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Wireless Trends
to Look for at MWC 2013

hat technologies will increase ca-

pacity and address the network

constraints that are a reality with
the ballooning demand for data and video ser-
vices? How soon will test equipment and RF
modules be needed to support the rollout of
LTE and other 4G services? What infrastruc-
ture changes will be needed to increase capac-
ity and how will those affect testing needs?
What other network options are available to ad-
dress these challenges?

This year Microwave Journal asked some of
the leading test & measurement and semicon-
ductor device manufacturers what they think
will be the hot topics and key technologies for
GSMA Mobile World Congress 2013 in Barce-
lona. Participating on the test & measurement
side are Agilent Technologies, Anritsu and Ro-
hde & Schwarz. On the semiconductor device
side are articles from RFMD, Skyworks and
TriQuint Semiconductor.

The number of cellular bands is ever in-
creasing and having a world phone with all

the LTE bands plus compatibility with older
generation networks becomes a challenge.
Supporting all these bands in a small form
factor also consumes more and more power.
What are some of the solutions to reduce
power consumption while still reducing the
cost and size of RF modules? The device
manufacturers will address this challenge
along with ways to increase integration and
improve time to market, including key trends
in passive and active solutions for future
handsets.

These are some of the challenges and ques-
tions that will be answered by these leading
companies in the RF/microwave industry as
we look forward to Mobile World Congress
2013. As you will read, there are some defi-
nite trends that each company mentions and
key technologies to watch out for next year.

PATRICK HINDLE
Microwave Journal Technical Editor

MOBILE COMMUNICATIONS SUPPLEMENT m NOVEMBER 2012



MORE DATA, MORE ANTENNAS
AND MORE CELLS
Agilent Technologies
The explosion of
B data traffic will con-
. tinue in 2013. One
of the main concerns
. for mobile operators
E is to optimize the use
of the available fre-
quency bands. It drives the industry
to continue rapid deployment of new
technologies and network infrastruc-
tures to face the ever growing need
for greater capacity. There are three
areas of focus that will challenge the
industry in the coming year.

LTE-A & Carrier Aggregation

2013 will see an acceleration in
development of LTE-A and carrier
aggregation techniques. Wireless
equipment manufacturers and chip-
set manufacturers will face more
and more complex RF tests to de-
velop further modems supporting
those techniques. To address these
challenges, there is a need to test
components with an LTE-Advanced
downlink and uplink signals compli-
ant to the 3GPP Release 10 standard.
Signal generation software must gen-
erate up to five component carriers
simultaneously in both contiguous
and non-contiguous carrier configu-
rations and to place them anywhere
within the modulation bandwidth
of the signal generator — up to 100
MHz. For analysis, the LTE-Ad-
vanced application needs to support
carrier aggregation for both FDD
and TDD, UL and DL and contigu-
ous and non-contiguous allocations.
So test software needs to provide
for analysis of up to five component
carriers simultaneously and indepen-
dent measurement setup for each
component carrier, including varying
bandwidths, for individual compo-
nent carriers (CC).

LTE InfrastructureVolume Deployment

For network development, 2013
will see a massive LTE infrastruc-
ture deployment which will lead to a
growing demand for system capacity
enhancement tests (MIMO OTA test-
ing, MIMO beamforming, WiFi fall-
back) and LTE conformance tests.

Operator Acceptance and Roaming:
Each operator has dedicated re-

quirements and
a feature set on
the LTE network
that need to be
addressed in mo-
bile device testing.
Moreover, in 2014,
all LTE devices will
need to go through
certification and
GCF and PTCRB
in order to ensure
roaming  capability
between all service providers. Agilent
is addressing these compatibility re-
quirements with a product line that
delivers RF, RRM and protocol certi-
fication with the most integrated and
cost effective product platform on the
market.

On the user equipment side, the
future test challenges in the LTE Re-
leases 9, 10 and 12 includes energy
saving, battery drain and user profil-
ing. Agilent provides solutions such
as interactive functional test (IFT)
software with an automated and sim-
plified interface to qualify and char-
acterize battery drain and user pro-
filing that meets operator acceptance
criteria and allows mobile device
power management unit optimiza-
tion.

Microcells, Picocells & Metrocells

Finally the third challenge next
year is to increase capacity while re-
ducing cost. There will be a growing
use of microcells, picocells and me-
trocells. Those cells will need to be
produced at a much lower cost than
traditional ones and the test in manu-
facturing will need to be much fast-
er. The challenge here is to perform
more and more complex RF tests in
less time and with
lower cost than in
the past. Vector sig-
nal generator (VSG)
manufacturers need
to increase the
speed of testing to
achieve lowest cost
of test. Through
exclusive baseband-
tuning technology
innovation, Agilent
VSGs have enabled
frequency and am-

Source: Agilent Technologies

GETTING MORE CAPACITY
Anritsu

At MWC this year,
" Anritsu expects
* strong interest in
measurement  solu-
. tions addressing
manufacturing  and
field testing, as LTE networks and de-
vices become more prominent world-
wide. Anritsu also expects attendees
to look for test instruments that ad-
dress a growing concern — Passive In-
termodulation (PIM).

LTE

Rel 8§ current deployments are fo-
cused on tuning and optimizing data
rate throughput, managing coverage
expansion (interference issues), and
handovers. In addition, voice services
(VOLTE) and supporting technologies
like SRVCC will have a major push.
On the applications side, the company
expects to see the launch of new ser-
vices that really begin to use LTE fea-
tures such as capacity, peak rates and
low latency.

Carrier aggregation offers up to
300 MB/s download rates, but im-
portantly, allows operators with sev-
eral small frequency band licenses
to aggregate them together to offer

plitude switchin
g speeds as fast as
10 ps. Source: Anritsu
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customers high capacity and higher
data rates. The other key technology
is enhanced Inter Cell Interference
Co-ordination (eICIC) to help in-
terference in “full coverage” deploy-
ments. Currently, most LTE networks
are “hotspot” coverage, and do not
provide full coverage with no require-
ment for legacy networks to fill the
gaps. When LTE is used with full cov-
erage, interference can be a problem.
This enhanced technology will reduce
the problem and help operators pro-
vide full coverage.

Anritsus LTE  Signaling Tester
has call-based LTE Advanced Car-
rier Aggregation testing capability. It
can be used with its Rapid Test De-
signer (RTD) to create automated
measurements, execute multiple test
cases continuously, and generate test
reports automatically. Also for LTE
is another Signaling Tester that sup-
ports multiple formats, including
LTE, W-CDMA, GSM/(E)-GPRS
and CDMA2000. Optional VoLTE
test capability has been added, with an
internal CSCF server capable of au-
thenticating and establishing loopback
VOLTE calls, as well as providing the
capability to select various server re-
sponses, including ignore and reject.

Vector signal generators today can
generate test signals based on all lead-
ing technologies, including LTE and
LTE Advanced, as well as W-CDMA/
HSPA, CDMA2000, GSM and PDC,
WLAN, Bluetooth® and ISDB-T. An-
ritsu’s spectrum analyzer/signal ana-
lyzer is also well suited for multiple
standards, as it offers advantages in
measurement speed, dynamic range
and +0.3 dB (typical) total level ac-
curacy.

WiFi

Offload and carrier WiFi are also
key words being discussed. These are
first steps in Heterogeneous Networks
(Het Net), together with a big push
for Home NodeB/picocells to help op-
erators manage network capacity, and
offload data from a 3GPP network to
a WiFi network without affecting the
user quality or experience.

To measure LTE and WiFi — as well
as all other major wireless signals — in
the field, some test and measurement
manufacturers offer handheld analyz-
ers. Anritsu’s PIM analyzer incorpo-
rates patented Distance-to-PIM™,
which shows the location of PIM

6

problems within the antenna system,
as well as distance to external PIM
sources outside the antenna systems.
Also available is a cost-efficient tool
for tower contractors, installation and
maintenance contractors, and wireless
service providers to ensure optimum
deployment, installation and mainte-
nance of wireless networks.

LTE WILL RULE BUT DON'T
FORGET 3G
Rohde & Schwarz
By mid-2011, the
§ number of operators
 investing in LTE
technology rose to
338 in 101 countries.
Although growth was
concentrated in U.S.
and Asian markets, European (e.g.,
German) operators are also pushing
on their LTE network deployments
with the goal of reaching nationwide
coverage. At roughly the same time,
LTE became a true 4G technology ac-
cording to the ITU definition. By add-
ing features summarized in 3GPP Re-
lease 10 — also known as LTE-Ad-
vanced — the technology achieved
IMT-Advanced performance require-
ments. The dominant feature of LTE-
Advanced is carrier aggregation that
provides a means of driving data rates
up to 1 Gbps. The real driving force
behind carrier aggregation, however,
is to obtain much more efficient use of
the fragmented spectrum allocations
available to operators. Commercial in-
troduction of carrier aggregation will
start by the end of 2012. It will un-
doubtedly be a popular subject for
many demonstrations at the Mobile
World Congress in Barcelona 2013.
This includes carrier aggregation test-
ing solutions from R&S, which will be
focused on R&D applications.
Although LTE has become the

ue to grow exponentially and this will
drive the development of strategies to
move specific types of data services
to WLAN on top of 3G/4G networks.
This requires a closer integration of
WLAN in mobile communication sys-
tems because the goal is to route mo-
bile traffic based on the type of service
that originated it. A particular opera-
tor, for example, may want to supply
video services via LTE and e-mail ser-
vices via WLAN whenever possible.
This development will underscore the
need for testing solutions that provide
all relevant technologies and all re-
quired test scenarios — preferably in a
single test device to shorten test time
as much as possible. This is another
important trend to look for at MWC
2013.

