


Positive Correlation Between Connectivity and GDP
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Source: Charts obtained from a November 2006 Latitude Broadband analysis

Advanced data communications lead to economic

development




HSPA and LTE Enable More Efficient Use of Spectrum

Forward Link Capacity: Mbps/Sector (2x10MHz)
16
14 Definitions:
Mbps i Mega bits per second
12 GPRS i General Packet Radio
Service
10 EDGE i Enhanced Data for GSM
n Evolution
E‘ 2 HSPAT High Speed Packet Access
= SIMO i Single Input Multiple Output
5 MIMO i Multiple Input Multiple
Output
4
2
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HSPA and LTE deliver significant gains to spectral efficiency J




HSPA and LTE Provide Better Economics

The greater spectral efficiency of HSPA and LTE
results in lower cost per Mbyte

The improved economics enable greater affordability
driving higher penetration and wider adoption

Higher penetration means:
A more subscribers

A better utilized networks

A more profitable operators



Economic Efficiencies Can Drive Broader Adoption

Sample Emerging Market Broadband Subscribers based on Affordability* (M)

10 - 1. If prices were reduced by 25%, an additional 1-2M households could 5
afford broadband

9 - 2. If prices were reduced by 50% an additional 4-6M households could -
afford broadband

Broadband Households {millions)
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HSPA and LTE can make broadband more affordable and more widely
adopted by lowering the entry level price point

*Assumes whoever can afford a PC, data card, and monthly service plan will subscribe
Note: Key assumptions used in the model are cost of PC, data card, monthly broadband service and associated erosion. Population, income tiers, and

disposable income are also key drivers of results displayed above.



Lower Band Deployments Further Enhance the
Economic Efficiencies of HSPA and LTE

800/900MHz offer significant network expense savings over
2100/2600MHz in suburban and rural areas

HSPA and LTE at lower bands offer:

A Better coverage
A More efficient use of the spectrum compared to EDGE

Deploying HSPA 900MHz or LTE 800MHz on top of a already
deployed GSM 900MHz network significantly leverages
existing assets



Coverage Site Count Comparison
- Comparisons to HSPA 900MHz

Site Count Ratio: Comparisons to HSPAC
3.0
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[ Lower frequency bands offers superior coverage benefits }

Notes:HataModel for 900 MHz, COSIHataModel for 2.1 GHz (1.9 GHz uplink)
30m effective antenna height for urban and suburban, 50m effective antenna height for rural
Site count based on uplink limitedenario



Comparing the Economics of Coverage

- Assumes overlay on existing GSM 900MHz network L _  Denotes primary cost drivers
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Internet Interconnection Costs

Renewing Spares Costs

Lower band deployments of HSPA and LTE provide significant network expense savings as

compared to their deployments at higher bands
Cost differential driven by deployment of incremental sites required for coverage:

A CapEx:

New site

construct

A OpEXx: Site rental, backhaul, and utilities

Notes: Incrementalefers to the incremental costs beyond the existing network based on link budget coverage and 2008 traffic assumptions

on

BTSO s, and

NetEx= the sum of the depreciated capital expenditures + annual operafiagses ( assumey@ar straightine depreciation)
70% of backhaul is assumed to be microwave with remainder being lease line

associ
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Subscriber and Traffic Assumptions

Subscriber Assumptions:

2010 2011

UK Assumptions Dense Urban Suburban Rural Total Dense Urban Suburban Rural Total| Source
Populated Area* (km2) 23 433 40,908 167,393 | 208,757 23 433 40,908 167,393 | 208,757 | CIA World Factbook & SEDAC
Population 0.3 3.4 41.2 15.8 60.7 0.3 3.4 41.4 15.9 60.9] SEDAC and Qualcomm
Population Density (pops/km?2) 11,490 7,777 1,008 94 291 11,528 7,803 1,011 95 292 | Calc
Wireless Penetration 160% 150% 135% 95% I:12:5‘Z/o: 162% 152% 138% 96% ElZ:SE/o Wireless Intelligence and Qualcomm
Wireless Subscribers 0.4 5.1 55.6 15.0 76.1 0.4 5.1 57.1 15.2 77.9 | Wireless Intelligence and Qualcomm
3G Market Share 100% 90% 44% 0% E?>__9<Z_o: 100% 100% 58% 16% ': 5:3E/o Wireless Intelligence and Qualcomm
3G Subscribers 0.4 4.5 24.2 29.2 0.4 5.1 33.1 2.4 41.1 | Wireless Intelligence and Qualcomm
3G Sub Density (subs/km?2) 18,383 10,499 592 140 18,675 11,861 809 15 197 | Calc
Operator X Assumptions Dense Urban Suburban Rural Total Dense Urban Suburban Rural Total
Market Share 25% 25% 25% 25% I 25%]! 25% 25% 25% 25% 1 25% Modeling Assumption
3G Subscribers 0.1 11 6.1 - ;ST 0.1 1.3 8.3 0.6 _16.5 Calc
3G Sub Density (subs/km?2) 4,596 2,625 148 35 4,669 2,965 202 4 49 | Calc

