulation<n>:CFRequency:CONDition?...
STATus:QUEStionable:MODulation<n>:CFRequency:ENABIE............ccccoriiiiiiiiiieeee e
STATus:QUEStionable:MODulation<n>:CFRequency:NTRaNSItioN..........cccooiiiiiiiiiinieee e
STATus:QUEStionable:MODulation<n>:CFRequency:PTRaNSItioN.............ccooviiiiiiiniiiiicecec e
STATus:QUEStionable:MODulation<n>:CFRequency[:EVENL]?..........ccccoiiiiiiiiiiiie e 386
STATus:QUEStionable:MODulation<n>:CONDItION?........c.coiiiiiiiiiieiiee e 386
STATus:QUEStionable:MODUIation<N>ENABIE. ........coiiiiiiiei e 387
STATus:QUEStionable:MODulation<n>:EVM:CONDItION?.........cccuiiiiiiiiieeeeie et 386
STATus:QUEStionable:MODulation<n>:EVM:ENABIE...........ccciiiiiiiieii et

STATus:QUEStionable:MODulation<n>:EVM:NTRansition
STATus:QUEStionable:MODulation<n>:EVM:PTRansition

STATus:QUEStionable:MODulation<n>:EVM[:EVENL]?.........ccooiiiiiiiieiie e 386
STATus:QUEStionable:MODulation<n>:FSK:CONDItION?.........c.ceiiiiiiieiie it 386
STATus:QUEStionable:MODulation<n>:FSKIENABIE..........cccciiiiiiie e 387
STATus:QUEStionable:MODulation<n>:FSK:NTRaNSItION...........ooiiiiiiieiiiee e 387
STATus:QUEStionable:MODulation<n>:FSK:PTRANSIION............cceiiiiiiiieieee e 388
STATus:QUEStionable:MODulation<n>:FSK[EVENL]?........ccooiiiiiiiie e 386
STATus:QUEStionable:MODulation<n>:1QRHO:CONDItION?........ccutiiiiiiieiiierie e 386
STATus:QUEStionable:MODulation<n>:1QRHO:ENABIE...........ccoiiiiiiiiiiieiie e 387
STATus:QUEStionable:MODulation<n>:IQRHO:NTRANSItION.........c.coiiiiiiiiiiiiiiiei e 387
STATus:QUEStionable:MODulation<n>:IQRH0O:PTRANSIION. .........ccciiiiiiiiiiiiiieie e 388
STATus:QUEStionable:MODulation<n>:1QRHO[:EVENL]?........ccoiiiiiiiiaiiee e 386
STATus:QUEStionable:MODulation<n>:MAGNitude:CONDition?..
STATus:QUEStionable:MODulation<n>:MAGNItude:ENABIE...........cc.ciiiiiiiiiiiieie e
STATus:QUEStionable:MODulation<n>:MAGNitude:NTRaNSItioN............cccoiiiiiiiiiie e 387
STATus:QUEStionable:MODulation<n>:MAGNitude:PTRaNSItiON. ..o 388
STATus:QUEStionable:MODulation<n>:MAGNitUde[:EVENL]?.........ccoooiiiiiiiiiiie e 386
STATus:QUEStionable:MODulation<n>:NTRaANSItION.........cc.coiiiiiiiieiie e 387
STATus:QUEStionable:MODulation<n>:PHASE:CONDItION?..........ooeiiiiiieiiiie e e e 386
STATus:QUEStionable:MODulation<n>:PHASE:ENABIE...........cccccuieiieeeeiee et a e eeee e 387
STATus:QUEStionable:MODulation<n>:PHASE:NTRANSItION..........cccoiiiiiiiiiiiie e 387
STATus:QUEStionable:MODulation<n>:PHASe:PTRansition
STATus:QUEStionable:MODulation<n>:PHASE[:EVENL]?.........cooiiiiiiiieiie e e 386
STATus:QUEStionable:MODulation<n>:PTRANSItION. .........c.oiiiiiiiiiiii e 388
STATus:QUEStionable:MODuUIation<N>[IEVENL]?......cciiiiiii e e 386
STATus:QUEStionable:POWErCONDItION?.........eiiiiiiiie ettt ettt e e e 386
STATuUsS:QUESHIONADIEIPOWEIENABIE. ..ottt e b e e e s ranee e e 387
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STATus:QUESLtiIoNable:POWErNTRANSIION. .........eeiiiiieeiiie e eiie et e sttt e e seae e e snee e e sneeeennneaeensneeennes 388
STATus:QUESLtioNable:POWErPTRANSIHION. .........cuiiiiiiee ettt ee e e e e e s e e e nnneeeenes 388
STATus:QUEStionable:POWer[:EVENT{]?......
STATus:QUEStIONabIe:SYNC:ICONDIION?.....cuuiiiiieiiieiiet ettt ettt e e sae e st e s 386
STATuUS:QUESHONADIE:SYNCIENABIE.......coiiiitieiieeee ettt ettt sbe et esneeebeesaee s 387
STATus:QUEStIoNable:SYNCINTRENSIHION. .......ccitiiiiiiiiii ittt 388
STATus:QUEStIoNable:SYNC:PTRANSIION. ........ooiiiiiiiiii ettt e s 388
STATus:QUESHONabIE:SYNCIEVENL]?......iiiie ettt ettt et e et eesneeeeneeas 386
SYSTem:PRESet: CHANNEI[:EXECULE]......coiuiiiiiiiiie ettt ettt e e neeas