In addition to the need to verify that
the technology is working as expected,
there is the continuous trend to judge
the performance on application layer.
Network operators mostly care about
their customers. Customer experi-
ence is just as important as Verifying
that a certain data rate is achieved.
The discussion about how best to sup-
port voice-over-LTE — a technology
that relies on packet switching — is a
good example. Luckily, voice quality
has been well understood in mobile
communication since the early days
of GSM and that makes testing voice-
over-LTE a bit easier. On the other
hand, video will be the main service
driving data rate consumption. Its
quality metrics are not nearly as well
understood, particularly when the
goal is to predict the end user’s expe-
rience in a varying environment (for
example, watching a YouTube video in
a car in contrast to IP TV at home).
Furthermore, there are several Inter-
net services that people have become
accustomed to using almost habitu-
ally. We are already well aware of so-

most popular tech-
nology, there are still
plenty of improve-
ments being added
to 3G, mainly for
data services based
on HSPA. Therefore,
achieving  efficient
operation of multiple
technologies in het-
erogeneous networks
remains a critical
challenge. Data con-

sumption will contin-

Source: Rohde & Schwarz
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cial networking and online gaming,
for example, but new applications will
undoubtedly emerge. Consequently,
the service experience as judged by a
customer will matter more and more
even though it may well be translated
into KPIs like data rate, latency and
(signaling) capacity.

The continuing strong growth in
the smartphone and tablet market
as well as M2M applications are the
main drivers of the company’s busi-
ness for testing products in develop-
ment and production. Although the
economic situation in Europe must be
taken into account by all multination-
al companies, Rohde & Schwarz is an
independent company with a strong
global presence.

EFFICIENCY, GLOBAL, MOBILE
BROADBAND

RFMD

Key themes during
N MWC 2013 will like-

 ly be that mobile
data usage continues
. to grow as rapidly as
| expected and mobile

data creation is de-
finitively on the rise. Additionally,
cloud-based services will be larger
than ever, providing access to stream-
ing content, along with the security
and convenience of not having files
resident on an individual mobile de-
vice.

Consumer market demands inevi-
tably have an effect on the RF plat-
forms that suppliers create, and the
combined changes ongoing in the
cellular space are the most impactful
seen over the last decade of cellular
market growth. The RF-related topics
most prominently displayed at MWC
2013 will be carrier aggregation (CA),
envelope tracking (ET) and antenna
control solutions (ACS).

The consumers insatiable de-
mand for data

consumption is driving the rapid adop-
tion of LTE at mobile operators (MO)
across the globe. As discussed at past
MWC events, the fragmented nature
of LTE frequency bands across the
world forces a tremendous increase in
cellular RF content. With these LTE
bands present, the mobile operators’
aim is to maximize their operating fre-
quency allocation to serve increasing
consumer needs. CA helps address
this MO need by maximizing utiliza-
tion of available LTE frequencies.
On the surface, CA is simply using
the current frequencies in a different
way; in practice, a highly complex CA
implementation requires switch and
filter innovation to effectively man-
age new functionality with minimal
size and battery current penalty. Vari-
ous solutions for CA, from discrete to
highly integrated, will be prominent at
MWC 2013.

Mobile devices are increasing their
data creation capability — both video
and picture — which has an RF im-
pact by placing renewed emphasis on
the efficiency of transmitting data up
to base-stations. Unfortunately, the
migration to higher order modula-
tions (HOM) such as LTE to support
higher upload speeds, combined with
the move to multi-band power ampli-
fiers, is having a negative influence on
current consumption. ET has been
discussed as the best way to lower
current consumption, but remained
an investigative technology — until
2013, when it becomes real. Multiple
ET solution providers and multiple
ET implementations will be avail-
able and leading the discussion on
the ever-present topic of cellular RF
current consumption reduction tech-
niques.

The trend that will have the most
dramatic impact on
RF is

Source: REFMD

the proliferation of cloud-based ser-
vices. Increased demand for mobile
download drives the need for receive
diversity, MIMO, and CA technolo-
gies, while the increased need for up-
load extends the need for ET solutions
to counter the increased transmit cur-
rent consumption and perhaps ex-
tend battery life. In a mirror example,
RFMD has an up-and-coming innova-
tion in RF, which has a broad, positive
impact on the ability to provide the
best quality of service (QOS) for con-
sumers — antenna control solutions.
ACS, which includes the well-pub-
licized antenna tuning technologies,
seeks to provide much improved RF
performance in the face of changing
environmental conditions, such as an-
tenna mismatch, and multiple anten-
nas configurations, all while providing
OEMs the ability to optimize antenna
loading for both receive and transmit.
Consumers should see direct impact
of CA, ET and ACS though improved
QOS and longer battery life.

Business, regardless of the market, is
driven by consumer demand, and MWC
2013 promises to be rich with solutions
and innovations for the RF industry.

PUT IT ALL IN ONE SMALL
MODULE

Skyworks

Skyworks  believes
M there are several im-
£ portant trends that
~ mobile device manu-
- facturers will be
looking for at
MWC 2013. These
include higher levels of integration,
envelope tracking and carrier aggre-
gation.
With regard to higher levels of in-
tegration, manufacturers are seek-
ing ways to incorporate
all popular 2G, 3G and
4G bands, as well as
switches and fil-
ters, into a single
module for an
unprecedented
level of inte-
gration
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and carrier coverage. These types
of solutions will enable customers
to design country-specific versions
of a phone using the same printed
circuit board (PCB) and simply
changing several other components.
In other words, no PCB change is
required to offer multiple versions
of the same model. This integrated
approach will significantly reduce
the amount of required design re-
sources, enabling OEMs to utilize
a single core design team to simul-
taneously release multiple handsets
for multiple markets.

Manufacturers will also be seek-
ing solutions that condense multiband
power amplifiers (PA) and high throw
switches along with all associated fil-
tering, duplexing and control func-
tionality into a single, ultra-compact
package in an extremely small area. At
the same time, they will require best-
in-class linearity and power added ef-
ficiency (PAE) for smart RF integra-
tion — equating to significant board
space savings, ease of implementa-
tion, performance and time-to-market
advantages.

Envelope tracking, which im-
proves the efficiency of PAs carrying
high peak-to average-power-ratio sig-
nals, is yet another important trend.
The drive for OEMs to attain high
data throughput within limited spec-
trum resources requires the use of
linear modulation with high peak to
average power. Unfortunately, con-
ventional fixed-supply PAs working in
this environment have low efficiency.

Source: TriQuint Semiconductor
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Opportunities remain, however, to
improve the PA efficiency by vary-
ing the amplifier’s supply voltage in
synchronism with the envelope of the
RF signal.

Finally, given the need to achieve
high data rate solutions that boost

transmission  bandwidths  versus
those that can be supported by a sin-
gle carrier or channel, or carrier ag-
gregation, this will be another topic
of discussion at MWC. By using LTE
advanced carrier aggregation, it is
feasible to use more than one carrier
and augment the overall transmission

bandwidth.

ARE BRICK PHONES MAKING A
COMEBACK?
TriQuint Semiconductor
The first cell phones
g8 were roughly the size
< of a two-liter soda
bottle and weighed
. two pounds. They of-
fered less than an
hour of talk time,
and the cellular radio required hun-
dreds of RF components. It is absurd
to think we would carry such unwieldy
contraptions today, but as next-gener-
ation smartphones become increas-
ingly complex, phone engineers face a
daunting challenge: trying to squeeze
ever more functionality and bigger
batteries into sleek, lightweight form
factors without compromising perfor-
mance.

As multimedia applications like
video streaming drive demand for
faster connections
through LTE and
802.11ac networks,
RF content is in-
creasing significant-
ly. High-end super
phones house a
growing number of
cellular and Wi-Fi
bands to support
2G/3G/4G voice
and data services,
as well as global
roaming. Because
smartphones  op-
erate within the
world’s crowded RF
spectrum, they also
require more and
better performing

filters to ensure a satisfactory user
experience.

TriQuint is taking on this design
challenge to simplify RF design and
optimize performance by provid-
ing more capability in less space for
their customers. They have made
significant advancements in minia-
turization, power efficiency and sys-
tem performance leveraging active
and passive process technologies
to integrate the growing number of
puzzle pieces into a few tiny mod-
ules — while conserving precious
battery life.

TriQuint is seeing high demand for
multi-band, multi-mode power ampli-
fier modules (MMPA) so OEMs can
support numerous cellular bands in
less space. This gives them a common
RF footprint to limit the proliferation
of regional phones and speed design
time. By streamlining their bill of ma-
terials, they can reduce costs and of-
fer more affordable phones to spur
greater adoption.

In addition to highly integrated
amplifiers, TriQuint is seeing sig-
nificant demand for filters. The filter
market is expected to grow 10.5 per-
cent annually, reaching $1.7 billion in
2016, driven by the adoption rate of
WCDMA, LTE and Wi-Fi. SAW fil-
ters are a mainstay in today’s smart-
phones, while BAW technology
provides the only feasible means to
meet the most demanding require-
ments for many LTE and Wi-Fi co-
exist filters.

As the company’s engineers col-
laborate to optimize the RF front-
end, TriQuint’s operations and man-
ufacturing teams are making pack-
aging innovations to deliver better
products faster. Newer technologies
such as flip-chip use copper bumps’
to replace wire bonds, which speeds
assembly and improves performance
along with wafer level packaging that
enables smaller RF solutions with re-
duced height to help reduce cost and
size.

TriQuint increased its manufactur-
ing capacity by 40 percent in 2011 to
support the one billion annual smart-
phone shipments forecast by 2016.
TriQuint will utilize its integration
capabilities to reach further and fast-
er, to prevent the return of the brick

phone. B
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Toward Full Coverage
Voice Over LTE

s an all Internet Protocol (IP) packet

environment, the Third Generation

Partnership Projects (3GPP) Long
Term Evolution (LTE) cellular radio standard
was intentionally designed without support for
existing circuit-switched voice services. The
idea was that mobile operators would simply
adopt this entirely new, IP-based infrastructure
to replace their legacy 2 and 3G networks.

