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Disclaimer

Nothing in this presentation is an offer to sell any of the parts referenced

herein. This presentation may reference and/or show images of parts and/or
devices utilizing parts whose manufacture, use, sale, offer for sale, or

importation into the United States are subject to certain injunctions against
Qualcomm. This presentation is intended solely to provide information for

those products and uses of products that are outside the scope of the

injunctions. Any device utilizing Ix-EVDO parts must wutili z
hybrid mode alternative solution.

QUALCOMM Incorporated, 5775 Morehouse Drive, San Diego, CA 92121-1714
Copyright © 2009 QUALCOMM Incorporated, All rights reserved.



Internet Data Growth

Internet Explosion i Fast & Furious Data Growth

Google processes 20 petabytes of data per day
A Number of searches has shown10X increase in 2 years GOOSIQ

A 3 billion daily searches in 2006 C 31 Billion in 2008

200M registered MySpace users

A As much as 5t largest country in the world

Facebook membership increased 5X in 2008

ﬁ myspace.com
a place for friends..

facebook
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Intel, WiMAX Update, 2006

Petabyte ~ 10715, Exabyte ~10°18




Video Is a Key Driver for the Internet
Explosion
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Video is an increasing part of the Internet traffic
AStreaming Audio and Video: ' '31% of AT&TOSs

YouTube i Numbers that just keep growing
A Averages 5 Billion video streams every month i 40% of all videos online®
A 65,000 new video clips uploaded to YouTube server everyday
A In August 2008, YouTube became the #2 search engine over Yahoo (#1 is Google)
A Google i 7.6 billion and YouTube 2.6 billion®

1- AT&T Labs, New York Times, 10/31/2008 2 i Nielsen Add Specific, 317 ComScore Search Engine Ranking 10/08



Resulting in Growing Demand for Broadband
Services

80.6% of all homes in the US have a computer®

Consumers demand for high speed internet access is driving the market
A By 2011 - 567 million WW subscribers and close to 116 million in the US?

Bandwi dth intensive
A Video, gaming, internet browsing

applications drive

Download/Upload speeds:

A Fiber to the Home (FTTH) i DL: up to 50 mbps
A Cable - DL: up to 42 mbps"

A ADSL+ - DL: up to 24 mbps”

Figure 3.
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17 Nielsen report on Home Internet Access 2008, 2 - In-Stat, 31 CableLabs, 417 BroadbandForum.org




Wireless Data Growth

Users Want Similar Experiences on Wireless

User trends shift from wired to wireless

Simple Download Download Real-Time Seamless Fixed
Communication & Upload Delay Sensitivity Mobile Convergence

Rich
Communication

User Generated
Content

Voice & Text Streaming Seamless Connectivity

Voice Music/Ringtones Mobile 2.0 VolP IPTV
SMS/Email Video Social Networking PTT/PTM Home Network
Web Browsing Media Sharing Video Set Top Box

Communication
Multiplayer Gaming

Collaboration
Mobile Advertising

Ubiquitous Broadband
Consumer Electronics
Video Surveillance

j\&‘ =

Mobile Services becoming center of life




Demonstrated by Growth in Mobile Data Traffic

HSPA traffic grew up to 8x over last 12 months in several of our markets

TeliaSonera 290% Traffic Volume Increase and 140% Revenue Increase

SNL Interactive iPhone subs use 15x more data than other subs

Percentage of Total AT&T
Network Traffic

B Applications
Video
Voice

GB H3G Networks Monthly Data Traffic

700,000 -

500,000 -
300,000 -
100,000 - 2002 2007 2013
Data Usage Per Mobile Device
1/07 7107 1/08 7/08
Sources: - Orange annual report, 10-2008

- Informa, World Cellular Data Metrics, September 2008
- H3G, November 2008
- ATT, UBS Global Media and Communications Conference, Dec. 9, 2008



Wireless Data Growth

Resulting in Increasing Operator Data Revenue

O vodafone Gelstra  \—verizonvioess & atat

Dec. Q'07 Dec. Q08 Half YE Dec. '07 Half YE Dec. '08 Dec. Q'07 Dec. Q'08 Dec. Q07 Dec. Q'08

Data Revenues Data Revenues Data Revenues Data Revenues
British £ Austr. $ US. § us. §

8 Source: Verizon, Vodafone Group, AT&T, Telstra



Mobile Data Growth is Expected to Continue

Cisco expects mobile data traffic to increase:
A 66 fold between 2008 and 2013

A Mobile data traffic will grow from 1 petabyte per month to 1 exabyte per month in
half the time it took fixed data to do so

Multiple applications will drive data consumption
A Gaming
A Email
A Internet Browsing
A Geo location applications
A Mobile advertising
A Music and video

