Wireless Technologies and the
Broadband Challenge in Brazil

Technologies, Spectrum Decisions and Future directions
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The Broadband Challenge
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Brazilian Data

Technology Units % of Market
Cellular 161M 84% (people)
Wireline Telephony 41M 72% (households)
Broadband (wireline) 9.6M 17% (households)
Broadband (wireless) 2M 1% (people)
PayTV 6M 10% (households)

Cellular and Wireline voice markets are approaching saturation
Broadband (wireless/wireline) and Pay TV are just starting
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Market revenue (USS billions)

Brazilian Market Forecast

CAGR, 2008-2013

M rTv 100.4%
BRAZIL COMMUNICATIONS MARKET (US$bn), 2006 - 2013
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The next wave of Telecomm

Dial-up DLD
Internet

ILD
(Outgoing)

Broadband

Internet Datacoms

(Private Circuit)

' Source: Pyramid Research

Initial Growth Late Growth Maturity Decline
Maturity Level

Mobile
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25 Years of Bandwidth Trends

,Max Permitted Bandwidth for Modems (bps) (1.5) (20061982 = 5M/300

(1.5) (2016-2006) _ 28gN/5M
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Mbps
1000 Cable -
. . Cable 300 Mbps _ -~
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1 Rise of wireless broadband
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18 Mops Wireless
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GPRS
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2000 2005 2010 2015

Growth of wireless broa;dband

Some Projections estimate mobile
broadband consumption to exceed

fixed broadband by 2015
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Wireless Broadband Drivers

Wireless Internet use follows Wired

Reasonable Use Profiles - 2011

Road Warrior Urban Professional
Laptop + Mobile Laptop + Mobile

Days | KB/ Hrs Days [ KB/ Hrs
(o) o g * APPS /Mo | Day | iday | KOPS| KB/Mo APPS /Mo | pay | sgay | KPP | KB/Mo
o of users watch online video e e il e
|VoIP on Mobile 30 01 65 87,750] |VoIP on Mobile 30 0.1 64 86,400
. .
YouTube = 27% of internet traffic e PR P e
o [outiook (100 emails + 25 wih attachments) 4 | 55000 220,00 (Outiook (20 emails + 5 with attachments) 4 {11000 44,000
|Outlook (100 emails + 25 with attachments but
lonly 5 attachments download) 200 (16000 CEney [Outiook (20 30 | 11000 330,000
|Communi 4 8 3 43,200 Live Messer 30 100 3 405,000
Linked-In, profile update, video stream up and 2 128 115,200) ite, video stream 5 05 128 144,000
|down_ - - -
ites, etc... (Bursty traffic) 4 1 100 180,000 te... 10 05 225,000
rd drive set top box/ |_& 00 | 1,800,000] Siive Sctiopbox 800 | 3,600,000
. . b | 576,009 b | 45600
hort clips - Perfect for mobil B/ e B/month ==
51 6.0
. .

College Student Typical

Laptop + Mobile Mobile only

APPS ?ﬁ: ﬁ\: /::r Khes| KB (Mo

|VoIP on Mobile 30 0.2 64 172,800

|Outlook (10 emails + 5 with attachments) 30 10500 315,000

|Outlook (10 emails + 5 with attachments) 30 | 10500 315,000

Live Messenger (assuming it replaces SMS) 30 10.0 3 405,000

[MySpace/Facebook, profile update, video stream 10 03 128 172,800

|General Browsing, Music + News sites, etc. 20 10 100 900,000

S 000 | 5,400,000 .—
1,152,000

Broadcast Yourself

SR

11.1

. . ' WimaAx
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Broadband is the Electricity
- of the 21st Century




WIMAX and LTE — two 4G
technologies
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Cellular Evolution

TDMA CDMA
Based Based
Air Interface Air Interface

Copyright 2007 WiIMAX Forum. All rights reserved. FORUM®



A real view....

10 Kbps 10-100 100-15000 Kbps ~ 100000 Kbps
1992. 1996-2001. 2002-2008. 2007-2012

2 ISDB-T

DVB-H
FLO

EV-DO
(Rev. A/B)

I1S-95

PhIl/lUMB
00

LTE
10D |

HSPA-MBMS+

MBMS

UMTS
(Rel. 99)

MBMS+

Wide Area Air Interfaces — Generational
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-Broadcast -Standards D Commercial - Emphasis

® 4 waves of
technology change:

® Analogue
* TDMA

* CDMA

* OFD

* Every wave
required:

* New BTSs
® New Handsets



Spectrum Efficiency

WIMAX

LTE

.
WCDMA ﬁ
R99

CDMA1x
H HSDPA
GPRS
>
0.0 0.2 0.4 0.8 1.0 1.2 1.4 1.8 2.0 2.2
Spectral Efficiency (bps/Hz/sector): Web Browsing Traffic, Fully-Loaded System ”
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Two principal wireless broadband platforms for the next decade...

2007 2011

UMTS / HSPA

All IP Networking

OFDM Air Interface
Light Infrastructure Design
Advanced Antennas and SA Technology

gg';’('ﬁm) Supported in Many Spectrum Bands

Copyright 2007 WiMAX Forum. All rights reserved.



