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Evolution of Mobile Wide Area Network (WAN) Standards

VolP Capable VoIP & MIMO Capable

Rel-99 Rel-5 (HSDPA) Rel-6 (HSUPA) Rel-7 (Ph 1) Rel-8 (Ph 2)
3GPP WCDMA HSPA HSPA +

384 Kbps 1.8 - 14.4 Mbps (5 MHz) 28-42 Mbps (5 MHz)
(5 MHz)
278 Mbps
(20 MHz)
VolP, MIMO
3GPP2 VolP Capable
CDMA2000 EV-DO EV-DO EV-DO
1X REL O REV A REV B
2.4 Mbps (1.25 MHz) 3.1 Mbps (1.25 MHz) = 73 Mbps (20 MHz)

VolP & MIMO Capable

Legend: 288 Mbps
COMA [l OFDM [l  OFDMA [ (20 MH2z)

Theoretical peak downlink data rates

per user (@ max. spectrum per user)

Sources: 3GPP, 3GPP2, Qualcomm
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Wireless Standards Adoption Trends

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
EV-DO

Mass Market

Publication
WCDMA
Publication Mass Market
802.11 H
Publication Mass Market 3GPP LTE Publication\E
CDMA :>
Publication Mass Market // ,/II
GSM Next ~
Publication Mass Market Generation ) oo puplication .
Standards

Wireless technologies that “cross the chasm” have taken
~6-7 years from standards publication to mass market.

Sources: CDG, Qualcomm, Ericsson, IEEE, 3GPP2
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Mobile WAN Device Trends — Size and Cost

Peak User Data Rates vs. Modem Cost
(illustrative)
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» Peak data rates drive
modem memory and
processor speed

« Modem processors and
memory are key chip
Size and cost drivers

* Impact is similar
among all mobile WAN
air interfaces

CDMA Technologies D —— S —— S A —



Mobile WAN Device Trends - Power
Battery Capacity vs. Mobile Application & Service Demand

Early Arcade

peypm—— | e

dvanced Arcade

Video Applications

Tetris
Applications and
Services Requirements

Power

Battery Capacity
Hardware & Power Management
Improvement

26 <1W 2.56 ~ 2-3W 36 Up to 5W

2000 2003 2009
Source: Informa Telecomms & Media
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Mobile WAN Device Trends - Contrast with PC Segments

o | e POWER
oW + * Portable wireless semiconductors have the
most stringent power consumption and cost
W constraints
mw » The heritage of the computing semiconductor

industry is driven by PC/Laptop applications
Power constraints are orders of magnitude looser
Cost point is orders of magnitude higher

$1000 — + COST

s | W
* Number of system applications in handhelds
$10 are ballooning to be (almost) like a PC

$i
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Mobile WAN Device Trends — Processing Power g
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) Convergence Dual-Core

Scorpion + ARM 9
Up to 2370 MIPS*

2400 A (1GH2)
). i
Paging, Messaging, Voice Mail MSM7500
N . D |-
200071 personal Information Manager Conxglgﬂ%nieARllj\?llcore
Up to 740 MIPS*
(> 500 MHz)
MSM6550
1600 A Enhanced Platform ARM9
Up to 250 MIPS*
(225 MHz)
MSM6500
1200 A Multimedia Platform ARM9
Up to 160 MIPS*
(146 MHz)
800 4 MSM2 MSM2300 MSM3000
Intel 80186  ARM MCU ARM7TDMI
10 MIPS <20 MIPS 23 MIPS* (27 MHz)
(~2.5 MHz)
1996 1998 2000 2002 2004 2006 2008
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Mobile WAN Device Trends — Mass Integration

Small Form Factor

Air Interfaces

QUALCOMM

MSM

San Diego, CA

Micro- Longer Battery Life

Processor

- - Lower Costs
WIEANGAVWEAN

Global roaming

S Hadsdcdigs
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ViehlerBreast GPS -ﬁﬁhies of scale
| DSP 3D Graphics ' )

Video

Aldio Air Interfaces to Consider

« CDMA 1S-95, 1xEV, EV-DO rev 0, A and B, UMB

« GSM, GPRS, EDGE, WCDMA Rel. 99,5, 6, 7, 8, LTE

« GPS, 802.11 a/b/g/n, BT, UWB, FLO, DVB-H, ISDBT...

Imaging

Radio Frequencies to Consider

. Bands: 450, 700, 850, 900, AWS, 1800, 1900 MHz, 2.1,
2.4 2.6 58 GHz +

 Bandwidths: 200 kHz, 1.25, 2.5, 5, 10, 15, 20, 40 MHz
e Duplexing: FDD, H-FDD, TDD
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Mobile WAN Device Trends — Enabling Seamless Evolution

 Ubiquitous mobile broadband enabled by 3G coverage Multimode
« Multimode device ASICs enable selective 4G investment el
* 3G, 4G, WLAN handover enables seamless user experience
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Mobile Broadband Today Drlven by 3G Economles of Scale

® HSDPA
mEV- DO + HSDPA

470 Million?
3G Subscribers

A
EV-DO (rev 0 and A) HSDPA
» 128 operators committed to EV-DO * 147 operators committed to HSDPA in 67 countries
* 62 commercially available networks in 37 countries * 100 commercially available networks in 54 countries
* 30+ vendors launched over 433 EV-DO devices * 50 suppliers launched over 209 HSDPA devices
* 55 embedded notebooks * 43 embedded notebooks

Sources: CDMA Development Group (cdg.org), GSMA (gsmworld.com), GSA (gsacom.com) and Informa
1 Paying subscribers on commercial CDMA2000 and WCDMA (UMTS) networks as of April 30, 2007. Source: Wireless Intelligence
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Many Embedded Mobile Broadband Solutions Today

March March
2006 2007

21 | o8
Launched NB Offerings

11 | 45

Launched NB Models

S 16

Notebook Manufacturers

4‘17

3G Embedded Carriers

*Sum of individual notebooks
certified per carrier network
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Mobile Broadband Evolution - Enabling New Device Classes

= N LAPTOPS
@ S
ﬁ '““*~-l:f?"*¥1i.‘_‘“x_ - ~80 Million
L>U i Unit/Year
o : SUB-
NOTEBOOK
3 POCKET
— DEVICES
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o HANDSETS
1 Billion Units/Year
TIME
 Technology drives down chip size and power consumption
 More integrated features supporting wider range of applications
* Enables new enterprise and consumer device classes
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express written permission of QUALCOMM Incorporated.

QUALCOMM is a registered trademark and registered service mark of QUALCOMM Incorporated. Other products
and brand names may be trademarks or registered trademarks of their respective owners. CDMA2000 is a
registered certification mark of the Telecommunications Industry Association, used under license. ARM is a
registered trademark of ARM Limited. QDSP is a registered trademark of QUALCOMM Incorporated in the United
States and other countries. Export of this technology may be controlled by the United States Government. Diversion
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