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) JHSPA laid the foundation of Mobile Broadband success

O Mobile broadband began with WCDMA and its first evolution - HSPA

O Today 99.5% of WCDMA operators have deployed HSPA,;
L 398 commercial HSPA networks in 160 countries

O Well on the way to 1 billion mobile subscriptions by end 2011 (current estimate c. 700 million)

0 3,071 HSPA user devices launched in the market by 262 suppliers &

O Mobile broadband is driving traffic, revenue and profit growth in markets throughout the world

O Most operators include mobile broadband in their product offerings
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WCDMA-HSPA and HSPA+ mobile broadband wallchart — April 2011
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HSPA: cumulative network launches worldwide
April 8, 2011
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173 operators have
committed to HSPA+

123 commercial HSPA+
systems in 65 countries

23 commercial 42 Mbps
DC-HSPA+ networks

© Global mobile Suppliers Association

v gsacam.cam

E .
i - -
HSPA: annual network launches worldwide [€Y:
April 8, 2011
“nwgEazancan

0
= U
2005 s w07 20 209 P Aonis 2011
" poits- HSPAOperator Commit y

Quick Facts

400 commercial
WCDMA networks
in 161 countries

99.5% of WCDMA
operators launched
HSPA

32 commercial
UMTS900 networks

618 UMTS900 user
devices launched

Over 68% HSPA

networks support
7.2 Mbps peak
downlink or higher

39% of HSPA
operators launched
HSUPA in 73
countries

Almost 31% of
HSPA operators
launched HSPA+

684 mil. WCDMA
subs (Q1 11
estimate)

B

www.gsacom.com

429 HSPA operator commitments in 167 countries

398 commercial HSPA networks in 160 countries

Evolution to HSPA+ continues as the main trend in 2011

L HSPA+ is a mainstream technology

3,071 HSPA devices launched in the market
U includes 144 HSPA+ and 53 dual-mode HSPA-LTE devices

HSPA networks peak DL data speeds

398 commercial systems: April 8, 2011
e

= lIpto 3.6 Mbps DL peak

u7.2 Mbps DL peak

14 4 Mbps DL peak

mHSPAEvolution (HSPA+)

©Global mobile Suppliers Association

‘Source: GSAreports - HSPA Operator Commitments

i Over 68% of HSPA networks support 7.2 Mbps or higher peak DL data speed 7

WwWw,gsacom . com

Almost 31% of
HSPA operators

have launched
HSPA+
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£volution to HSPA+ is the main trend globally

HSPA+ commercial network launches
April 8, 2011

31% of HSPA operators

have launched HSPA+
123
HSPA HSPA
. 103 Peak Downlink Speeds Peak Uplink Speeds
© Global mobile Suppliers Association 24 3.6 Mbps 2.0 Mbps
80 - 52 1\‘7
5.8 Mbps
Sl 37 : - ]
20 15 I - 7
4 11.5 Mbps per 54t
o, | l . camer
h Source: GSAsurveys— Global HSPA+Network Commitments and Deployments ‘ S M b _
42 Mbps 23 Mbps
HSPA+ delivers higher capacity and performance and e {}
. . . viDps
an improved user experience of mobile broadband .
U
168 Mbps
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ontinuing performance and capacity improvements with HSPA

O HSPA peak speeds are increasing
O DL: 68% support 7.2 Mbps or higher

d UL: 39% have launched HSUPA = Up to 3.6 Mbps DL peak

m 7.2 Mbps DL peak
14.4 Mbps DL peak
m HSPA Evolution (HSPA+)

31% 32%

0 123 commercial HSPA+ systems
Q launched in 65 countries
Q Satisfying operators’ current capacity
and performance requirements
0 50 additional HSPA+ commitments/
deployments
O 144 HSPA+ user devices launched

O 42 Mbps with DC-HSPA+ is market reality
0 23 commercial DC-HSPA+ networks
Q at least 36 additional commitments
O 45 DC-HSPA+ user devices launched

GSA forecasts there will be at least 150 commercial
HSPA+ systems in operation by end 2011

HSPA has a strong evolution path
0 Some operators are already preparing to introduce the next evolutionary step of 84 Mbps
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http://www.gsacom.com
http://www.abbyy.com/buy
http://www.abbyy.com/buy

and HSPA reports, resources: www.gsacom.com

Global HSPA+ Network Commitments and Deployments
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123 HSPA+ systems are commercially launched in 65 countries
! 30% of HSPA operators have commercially launched HSPA+
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GAMBoD analysis tool

GSM/3G MARKET/TECHNOLOGY UPDATE

GSA confirms 173 operators in 77 countries have committed to HSPA+ network deployments
Armeni Acsiol Austia, Batrain Belan, Bebum,

HSPA User Devices

HSPA devices that are a Phone

NEC (40

©2011 GSA
www.gsacom.com/gambod

HSPA devices that have a download speed of 21 Mbps, 28 Mbps of 42 Mbps

USB Modem (61)

©2011 GSA
wanw.gsacom. comigambod

GAMBoD

For GSA member companies and network operators
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U The next step in the user experience and the main direction for the industry