SY STEMISEQUENCET......ceiuteteeieiiee et ettt ettt e e et e e e e atae e e e aaeeee e aaeeee e aaseeaeeaseeaeaasseaeaaseeeeasseeeesneeeaanseeeeannneaannn

TRACEI QN BANGA ST ATE]. ettt ettt ettt e st e et e e et eesaee e teeeeseeesseeaseeeaseeeabeeaseeanneeebeesnseeenneas

TRACe<n>[:DATA]
TRIGger[:SEQuence]:BBPOWErHOLDOR. ..........coiiiiiie e e
TRIGGEr:SEQUENCELDTIME. ...ttt et b ettt ettt et e e sen e e nbeeenneas
TRIGger[:SEQUEeNCE]:HOLDOF[:TIME]......cc.uiiiiiiiiieiee ettt
TRIGger[:SEQUENCE]:IFPOWEIHOLDOR.........coiiiiiiiiei e
TRIGGer[:SEQUENCE]:IFPOWEIHY STEIMESIS. .....coiiiiiiiieiiiie ittt
TRIGQer[:SEQUENCEL:LEVEEBBPOWET.......c...oiiiiiiiieieiee ettt ettt
TRIGGEr:SEQUENCELLEVELIFPOWET........oiiiiiiieie ettt ettt et e b e be e e e eneeas
TRIGGer[:SEQUENCEL:LEVELIQPOWET......ccouiiiiiiiiieeie ettt sttt e bt e b e smteeeneeas
TRIGger[:SEQuence]:.LEVel[:EXTernal<port>]....
TRIGGEr[:SEQUENCELSLOPE. ...ttt et sttt e

TRIGGEr[:SEQUENCEL:SOURCE......ccouiiiiii ettt ettt ettt

[SENSe:]JADJust: CONFIgUre:DURAEION. ........cociiiiiiiiiiiiieeciee ettt

[SENSe:]JADJust: CONFigure:DURAtIONIMODE............cooiiiiiiieie ettt

[SENSe:]JADJust: CONFigure:HY STeresiS:LOWET..........cooiiiiiiiiii et 325
[SENSe:]JADJust: CONFiIgure:HY STeresiS:UPPET ..ottt 325
[SENSE:JADJUSEILEVEL........oiiiiieiieeee ettt ettt et e et e b e eate e s s e e eaeeenteesnsaesnseeasneenneas 326
[SENSE: IDDEMOG: AP SKINSTALE. ...ccitiieeiiiiee st st e e et e e sttt e e ste e e st e e e s aeeeessaaeeeasnaeeesssaeeeasnaeeeanseeeeannneennnn 269
[SENSe:]DDEMod:ASK:NSTate
[SENSe:]DDEMod:ECALc:OFFSet
[SENSe:IDDEMOA:ECALCIIMODE]........ciiiieiieitieitee ettt ettt sttt e e e b et e e nneeebeeseeean
[SENSE:IDDEMOA:EPRAIEIAUTO.......eiiieeieiee ettt ettt e et e et e et e e e e b e e e s eate e e e abaeeeesnsaeaeesnneeenes
[SENSe:]DDEMod:EPRate[:VALuel]....
[SENSe:IDDEMOd:EQUANZEINADARPY. ... .ottt ettt ettt e et e e saeeesebeeenbeesneeeanneas
[SENSe:]DDEMod:EQUalizer:LENGth
[SENSe:]DDEMOd:EQUANZEILOAD. ... .eiiiieie ettt ettt e e et e e s aeeeeneeeeareeanneeenneas