The industry may eventually move to LTE-
only networks, with full coverage and all services
— data, voice, SMS and Internet-enabled appli-
cations — being transported via IP on LTE. How-
ever, such an ideal could be 10 years or more in
the future. Moreover, with devices available for
use in both the home network and roaming situ-
ations, the cost to the operators of providing full
LTE network coverage and the cost of legacy
radio components being relatively low, it is un-
likely that LTE-only devices will be made avail-
able any time soon, or that they would prove ac-
ceptable to consumers. Given the reality of this

gradual migration to LTE, it is necessary to look
at how LTE will interwork with voice services in
2G/3G. Figure 1 illustrates how network tech-
nologies have evolved.

LTE uses a newer air interface technol-
ogy based on Orthogonal Frequency Divi-
sion Multiplex (OFDM) modulation, briefly
considered for 3G, but available chipsets
were considered too power-hungry for mobile
devices at the time. Developments of other
OFDM applications, such as digital TV broad-
cast and wireless LAN, have advanced chip-
set design so that this is no longer the case.
To support its all-packet structure, a project
concurrent with LTE defined Evolved Packet
Core (EPC), a network architecture that sim-
plifies signaling and moves more responsi-
bility for in-session data management to the

SANDY FRASER
Agilent Technologies Inc., Santa Clara, CA
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Evolved Node B (eNB) or base sta-
tion. The resulting reduced latency
makes packet-based voice services
and high-speed data services, such as
streaming video, possible.

Until voice service on LTE is gen-
erally available, there are two develop-
ment paths. For operators in much of
the world, where current networks are
3GPP GSM/W-CDMA/HSPA, there
is a natural evolution to LTE and stan-
dards-based support for full backward
and forward compatibility, both in the
radio access network and the core
network that lies behind it. Until LTE
voice service is implemented, making
or receiving a voice call will cause an
automatic fall-back to the best 3G or
2G bearer available, where both voice
and data service can be provided.
Voice service is then provided by the
inherent circuit-switched mechanism
and continuing data service managed
by radio resource release and re-as-
signment messages. This technique is
known as Circuit-Switched Fall Back
(CSFB). Fallback scenarios all the
way to basic 2G GSM voice and GPRS
data are defined.

In countries where current networks
are 3GPP2 (cdma2000/1xRTT/1xEV-DO),
integration issues are harder to re-
solve. Without exception, operators
have chosen 3GPP LTE as their next-
generation technology. While there
is support in LTE for the discovery
and measurement of neighbor 3GPP2
cells, the core LTE and 3GPP2 net-
works have major differences. The first
LTE implementations will support
only “non-optimized” data handovers
where, when the client device (techni-
cally “User Equipment” or UE) loses
LTE service, it has to acquire 1xEV-
DO service. In idle mode this is not
really an issue, but during an active
data session it will cause some dis-
ruption. Later implementations will
support “optimized” data handovers,
where the UE will be directed to a
new serving cell and have much more
information about it. Voice service in
both cases is supplied by a separate
cdma2000 radio in the UE and known
as simultaneous voice and LTE (SV-
LTE); there is no integration of voice
and data services and battery power
consumption is compromised. Figure
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b3 i, B8
2 shows the steps to full voice service
over LTE for both 3GPP and 3GPP2
networks.

VOICE SERVICE OVER LTE

Voice over LTE (VoLTE) provides
a standardized system for transferring
voice traffic over an LTE air access
network and involves the use of Voice
over IP (VoIP) and a core network,
based on an IP Multimedia Sub-
system (IMS), to provide rich voice
services, including video calling. IMS
provides the framework for delivery of
IP multimedia. The main protocol for
setup and connection control of these
services is Session Initiated Protocol
(SIP), which was designed to work
with generic open IP networks. SIP
provides the call setup and high lev-
el call controls and also provides ex-
tended services (in 2G/3G sometimes
called supplementary services) such
as call hold, multi-party calls, delivery
of SMS, video calling, etc.

A number of operators worldwide
have stated their intention to use the
introduction of this technology to re-
focus attention on voice services and
voice quality rather than on data con-
nection speeds and have already set
an expectation of the introduction of
“premium quality” or “high defini-
tion” voice services. The preferred
solution is Single Radio Voice Call
Continuity (SRVCC), an approach
that enables operators to deploy voice
over LTE, seamlessly handing over to
existing GSM W-CDMA and CDMA
Ix installed coverage as needed, to
provide a robust voice service with
global reach to their LTE Smartphone
users. (It is also possible that an opera-
tor may choose to confine such a pre-
mium voice service to LTE coverage
areas only and simply disconnect the
call if the quality of service cannot be
maintained.)

Once VoIP/IMS service is available
in an LTE network, there remains the
challenge of moving a voice call to a
legacy network if, for instance, the
UE moves out of an LTE coverage
area. SRVCC provides the ability to
transition a voice call from the VoIP/
IMS packet domain to the legacy cir-
cuit domain, when no LTE coverage is
available. Variations of SRVCC are de-
fined to support both the GSM/UMTS
and CDMA 1x circuit-switched do-
mains. If the legacy circuit-switched
network also has an associated packet
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capability and is capable of supporting
concurrent circuit/packet operations,
the subscriber’s data sessions can be
handed over to the legacy network, in
conjunction with switching the voice
call from the packet to the circuit do-
main. In this case when the voice call
finishes and the mobile re-enters LTE
coverage, these packet sessions can be
handed back to LTE. While SRVCC
does not require modifications to the
legacy radio access network (RAN),
it does require a significant modifica-
tion of the operator’s legacy core and
full deployment of IMS circuit-packet
continuity services.

BUT (AND THERE IS ALWAYS A

BUT...)

While the industry hype is all
about LTE, many 3GPP-based opera-
tors have chosen HSPA+ (or evolved
HSPA) as a more cost-effective short-
term upgrade strategy. For these op-
erators, most of whom have already
deployed HSPA, HSPA+ is a soft-
ware upgrade — ideal in these days of
tight budgets. The option to have the
HSPA + network operate fully in pack-
et mode for both voice and data up-
dates the backhaul network to make
future LTE deployment simpler: only
the physical (base station radio) layer
would need major upgrade.

The major goals of HSPA+, as de-
fined by the 3GPP standards organiza-
tion include:

* Exploiting the full potential of the
CDMA physical layer before mov-
ing to the OFDM physical layer of
LTE

e Achieving performance compara-
ble with LTE in a 5 MHz channel
bandwidth

¢ Providing smooth interworking be-
tween HSPA+ and LTE

e Achieving co-existence of both
technologies in one network

e Allowing operation in a packet-only
mode for both voice and data

e Being backward compatible with
earlier user devices
Current visions show “HSPA+ Ad-

vanced” supporting over 300 Mbps

downlink and almost 70 Mbps uplink

— easily high enough to give a simi-

lar user experience to LTE — in pro-

posed 3GPP Specification Release

11, scheduled late in the decade. It

remains to be seen how the trade-offs

between the further developments of
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HSPA+ and LTE will evolve.

An emerging industry term, “Voice
over Mobile Broadband” refers to
the end-to-end routing of VoIP/IMS
voice service over not just LTE, but
also over HSPA+. Whichever air in-
terface technology is used, VoM BB al-
lows carriers the opportunity to man-
age and optimize the flow of mobile
VoIP traffic generated by Over the
Top (OTT) applications and services
(that is Internet-enabled Smartphone
applications and services provided
by third parties). This can potentially
open up new models for charging of
voice services and even possible rela-
tionships between carriers and OTT
application developers.

IT IS MOBILITY THAT MAKES THE
DIFFERENCE

Voice over Internet Protocol (VoIP)
is not new — it has been around for
many years in the fixed network and is
the backbone behind much of today’s
landline voice traffic. Nor are many of
the other technologies involved with
packet-based networks — the IPv6 de-
vice addressing standard is probably
the most recent — but there are new
challenges in applying them to mobile
networking.

We still see the landline as an ana-
log copper pair, but in reality once it
reaches the local exchange the net-
work is all-digital. Designed initially
for high-speed data services and
adapted for voice, VoIP is a packet-
switched environment that breaks
transmission into manageable chunks
and routes them from end to end in
the most efficient way for the network.
In the fixed network, effects such as
error rate and latency are virtually
zero and can be ignored, whereas in
the mobile air interface environment
they are major issues. Typical error
rate in a fiber backbone is of the or-
der of 1X10-20 where mobile devices
make do with a threshold of 1X10-3,
so coding algorithms, error correction
and re-transmission of failed packets
absorb much more of the mobile net-
work’s time and bandwidth. Inherent
latency in 2 and 3G systems means
that packet-based voice services are
impossible: a circuit-switched archi-
tecture with its built-in waste of re-
sources, with either the forward or
back channel silent part of the time,
had to be provided. (Typical conver-

.
sations are half-duplex, unless there is
an argument going on!)

When VoIP packets are small, sig-
naling overhead may be as high as 60
percent. Again, this is not an issue
in high-speed fiber networks, where
ultimate bandwidth is virtually limit-
less, but the same is not true in the
mobile air interface. A single base
station radio (eNB) may be commu-
nicating with many UEs at the same
time — some idle, some in voice calls
and others in data sessions — and has
a finite total data bandwidth available
to it. Consumers pay only for their net
data usage, the operator absorbs the
cost of the overhead and so would like
it to be the least possible percentage
of the traffic. Two of the mechanisms
defined in the LTE standards to alle-
viate this signaling burden are semi-
persistent scheduling (SPS) and trans-
mit time interval (TTI) bundling.

Semi-Persistent Scheduling

In true dynamic scheduling, each
sub-frame SF (1 ms) has to be allocat-
ed individually, leading to a high us-
age of the Physical Downlink Control
Channel (PDCCH), a shared logical
channel in the 3GPP LTE structure,
where allocation information for each
UE is carried. Voice by its nature in-
volves lots of small resource alloca-
tions to many users, which, in a truly
dynamically allocated network, leads
to possible scheduling conflicts if eve-
ryone wishes to speak at once.