U Builds on HSPA, HSPA+ successes and is typically complementary

U Essential to address and deliver mobile broadband to the mass market

O Significant performance gains and efficiencies introduced - FDD and TDD modes
U Can be deployed in new and existing (re-farmed) spectrum

U Global support

U Evolution of LTE continues with LTE-Advanced

Excellent Mobile Broadband Today Enhanced User Experience
Voice and full Range of IP Services Improved voice and data capability

|

WCDMA HSPA

LTE leverages new, wider
and TDD spectrum
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TE enables operators to support future mobile data demand

Global mobile data traffic

0_-.I

92% CAGR 2010-2015

l 6.2%
7.8%

9.2%

15.7%

26.3%

29.3%

2012 2013 2014 2015

M Central and Eastern Europe
(CEE)

M Middle East and Africa (MEA)
M Latin America (LATAM)

M Japan

M North America (NA)

W Western Europe (WE)

M Asia-Pacific (APAC)

Terabytes per Month 92% CAGR 2010-2015 Petabytes per Month
6,000,000 6.3 EB 7,000
3.8EB
3,000,000 3,500
2.2EB
1.2 EB
— -

2010 2011 2012 2013 2014 2015 2010 20m
Source: Cisco VNI Mobile, 2011 Source: Cisco VNI Mobile, 2011
Petabytes per Month 92% CAGR 2010-2015

0.7%
7,000 g g;f; M Other Portable Devices
7%
;‘,a% Nonsmartphones
W Tablets
26.6%
m M2M
3,500 B Home Gateways
B Smartphones
B Laptops and Netbooks
55.8%

2010 2011 2012 2013 2014 2015

Source: Cisco VNI Mobile, 2011

Laptops and smartphones lead traffic growth
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» L TE commitments, deployments, trials, launches

208 operators in 80 countries investing in LTE

208 operators in 80 countries are 154 commercialLTE network commimerds n 0 countries
investing in LTE GSA, May 11, 2011

a

154 LTE network commitments in 60 countries
= 954 pre-commitment trials in 20 more countries

= 20 commercial LTE networks launched

= At least 81 LTE networks are anticipated to be
in commercial service by end 2012

20 commercial LTE networks in 14 countries

Q Initial 20 launches have all been LTE-FDD mode Count S erator —

Norway TeliaSonera 15.12.09

Q Frequencies used are mainly 700, 2600 MHz T 2228

O 2 commercial systems launched in 1800 MHz e oo

O 2 DD/800 MHz commercial systems launched USA_ MetroPCs _ 21.09.10

Austria Al Telekom Austria 05.11.10

Sweden TeleNor Sweden 15.11.10

O Commercial LTE TDD launches targeted from 2011 Swecen Tele2 Sueden 151110
ong Kong imite 11,

Finland TeliaSonera 30.11.10

O No. of operators committing to deploy commercial LTE systems Germany ___Vodafone_ 01.12.10

increased by 98 since June 2010 o —reon eless ERT

O No. of countries increased by 32 in the same period Denmark TeliaSonera 09.12.10

Estonia EMT 17.12.10

Japan NTT DoCoMo 24.12.10

. Germany Deutsche Telekom 05.04.11
GSA “EVOIutlon to LTE” report — May 11’ 2011 Philippines Smart Communications 16.04.11
Lithuania Omnitel 28.04.11 9
-
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08 operators investing in LTE