[SENSe:IDDEMOod:EQUANZEIMODE..........cciiiiiie ettt ettt ettt e st eesaeeesnseesnseesnneeenneas

[SENSe:]DDEMOd:EQUANZEINRESEL........coeiiiiiiiii ittt

[SENSe:IDDEMOd:EQUANZEISAVE.........c.oiiiiiitieiee ettt sttt er e s

[SENSe:IDDEMOd:EQUANZEIT:STATE]...cueieieiietie et et sttt ettt sta e et et esse e enbeesaseessseesneesnraeanneas 317
[SENSe:IDDEMOA:FACTOIY[:VALUE]. ...ttt ettt 265
[SENSe:]DDEMod:FILTer:ALPHa....
[SENSE: IDDEMOA: F LT I ST AT i teiieeiet e e ettt e et e ettt e e e ee e e s ee e e s e e e s e e e assaeeeassaeeeassaeeessnaeeeasseeeeannneeennn
[SENSE:IDDEMOG:FORMAL.........ccciitiiieeitiiie ettt e ettt e et ee et e e et e e et e e e saae e e e sataeeesasaeeessseaessaeeeensseeeeasnneeeans
[SENSE:IDDEMOA:FSKINSTALE.......eeiiiiiiie ettt e et e e e et e e et e e e e eare e e e ebaeeesensaeeeenns
[SENSE:IDDEMOA:FSYNCIAUTO. ... ..ottt ettt e et e e et e e e e e e e eate e e e ebaeeeesnsaeesesaneeenns
[SENSE:IDDEMOA:FSYNCILEVEL ..ottt ettt et eebeeseee s
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[SENSE:IDDEMOA:FSYNCIRESUIL?......ooiiiiiiieieeetie ettt ettt e et e et e easeesssaesaneesaaenneas 317
[SENSE:IDDEMOA:FSYNCIMODE]. ..o
[SENSe:]DDEMod:KDATa:STATe...

[SENSe:IDDEMOd:KDATA[INAMEL........ciiiiiiiiitieiee ettt b ettt e e e bt et e e naeeenbeesaneas
[SENSe:IDDEMOd:MAPPINGICATAIOF?. ... .eeiie ittt ettt ettt ettt b ettt st et e e b e e sae e et e e snneebeeannean 271
[SENSe:IDDEMOA:MAPPING[:VALUE]. ... ceetie ittt ettt ettt sttt e sbe ettt e b e et e e embeesbeeanbeesnbeesseeenneas 271
[SENSE:IDDEMOA:MFILLEIALPHAL.......oooiiiiieeeee et e e e e e aee e e e aaae e e eaaeaeeeanneeeaes 321
[SENSE:IDDEMOA:MFILIEIAUTO . ...ttt ettt ettt ettt sttt e e et e e s at e e be e e eaeeebeeanneeabeeanseaanneas 321
[SENSE:IDDEMOA:MFILIEINAME ... .ottt ettt e b et eab e e bt e e e e e enbeesseeanseeenbeaeneeenneas 321
[SENSEe:IDDEMOA:MFILIEIUSER. ...ttt ettt ettt e eae e e b e e st e e beeenseeanneas 322
[SENSE:IDDEMOA:MFEILEIT:STATE]. .. ettt ettt ettt et et e et e s e e et e e saeeeseeenbeesaseessaeesneeeseeenneas 321
[SENSe:]DDEMod:MSK:FORMat

