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In this report preview we provide a high-level summary of a separately

published report which provides results from what continues to be the

only independent performance benchmark study of mobile devices and

chipsets. The document contains a complete table of contents, list of

figures, a summary of past research reports, and a list of potential topics

that we hope to address in the coming months. This report is included

as part of a normal subscription to Signals Abead or it can be purchased

individually for $995.

For this latest round of

LTE chipset testing we have
once again collaborated with
Spirent Communications

to get access to their

test equipment and
engineering support.

Historically, our efforts have focused exclusively on HSPA and more recently HSPA+ chipsets.
However, in the most recent round of testing, we went where no one has gone before and looked at
the performance of commercially-available LTE devices/chipsets.

We have once again collaborated with Spirent Communications to get access to their test equip-
ment and engineering support in order to obtain highly objective results. The significant advantage
of conducting lab-based tests is that we can easily replicate and repeat each test scenario in an
automated fashion, thus ensuring a common and consistent set of test scenarios for each device/
chipset that we tested. And with the 8100 test system that we used for the tests, we know that we
went with a test platform that is widely recognized and being used by operators in some of the initial
LTE deployments. SRG takes full responsibility for the analysis and conclusions associated with
this benchmarking exercise.

Irrespective of the individual results, it is somewhat amazing how far the industry has progressed
in the last four years. To put things into perspective, when we started doing these benchmark
studies in 2007 the theoretical peak data rate that those chipsets could reach was 3.6Mbps. In the
current round of chipset testing there are numerous instances where multiple chipsets exceeded
70Mbps — granted with a 10MHz radio channel. Doing the math, this performance gain equates to
a continuous annual growth rate (CAGR) of nearly 111%.

We tested five commercially-available chipsets in our initial LTE performance benchmark study.
Relative to previous Chips and Salsa studies there wasn’t a dominant performer. In total, there were
28 test scenarios that we selected from a standards body approved and industry-endorsed technical
report 3GPP TR 37.901).

Although there wasn’t necessarily a clear winner, we identified several areas where there is room
for improvement. Two areas in particular stand out. First, we identified one or more devices/chipsets
that had difficulty with the TCP protocol, resulting in much lower throughput than their peers — in
some cases a high double-digit percentage. Secondly, at least one of the devices/chipsets tended
to over-estimate its CQI value. In a commercial network, this situation could result in degraded
end user throughput and overall lower network efficiency if the device/chipset cannot handle the
data that it is receiving. Finally, there was greater variance in the results for those test scenarios
involving multiple data streams — specifically open loop spatial multiplexing and closed loop spatial
multiplexing. Given the newness of MIMO, this observation isn’t too surprising. All this and more

in this issue of Signals Ahead.
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Sample figures from full edition

Sample Table 1. Participants
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Source: Signals Research Group, LLC

Sample Figure 1. Bi-directional Stress Test, EPA5, Transmission Mode 4, SNR = 25, MIMO
Correlation = Low, 64QAM/16QAM (TS27)

Transmission Mode: TM4

Channel Conditions: SNR25, EPA5, MIMO-Low
Modulation Scheme: 64QAM/16QAM
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Source: Signals Research Group, LLC
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Potential topics for the coming year include:

» The Mother of all Network Drive Tests (LTE, DC-HSDPA, HSPA+, Rev A and Mobile
WiMAX)

» 'The challenges of delivering video in a mobile network

» How network performance (throughput and latency) impacts the user experience
» Embedded modules/netbooks

» TD-LTE network performance benchmark results

» CoMP and LTE Advanced

» Going Green — financial implications and challenges

» Smartphone signaling implications and LTE

» LTE chipset performance benchmark test results

» 'The impact of Type 3i receivers on UE performance (includes chipset benchmark tests of leading
solutions)

» Whatever happened to IMS?

» LTE Americas

» 4G World and GSMA MAC

» HSPA+ (MIMO) network performance benchmark results
» 'The impact of latency

» Public Safety Options with 700MHz

» EV-DO Rev B network performance benchmark results

» LTE chipset landscape
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10/19/11 “THE MOTHER OF ALL NETWORK BENCHMARK TESTS
- VoLUME 2 (QUANTIFYING THE USer EXPERIENCE)” In
Volume 2 of our special 3 part series of benchmark reports we
quantify the user experience in a mobile broadband network as
defined by a host of popular end user applications and services.
At a very high level this report looks at why the full performance
capabilities of the mobile broadband network are seldom lever-
aged with typical mobile data applications, and what operators,
content providers and other interested parties should do with this
information.

9/27/11 “THE MOTHER OF ALL NETWORK BENCHMARK TESTS -
VoLUME 1” In Volume 1 of a special three-part series of reports
we leverage the capabilities of Accuver’s complete suite of drive
test tools to analyze the performance of all next-generation
wireless technologies as exemplified by operator deployments in
North America. In addition to looking at basic parameters, such
as throughput and latency, the report looks at end-user spectral
efficiency and the different network deployment philosophies of
the leadng operators (e.g., their cell grid density).