Country Operator Expected launch Walaysia F1 Networks (LTE TDD) 2012
Nepal cell 2012 1 54 LTE
gor'«\éav %:‘ \ago era Lau Cneg ;; F\gg Philippines Globe 2012
weden asSonera Launche . Talwan Chunghwa Telecom 2012
Usbekiotan M7 Launched 2607 10y s ; network
Uzbekistan ucell Launched 09.08.10 Malaysia 2013 -
Poland Mobyland and CenterNet Launched 07.09.10 Monaco Monaco Telecom 2013 commitments
USA MetroPCS Launched 21.09 Arme Armentel To be confirmed
Austria A1 Telekom Austria aunched 05.11.1 Armenia Qrange Amenia To be confirmed in 60 cou ntries
Sweden I { Launched 15.11.10 Australia Optus To be confirmed
Sweden S Launched 15.11.10 Australia EnergyAustralia To be confirmed
Hong Kong CSL Limited Launched 25.11.10 Bahrain Zain To be confirmed
Finland TeliaSonera aunched 30.11.10 Belgium Belgacom (Proximus) To be confirmed
Germany Vodafone Launched 01.12.10 Brazil Vivo ; To be confirmed WWW_gsacom_Com
USA Verizan Wireless Launched 05.12.10 Canada MTS Allstream To be confirmed
Finland Elisa Launched 08 12.10 Canada Sasktel To be confirmed
Denmark TeliaSonera Launched 09.12.10 Chile Entel PCS To be confirmed
Estonia EMT Launched 17.12.10 Chile Movistar To be confirmed
Japan NTT DoCoMo Launched 24.12.10 Croatia Hrvatski Telekom To be confirmed
Germany Deutsche Telekom Launched 05.04.11 Estonia Elisa To be confirmed Abkhaz Aualon
Philippines Smart Communications Launched 16.04.11 5510’"3 E}';ﬁ lote CO”?”“Ea Argentina e
km"é?ﬁf Pimancltee\‘ MTS R— U—f'cﬂ Germany E Plus "o be coufimicd e etnel
Viv -MTS 2f .
F I 2 Hong Kong SmarTone-Vadafone To be confirmed BaST{LEe)
Australia Telstra 2011 4 2 . MTS
Australia VHA 2011 Hong Kong Hutchison 3 o be confirmed 4
Austria T-Mobile 2011 Hong Kong China Mobile To be confirmed Mobistar
- 5 Hungary Telenor Magyarorszag To be confirmed Telenet
Austria Hutchison 3 2011 L Lol ik .
Canada Telus 2011 |I'Id!d Bhd_lll Al_r .L.‘[U_TE TDDJI : To be Lomflr_mt_:d KPN Base
Canada Bell Canada 5011 :;’u‘ha :lklz-wnn IJ\‘E’;\\TI (LTE TDD) ‘_n ;e Fﬂﬂ:‘l\ﬂ’.hg Entel Movil
Canada Rogers Wireless 2011 e A — LNl el
Canada Shaw Communications 2011 Y 4 To be confirmed Telefonica
ColormBia UME EPM 2011 Jamaica Claro To be confirmed Wind Mobile
Denmark 3 Denmark 2011 Jersey Clear Mobitel To be confirmed Czech Republic O2 (Telefonica)
Denmark TDC 2011 Kazakhstan Kcell To be confirmed France Bouygues Telecom
Denmark TeleNor 2011 Kuwait Zain To be confirmed Egypt Jodatos
Finland DNA 2011 Latvia Bite To be confirmed EW: ;“m":“‘ - (4]
o2 Stoni 5011 Tele? Tob ayp isalat Misr
L AL e B— BT i
Hungary Magyar Telekom (T Mobile) 2011 Libya Al Madar Tc onfirmed Indonesia Tokomsel e
India Quaicomm India LTE Venture 2011 Lithuania Tele2 Taaesrneg Inconesia AL Axiata =
India Reliance (LTE TDD) 2011 Luxembourg  Orange To be confirmed L= jroceat ?
Ireland Hutchison 3 2011 Malaysia Asiaspace To be confirmed LLE AL O
Japan Emobile 2011 Malaysia U Mobile To be confirmed LRk Bl o
Japan Softbank Mobile 2011 Namibia Leo (Cell One) To be confirmed Kazakhstan Vimpeicom
Jordan Zain 2011 Netherlands KPN To be confirmed Kenya Safaricom 3
Poland Aero2 (LTE TDD) 2011 Netherlands Vodafone To be confirmed Makysia Maxis
Portugal TMN 2011 Netherlands T Mobile To be confirmed LS Socnm a
Portugal Vodafone Portug 2011 Netherlands  Ziggo 4 To be confirmed Mexico Tekel =
Russia Rostelecom 2011 ary - - Mexico Telefonica =g
il Netherlands Tele2 0 be confirmed -
Russia Yota 2011 N = Noldova Orange Moldova
Saudi Arabia  Etisalat (Mobily) 2011 W £ el I = Lol i S SR
SeIRAIES SR L7, 2011 New Zealand Vodafone NZ 0 be confirmed . D
South Korea o 5011 Nigeria Globacom To be confirmed Foru Tekfonica =]
Sauth K 5011 Norway TeleNor To be confirmed Poland Polkomtel =
S“'—' . K”’ef“ S FREE Philippines Pilte! To be confirmed Portugal Optimus -
outh Korea 2R sl <0l Poland ERA To be confirmed Fuerto Rico Claro =
oW o 2o Qatar Qtel To be confirmed Qatar Vodafone Qatar ="
witzerlan Jrange R Romania Vodafone To be confirmed Russia MTS a
Ea L2 A B O O] Russia Svyazinvest To be confirmed Russia Vimpeicom 7]
Du 2011 Saudi Arabla  Zain To be confirmed Russia Tele2 Russia
UAE Etisalat 2011 Saudi Arabia STC To be confirmed Russia Magafon
usA C;OXA\-O’FHHD‘: 2011 Singapore M To be confirmed Russia OAC Voentelecom
Y . S o e Ll il Slovak Republic 02 (Telefonica)
: ot SHACHD ael Slovak Republi
UsA Aircell 2011 South Africa  Cell C To be confirmed S;;;‘ SIS o
USA BayRICS 2011 South Africa  MTN To be confirmed g e
Usa Cellular South 2011 Sri Lanka Dialog To be confirmed Thailand DPCIAIS
USA Lightsquared 2011 Sri Lanka Mobitel To be confirmed T rx Turkeall
Usa Mosaic Telecom 2011 Taiwan Global Mabile (LTE TDD) To be confirmed s Ml
USA Leap Wireless 2011 Tunisia Tunisiana To be confirmed L Clear Mobilal
usa US Cellular 2011 UK Vodafone To be confirmed UK Argiva
Austria Orange 2011-12 UK 02 To be confirmed Ukraine MTS-Ukraine
Andorra Andorra Telecom 2012 USA Agri-Valley Broadband To be confirmed usa Clearwire
Australia Vivid Wireless (LTE TDD) 2012 USA Cellcom To be confirmed Vietnam FPT Telscom
China China Mobile (LTE TDD) 2012 USA T-Mobile USA To be confirmed Vietnam VDG (VNPT)
China China Telecom 2012 USA Commnet Wireless To be confirmed Vietnam Viettel
Croatia VIPNet 2012 USA NetAmerica Alliance To be confirmed
France Orange 2012 USA Texas Energy Network To be confirmed s
Japan KDDI 2012 _USA Public Service Wireless To be confirmed GSA Evolution to LTE report: May 11, 2011
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TE commitments and launches by region