Fully Persistent Scheduling

Fully persistent scheduling -
equivalent to a circuit switched call,
where resources are permanently as-
signed to a UE —would waste valuable
network resources, but would dra-
matically reduce the requirement on
PDCCH resources. Semi-persistent
scheduling (SPS) provides temporary
but regular allocations, reducing load
on the PDCCH without over-commit-
ting Physical Downlink Shared Chan-
nel (PDSCH) resources.

SPS is a compromise between fixed
and dynamic scheduling, where a user
is allocated a small amount of resource
for a fixed period at regular intervals.
It enables radio resource to be semi-
statistically configured and allocated
to a UE for a longer time period than
one sub-frame, avoiding the need for
specific downlink assignment mes-
sages or uplink grant messages over
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the PDCCH for every sub-frame.
It is useful for services such as VoIP,
for which the data packets are small,
periodic and semi-static in size; that
is for the kind of service where the
timing and amount of radio resources
needed are predictable. Thus, over-
head of the PDCCH is significantly
reduced, compared to the case of dy-
namic scheduling. Figure 3 gives an
illustration. There are several studies
available online discussing the vari-
ous benefits of SPS versus Dynamic
scheduling.

Transmit Time Interval Bundling

If it is at the cell edge, a UE can
either increase power or increase cod-

each UE, telling the
network when the
UE is at its power
limit. The UE can also provide buffer
status reports to say how much infor-
mation the UE has in its stack. Using
these pieces of information, the UE
may be instructed by the eNB to use
TTI bundling.

In TTI bundling, a VoIP packet
is transmitted as a single packet data
unit (PDU) during a bundle of sub-
sequent TTIs, without waiting for the
HARQ feedback. HARQ feedback is
only expected for the last transmis-
sion of the bundle. Downlink signal-
ling is reduced (less ACKs/NACKs)
and round trip delay is minimized, but
Uplink Shared Channel (ULSCH)
capacity is slightly reduced. Figure 4
shows an example.
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When testing the voice quality of
a VoIP device, whether by Perceived
Evaluation of Speech Quality (PESQ)
or a Perceptual Objective Listening
Quality Assessment (POLQA), there
is a long list of test needs. The test-
ing can be performed using audio
analysis, signaling test (including
connections to servers, conformance
testing, radio aspects, and handovers
for fall back support), battery drain
analysis and SMS/video call testing.
Operator-specific test plans and field
testing may also be necessary. Figure
5 shows a typical test setup for para-
metric audio quality and noise sup-
pression test.

CONCLUSION

Regardless of the history and route
to full packet-based voice services,
the result is the same — a whole new
slew of challenges for developers
tasked with creating a range of differ-
ent, more complex and more capable
devices. Testing handovers between
different radio access technologies
(RAT) is becoming ever more impor-
tant in the verification of LTE UEs.
When out of the LTE service area, the
UE will typically fall back to the net-
work’s 2G or 3G infrastructure. For
a positive end-user experience, UEs
need to transition smoothly between
these technologies. Many of these test
challenges will stem from the needed
interoperability between legacy 3GPP
or 3GPP2 technologies and LTE. Ad-
dressing these challenges and ensur-
ing VOLTE delivers the standard of
voice call the network operators want
to provide, will require developers
and operators to increase their focus
on testing real-world performance,
before deploying a new device on a
live network. B

Sandy Fraser is a 25-year veteran of the

RF and microwave industry with expertise
spanning from DC to 100 GHz. Fraser’s career
includes over 15 years of experience with a
cellular radio focus, including 12 years for
Agilent, working on base station emulators
for manufacturing test systems including the
8922 and the E5515. Today he is a leader

in LTE technology awareness and training,
specializing in LTE protocol and signaling. He
holds a BSc in Mechanical Engineering from
Glasgow University.
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LTE-Advanced:
The Challenges and
Opportunities of “True 4G”

he cellular industry today is patiently

looking forward to the deployment of

LTE-Advanced, also known as Release
10 of the 3GPP’s Long-Term Evolution (LTE)
technology. While the “4G” label has been
used to describe many of the services provided
by cellular networks today, insiders know that
true 4G LTE, as originally defined by the In-
ternational Telecommunications Union, begins
with LTE-Advanced.

The intended goal of 4G technology is to
provide higher data throughput rates and better
coverage. In order to meet the ITU’s original
4G requirements, the technology must deliver
a peak (low-mobility) downlink throughput
of 1 Gbps and peak uplink throughput of 500
Mbps. LTE-Advanced also intends to deliver
greater peak spectral efficiency of 30 b/s/Hz
in the downlink and 15 b/s/Hz in the uplink,
approximately double the efficiency of today’s
commercial-deployed “4G” technologies.

Toward that end, the industry has focused
on three critical areas of improvement in LTE-
Advanced: relay nodes, improved radio antenna
techniques and carrier aggregation. The latter
two directly affect the design and implemen-
tation of mobile devices (UE) and are further
discussed in this article.

MIMO AND BEAMFORMING

Neither ~ Multiple-Input-Multiple-Output
(MIMO) nor beamforming antenna techniques
are new with LTE-Advanced. Both techniques
have been used in other radio communications
technologies, besides cellular communications,
for some years. In one of the industry’s more
interesting challenges, the two techniques are
being combined into “MIMO beamforming”
and will be a highly significant factor in the
TD-LTE rollouts being readied in major mar-
kets in Asia.

Technically, MIMO beamforming trans-
mission modes have been defined since the
3GPP’s Release 8. However, the stated perfor-
mance goals of Release 10 (specifically the data
throughput rates in both downlink and uplink)
were created based on the assumption that
MIMO would be fully implemented. Release
10 introduces a new downlink transmission
mode (Transmission Mode 9) that implements
beamforming in an 8 X 8 MIMO scheme. It
also officially introduces the use of MIMO in
the uplink.

In MIMO beamforming, multiple anten-
nas are used to create a polarized “beam” of

MICHAEL KEELEY
Spirent Communications, Eatontown, NJ
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A Fig. 1 MIMO beamforming — two cross
polarized beams.

focused energy (shown as orange in
Figure 1). A second set of antennas
(shown as blue in the diagram) cre-
ates a second beam that is cross-po-
larized in relation to the first. All of
this happens in the same frequency
band at the same time. The result is
that the system can deliver multiple
data streams (due to MIMO’s ability
to differentiate between the polar-
ized beams) and can target those data
streams in specific directions (due to
the beams formed).

Both of these techniques are ex-
tremely complex, but at a high level,
MIMO uses multiple antennas at both
the transmitter and receiver to exploit
space as a domain in which to increase
data rates, or share time/frequency re-
sources between users. At an equally
high level, beamforming uses multiple
antennas at the transmitter or receiver
(or both) to increase coverage by fo-
cusing energy in specific spatial direc-
tions.

While it is important to note that
TD-LTE technology is not character-
istic of LTE-Advanced (it has been a
part of the LTE family since Release
8), the combination of MIMO and
beamforming is extremely important
in TD-LTE. The timing of their avail-
ability coincides with large-scale TD-
LTE deployments being planned in
China, India, Japan and elsewhere.
More significantly, MIMO and beam-
forming both require that a transmit-
ter has some knowledge about the
radio channel on which it is transmit-
ting; in FDD-based LTE systems, this
knowledge is acquired through feed-
back systems.

TD-LTE has a distinct advantage
when it comes to deploying MIMO

and beamforming. Since the up-
link and downlink frequencies are
the same, the eNodeB (base station)
transceiver can analyze a received sig-
nal and use the collected information
to form a reasonable estimate of the
transmission channel. This eliminates
the need for a feedback loop from
the mobile device, which both expe-
dites and eases the implementation
of MIMO, beamforming and MIMO
beamforming.

While this goal is well worth the
effort, this added value comes at the
cost of complexity in testing. Today’s
specifications include 8 X 8§ MIMO
beamforming mode, meaning that in
the not-too-distant future, eight an-
tennas will be transmitting and eight
will be receiving, all at the same fre-
quency and at the same time. The UE
will have to process all received data
in order to differentiate between all
these data streams. In addition, cer-
tain radio characteristics (such as sig-
nal phase) take on new importance
in MIMO beamforming, bringing
complexity and the requirement for a
new level of accuracy in the emulated
channels used in lab-based testing. A
new generation of channel emulation
solutions, such as the Spirent VR5, has
been developed to address this evolv-
ing need.

CARRIER AGGREGATION

Based on the throughput and spec-
tral efficiency requirements of LTE-
Advanced, a quick calculation shows
that both the uplink and downlink re-
quire more than 20 MHz of bandwidth
to achieve these targets. Due to the
reality of the fragmented spectrum al-
located to cellular technologies, find-
ing sufficient contiguous spectrum is
not an option in most cases. For this
reason carrier aggregation, a distinct
feature of Release 10, which address-
es this spectrum fragmentation issue,
is the most likely LTE-Advanced fea-
ture to be deployed

vides several advantages:

e Backward compatibility with Re-
lease 8 and Release 9 channels

e Flexible dynamic scheduling to
mitigate varying channel condi-
tions

e Increased throughput rates

The spectral “building blocks™ of
an aggregated carrier are called “com-
ponent carriers,” each of which is the
equivalent of a Release 8 carrier de-
livered by a separate serving cell. A
UE using carrier aggregation will es-
tablish a link with one Primary Cell
(PCell) and one or more Secondary
Cells (SCells). Three types of carrier
aggregation are defined: inter-band,
contiguous intra-band and non-con-
tiguous intra-band. Figure 2 offers a
graphical explanation of these terms.
Because of global spectrum fragmen-
tation, most deployments will imple-
ment inter-band carrier aggregation.