[SENSe:]DDEMOd:NORMANIZEADROOP. ....ccuuviiutietieiiee ittt ettt ettt ettt ettt nb et ereesaee s 318
[SENSe:]DDEM0Od:NORMAlIZE:CFDRIfL.........eeieiiiiieeciie ettt ettt et eareesnaaeenneas 319
[SENSe:]DDEMOd:NORMANIZE:CHANREL......c..eiiiiiiieit ettt 319
[SENSe:IDDEMOd:NORMAIZEFDERFION........uiiiiiiieeciiee ettt e et e e et e e et e e e ssnaeeesnsaeaeesnneeenes 319
[SENSe:]DDEMod:NORMalize: IQIMDBEIANCE. .........ccuiiiiiiiie ittt 319
[SENSe:]DDEMod:NORMaliZE: IQOFFSEL. .......eeiiieiieiiie ittt b et n 319
[SENSe:IDDEMOd:NORMANZE:SRERION........c.utiieiciiie ettt e et e et e e et e e et e e e eaaee e eeaseaeesaaeeeeaes 320
[SENSe:IDDEMOA:NORMANZE[:VALUE].......uveeieetiee ettt ettt et e s e e e e aae e e e ba e e e s saraeeeeensneaeenes 390
[SENSe:]DDEMod:PRATe

[SENSe:IDDEMOA:PRESELRLEVEL.......cooiiiiiiitieiie ettt et e et eebeesneeas 287
[SENSe:IDDEMOA:PRESELRLEVEL......cooiieiiieiiee ettt ettt et eneeeseasaeeas 326
[SENSe:]DDEMOd:PRESEL[:STANCAN]......cueiiiiiiiii ittt ettt ssee e saeeeseeenneas 265
[SENSEe:IDDEMOA:PSKIFORMEL.........ceiiiiiiieitieiit ettt ettt et e et e et este e ssbeesbeeanseesnbeesseeanseeenseessneenneas
[SENSE:IDDEMOA:PSKINSTALE.....ccciiiiiieiieeciie ettt ettt et e e e sateessaeesnaeesseeeseeeseesnseeenneas
[SENSe:IDDEMOA:QAMIFORIMEL........ccciiiiiiiiiieiit ettt ettt ettt e st e e ssaeesseaenseeenseesseeanseesnseesseeenneas
[SENSe:IDDEMOA:QAMINSTALE. ...ttt ettt ettt et nb et be et eaneas
[SENSe:IDDEMOd:QPSKIFORMEL. .......ciiiiiiiiiieiit ettt ettt e b e ebeeennees

[SENSe:]DDEMod:RLENgth:AUTO
[SENSe:]DDEMod:RLENgth[:VALue]

[SENSE:IDDEMOG:ISBANG........ctiiiiietit ittt a ettt e et e sae e et e e e sb e e saeeeateeenbeesneeanbeeenbeesnneenneas
[SENSe:]DDEMOd:SEARCH:BURSEAUTO.....coiuiiiiiiieiiiteiee ettt sttt sttt sttt e e te e nneesneeeanneas
[SENSe:]DDEMod:SEARch:BURSt:CONFigure:AUTO
[SENSe:]DDEMod:SEARch:BURSt:GLENGth[:MINIMUM]........ooitiiiiiiiiaiie e 305
[SENSe:]DDEMod:SEARCh:BURSt:LENGHh:MAXIMUM. .......ooiiiiiiiiiieiie et 276
[SENSe:]DDEMod:SEARch:BURSt:LENGh[:MINIMUM]......ocuiiiiiiiiiiiiee e 276
[SENSe:]DDEMod:SEARCh:BURSEMODE............ooiiiiiieiiieetie ettt e et e e e snneeenneas 305
[SENSe:]DDEMod:SEARCh:BURSt:SKIP:FALLING.......cotiiiiiiiiie ettt nsee e 277
[SENSe:]DDEMod:SEARCh:BURSt:SKIP:RISING. .....ccuiiiiiiiiieciieeciie ettt 277
[SENSe:IDDEMOd:SEARCH:BURSESTATE. .....oiiiiiiciie ettt ettt ettt ettt et e e s e easeebaesnsaesnneeeseeanneas 305
[SENSe:]DDEMO0d:SEARCh:BURSE:TOLEIANCE. ......ccuiiiiieiiiie ittt ettt 305
[SENSe:]DDEMod:SEARch:MBURst:CALC
[SENSe:]DDEMod:SEARCh:PATTern:CONFIgUre:AUTO......ccuuiiiiieiiie et 306
[SENSe:IDDEMod:SEARCh:PATTErN:SYNC:AUTO.....cooiiiie ettt re e e rvaee et a e eraeeeenes 320
[SENSe:IDDEMod:SEARCHh:PATTErN:SYNCSTATE]....uiiii ettt et e e e e e 320
[SENSe:]DDEMOd:SEARCH:SYNCIAUTO. ..ottt ettt ettt ettt et sbe e sae e e st e e nneeeneeeanneas 306
[SENSe:]DDEMOd:SEARCH:SYNCICATAIOG. ... ..eieiiiieititeiie ettt ettt tee ettt et eesbe e saeeaneeesaeeenreeaneeas 277
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[SENSe:]DDEMO0d:SEARCH:SYNC:COMMENL......ccueiiiieieiiecieeeieectee et etteete et e et siae et e ssseesbeesnsaesneeenraesseeas 308
[SENSe:]DDEMOd:SEARCH:SYNCICOPY ...ttt bttt ettt 308
[SENSe:]DDEMod:SEARch:SYNC:DATA