LTE Operator Commitments

154 LTE network commitments in 60 countries

Americas Europe
Agri-Valley Broadband, USA Andorra Telecom, Andorra
Aircell, USA Armentel, Armenia
AT&T Mobility, USA Orange, Armenia
BayRICS, USA Vivacell MTS, Armenia
Cellcom, USA * A1 Telekom Austria
Cellular South, USA 3, Austria
CenturyTel, USA - T-Mobile, Austria
Commnet Wireless, USA Orange, Austria
Cox Comms, USA Proximus, Belgium
Leap Wireless, USA Hrvatski Telekom, Croatia
Lightsquared, USA 3 VIPNet, Croatia
* MetroPCS, USA i 3, Denmark
Mosaic Telecom, USA TDC, Denmark
NetAmerica Alliance, USA TeleNor, Denmark
PSW, USA . * Telia, Denmark
T-Mobile USA * EMT, Estonia
TEN, USA i Elisa, Estonia
US Cellular, USA Tele?, Estonia
* Verizon Wireless, USA DNA, Finland
* Elisa, Finland
* TeliaSonera, Finland
Orange, France
SFR ,France
E Plus, Germany
*Deutsche Telekom, Germany
02, Germany
*Vodafone, Germany
Magyar Telekom, Hungary
h Telenor Magyar, Hungary
Vivo, Brazil \ 3, Ireland
Entel PCS, Chile Telecom ltalia, ltaly
Movistar, Chile Wind, ktaly
UME EPM, Colombia Clear Mobitel, Jersey
Antel, Uruguay Kcell, Kazakhstan

Bell Canada
MTS Allstream, Canada
Rogers Wireless, Canada
Sasktel, Canada
Shaw Comms, Canada
Telus, Canada

Claro, Jamaica

* Commercially launched LTE system'._fs' ;

Source; Global mobile Suppliers Association (GSA)
Evolution to LTE report (May 11, 2011) www gSacom.com

Bite, Latvia
Tele2, Latvia
LMT, Latvia
*Omnitel, Lithuania
Tele2, Lithuania
Orange, Luxembourg

Monaco Telecom, Monaco

KPN, Netherlands.
Vodafone, Netherlands
T Mobile, Netherlands

Ziggo 4, Netherlands

Tele2, Netherlands

TeleNor, Norway
* TeliaSonera, Norway

Aero2, Poland
ERA, Poland

* Mobyland & Centernet, Poland

TMN, Portugal
Vodafone, Portugal
Vodafone, Romania
Rostelecom, Russia
Svyazinvest, Russia

Yota, Russia
3, Sweden

* Tele2, Sweden

* TeleNor, Sweden
* TeliaSonera, Sweden

Orange, Switzerland
Swisscom. Switzerland

02, UK
Vodafone UK
* MTS, Uzbekistan
* Ucell, Uzbekistan

MEA
Zain, Bahrain
Zain, Jordan
Zain, Kuwait
Al Madar, Libya
Leo, Namibia
Globacom, Nigeria
Qtel, Qatar
Etisalat, Saudi Arabia
STC, Saudi Arabia
Zain, Saudi Arabia
MTN, South Africa
Vodacom, South Africa
Cell C, South Africa
Tunisiana, Tunisia
Du, UAE

Etisalat, UAE

WWW.Jgsacoim.com

Asja-Pacific/Oceania
Energy Australia
Optus, Australia
Telstra, Australia

VHA, Australia
Vivid Wireless, Australia
China Telecom, China
China Mobile, China
*CSL Limited, Hong Kong SAR
China Mobile, Hong Kong
Hutchison 3, Hong Kong
PCCW, Hong Kong SAR
SmarTone-Vodafone, Hong Kong
Bharti Airtel, India
Qualcomm India LTE Venture
Reliance, India
Tikona Digital, India
eMobile, Japan
KDDI, Japan
* NTT DoCoMo, Japan
Softbank Mobile, Japan
Asiaspace, Malaysia
P1 Networks, Malaysia
U Mobile, Malaysia
DiGi, Malaysia
Ncell, Nepal
Globe, Philippines
*Smart, Philippines
Telecom New Zealand
Vodafone New Zealand
Piltel, The Philippines
M1, Singapore
SingTel, Singapore
StarHub, Singapore
KT, South Korea
LG Telecom, South Korea
SK Telecom, South Korea
Dialog, Sri Lanka
Mobitel, Sri Lanka
Chunghwa Telecom, Taiwan
Global Mobile, Taiwan

11
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LTE is the fastest developing mobile system ever

It’s official! LTE is the fastest developing mobile

communications system technology ever !!
months after first commercial
system launches for HSDPA,
HSUPA, HSPA+ and LTE
respectively, LTE proves to be the
fastest developing mobile