Carrier aggregation relies on new
elements of the Radio Resource Con-
trol (RRC), Medium Access Control
(MAC) and Physical (PHY) layers:
¢ RRC layer modifications deal with

cell connection and handover

processes and are outlined in the
3GPP RRC protocol speciﬁcation

(TS 36.331) and UE radio access

specification (TS 36.306)
¢ MAC sub-layer changes accommo-

date the use of multiple cells and

are described in detail in 3GPP TS

36.321
e PHY layer changes allow such op-

tions as cross-carrier scheduling,

which enacts all scheduling on a

single carrier (thereby reserving

SCells for user data)

Other protocol layers such as the
Packet Data Convergence Proto-
col (PDCP) and Radio Link Control
(RLC) are not impacted by carrier ag-
gregation. In fact, from the perspec-
tive of the user plane the aggregated
carrier is a single bearer just like any
other.

on a large scale in
the near future.

Carrier aggrega-
tion enables high
data rates by com-
bining multiple
Release 8 carriers
to support trans-
mission bandwidths
of up to 100 MHz.
This approach pro-
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A Fig. 2 Three types of carrier aggregation.
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TABLE |
CARRIER AGGREGATION BANDWIDTH CLASSES

Carrier Aggregated Transmission = Maximum Number
Aggregation Bandwidth Configuration of Component
Bandwidth Carriers (CC)

Class
A Nppge < 100 1
B Ny o <100 2
C 100 <Ny <200 2
D 200 < NRMgg <[300] Under Study
E [300] < Wi S [400] Under Study
F [400] < NRB)agg < [500] Under Study
OTHER CONSIDERATIONS

UEs that support carrier aggregation are classified by
aggregate bandwidths as a function of frequency, with each
resource block occupying up to 200 kHz.

Release 10 includes provisions for six classes, but has only
fully defined class A, B and C (as of the time this article was
written). Table 1 lists the definition of each class by the num-
ber of component carriers (CC) supported, as well as the ag-
gregated resource blocks (Ngp q,). Note that the aggregate
bandwidth (Bdeg) is a function of frequency, with each re-
source block occupying up to 200 kHz.

As of Release 10, a UE must be able to report which
bands are supported and the carrier aggregation capability
for each band. Since some of the operators most interested
in deploying carrier aggregation do not own spectrum in
the bands defined in Release 10, they will likely deploy
the technology in the bands they have available. A more
widely-applicable set of configuration scenarios is likely to
be defined in Release 11.

Meaningful testing of carrier aggregation techniques
needs much more than just a radio-channel emulation so-
lution. It requires the ability to readily create the protocol
interactions that can exercise the UE’s ability to manage all
the possible combinations of carrier-aggregation scenarios.

CONCLUSION

LTE-Advanced introduces new device and network ca-
pabilities that will have a profound influence on the suc-
cess or failure of next-generation cellular technology. Two
of the more critical features are carrier aggregation and
enhanced MIMO beamforming, technologies that add
significant complexity to device development and bring
us much closer to “True 4G.” Due to the combination of
feature importance and complexity in LTE-Advanced, UE
testing takes on a new level of consequence. Realization
of LTE-Advanced will not only require updates to existing
testing tools, but also the creation of new and innovative
tools designed specifically to help drive the success of this
next generation of global wireless technology. ll

Michael Keeley is a director of product management at Spirent
Communications’ wireless test equipment division. He has led various teams
involved in wireless network emulation and automated systems used for
testing mobile devices. Prior to joining Spirent in 2000, he worked for Lucent
Technologies. He earned his BSEE and MEng from Cornell University and an
MBA from New York University’s Stern School of Business.
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Linearization and
High-Efficiency RF Design
Techniques for Small Cells

hree years ago, the concepts of “small

cells” and “heterogeneous networks”

were just beginning to be discussed and
their importance as possible solutions to the
growing consumer demand for data services
was just starting to be understood. Today near-
ly the entire wireless infrastructure ecosystem
including operators, original equipment manu-
facturers (OEM) and component vendors rec-
ognize that small cells deployed within a 3G/4G
heterogeneous network will soon be necessary
to maintain or establish highly competitive
broadband service offerings. Based on the ever
increasing demand for data services brought on
by the popularity of smartphones and tablets,
some dense urban environments have already
run out of capacity causing dropped or limited
data connections. Operators and equipment
vendors will put forth different solutions to
optimize cell size and coverage based on spe-
cific environments and consumer behaviors. In
many cases, operators will support areas of high
demand with small cells in order to offload the

macro base-stations, thus creating an efficient
voice overlay and data underlay.

The timing of broad small cell deployments
will vary by region and operator, but it will tip
in favor of subscribers when operators recognize
that capital expenditures are necessary to main-
tain and grow revenues. This shift will likely
be driven by dissatisfied subscribers who will
switch carriers in an attempt to gain access to
higher data bandwidth (BW) and more reliable
and consistent coverage. By some estimates, the
small cell market will experience this tipping
point and see widespread adoption by mid-2014.
However, between today and mid-2014, the cel-
lular industry will need to solve some challenges
including frequency planning, network deploy-
ment, management and maintenance, back-

MENDY OUZILLOU
Scintera, Sunnyvale, CA

ARWYN ROBERTS
TriQuint Semiconductor, Richardson, TX
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A Fig. 1 Compact and efficient linearized 1 W (rms at antenna) transmitter design for small cells.

haul and siting. Furthermore, working
backwards from mid-2014, one quickly
reaches the conclusion that component
solutions are required now in order to
develop, test and deploy small cells in a
timely manner. These high-level chal-
lenges can, to an appreciable degree,
be translated as requirements down to
the component level including control
of output spectrum (RF power and
ACLR), low power consumption (en-
abling low cost enclosures and power
over Ethernet as possible backhaul
and low cost indoor deployments) and
long-term reliability (minimize in-field
failures).

There is no widely accepted defi-
nition for small cells, but in order to
offer a context for the solutions pro-
vided, the following definition will be
used. Largely speaking, there are two
types of small cells: unmanaged and
operator-managed. Unmanaged small
cells are those typically bought com-
mercially and deployed by individuals
or enterprises. These small cells like
residential femtocells transmit at very
low power, typically less than 0.25 W
(rms) at the antenna, have limited
coverage area and are not required to
meet stringent performance specifica-
tions. For the most part, these unman-
aged small cells are outside the scope
of this article. As would be expected,
operator-managed small cells have
more stringent requirements than

non-managed cells. First, these cells
have higher output levels depending
on the type of small cell. Average out-
put power at the antenna ranges from
0.25 to 0.5 W for an indoor carrier
small cell, 1 to 5 W for an outdoor pi-
cocell and 10 to 30 W for a microcell.
Increased power provides increased
coverage area thus reducing the num-
ber of units that need to be deployed,
but also presents challenges for de-
signers of these units.

Many vendors of small cells have
started designs and face the decision
of scaling down a macrocell design,
scaling up residential femtocells or
initiating a brand new design. Scaling
down a macrocell design has proven
to be expensive, power inefficient and
suffers from long design cycles. These
designs must carry forward a com-
plex digital pre-distortion (DPD) and
digital signal processing (DSP) archi-
tecture requiring an expensive field
programmable array (FPGA) and a
broadband transmit path accommo-
dating both the desired signal and
the correction signal — typically 5X
of desired signal BW — thus forcing
the use of a high-performance wide
bandwidth discrete transceiver. Fur-
thermore, the design cycle for such
architectures can be quite long, even
exceeding 18 months simply to opti-
mize the DPD portion of the design.
Therefore, many vendors have chosen
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the latter two paths in order to achieve
low cost, low power consumption and a
small footprint while still meeting the
stringent performance requirements.
This article will focus on design of a 1
W (rms at the antenna) outdoor pico-
cell though the design can easily be mi-
grated up in power by simply changing
the PA and the pre-distortion solution
within the RFPAL family.

Scintera and TriQuint working
together with integrated transceiver
vendors have developed a solution
allowing rapid design of an outdoor
3G/4G picocell supporting LTE and
WCDMA while also lowering the
overall bill of material and system
power consumption. This design (see
Figure 1) supports all major global
cellular bands including 700, 900,
2100 and 2600 MHz and, based on
the performance of the integrated
transceiver, support up to 20 MHz of
signal BW making it ideal for the large
majority of designs that require sup-
port of a 10 or 20 MHz LTE (TDD
or FDD) carrier, or of one to four
WCDMA carriers.

The pre-distortion solution is a fully-
adaptive, RF, /RF, predistortion lin-
earization solution that precisely com-
pensates PA nonlinearities including
AM/AM and AM/PM distortion, spec-
tral regrowth, memory effects and other
system level impairments (see Figure
2). It is optimized for Class A/AB and
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A Fig. 2 Pre-distortion integrated circuit block diagram.

Doherty RF power amplifiers operating
at an average power level of 500 mW to
10 W (rms). The module measures the
feedback signal from the power amplifi-
er output, and optimizes the correction
function by minimizing distortion. The
correction function is based on a Volt-
erra series with memory terms but uses
a unique linearization architecture that
shifts complex signal processing from
the digital domain into the more com-
putationally efficient analog RF domain
thus allowing it to operate with very low
power consumption.
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By compensating for these system
level impairments, the integrated cir-
cuit allows a PA to transmit higher
power at higher efficiency while still
maintaining or exceeding the required
system ACLR or distortion require-
ments. It can typically enable an exist-
ing Class A/B PA to transmit at least 3
dB more than the same PA operating
in backoff. Now assuming that two dif-
ferent Class A/B PAs are transmitting
the same power, the PA linearized will
benefit from a 30 to 50 percent reduc-
tion in power consumption compared
to the PA operating in backoff depend-
ing on the PAR and BW of the signal.
The power consumption improvement
even includes the integrated circuit
power consumption which can be con-
figured to be as low as 400 mW. It is
important to note that some PAs may
never reach desired linearity regardless
of the amount of backoff with which
they are operated. This situation may
be experienced more often with wide
BW and/or high PAR waveforms.

Using an example PA (TriQuint
AP561) operating in linear mode and
transmitting a 7.54 dB PAR waveform
typical of what can be experienced
with an LTE signal, the PA would in
theory have an maximum rms operat-
ing point of 31.46 dBm — still more
than 1.5 dB less than the required
33 dBm needed at the output of the
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A Fig. 3 ACLR performance (a) and PAE
performance (b) vs. power.