7/6/t1 “MOBILE PLATFORMS - THE CENTER OF MOBILE
NETWORKS” In this report we discuss the recent trends impacting
the various mobile platforms that exist and what has transpired
since our piece from three years ago on Web 2.0. We address the
state of the mobile platforms that exist, provide our thoughts on
the current and future prospects and look at the various trends
that are driving the industry.

6/8/2011 “UNITED WE STAND, FRAGMENTED WE FAIL” We
provide the key takeaways from the LTE World Summit, held
in Amsterdam. Spectrum fragmentation tops the list of key LTE
topics, although a growing focus on the use of 1800MHz for those
operators that have access to it is encouraging. VoLTE, or the lack
thereof, is still on everyone’s minds, but in the interim CSFB isn’t
even working as promised. Finally, there was a lot of talk about
Mobile WiMAX, but the emphasis seemed to be on how to best
move away from the technology and adopt TD-LTE.

5/16/2011 “HETNET: WHEN BIG CELLS AND SMALL CELLS
coLLIDE” In addition to covering the basics of heterogeneous
networks (HetNet), a key LTE-Advanced (R10) feature, we
present a compelling series of analytical studies which demonstrate
the need for macro network offload, starting as early as 2015. We
also get into the technical details of how HetNet works, including
discussions on eICIC, ABS and the importance of interference
cancellation in the handset. Finally, we look at what is being done
with legacy 3G femtocells to limit interference-related problems
that they introduce, both with the macro network and between
each other.

4/26/2011 “CHIPS AND SALSA XllIl: Now SEASONED WITH
Soy SAUCE” In collaboration with Spirent Communications we
provide results from the industry’s only independent performance
benchmark tests of HSPA+/HSPA chipsets. In the most recent
benchmark study we tested 16 different device configurations,
representing chipsets from 9 different suppliers, including new
entrants, such as Samsung (HSPA+), Intel (HSPA+), MediaTek
and HiSilicon. We provide the results, based on a total of 42
HSPA+ test scenarios and 26 HSPA test scenarios.

3/15/2011 “LOOKING BEYOND HSPA+: KEEPING UP WITH THE
JONESEsS” Based on interviews with 3GPP member compa-
nies and a thorough review of 3GPP submissions, we offer an
in-depth look at the future of HSPA+ (Release 11 and beyond).
Ultimately, we conclude that many of the features that are being
incorporated into LTE will find their way into HSPA+, thus blur-
ring the performance differences between the two technologies.
Latency and the impact of new features on legacy devices are two
areas of prime importance where HSPA+ could face challenges

relative to LTE.

1/12/2011 “DC-HSDPA: DOUBLE THE BANDWIDTH, DOUBLE
THE PLEASURE, PART II” In collaboration with Accuver, who
provided us with its XCAL-W drive test tool and XCAP-W
post-processing software, we provide results and analysis from
an extensive drive test of Telstra’s DC-HSDPA network. We
compare DC-HSDPA with HSPA+ performance in a number of
side-by-side tests.

1/12/2011 DC-HSDPA: “DOUBLE THE BANDWIDTH, DOUBLE
THE PLEASURE, PART I” In collaboration with Accuver, who
provided us with its XCAL-W drive test tool and XCAP-W
post-processing software, we provide results and analysis from
an extensive drive test of Telstra’s DC-HSDPA network. We
compare DC-HSDPA with HSPA+ performance in a number of
side-by-side tests.

12/10/2010“CAN YOU SCHEDULE ME Now?” In collabora-
tion with Sanjole we examine how some of today’s commercial
LTE eNodeBs allocate network resources when serving multiple
devices. We determine that while LTE may deliver a compelling
user experience, it is largely due to an empty network and the large
channel bandwidths, and that further improvements are necessary
if LTE is going to support multiple users in an efficient manner.

12/3/2010 “A PERSPECTIVE FROM LTE AMERICAS AND THE
GSMA MoBILE AsliA CoNGREss” We provide and discuss
various data points which stem from our participation at the LTE
Americas event in Dallas and the GSMA MAC event in Hong
Kong. We provide an LTE market update, including TD-LTE,
discuss the debate about a smart or dumb pipe strategy, and the
impact of smartphones and social networking services, including
the use of cloud computing, intelligent networks, network
offloading and data caching.

11/4/10 “A G-Wiz WoRLD” We provide drive test results for
TeliaSonera’s HSPA+ network in Sweden and provide data points
from this year’s 4G World event in Chicago. We also discuss
the growing trend of operators who are intelligently adding more
capacity to their networks through the use of higher performing
devices/chipsets and upgrades to their network infrastructure.

10/7/to “2x20MHz ofF LTE AND THE HEISENBERG
UNCERTAINTY PRINCIPLE” We provide an update on LTE
network performance based on extensive testing of TeliaSonera’s
LTE networks in Stockholm and Gothenburg, Sweden. The 60+
page report provides detailed results and analysis based on more

than 600GB of transferred data.
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