Commu n ICatIOnS SyStem HSDPA HSUPA HSPA+

teChnO|Ogy ever L Source: GSA reports

Until now HSPA had been the B
fastest developing mobile |
communications  system. By
comparing the number of operator
commitments 6 months and 12

B 6 months after 1st commercial
launch

12 months after 1st
commercis

Number of network commitments
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GSA report:

Status of the LTE Ecosystem
March 16, 2011

1 98 LTE user devices launched

L Products include modules,
routers, m-tablets, notebooks, PC
cards, phones, USB modems

L Most LTE devices are dual mode;
O LTE and HSPA or HSPA+
or
O LTE and EV-DO

O Prime FDD bands supported are
700 MHz, 800 MHz, 2.6 GHz

O LTE1800 will also be a prime LTE
band, led by deployments in
Europe, APAC

O approx.10% of LTE devices
today operate in 1800 MHz

REPORT: Status of the LTE

Ecosystem
March 16, 2011

This updated report from the Global mobile Suppliers Association
(GSA) confirms how a robust user device ecosystem is rapidly
establishing to support LTE which is the fastest developing mabile
communications system technology ever

Global mobile Suppliers Association (GSA)
WWW.gsacom.com

GSA LinkedIN Group: www.linkedin.com/groups?gid=2313721

LTE1800 Group: www.linkedin.comigroups?gid=3129390
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3GPP-defined LTE spectrum bands

E-UTRA Band name Uplink (UL) operating band Downlink (DL) operating Duplex
Operating BS receive band Mode
Band UE transmit BS transmit
UE receive

FuL_iow — FuL_nign FoL_iow — FpL_high
1 2.1 GHz 1920 MHz | — | 1980 MHz | 2110 MHz | — | 2170 MHz FDD
2 1900 MHz 1850 MHz | — | 1910 1930 MHz | — | 1990 MHz FDD

MHz

3 1800 MHz 1710 MHz - 1785MHz | 1805 MHz — 1880 MHz FDD
4 1.7/2.1 GHz 1710 MHz | — | 1755 MHz | 2110 MHz | — | 2155 MHz FDD
5 850 MHz 824 MHz | — | 849 MHz 869 MHz = — | 894MHz FDD
6' 800 MHz 830 MHz | — | 840 MHz 875 MHz | — 885 MHz FDD
. 7 2.6 GHz 2500 MHz — 2570 MHz = 2620 MHz  — 2690 MHz FDD
3GPP has defined around 30 8 900 MHz 880MHz — 915 MHz 925 MHz | — 960 MHz FDD
. 9 1700 MHz 1749.9 MHz | — | 17849 18449 MHz  — | 1879.9 FDD

potential bands for LTE deployments MHz Mz
10 Ext/ 1.7/2.1 GHz 1710 MHz | — | 1770 MHz | 2110 MHz | — | 2170 MHz FDD
11 1500 MHz lower 1427.9 MHz | — | 14479 14759 MHz | — | 1495.9 FDD

. .. MHz MHz
Several bands used in initial 12| Lower 700 MHz 699 MHz - 716 MHz 729 MHz | — | 746 MHz FDD
] . . 13 Upper 700 MHz 777 MHz | — | 787 MHz 746 MHz | — 756 MHz FDD
dep|oyments accordmg to ava||ab|||ty 14 Upper 700 MHz 788MHz - | 798 MHz 758 MHz | — | 768 MHz FDD

public safety/private
1 1 15 Reserved Reserved FDD
and national/regional needs - - - =
17 Lower 700 MHz 704 MHz - 716 MHz 734 MHz | — 746 MHz FDD
AT&T blocks B and C

18 800 MHz Band A 815MHz  — | 830 MHz 860 MHz | — | 875 MHz FDD
19 800 MHz Band B 830 MHz - 845 MHz 875 MHz | — 890 MHz FDD
20 UMTSLTEB00EU 832 MHz | — | 862 MHz 791 MHz | — | 821 MHz FDD
21 1500 MHz upper 14479 MHz | — | 14629 14959 MHz | — | 1510.9 FDD

MHz MHz
ﬁ\“\ 24 1626.5 MHz | — | 1660.5 1525 MHz | — | 1559 MHz FDD

7N MHz

33 1900 MHz | — | 1920 MHz | 1900 MHz | — | 1920 MHz TDD
34 2010 MHz - 2025 MHz = 2010 MHz  — 2025 MHz TDD
35 1850 MHz | — | 1910 MHz | 1850 MHz | — | 1910 MHz TDD
™ 36 1930 MHz  — 1990 MHz | 1930 MHz  — 1990 MHz TDD
37 1910 MHz | — | 1930 MHz | 1910 MHz | — | 1930 MHz TDD
38 2570 MHz - 2620 MHz = 2570 MHz | — @ 2620 MHz TDD
39 1880 MHz | — | 1920 MHz | 1880 MHz | — | 1920 MHz TDD
40 2300 MHz — 2400 MHz = 2300 MHz | — @ 2400 MHz TDD
41 2496 MHz | — | 2690 MHz | 2496 MHz | — | 2690 MHz TDD
42 3400 MHz - 3600 MHz = 3400 MHz | — 3600 MHz TDD
43 3600 MHz | — | 3800 MHz = 3600 MHz | — | 3800 MHz TDD