PA in order to achieve 30 dBm at the
antenna. However, when the PA is
optimized for peak power in conjunc-
tion with the pre-distortion integrated
circuit, the performance of the en-
tire transmit path is significantly im-
proved. As can be seen in Figure 3,
the pre-distortion provides 16 dB of
correction easily enabling the PA to
meet the -50 dBc linearity require-
ment at an operating point at nearly
33.5 dBm. Additionally, since the PA
is able to operate at a much higher op-
erating point, it is now able to achieve
efficiency of greater than 24 percent.

This combination provides design-
ers an innovative platform solution
that may be brought to market very
quickly using components available
and in production today. With minor
changes to the bill of material and no
changes to the printed circuit board
design, this solution can support all
global cellular bands, 3G and 4G pro-
tocols including WCDMA, LTE. The
solution can also support other proto-
cols as well as varying numbers of car-
riers adding up to a total signal BW of
up to 20 MHz or less. B
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A New Class

exas Instruments recently introduced a
new class of amplifier, the programmable
differential amplifier (PDA), combining
the best of fully differential amplifiers (FDA)
and digital variable gain amplifiers (DVGA).

NOISE FIGURE VS. GAIN AT 100 MHz

)

S 5l >

g ol ™~ DVGA
=i - (| LMH88x
7] 1
S 1

6 8 10 12 14 16 18 20 22 24 26
VOLTAGE GAIN (dB)

A Fig. 1 The LMH688x PDAs offers better and more
consistent noise and distortion performance over the
entire gain range.

of Amplifier,
Programmable
Differential Amplifiers

Designing with high speed operational ampli-
fiers (op amps) is often challenging. Simulta-
neously achieving high levels of performance
across multiple speciﬁcation requirements
such as bandwidth, noise, distortion and im-
pedance can be tricky. Anyone who has had
an “op-amp afterthought” design experience
will vouch for how tedious it can be to rede-
sign and optimize the signal chain for a dif-
ferent gain value. The 2.4 GHz LMHG6881
single-channel PDA and 2.4 GHz LMHG6882
dual-channel PDA enable flexible and effort-
less signal chain design, allowing engineers to
use one chip and one design for a broad range
of applications.

In order to change the gain with a tradition-
al FDA, an engineer would have to change the
value of the external resistors, and then re-
optimize the entire design. Additionally, the
performance of a balanced signal path system

TEXAS INSTRUMENTS
Dallas, TX
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TABLE |
COMPARISON OF PDA VERSUS FDA AND DVGA

Feature LMH688x PDA FDA

Gain Control e Superior flexibility

and accuracy

Need to change
external resistors for
each gain setting

Programmable gain
control

e SPI control or

dedicated pins
Noise/ e Maintains noise * Noise figure * Noise figure
Distortion and distortion dependent on external increases dB-for-dB
Performance performance over resistors and changes as gain is decreased
entire gain range with gain from maximum gain
External ® No need for external | © Four precision ¢ No need for external
Resistors resistors external resistors resistors
required per amplifier
Bandwidth e Nearly constant ¢ Bandwidth goes down * Nearly constant
across gain range as gain goes up across gain
TABLE Il
KEY SPECIFICATIONS OF THE SINGLE-CHANNEL LMH6881 AND DUAL-CHANNEL
LMH6882
Specification LMH6881 LMH6882
Small Signal Bandwidth (GHz) 2.4 2.4

Gain Range, Gain Step Size 6 to 26 dB, 0.25 dB step size | 6 to 26 dB, 0.25 dB step size

Noise Figure (dB) 9.7 9.7
OIP3@100MHz (dBm) 44 42
HD3@100MHz -100 -100
Channel-to-Channel Matching: Not Applicable 0.2 dB/1.5 deg
Gain/Phase

Package 24-pin, 2.6 X 2.6 mm QFN 36-pin, 4.6 X 4.6 mm QFN

depends on precise matching of the
external resistors. Unlike an FDA,
the gain control in a PDA is program-
mable and does not require exter-
nal resistors, thereby reducing both
BOM cost and board space. Further-
more, gain is tightly controlled and
performance is improved since well-
matched external components are no
longer required.

Next, consider signal chain design
using DVGAs. While the DVGA does
allow the same flexible programmable
gain control as the PDA, its noise
performance is not as good. A typi-
cal DVGA does not maintain its noise
performance across the entire gain

range. As attenuation is reduced, the
DVGASs noise figure increases dB for
dB. In contrast, the PDA’s noise fig-
ure remains relatively flat across the
gain range. Hence, PDAs offer better
dynamic range performance across
a wider range of gain settings versus
traditional DVGAs (see Figure 1 and
Table 1).

Both the LMH6881 and LMH6882
offer a gain range from 6 to 26 dB, with
a0.25 dB gain step size. The wide gain
range and fine step size enables flexi-
ble gain scaling. The gain for these de-
vices can be controlled in either of two
modes: a serial mode control through
the SPI bus, or a parallel mode control
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through dedicated pins. The parallel
pin control mode provides a simple
and quick design approach for engi-
neers who do not want to write code
to program their PDAs via the SPI
bus. Both PDAs also exhibit high lin-
earity: the single-channel LMH6881
provides an OIP3 of 44 dBm at 100
MHz input frequency, and the dual-
channel LMHG6882 delivers OIP3 of
42 dBm at 100 MHz. This excellent
linearity helps address the demand for
ever increasing bandwidth in commu-
nications channels.

With an input impedance of 100
ohms, both PDAs can be easily driven
from a variety of sources including
mixers and filters. Both PDAs support
either DC- or AC-coupling, and sin-
gle-ended (50 ohm) or differential in-
puts while driving differential output,
eliminating expensive and Space con-
suming external baluns. Additionally,
the output impedance remains low, al-
lowing the PDAs to drive a wide range
of loads with excellent performance.

The versatility and excellent per-
formance of the LMH6881 and
LMHG6882 over the entire gain range
make them a universal design choice
for any flexible or scalable platform
that would typically use an FDA or
DVGA (see Table 2). They address
many applications including wireless
communications, microwave back-
haul, industrial and medical, test and
measurement, as well as military and
defense equipment. In addition, the
LMHG6882 offers exceptional channel-
to-channel gain matching of 0.2 dB
and phase matching of 1.5 degrees,
giving it superior image rejection ca-
pability for I/Q- or zero-IF sampling
applications.

In order to speed up development
with the LMH6881 and LMHG6882,
TI provides a comprehensive support
ecosystem. Evaluation modules, ref-
erence designs and TINA-TI SPICE
models are available, in addition to
the E2E support forums for answer-
ing high speed amplifier questions.
Both the single LMHG6881 and dual
LMHG6882 are available and ready
to simplify the way engineers design
with differential amplifiers.

Texas Instruments Inc.,
Dallas, TX,
www.ti.com/Imh688x,
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il High-Performance
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ADF4159

Synthesizer
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he ADF4159 from Analog Devices is a

13 GHz PLL synthesizer that achieves

a phase detector operating frequency
of 110 MHz while simultaneously consuming
less than 100 mW of power. The device con-
tains a 25-bit fixed modulus as well as on-chip
functionality to generate highly linear ramp
profiles, making it an ideal solution for fre-
quency-modulated continuous-wave (FMCW)
radar applications, including automotive radar
systems. The ADF4159 is also ideal for micro-
wave point-to-point (PtP) systems, communi-
cations infrastructure, instrumentation and test
equipment.

ADI's ADF4159 fractionallN PLL syn-
thesizer consists of a low-noise digital phase
frequency detector (PFD), precision charge
pump and a programmable reference divider.
It can be used to implement frequency shift
keying (FSK) and phase shift keying (PSK)
modulation. There are also a number of fre-
quency sweep modes available that generate
various waveforms, such as sawtooth and trian-
gular waveforms. The functional block diagram
of the ADF4159 is shown in Figure 1.

APPLICATIONS

ADTs high-performance ADF4159 PLL
features industry-leading phase noise perfor-
mance of -223 dB¢/Hz and 1/f noise perfor-
mance of -120 dBc¢/Hz. The very high maxi-

mum PFD frequency allows for very good in-
band phase noise while it also allows for very
wide loop bandwidths if extremely fast settling
time is required.

The ADF4159 supports a 25-bit fixed mod-
ulus which allows for very fine resolution. The
minimum channel spacing is calculated by di-
viding the PFD frequency by 225, so for a 100
MHz PFD frequency, the minimum channel
spacing is 2.98 Hz. Lower minimum channel
spacing can be achieved by reducing the PFD
frequency using the internal reference divider.
The overall N divider value is calculated from
the programmed INT and FRAC values.

FRACJ

N= INT+( 5 1)

The ADF4159 is powered by a 2.7 to 3.3 V
analog power supply and a 1.8 V digital power
supply. The typical current drawn by the part
is 33 mA.

RAMP GENERATION

ADI's ADF4159 PLL can generate a variety
of frequency sweeps or ramps. The ADF4159
is initially programmed once and will contin-

ANALOG DEVICES
Norwood, MA
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A Fig. 1 ADF4159 functional block diagram.

ue to output the changing frequency
without the need to re-program the
part for each frequency. The frequen-
cy deviation of each step, the number
of steps and the time each step takes
can be individually controlled to opti-
mize system performance. The ramp
can be clocked by the internal clock
or by an external pin for synchronous
control.