[SENSe:IDDEMOd:SEARCH:SYNCIDELELE. .....cccviieeiiiee ettt e et e e et e e st e e e eaaeaeenes 308
[SENSe:]DDEMod:SEARCh:SYNC:IQCTRrEShOId. .......ooiiiiiieiiieie et 306
[SENSe:]DDEMOd:SEARCH:SYNCIMODE........coiiiiitiiaiie ettt ettt e b e st e b e e esneeeanneas 307
[SENSe:IDDEMOd:SEARCH:SYNCINAME. ...ttt ettt ettt ettt sttt e et e e sbeesnbeesneeenbeeaneeas 309
[SENSe:IDDEMOd:SEARCH:SYNCINSTALE. .....ceiitiiiiie ittt ettt ettt et ettt e st e snaeesseeaneeas 309
[SENSe:]DDEMod:SEARCHh:SYNC:PATTEINIADD........oiiiiiiiieiit ettt e e eee b e eeeeaneeas 310
[SENSe:]DDEMod:SEARCh:SYNC:PATTErN:REMOVE. .......coiiiiiiiiiiiiiee e 310
[SENSe:]DDEMOd:SEARCH:SYNCISELECL.....ccuviiiiieiiie ettt ettt stee et e snaeesneaeenneas 307
[SENSe:IDDEMOA:SEARCH:SYN C STATE. ...ttt ettt e et e et e e e e e enseeseeanseesneeenseeenneas 307
[SENSe:IDDEMOd:SEARCH:SYNCTEXT .....oiiiiiiiie ettt stte et et sta e sae e e teesnseesnseeseeansaesnneeeseeenneas 310
[SENSe:IDDEMOA:SIGNAIPATTEIM. .. ..ottt ettt er et eb e s 278
[SENSEe:IDDEMOA:SIGNAI[IVALUE]......ctieeitieetie ettt ettt ettt s aae e st e e saaeestaeesaeeesbeesnsaeeseesnseesnneas 278
[SENSE:IDDEMOG:SRATE. ...ttt ettt bttt b ettt e ab e sat e e be e e bt e et e e sabeenaneenbeeennean 274
[SENSe:IDDEMOd:STANAArd:COMMENL........ccciiueiieeeiiiee e citie e eeie e e et e e et e e e st e e e e sssaeeesenseaeesnnseeeeannsaeeeanes 266
[SENSe:IDDEMOd:STANAArd:DELELE.........coiiiieieeeiie ettt ettt e e e e e e e eaaae e e sane e e e eaneeeenes 266
[SENSe:]DDEMod:STANAard:PRESEL[:VALUE].........oeiiiie ettt ettt e e e eaaee e 266
[SENSe:IDDEMOA:STANIAIA:SAVE........ooitiiiiie ittt ettt et e e sae e et e e ebee e beesnseeebeesnseeanneas 267
[SENSe:]DDEMod:STANAard:SYNC:OF FSEt:STATE. ..ottt 278
[SENSe:]DDEMod:STANdard:SYNC:OFFSEt[:VALUE]......c..eiiiieiie ittt 278
[SENSE:IDDEMO: TFILLEIALPHA. ...ttt ettt et e et e et e et e e ebeeenteeeneeeseaaneeas 274
[SENSe:IDDEMO: TFILLEFNAME. ...ttt ettt et e et e e st e e bt e sateeseeenseesseeenseesneeenseenneeas 275
[SENSEe:IDDEMOA:TFILIEFNUSER.......c.oeiiiie ettt ettt e et e b e et e e snteesaneaseaenneas 275
[SENSE:IDDEMOA: TFILEI:STATE]. .. eeeitie ettt ettt ettt et e ste e et e et esee e eseeesseesnseeenseeaseeanseesnseesseeanseas 275
[SENSE:IDDEMOU:TIMEL.......cuiiiiiiietie ettt etee ettt et ee et e e bt e eseeeesseesaaeaseeenseesnseeeseeesseeanseeanseesnseesseeenneas 312
[SENSE:IDDEMOA:USERINAME........oooiiiiiieectie ettt ettt ettt ettt e st e e s e e saaeessee e saneeeseeeseeeseesnraeanneas 275
[SENSE: JFREQUENCY:CENTET . .....coiiiiiiiiitieie ettt bttt et et e bttt e e i e ebeesane s 285
[SENSe:JFREQUENCY:CENTEMRSTEP......coitiiiiie ittt ettt et 285
[SENSe:JFREQUENCY:CENTERSTEPIAUTO. ...ttt ettt 285
[SENSE:JFREQUENCY:OFFSEL......coitiiiiieiie ettt ettt e b e et esnb e e naee e eeeeneeas
[SENSE:IMSRAICAPTUIEIOFFSEL.....c.eiiiieieie ettt e e et e e e st e e e e e e e e e ebaeeeeeasaeaeenes
[SENSe:]SWEep:COUNt:CURRent