Note 1: Band 6 is not applicable
Source: 3GPP TS 36.104 V10.2.0 (2011-04)
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pectrum bands for LTE

U Prime bands for LTE deployments are emerging, currently:

U 700 MHz: Americas (digital dividend band)
L 800 MHz: Europe (digital dividend band)
U 2.6 GHz: Europe, APAC, MEA and some Latin American markets committed

U Re-farming of 1800 MHz for mobile broadband services is underway
O Initial LTE1800 launches will be followed by many more in 2011-2

In European markets, LTE FDD user devices need to support as a minimum:

LTE 800/1800/2600 plus (for roaming) 700 MHz
+

3G/WCDMA-HSPA+ in 850/900/1900/2100 MHz
+

GSM/EDGE/GPRS in 850/900/1800/1900 MHz

More LTE (and HSPA) bands will be added in the future !
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obile broadband in re-farmed spectrum
4 1800 MHz

U More than 350 operators are estimated to have been allocated 1800 MHz spectrum
U Today 1800 MHz is mainly used for voice (GSM) service
L GSM traffic is peaking/reducing; momentum has swung to mobile broadband access

O Data traffic is growing significantly (for some, exponentially); operators need more
capacity and to be able to deliver a better user experience of mobile broadband

U In many markets 1800 MHz represents the largest spectrum allocation
0 60% of 1800 MHz spectrum in the top 7* EU markets is available in 10 MHz or wider
assignments

0 1800 MHz band is harmonized, non-fragmented, and often only partially-utilized

U Potential to deploy HSPA or LTE in 1800 MHz
O FT/Orange confirmed throughput advantage of HSPA at 1800 MHz over 2.1GHz
O Elisa, TeliaSonera and other LTE operators confirmed 2 x coverage advantage compared
to 2.6 GHz

U 1800 MHz RF components now available in volume production from multiple vendors

* France, Germany, Italy, Norway, Spain, Sweden, UK (source: Qualcomm)

N
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he operator case for LTE1800

LTE1800 — promising option for many markets

Main motivation: coverage area about 2X larger than LTE2600.
Possibility to reuse antenna lines of UMTS2100 or GSM1800.
Possibility to deploy multi-RAN BTS with simultaneous LTE&GSM.
1800 MHz (ITU band 3) widely available in Europe and APAC.

Not big regulatory issues: 1800 band often technology neutral.

+ + + + +

+ Spectrum need for full LTE data speed 18.4 MHz “ceM.ITE
when GSM and LTE base stations at same sites 50 MU
(coordinated case). . ﬁ

+ Often easier to refarm than 900 MHz. ' imﬂ*ﬂﬁ ' ﬁ

| {
||||||||||||||

=
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© W 0T
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« Terminal availability 6-12 months after LTE2600: not a real issue.

« LTE1800 can be estimated to be ready for mass market in 2012 with first
network deployments and terminals in volume.

=>LTE1800: promising and available for mass market in time

18 18.5.2010 Dr. Eetu Prieur, Elisa LTE World Summit, Amsterdam
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TE1800 market status

@v@mn World’s first LTE1800 network commercially launched by Mobyland, Poland

Poland Aero2/ LTE1800 network launched
Mobyland — world’s first LTE1800 LAUNCHED

Lithuania Omnitel LTE1800 services launched _

LTE1800 LAUNCHED

Hong Kong = CSL Limited = LTE2600/DC-HSPA+
[ Band 3 ] launched. LTE1800 to be
launched shortly
Total spectrum' 5w 75 MHz Australia Telstra LTE1800 in deployment for
. launch by end 2011 ; ;
Germany DT LTE1800 in deployment for Very Strong Inter_eSF In
Uplink: 1710-1785 MHzZ | 4o jaunch Summer 2011 LTE1800 and building
ustralia Optus Trials
Australia VHA Trials completed and the momentum gIobaIIy
Downlink: 1805-1880 MHz results have been presented
Estonia Elisa Interested
Finland Elisa Trials
France Bouygues Trials
Telecom
Greece Cosmote Trials completed
Hong Kong Smartone- Trials, deployment planned
Vodafone
Singapore = Starhub Trials planned
[ Thailand AlS-DPC Seeking permission for trial
: : Europe - DT/ Deployments lanned in
Sierra Wireless A320U varioﬂs T Mobile selgctgd marketsf)
Europe TeliaSonera  Deployments planned in
Smartphone V5L selected markets
MF820 USB Modem Latvia Potential — in discussion
Namibia Potential — in discussion
Russia Potential — in discussion
South MTN Trials
Africa

UK Potential — in discussion
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Yy A TE1800 user devices

O At launch the IP Wireless dongle for Mobyland supported single-mode only LTE1800
O A new ZTE dongle supports LTE2600/1800/800 plus 42 Mbps DC-HSPA+ and GSM-EDGE
O Multi-mode Huawei E398 dongle (GSM-EDGE/HSPA/LTE) supports

LTE2600/2100/1800/900
O LTE1800-capable devices shown at MWC ‘11, Barcelona (Feb 14-17) included:

O Huawei E392 dongle

O Huawei B593 router (multimode CPE)
O Huawei E589 personal WiFi

O Sierra Wireless AirCard 320U dongle

Sierra Wireless AirCard 320U dual-mode dongle for Telstra
will support LTE1800, LTE2600 and 42 Mbps DC-HSPA+

IP Wireless LTE1800 dongle

e Leading chipset manufacturers are confirming support for
. LTE1800 in their platforms
.. a selection of LTE1800 devices will be available this year

In the first stage LTE USB dongles will be available for data support. In the near
future multi-mode handsets and smart phones will be the mainstream devices 19
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) LTE1800 Zone — on www.gsacom.com

LTE1800 zone

LTE in 1800 MHz spectrum

White Papers, seminar presentations,
plus links to other key resources

O Accessible via the banner on the home page www.gsacom.com

O Convenient location gathering all LTE1800 resources

O Supports a global initiative to promote benefits of deploying LTE in 1800 MHz band and to
encourage development of the supporting eco-system (chipsets, platforms, user devices)

Q All the presentations from two GSA-GSM Association 1800 MHz mobile broadband seminars
O Feb 17, 2011: Barcelona
O Mar 25, 2011: London

0 Several new WHITE PAPERS specifically addressing the LTE1800 opportunities, challenges,
solutions and options produced by leading vendors are available

O Useful links including how to join the GSA’s LTE1800 LinkedIN group
www.linkedin.com/groups?gid=3129390
JIOHPS Y Linked[J)-

20
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obile broadband in re-farmed spectrum
4 Digital Dividend

O USA leads the way — widespread LTE deployments in 700 MHz spectrum arising from early
switchover from analog to digital TV

O Verizon Wireless: by end 2011, the Verizon LTE network is planned to be available in
more than 175 markets, covering a population of more than 185 million people
Q In Europe digital switchover (from analog to digital TV) will largely be completed by early 2012
O Progress is being made to allocate digital dividend spectrum in 790-862 MHz band (800 MHz)
O Spectrum has so far been auctioned in Germany and Sweden

O Several more auctions are scheduled for completion in 2011-2012, with 800 MHz typically
packaged with 2.6 GHz spectrum (LTE prime band for capacity/urban coverage)

O 2 LTEBOO networks are now commercially launched, both in Germany, using LTE and initially
targeting rural areas

O LTE in 800 MHz (LTE800) will be a prime LTE band and supported by device vendors
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TE TDD - significant activities extending beyond China

Global TD-LTE Initiative launched at MWC 2011

The Global TD-LTE Initiative (GTI) was launched at
MWC 2011. Founding members were China Mobile,
Bharti Airtel, Softbank Mobile, VVodafone, Clearwire,
Aero2 and E-Plus. According to the press release
“GTIl will focus on creating value for stakeholders
across the TD-LTE ecosystem to promote the fast
development of the technology, promoting the
convergence of LTE TDD and FDD modes to
maximize the economies of scale, and sharing
ecosystem with other TDD technology, e.g. eXtended
Global Platform (XGP) to establish a growth focused
business environment. The initiative aims fo bring
together leading industry pariners to steer the TD-
LTE ecosystem as a major standard in mobile
broadband technology & drive the development of
next generation mobile broadband networks.

Australia | WiMAX™ operator Vivid Wireless trialled LTE Bharti Airtel is committed to LTE TDD and has
TDD in Sydney for 2 months from December joined the Global TD-LTE Initiative
2010 in high demand, high density, inner city
conditions. Commercial network launch is Qualcomm India LTE Venture is committed to
expected by 2012 LTE TDD
China China Mobile has now launched large-scale
LTE TDD trials consisting of more than 1,000 Tikona Digital is committed to deploy LTE TDD
base stations in Beijing, Shanghai, Hangzhou,
Nanjing, Guangzhou, Shenzhen, and Xiamen. Ireland LTE TDD testing was completed June 2010
Commercial services are expected in 2012
Denmark | Hutchison 3 has acquired 2.6 GHz TDD Malaysia | WIMAX™ operator Asiaspace is exploring
spectrum and plans to deploy a combined LTE deployment of 2.3 GHz LTE TDD
FDD and TDD network
France Orange has deployed a trial LTE network in
Paris, initially with 10 MHz bandwidth Malaysia | WiIMAX™ operator Packet Networks (P1) is
supporting both FDD and TDD modes, planning to deploy LTE TDD on existing
upgraded to 20 MHz in May 2010. FDD-TDD WIMAX sites as an overlay network
co-existence tests are on-going Japan Softbank Mobile is considering LTE TDD in the
Germany | E-Plus is a member of the Global TD-LTE 2.5 GHz spectrum it owns and has joined the
Initiative and is planning a LTE TDD field trial Global TD-LTE Initiative
beginning in Q1 2011 Oman Omantel showcased LTE TDD during the
India RIL has committed to LTE TDD and is Salalah Tourism Festival in July 2010
expected to commercially launch in 2011
Poland Aero2 is testing and deploying LTE TDD in 2.6
GHz in Aleksandréw +toédzki and +Lodz;
commercial launch is planned in 2011. Aero2
has joined the Global TD-LTE Initiative
Russia WIMAX™ operator Yota is shifting to LTE
Rostelecom plans to conduct LTE TDD trials in
2.3 - 2.4 GHz spectrum
Sweden | Hutchison 3 has acquired 2.6 GHz TDD
spectrum from Intel and plans to deploy a
combined LTE FDD and TDD network
Taiwan CHT has also completed LTE tests on the
high-speed rail system using TDD and FDD
modes in 2.6GHz spectrum
FarEasTone and China Mobile are co-
operating on an LTE TDD ftrial in Taipei
The National Chiao Tung University conducted
a trial of LTE TDD in 2010
WiIMAX operator Global Mobile Corp will seek
approval to allow a switch to LTE TDD once
WIMAX coverage hits 70% of the population
USA Clearwire requested 3GPP to standardize LTE
TDD for operation in the band 2496 — 2690
MHz and has released results of trials the
company carried out on LTE TDD and FDD
systems in Phoenix, Arizona. Clearwire is a
member of the Global TD-LTE Initiative
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TE resources from GSA: www.gsacom.com