Ramps can range anywhere from
hundreds of megahertz in tens of mi-
croseconds, to tens of hertz in min-
utes. Some of the frequency ramps
that the ADF4159 generates can be
found in Figure 2. Time delays can
be added to any of the ramps, either at
the start of the ramp or between ramp
cycles. FSK, PSK and sawtooth wave-
forms with FSK superimposed onto

the signal can be

5 SINGLE RAMP BURST 2 | CONTINUOUS TRIANGULAR implemented on the
g S BNV AT by tog-
3 3 gling the logic level
-3 -5 .
= o on an external pin.
TIME TIME
In addition, the
5 SINGLE TRIANGLE BURST = PARABOLIC RAMP ADF4159 is sup-
g /\ § ported by Analog
2 o /\_/\__ Devices’  ADIsim-
‘= = PLL™ design tool,
TIME TIME which simulates and
FASTRAMP (TRIANGULARWITH  OPtimizes — ramp-
- SINGLE SAWTOOTH BURST - APFeRER T ing profiles. This
g /] g W@ software is a free
2 2 download available
B TIME = TIME at www.analog.com/
2 | CONTINUOUS SAWTOOTH 2; | DUAL RAMP RATE WITH DELAY adisimpll.
=
2N BIA N A\ ADF159IN
z E FMCW RADAR
TIME TIME A block diagram

Ar ig. 2 Some of the frequency ramps that the ADF4159 can generate.

of an FMCW radar
is shown in Figure 3.
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The sweeping frequency is transmit-
ted from the Tx antenna, bounces off
the target (for example, a vehicle in
the next lane) and is received by the
Rx antennas. The received signal can
then be compared to the transmitted
signal to establish the distance to the
target. The distance to the target is
calculated as follows:

f C
R=-L" where (2)
2A

* R = Distance to target (m)

f = Beat frequency (Hz)

¢ = Speed of light (3 x 108 m/s)

e A = Sweep rate of modulating
waveform (Hz/s)

For example, a FMCW radar is op-
erating by sweeping frequency from
24 to 24.1 GHz in 5 ms. It is modulat-
ed by a sawtooth signal. That gives A
= 20 GHz/s. The measured difference
between the transmitted and received
signal is f; = 1.3 kHz. This means that
the target is 9.75 m away.

For a 24 GHz radar system, the
ADF4159 can be locked to the divide-
by-2 output of a 24 GHz VCO. Alter-
natively, the VCO can operate around
12 GHz and its output frequency mul-
tiplied by 2 to generate the Tx signal.

(Continued on page 31)
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Innovative RF
Front End

ust look at any recent smartphone or

tablet, and it is a safe bet that it will be

noticeably thinner than models of just a
year ago. It is a trend that will continue. On
the one hand, devices are getting thinner, and
on the other hand, batteries, displays and func-
tionalities are growing. The amount of space
left for antennas, the device’s connection to the
network, decreases by 25 percent each year.

In the past, mobile phones handled voice
calls across two bands, and in some cases had
Bluetooth®, GPS and Wi-Fi functionalities
too. Today’s devices have to cover 2G, 3G, 4G,
Bluetooth, GPS and Wi-Fi plus large amounts
of data while still supporting voice calls. LTE
makes that situation even more challenging:

e There are more than 40 potential LTE
bands. To enable global roaming, a device
would need to support at least 13 LTE
bands.

e Some countries, including the U.S., use the
low frequency 700 MHz band.

e The number of LTE cellular antennas is
double their 3G counterparts because LTE
requires two antennas (MIMO) for receive
diversity.

A Fig. 1 Hand and head effect correction.
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or the low frequency 700 MHz band. The good
news is that innovations in antenna system
technology can help to solve these challenges.
Active antenna systems, advanced antenna
structure combined with active components
such as tunable capacitors and/or switches, can
be used to provide advanced capabilities not
possible with traditional passive antennas.

CHANGING THE RF LANDSCAPE
Ethertronics developed EtherChip 1.0™

to address the challenges facing today’s prod-

uct designers. EtherChip 1.0 uses Ether-
tronics” Air InteRFace Digital Conditioning

(AIRFDC™) technology to provide a tuning

function through tunable capacitance for the

antenna system; seamlessly adjusting the cel-
lular antenna’s characteristics to its dynamic
requirements for optimal connectivity:

e Reducing the antenna’s physical volume by
up to 50 percent without performance trad-
eoffs

* Making a wideband antenna by correcting
the impedance mismatch

e Retuning the antenna for frequency shifts

* Offsetting hand and head effects

Tradi- So even when the user’s head or hand cov-
tional pas- ers the antenna, causing the antenna to detune
sive anten- or a frequency shift, EtherChip 1.0 adjusts the
nas will antenna to maintain the call, file download or
struggle  video stream (see Figure 1I).
to sup- Thin form factors will not come at the ex-
port LTE pense of voice, video and data performance
because with this product. All that the user notices is
they  re-  consistently great performance, giving the
quire more OEM’s smartphone, tablet or notebook a mar-
volume to ket differentiator. This consistency and reliabil-
cover the

i i additional " pryprTRONICS INC.
bands and/

San Diego, CA
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A Fig. 2 Tunable antenna block diagram.

ity also benefits the mobile operator
because those customers are far less
likely to report problems. That trans-
lates into lower contact center costs,
potentially making for a more positive
relationship between the operator
and the device OEM.

EtherChip 1.0 is designed specifi-
cally for tunability on the matching of
the antenna in a shunt configuration
(see Figure 2). All of the controls are
linked to an SPI bus.

The capacitance versus the hexa-
decimal input shows a variation from
0.85 to 3.4 pF at 900 MHz and from
0.85 to 4.6 pF at 1800 MHz with 16
states (see Figure 3). Operational
frequency is from 100 to 3000 MHz.

CAPACITOR VALUES VS. STATE
= 40
=
= 30
= /
220
= _Z—"TCAPACITOR @ 900 MHz
S 10 CAPACITOR @ 1800 MHz
0 1 1
0 5 10 15
STATE

A Fig. 3 Capacitance value at 900 and
1800 MHz.

Mechanical specifications include di-
mensions of 2.0 X 2.0 X 0.45 mm in
an 8 pin QFN package. The chips are
designed for surface mounting and
are packaged in tape and reel. Ether-
Chip 1.0, through a joint design with
the antenna, supports all major bands
and air interfaces, including 3G, LTE,
LTE-Advanced and Wi-Fi, so it is
a solution that OEMs can leverage
across multiple product lines.

THE FUTURE IS A VERSATILE
ANTENNA FRONT END MODULE

EtherChip 1.0 is the first in a series
of chips that will enable the integra-

tion of the antenna front-end module
(AFEM) in the space that the antenna
once occupied. Leveraging the anten-
na’s characteristics, the AFEM archi-
tecture will be changed progressively
to enable a more cost-effective, higher
performance approach.

The ultimate goal for the OEMs
will be to significantly reduce cost and
lead-time for developing new smart-
phones, tablets and other mobile
devices. Those savings give OEMs a
competitive advantage, such as get-
ting a hot new design to market ahead
of a rival’s big launch, or reducing
overhead costs so a new product can
be priced profitably yet affordable
enough for the mass market.

The EtherChip™ family of chips pi-
oneers a much-needed new approach
to RF front end design, one that gives
device OEMs a way to turn shrinking
form factors from a challenge into an
opportunity. It is an idea whose time
could not come soon enough.

Ethertronics Inc.,
San Diego, CA (858) 550-3820,

www.ethertronics.com.

(Continued from page 29)

Signals for 77 to 79 GHz radar sys-
tems can be generated in a similar
manner.

To generate a system where the
output sawtooth ramps from 24 to
24.1 GHz in 128 ps, the ADF4159
needs to be programmed to output a
ramp from 12 to 12.05 GHz in 128 ps.
If the system requires 256 frequency
steps per ramp, the frequency de-
viation of each step is determined by

dividing the total ramp frequency, 50
MHz, by the number of steps, 256.
This results in a frequency deviation of
195.3125 kHz per step. Alternatively,
if the frequency deviation per step is
fixed, then the calculation can be re-
versed to find the number of steps,
for example, 50 MHz divided by 200
kHz is 250 steps. The ADF4159 can
be programmed to output any amount
from 1 step to over 1,000,000 steps.

NO DDS REQUIRED
WITH ADF4159
LINEAR

/ FREQUENCY

REFERENCE
OSCILLATOR SWEER VCOo

ADF4159 —(\)H

ADSP-BF531

p —

16b 10b TO 12b

MICRO-
CONTROLLER

BUS
CAN/FLEXRAY

MULT x2

FREQUENCY MODULATED CONTINUOUS WAVE
LONG RANGE RADAR

s

Tx
ANTENNA

Rx
ANTENNAS

BASEBAND

RANGE
COMPENSATION

To generate the ramp in 128 yps,
with 256 steps, each step will take
0.5 pis. The 0.5 ps is generated by pro-
gramming two timers on the ADF4159.
To achieve 0.5 ps per step, the loop
filter bandwidth (LBW) must be wide
enough to allow the loop to lock quick-
ly enough. On the ADF4159, with its
high maximum PFD frequency, this is
easily achievable.

The maximum PFD frequency of
the ADF4159 is 110 MHz. In order
to maintain loop stability, the LBW
cannot be greater than 1/10 of the
PFD frequency. The ADF4159 is a
fractional-N PLL, so care should be
taken to attenuate sigma delta modu-
lator (SDM) noise. Ideally, to suppress
the SDM noise to acceptable lev-
els, the LBW cannot be greater than
1/100 of the PFD frequency. Using
ADIsimPLL, the optimum loop filter
can be designed and simulated to en-
sure sufficient lock time and noise at-
tenuation.

Analog Devices,
Norwood, MA,
www.analog.com.

A Fig. 3 FMCW radar block diagram.
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Wireless Webcasts on CD
Y)VENDORVIEW

Order Agilents new free CD con-
taining papers discussing LTE-
Adv, WLAN 1llac and 1lad de-
sign and development challenges

> for base station and user devices.
G il Topics include carrier aggrega-
e / . tion, multi-standard radio, digital
pre-distortion, data throughput,
battery drain and more. Order the
free CD at www.agilent.com/find/

WIRELESS COMMUNICATIONS 2012

lent Technologies

LTE-forward.

Agilent Technologies Inc.,

www.agilent.com.