[SENSE:]SWEEP:COUNLIVALUE]. ... ettt ettt ettt ettt e b e e st e bt e sebeebeeenbeesbeeanteeanneenbeaaneeas

e
User Manual 1173.9292.02 — 04 435



R&S®FSW-K70 Index
Symbols B
4ASK Bandwidth
Constellation diagram ...........cccccceviiien i 81 Coverage, MSRA MOdE .......c.ccoviiiiiiii i 118
8PSK Demodulation ..........cccociiiiiii i 51
Constellation diagram ...........ccccccoeiiei i 66 depending on sample rate ........ccccccviiiiiiiiiiiiniinns 62
16APSK Digital I/Q data .
Constellation diagram ...........ccccccoeiien i 82 EXTENSION ...oeiiiiiiiiiiii e
95%ile Extension options ..........ccccciiiiiiiiiiie e 58, 59
Formula ... 415 Maximum
Maximum usable ..o 58
A Relationship to sample rate ............cccccieiiiiiiiiiiinnnnn. 59
Signal processing .
Aborting USDIE (MAX.) v e 58
5T o USSR BB Power
AC/DC coupling THQGET (SOFKEY) w.evvvveeeeeeeeeeee e 156
Activating Bit error rate (BER)
VSA (remote) ..o, 262 RESUIEEYPE ..o e 42
Alignment Burst GSM EDGE
ReSUIt range .......cooceieeiiiiiieee e 171 Measurement Xample ..........ccccereeerereerereeeeenees 228
AIpha/BT . Bursts
Amplitude DISPIAY .o et
Configuration (remote) Length (MIN/MEX) .....vovveeeeeeeeeeeee e
Configuration (softkey) ... Programming eXample .............cococeveveveerenenennnns
Distortion, effect ......... Reference for result range . .
Settings ..o RUNAIN <o
Amplitude droop SigNal SEIUCUTE ... e
Compensation .........ccoociiiiiiiiie 173 USEUI IENGHN ..o e
Definition Burst search
Formula AIGOTIIAM ... e
Analysis Auto configuration . .
Bandwidth, definition ............cccccoiiiiiiis 61 CONFIGUIALION ... e
Button Demodulation PrOCESS ............ceoeeeeeeeeeeeeeeeeereeeeeens 85
Analysis interval Enabling
MSRA 152, 295 EITOTS .voeeoeeeeeeeeeeeeeeeee e e
Analyzing Gap length
Measured data ..........cccooviiiiiiiiin i 212 Parameters
APSK PrOCESS .vooveveeeeeeeeeeeeeee s eeeeee e es s eneenese e,
Modulation type ... REMOE oo
Symbol mapping .. Robustness .. ... 87
ASCII Trace eXport ........cccoeveeiieeieiie e 406 TOIEIANCE oo 162
ASK BUFSE SIGNAI ..vocecececeeeeeeeeeeeeee e, 132
Modulation type ........coociiiiiiiiin 127
Symbol MapPING .....corveeiiieniieiii e e 81 C
Attenuation ................. .. 140, 145
PV | (o T, .. 140, 145 Capture buffer
Configuration (remote) .........ccccecveiiniiiniiiiiiiece 288 Data SOUICE .......oeiiiiiiiiiiiiceic e 16
Electronic .........c.cc...... .. 141,146 Length ......... 111
Manual ....... .. 140, 145 Navigating .......ccccccevvevrieene .. 226
Option B25 ................. .. 141,146 Reference for result range . .. 170
Protective (remote) ..... e ——————— 279 RESUIE tYPES ..o 16
Auto level Capture Buffer
HYSEEreSIS ..o 184 DiSPIAY ..t 116
Reference level .... .... 140, 144,183 Capture length
SOFtKEY v 140, 144, 183 Data acquisition ..........cccceveiriiieniiiie e 152
Automatic DiSPIAY ... e 13
Configuration .........coceeiiiiiiiiii Capture offset
Configuration (remote) MSRA applications ..........ccocovriiiene i 158
Auto settings Remote
Meastime Auto (softkey) ......ccccveviiiiieiiieecen Softkey
Meastime Manual (softkey) Capture oversampling
Averaging see Sample rate ........ccoceiriiiiiie s 57
Measurements .........cccccoveieiieeiiiiiieens
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Carrier frequency drift