GAMBoD Select the LTE
feature in GAMBoD

www.gsacom.com/gambod

“Evolution to LTE” Report 2
* Operator commitments, launches, trials
* Regulatory/market developments: FDD and TDD

Free download: www.gsacom.com : [H]SPA,, HSPA+ and LTE

A B WS\
\ Evolution to LTE Report
GSA A - .\

Global mobile Suppliers Association
GAMBOD - GSA Analyzer for Mobile Broadband Devices

GSM/3G MARKET/TECHNOLOGY UPDATE

Lists 3,071 HSPA devices (April
. 2011) including 53 HSPA
OG IN FIRST i .

devices also supporting LTE

asy 10 se HSPA Device Selector. Smply select the ¢
how this

ble below. Click here for mora dat:

Explore the HSP:

Ketplace with 6
cick the ‘Search Matching de:

works.
The 3GPP LTE system delivers (LTE made excellent progress in 2010 and [T shiks 3y, comesiente’abant GAMBOD; piss e em =i Gospc o
f"?\ capacity and data throughput deployments accelerate in 2011. The rapid increase N
=) enhancements and low latency. in mobile data frafic seen over the past 3 years Select your search eriteria
lt to support new services and currenty supported primariy by HSPA and HSPA+ o_— ey I T
e features requiring higher levels of systems, is driving the interest in deploying LTE as
capability and performance. LTE \Lcl.icky as possible, attracting global industry sup:uort./,’ Yo HD voice
is the rext stes in the user 3 “‘ Ev-D0
experisnce, enhancing  more LTE operator commitmenis are developing faster Ik AGFS
demanding applications such as interactive TV, than they did for HSPA, which had been the fastest Wovatel Wireless GPS
mobile wideo blogging. advanced gaming, and developing mobile system. The chart below shows Nuton o Module EDGE
professional services. Data rates are significanty the number of operator commitments confirmed 8
higher. LTE supports a full IP-based network and maonths and 12 months after the first commercial HSUPA Speeds HSDPA Speeds Frequencies [3ny of the folowng: -
harmonization with other radio access technologies. systems launch for HSDFA, HSUPA, HSPA+ and -
o LTE respectively, and confirms LTE as the fastect 1SMhes ' %2 Mops, 900
£ = 2.0 Mbps 10.2 Mbps 1700

LTE reduces the cost per Gigabyte of data deli 3
which is essential to address the mass markst. LTE
standardization covers FOD and TDD modes.
Infrastructure solutions offer an easy upgrade path ©
LTE. The HEPA and HEPA+ mobile broadband
ecosystem is mainstream and LTE is the natural
migration choice for GSM/HSPA network operators
CDMA operators and, increasingly, WilMAX cperators
are also deciding o evolve to LTE as the clear mobile
broadband system of choice.

20 commercial LTE networks in 14 countries

T 5= : LTE1800 zone
LTE in 1800 MHz spectrum
White Papers, seminar presentations,

i ‘ i - plus links to other key resources
[ ]
Linked 3]

LTE1800
a subgroup of GSA (450+ members)
www.linkedin.com/groups?=&gid=3129390

Click to Search for Devices

Puistar ot itk commmasen:

Norway Teliasonera

(The uptske of LTE is a global phenomenon. Al
existing 36 tech'\ologies can harmonize o LTE. With
Io

A% B 2SN

REPORT Status of the LTE Ecosystem

= 154 LTE network commitments in 60 countries

= 54 pre-commitment trials in 20 more countries

= 20 ial LTE networks |

Suppliers Association

tlletl * At least 81 LTE networks are anticipated to be
in commercial service by end 2012

Commercial LTE network launches — May 11, 2011
& Global mobile Suppliers Association (GSA)

o b e “Status of the LTE Ecosystem” report
B _ et LTE User Devices - free download: www.gsacom.com | 23

Phone +44 1279 438 667 »



http://www.gsacom.com
http://www.gsacom.com
http://www.gsacom.com
http://www.gsacom.com/gambod
http://www.linkedin.com/groups?=&gid=3129390
http://www.gsacom.com
http://www.abbyy.com/buy
http://www.abbyy.com/buy