3D EM Simulation
Software

YJVENDORVIEW

CST MICROWAVE STUDIO®
enables the fast and accurate anal-
ysis of high frequency devices such
as antennas, filters, couplers, pla-
nar and multi-layer structures and
ST and EMC effects. Exceptional-
ly user friendly, CST MWS quickly
gives you an insight into the EM
behavior of your high frequency
designs. More at www.cst.com.

Computer Simulation Technology,
www.cst.com.

Synthesizers Brochure

Y)VENDORVIEW

The Mini-Circuits design team
can create a custom frequency
£ synthesizer tailored to your
requirements. They review your
requirements  and,  following
technical ~ discussions between
your engineers and Mini-Circuits
designers, work closely with you
to create final specifications that
meet or exceed your requirements.
To ensure high yields, they factor
in component tolerances and
even variations in manufacturing
processes. You will have full access
to performance data from sample
units, and can even evaluate sample units in your system to ensure that
final production units fulfill your performance requirements.
Mini-Circuits,

www.minicircuits.com.

Synthesizers
& u -

H&MHz-7B00 MHz

o M-t
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Visual System Simulator
Software
YVENDORVIEW

The new AWR Visual System
Simulator™ for LTE brochure
provides information for RF/
analog engineers on effortlessly
evaluating and providing the best
performance possible for today’s
demanding LTE communication
systems. The capabilities in VSS
for LTE help designers cut system
costs by ensuring that components
are not over-specified and need-
lessly expensive and reduce time-
to-market by eliminating iterations
and rework. Learn more about VSS
for LTE online and download the brochure at www.awrcorp.com/VSS.
AWR Corp.,

Www.awrcorp.com.

Power Divider/
Combiners

YJVENDORVIEW

Low PIM two-way thru 16-way
power divider/combiners are op-
timized for excellent performance
across all wireless bands from
0.698 to 2.7 GHz and their rugged
construction makes them ideal for
both base station and in-building
wireless  systems. Weatherproof
models are also available. Always available from STOCK - four weeks
ARO in 7/16" DIN, N, SMA, BNC or TNC connector configurations for
your next generation equipment deployments. Made in the USA — 36
month warranty.

MECA Electronics Inc.,

Filters, Multiplexers
and Multifunction
Assemblies

Y/VENDORVIEW

Reactel offers a variety of filters,
multiplexers and multifunction
assemblies for the mobile commu-
nication industry. Reactels experienced engineers can come up with a
creative solution for all of your Tx, Rx or Co-site requirements. Reactel
has designed a broad range of filters from high power units operating to
5 kW and beyond to extremely small ceramic units that are suitable for
handheld or portable applications. The company’s product line includes
bandpass, lowpass, highpass and notch filters as well as multiplexers and
multi-passband filters. Offering fast turnaround, competitive pricing and
high quality, Reactel can satisfy most any requirement you may have.

Reactel, Incorporated

Reactel Inc.,

www.reactel.com.
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High Linearity

ST49

NF as low as 0.5 dB - IP3 up to 43dBm - DC current 20 mA and up from il ca. (. 20)

Pick your parameters, and meet your needs at Mini-Circuits!
With over 20 low noise/high linearity amplifier models to
choose from, you’ll likely find the output power, gain, DC
current, and broad bandwidths required to upgrade almost any
3-t0-5V circuit—from cellular, ISM, and PMR to wireless LANSs,
military communications, instrumentation, satellite links, and
P2P—and all at prices that preserve your bottom line!

Model Freq. Gain NF IP3 Py, Current Price $

(MHz)  (dB) (dB) (dBm) (dBm) (mA) (qty. 20)

PMA2-162LN+ 700-1600 22.7 05 30 20 55 2.87

PMA-5452+ 50-6000 14.0 0.7 34 18 40 1.49

PSA4-5043+  50-4000 184 075 34 19 33(@Y) o250
58 (5V)

PMA-5455+ 50-6000 14.0 0.8 33 19 40 1.49

PMA-5451+ 50-6000 13.7 0.8 31 17 30 1.49
25-55 (3V)

PMA2-252LN+ 1500-2500 15-19 08 30 18 3735 ) 287

PMA-545G3+ 700-1000 31.3 0.9 33 22 158 4.95

PMA-5454+ 50-6000 13.5 0.9 28 15 20 1.49

PSA PMA PGA

Our catalog models are in stock and ready to ship, so why
wait? Go to minicircuits.com for all the details, from data sheets,
performance curves, and S-parameters to material declarations,
technical notes, and small-quantity reels—as few as 20 pieces,
with full leaders and trailers. Place an order today, and see what
these tiny, high-performance amplifiers can do for your
application, as soon as tomorrow! ) RoHS compliant

Model Freq. Gain NF IP3 P, Current Price $
(MHz) (dB) (dB) (dBm) (dBm) (mA) (qty. 20)
60 (3V)
PGA-103 50-4000 11.0 0.9 43 22 1.99
i 97 (5V)
PMA-5453+ 50-6000 143 0.7 37 20 60 1.49
PSA-5453+ 50-4000 14.7 1.0 37 19 60 1.49
PMA-5456+ 50-6000 144 0.8 36 22 60 1.49
PMA-545+ 50-6000 14.2 0.8 36 20 80 1.49
PSA-545+ 50-4000 149 1.0 36 20 80 1.49
PMA-545G1+ 400-2200 31.3 1.0 34 22 1568 4.95
PMA-545G2+ 1100-1600 30.4 1.0 34 22 158 4.95
PSA-5455+ 50-4000 14.4 1.0 32 19 40 1.49

Mini-Circuits...we're redefining what VALUE is all about!

[JMini-Circuits’

1SO 9001

ISO 14001 AS9100

—$6 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
&,_,‘.'472 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see minicircE uits.com_

U.S. Patents
7739260, 7761442

IF/RF MICROWAVE COMPONENTS

506 rev C


http://minicircuits.com
http://minicircuits.com

Company Sh
3G/4G LTE PAs
J)VENDORVIEW

® RFMD introduced its revolution-

R FM D J]])) ary ultra-high efficiency 3G/A4G
LTE PAs at Mobile World Con-

gress 2012. For MWC 2013, the

company will introduce next-gen-

eration RF platforms that cover

FD-LTE, TD-LTE, HSPA, CDMA EV-DO, and EDGE modulations, with
support for all world-wide frequency bands. REMD’s solutions enable in-
creased battery life in smartphones while reducing the thermal impact of
advanced data-based applications, including web surfing, video calling, and
social media. REMD experts will be on-site at MWC in Hall 2, Suite 2B91.

RF Micro Devices,
www.rfmd.com.

Discrete and Integrated
RF Solutions

Y)VENDORVIEW

Skyworks Solutions Inc. is an inno-
vator of high performance analog
semiconductors. Leveraging core
technologies, Skyworks supports
automotive, broadband, cellular
infrastructure, energy manage-
ment, GPS, industrial, medical, military, wireless networking, smartphone
and tablet applications. Visit the company at GSMA Mobile World Con-
gress Hall 6, Stand E24 to learn more about its broad product portfolio
of highly integrated front-end solutions as well as discrete components
for mobile platforms including smartphones, tablets, data cards and GPS
systems.

Skyworks Inc.,

www.skyworks.com.

ADVERTISING

ADVERTISER Pace No.

owcCcase

Small Cell Products
)VENDORVIEW

From femtocells to picocells and
microcells, Richardson RFPD of-
fers a wide range of products that
are ideal for small cell applications,
including RF amplifiers, switches, mixers, transceivers, bandpass filters,
duplexers and data converters. Leverage the company’s decades of experi-
ence and rely on its localized global design support — from prototype to
production — for the latest new products from the world’s leading suppli-
ers of components and solutions for small cell applications. For more on
Richardson RFPD’s small cell products, visit www.richardsonrfpd.com/

~ RichardsonRFPD

small-cell
Richardson RFPD,
www.richardsonrfpd.com.

Mobile Communication
Portfolio

SPINNER is a global leader in de-
veloping and manufacturing state-
of-the-art RF components. The
company’s mobile communication
portfolio, which includes jumper
cables, surge protectors, and di-
plexers, supports all major com-
munications networks worldwide,
such as LTE, WiMAX, UMTS,
GSM, GSM-R, TETRA. It provides all passive components between base
station and antenna. The portfolio delivers innovative solutions and sys-
tems for multiple uses by outdoor and indoor antennas and is internation-
ally registered with all major system houses and network operators.
SPINNER GmbH,

Www.spinner-group.com.
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NEXT-GENERATION
ANTENNA TUNING,
ENABLING SMALLER, HIGH
PERFORMANCE ANTENNAS

COMPLETE RF SOLUTIONS—INCLUDING
POWER AMPLIFIER, SWITCH, FILTER, AND
ANTENNA TUNING CONTENT—FOR NEXT-
GENERATION LTE SMARTPHONES AND TABLETS

I I I LOW INSERTION LOSS
PRIMARY & DIVERSITY

— TX/RX PATHS
SCALABILITY

ULTRA-HIGH
EFFICIENCY

RF PLATFORMS

D:gOPTII\/IIZED
“= FOR USE WITH
~IMULTIPLE
~2 BASEBANDS
o

<GS ENVELGOTPE
O< TRACKING

RF PLATFORM COVERS ALL FD-LTE,
TD-LTE, HSPA, CDMA EV-DO, AND EDGE
FREQUENCY BANDS IN COMMERCIAL
USE TODAY, FROM BANDS 1-41

RFMD &)



Equip yourself to meet the challenges
of LTE-Advanced.

Accelerate your drive to the forefront. Be first to
market with up-to-date Agilent LTE-Advanced
resources, expertise and test tools.

Design libraries for LTE-A physical layer

Generate LTE-A signals to today’s standards
and beyond

Analyze multiple LTE-A signals simultaneously

Download an in-depth LTE-A App Note
Visit www.agilent.com/find/LTEAinsight

U.S. 1-800-829-4444 Canada 1-877-894-4414

% Agilent Technologies
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