000122 06

Traffic Assumptions:

- Voice: 200 MOUs per sub per month
- Data: 50 Mbytes per sub per month

10

Columbia University

i | Denotes key assumptions

Analysis will focus
on urban, suburban,

and rural

morphologies

*Area above does not include 37,000 km2 of unpopulated land in the UK. Total UK area is approximately 245,000 km2
Note i SEDAC is a gridded population database managed by the Center for International Earth Science Information Network at



HSPA900 Leverages Existing Infrastructure and
Simplifies Deployment

Example Existing Deployment

Example HSPA Expansion

Add HSPA 900MHz card to

existing UMTS 2100MHz
TMA

BTS. Connect UMTS/HSDPA i

BTS to TMA to combine =)

ignal for 900MHz antenna, ~a
900MHz 900MHz
GSM 900MHz P GSM 900MHz Antenna

BTS

UMTS 2100MHz UMTS 2100MHz + &
NodeB A
2100MHz Meels 2100MHz
Antenna

Antenna

A TMA for 900MHz antenna should contain available input to support additional
cable from UMTS/HSPA BTS

A GSM 900MHz antenna tilt adjustments for use with HSPA 900MHz is not expected
to require significant expense

11 Note: TMA stand for Tower Mounted Amplifier



QEM Model Process

Subscriber Traffic Types Applications Service Class Mapping
—> . , Applications to
Forecast Forecast Profiles Profiles vl Clase

Traffic Volumes @ BH
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Packet Quality Model Traffic Volume Distribution @ BH per
& Erlang-B Model network per morphology per Layer

Network Layer Define
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UMTS900 Case Study: Elisa Corporation @
Company Overview

Based in Finland

Operations in Finland and Estonia

More than 2.4 million subscribers

Maintains a 50 percent market share in 3G services (Finland)

Made the first GSM call and launched the first GSM service In
July 1991

Made the first UMTS900 call in November 2006

Launched the worl dos first UMT

November 2007, as well as the second in Estonia in January
2008



UMTS900 Case Study: Elisa Corporation m
Deployment Approach

Initially deployed UMTS2100 in November 2004 in heavily populated areas
Deployed UMTS900 in suburban and rural areas
ACoordinated deployment

ALeveraged existing GSM900 cell sites, antennas, antenna lines and other
components

ATo collocate UMTS900, Elisa first optimized the GSM900 network and
then introduced AMR HR in the network to free up as many channels as
possible

A21 channels across 4.2 MHz was seen as ideal

AExpects to have several hundred UMTS900 sites in commercial use in
early 2009

Upon establishing a nationwide 3G network, Elisa will expand UMTS900
coverage into urban areas to improve indoor coverage and augment capacity

14
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UMTS900 Case Study: Elisa Corporation

CapEx / OpEx Savings

UMTS900 coverage requires fewer
than half the number of cell sites than
UMTS2100 in rural and suburban
areas

The reduced cell count translated to
a 50% to 70% savings on CapEx and
OpEx versus UMTS2100. Savings
include:

AReduced site rental/leasing costs
ADecreased backhaul expense

ALower maintenance costs

Cost of Rural/Suburban Coverage

(CapEx & OpEXx)

UMTS2100

 50%-70%
g Reduction

UMTS900




3G & Developing Market Economies
Enhancing Governance and Business

India: E-Governance, MIN-ARASU is a Government-to-Citizen application that
allows the government to provide quality services to people who live in remote
villages and small towns -

A Information on all government departments

A Online access to forms and applications
A Birth/death certificates
A Welfare application
A Pension application
A Loan application

A Email your government official \ |

India: E-Agriculture, Partnership with Tamil Nadu Agriculture College and Research
Institute in Melur has resulted in consultancy services being offered to farmers
through email and online chat.

A Online access to crop prices

A Weather conditions and rainfall estimates

A Early warnings on disease and pest outbreaks
A Training

A Consulting on crop issues i send pictures

B
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