Video will drive the most exabytes of data with almost 64% of the
worl dés mobil®e traffic by 2013

1 - Nielsen



Wireless Data Growth

Mobile Data Devices Are Growing at 40% CAGR
through 2013

Smart Phone Shipments
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Mobile Video is Enabled by Various Technologies

Mobile Video is transmitted 2 ways

3G Networks

A Unicast

A Point to point transmissions - Video on Demand (VOD)
A Limited by available spectrum
A Videos can be downloaded or streamed live from a website (IPTV)

A Multicast (MBMS): One or more receivers to a video stream
AV CASTE wuses Windows Audio/ Vi dec

Dedicated Mobile Broadcast Networks
A MediaFlo

A DVB-H

A Mostly use H.264 Code @386 kbps

11



Wireless Data Growth: Video

Video Devices Become More Prevalent
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Growth In Video & Data Requires Fast Networks

3G and Next Generation Systems

IMT-2000 Defined 3G, IMT-Advanced Defines 4G

The Physical Layer Approaches Theoretical Limit
(both WCDMA/CDMA and OFDMA)

Topology Brings Capacity Gain Beyond Technology

Next generation Systems are Defined
by Multiple Dimensions of Enhancements

13



Network Performance

The Physical Layer Approaches the

Theoretical Limit

Capacity
Enhancements

d Available to all
air interfaces

Optimized Shared Channel
~ Adaptive Modulation & Coding
~ Physical Layer Retransmission
~ Opportunistic scheduling

Higher Order Modulation
/16 QAM and 64 QAM
/More than 64 QAM

Advanced Receivers
/Equalizer

“Interference Cancellation (mainly for
CDMA)

Advanced Antenna Techniques
/Antenna Diversity (RX and TX)
/'SDMA and Beamforming
/MIMO

Efficient Mobility
Low Overheads

pe—

Source: Qualcomm Simulations: NGMN D1: 500m ISD, HSPA+ scaled up from 5 MHz, details in R1-070674. HSPA+ DL Interference Cancellation

14 not considered.

Similar OFDMA and CDMA

spectral efficiency

for the same number of
antennas and bandwidth

15.1 Mbps

12.5 Mbps

HSPA+ LTE
10 MHz FDD 2x2 MIMO (DL)

HSPA+ Multicarrier gain nor HSPA+ handset
Interference Cancellation gain included



Network Performance

Part of Next Generation Performance Leap
Already Occurred with Evolved 3G

Approaching
the theoretical limit!

Evolved 3G

Evolved 3G with

= --__ _Advanced Receivers
(EV-DO Rev. B & Hspa+) | NEXT Gen. LTE

Data optimized 3G Leap (OFDMA)
(EV-DO & HSPA)

3G

3G (IMT-2000): Voice & Data
(e.g. CDMA2000 1X & WCDMA) Next Gen.

Leap

2G

1oeded anne|ay

2G: Voice Capacity
(Digital e.g. GSM & 1S-95)

Next Generation
Leap

1G: Voice
(Analog e.g. AMPS)

15 1Assumes the same number of antennas (2x2): 2x2 MIMO will be supported by Evolved 3G and initial LTE. Additional antennas creates additional diversity and degrees
of freedom and possible multiple pathsd regardless of air interface technologyd that further could improve the spectral efficiency, still meeting the same physical limit.



Network Performance

3G Interference Cancellation Leverages
Operators0 CDMA Net wor ks
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16 Source: Qualcomm simulation and analysis.



low to Further Improve Capacity?

Example of Improvements for Capacity

WCDMA/CDMA and OFDMA gain

Leverage Wider Spectrum +

Leverage Multiple Antennas 4t
(beyond 2x2)

Leverage Topology
) . +++
(add picocells and femtocells and optimize)

Topology brings capacity gain beyond technology

17



~150
Mbps

(2x2 MIMO) 10 MHz

(LTE and HSPA+)

20 MHz
(LTE)

(for same number of users per MHz)

~75 |=75
Mb Mbps
(2x2 MFI)I\jO)(lXZ SFI)MO) 8VHU pu3baiaREte
Experienced
During a Burst
40 ~15
bps Mbps
(1%2 SIMO) ~75
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T —
< -
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(optimal conditions)

Source: Qualcomm simulations for HSPA+ simulations 10 MHz, numbers extrapolated to 20MHz with the same number of users per Mhz. Shows the forward link burst data rate for the median and the 10% worst (Cell edge)
users. Doubled bandwidth doubles user data rates and provides capacity gain for bursty applications at partial load, but provides small capacity gain for full buffer scenarios (full load).