Compensation .........cccuuuiiiiiiiiie i 174

Definition

Formula
Carrier frequency error

Formula ... 414
Center freQUENCY ......eeeeiiiiiiiiiiiiii e 139, 142

SOfKEY et 139, 142

StEP SIZE i s 142
Channel bandwidth

MSRA MOAE ...t 118
Channel Frequency Response Magnitude

ReSUIt tYPe ... 47
Channel Group Delay

ReSUIt tYPE ... 48
Clock rate

Definition ..o 61
Coarse Synchronization ............ccocccvieiiiiiieiiieeneiee. 177
Compatible

Patterns ... 166
Compensation

Demodulation ..........ccccoociiiiiiiii e 172,173

Modulation errors ...........ccceceiiiiiiiiiieiiieeee e 98

Remote ..o 312
Constellation

Frequency (result type) .......ccccvevieiii i 32
Constellation 1/Q

ReSUIt tYPe ... 30

Rotated, Result type .......cccoeiiiiiiiii e 30
Constellation points

Symbol MapPINg ....ccveeieiiiee e e 63
Continue single sweep

SOFKEY et 159
ContinUOUS SIGNAl ......ceeviiiiiiiiie e e 132
Continuous sweep

SOFKEY et 158
Couple Screens

SOFKEY et 191
Coupling

INPUt (FEMOLE) ...eeeeiiiie e e 279
Customized

Measurement, performing ............ccccee i, 203

D

Data acquisition

Capture length .........coooiiiiiiiii e
Configuration ...

MSRA ... e 152, 295
Sample rate ... e ————————— e ————————— 153
Usable 1/Q Bandwidth ..........ccccceviiiioniinniiiicee, 153

Data source

Capture bUffer .......cccoovveeii s e 16
Display .............. .14

Equalizer ....
Error vector ....
Evaluation method .
Meas & Ref ............. .. 16
Modulation accuracy ...

Modulation errors ... L7

Result types ............ .19

Symbols e ————— L7
Decimal separator

Trace EXPOIt ..veeeeieeiieeeeiiieee e e et e e et e e e e e e e 189
Default values

Preset ..oouoiiie e 120

SCaAlING -eeiiiiieeitee e 149

Deleting

Settings files ..o, 123

Standards ... 123
Delta markers

DefiNiNg .ooooieeee e 191
Demodulation

AVANCE .......oiiiiiiii

Bandwidth ...

Compensation .

Configuration ...

Estimation points per symbol ...........cccccouiiiiiiiiinnnnn. 177

Known data .

Normalization ..........ccccooiiiiiiiii e, 176

Offset EVM ..ot 179

Process

Remote

Synchronization ...........cccceeeviiiiiiiiiiiiies 175,177,178
Diagram footer information ...........cccccoeiiiiiiiiiiiiieeee 14
Differential PSK (DPSK)

Symbol MappPiNg ....cc.eeveiiiieie e 68
DiglConf

Softkey, see also R&S DiglConf ..........cccceveeeeeinnen. 138
Digital Baseband Interface (B17)

INput SettiNgS ..ooooiiii s 136

Input status (remote) ..o 282
Digital I/Q

Bandwidths ... 61

Input connection information ..............ccoociin, 138

INput SettiNgS ...coooiii s 136

SaMPIE rates ....coooiiiiiiiiiieie e 61
Digital input

Bandwidths ...

Connection information ... .

ReSHCONS ..o
Digital output

ReSHHCONS ... 62
Digital standards

Assigned patterns .........ccocceeeiiiies e

Assigning patterns . .

Configuration ...........ccceiiiiiii e

Performing measurement according to .................. 201

Predefined .

RemOte ..o

Removing assigned patterns ...........ccccceeeeeieeiiinnnnn. 165

Saving .

SeleCtiNg .....eeeiiiie e 122

SOFKEY et 122

VSA measurements ..........ccccocceveeictiiiiieiiiee e 121
Display

Configuration (Softkey) .........eeeveiiiiie i, 196

Information

Points per symbol ............cccccceiiiis 115, 198, 410, 412
Drop-out time

THQGGEN e et 157
E
EDGE

Filters, frequency response

Measurement example
Electronic input attenuation
Equalizer

BaSICS ...vveiiiiiiie e e

Data source .

Loading ........

MSRA mode
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ReSUIt tyPeS ... e 18

SEOMNG eeieieee i e 175
=y (o] gl (o Yo TR SRS PRPTRRPRI 255
Error messages

EXplanation ... e 239
Error model

FOK e 107

PSK, QAM, MSK ... 96
Error vector

Data SOUICE ........cooiiiiiiiiiiiiiiic e 17

Definition ... 98

Formula

ReSUIt tyPeS ... e 17
Error Vector Magnitude (EVM)

Definition ..o 98

Formula ... 410

ReSUIt tYPe ... 34

RMS, peak (formulae) .........ccoooiiiiiiiiiiiiee 413
Estimation

AlGOrithmS ..o e 96

Points per symbol .........ccccocooi i, 97,115,177

PSK, QAM, MSK ... 97

RANGES ... 97
Evaluation

Refreshing ......oooiiiiiiii e

Specific range ...

TrACES .. e 187
Evaluation methods

Data SOUICE ........ccooiiiiiiiiiieiiic e 15

Remote ..o 351
Evaluation range

Configuration ...........cceiiiiiiii e 181

Configuration (remote) ..........oocccieeeeiiiiieieeeiieen. 322

Definition ..o 114

Display

Entire result range .........cccooiiiiiiie e 182

Start/stop values ..o 182
Export format ... 406
Exporting

HQdata ...

1/Q data (remote) ..

Trace data .......ccccooiviiiiiiiiiii
External trigger

Level (remote) .......ueeeeiiiieiiiiii e 300

SOFKEY et 155
Eye diagram

Frequency (result type) .......ccccveiieiii i 29

Imag (Q) (result type) .......cocviiiiiiiii e, 28

Real (I) (result type) .....ocoueeeiieieiii e 27
F
Factory settings

RESIONNG .o 121
File name

SettiNGS .vveiiiiiiiee e 122

Filter bandwidth (BT)
Measurement filter

Transmit filter ..o
Filters

(De-)Modulation ...........ceeiiieiiiiies e 52
Customized ................. .. 55
Customized, creating .... .. 55
Customized, selecting ...........cccveeeeene. ... 204
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General settings (remote) . ... 337

Minimum ... ... 193

Next minimum ... ... 194

Next peak .......... ... 193
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Search settings .........c.cccc.... e 191
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Meas & Ref

Data SOUICE .....cceeviiiiieic e 16
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Measurement filter ............cccoiiiiiii 53
Alpha/BT
Configuration ...........ccceiiiiiiiii e
Configuration (remote) ..........occcoeeeieiiiiiieiniiiieeenn.
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NEXE e 194
SOFKEY et 193
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MSK
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MSRA applications
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Softkey
Next Peak
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