WIMAX and LTE

WIMAX and LTE share a WIMAX and LTE have very
common set of technologies: similar performance when
adjusted by their
* Radio Access implementation
» OFDM characteristics:
* HARQ e TDD vsus FDD
* Turbo Codes etc ¢ Bandwidth used
» New Antenna Technology * MIMO Level
* MIMO |
® Smart Antennas LTE ha.s. to pay a high
* Flat all IP Architecture mobility (350Km/h)

performance price

VERY DIFFERENT MODELS | ECOSTSTENS 2

. . ' WwimaAXx
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LTE: Not a Simple 3G Upgrade

LTE Represents a Major change from HSPA

Not a “simple” SW upgrade:
CDMA to OFDMA, represent different technologies
Circuit switched to IP e2e network

Also requires new spectrum to take full advantage of wider
channel BWs and ...

Requires dual-mode (or three mode) user devices for
iInternetwork connectivity

17
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LTE Projections & Mobile WIiMAX
FDD 2 x 20 MHz Channel BW

Reported LTE Results

Parameter WIMAX Rel 1.5
Motorola' T-Mobile?
BS Antenna 2x2 4x4 2x4 4x2 2x2 4x4
Channel BW 2 x 20 MHz 2 x 20 MHz
Mod-Code Rate 64QAM-5/6 64QAM- 64QAM-? 64QAM-5/6
5/6

DL Peak User 117 Mbps 226 144 277 144.6 289
Rate Mbps Mbps Mbps Mbps Mbps
MS Antenna 1x2 1x2 1x2
Mod-Code Rate 64QAM4*-? | 16QAMA4-? 64QAM-5/6
UL Peak User ? 50.4 75 69.1 Mbps
Rate Mbps Mbps

1. Motorola website, “LTE In Depth”, Reference does not show UL peak rate projections
2. “Trials—Ensuring Success for Innovation”, Joachim Horn, T-Mobile, NGMN Conference presentation, June 25-27,2008
3. “8GPP Long-Term Evolution (LTE)”, Qualcomm, January 2008

4. 64QAM is optional for UL in LTE specification, 16QAM is mandatory

18
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Other Key Parameter Comparisons

Parameter | LTE | Mobile WiMAX Rel 1.5
Duplex FDD and TDD FDD and TDD
Frequency Band for 2000 MHz 2500 MHz
Performance Analysis
Channel BW Up to 20 MHz Up to 20 MHz
Downlink OFDMA OFDMA
Uplink SC-FDMA OFDMA

Mobility Support

HARQ

Target: Up to 350 km/hr

Incremental Redundancy

Up to 120 km/hr

Chase Combining

Link Budget

Typically limited by Mobile Device

Typically limited by Mobile Device

Advanced Antenna
Support

DL: 2x2, 2x4, 4x2, 4x4
UL: 1x2, 1x4, 2x2, 2x4

DL: 2x2, 2x4, 4x2, 4x4
UL: 1x2, 1x4, 2x2, 2x4

1. Spectral efficiency is based on NGMN Alliance recommended evaluation methodology

2. Reference for LTE Spectral Efficiency: Motorola website, “LTE in Depth”.
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Why is it all important?

Inflection
is density
dependent

High Population Density
London, Madrid, Cairo

Low Population Density
Frankfurt, Helsinki, Copenhagen

e EV-DO
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Data Usage per User per Month (GB)

' Motorola network models, March 2009, 2 Signals Research Group, November 2008
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Why is it all important?
Relative Total Cost of Ownership Comparison

Higher population density = lower inflection point

Chicago Sydney Atlanta Dubai
~4,800/km2  ~2,100/km?  ~1,500/km2  ~410/km?
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Assumptions:
* Population density of 1,000 pop/km?,15% subscriber penetration
* Per subscriber data usage (1 busy hour, 7 non-busy hours per day) based on 15k subscribers in 100 km*2
* Spectrum usage normalized across technologies; cell edge data rates DL 1 Mbps, UL 256 Kbps
* Backhaul costs assume operator uses lowest cost solution (owned wireless)
* Note: Data Usage/Sub/Month will vary with the population density of the city for a given subscriber penetration assumption
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Real World Performance

Downlink
4x4

Downlink
2x2 T

Downlink
1x1 T

Carrier BW

Uplink
No MIMO/64QAM =T

MimaAax
FORUM®
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A More Realistic View
Taking FDD into account, WiMAX Rel 1.5

Downlink
44T

Downlink
2x2

Downlink
1x1

>

Uplink
No T
MIMO/64
QAM

Carrier BW

k¢

Source: Motorola NAT, Rysavy Research,CDG-QCOM, WiMAX Forum
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What drives the Choice?

For WIMAX

Time to Market Who will
9
No Cellular Legacy 20

New Business Model — Focus on
Broadband

For LTE

Cellular Model continuity /
Compatibility Who Will
Access to Spectrum Buy?

“Natural” extension from voice to
Broadband

Copyright 2007 WiIMAX Forum. All rights reserved.

New Operators

New Business
Models

Cellular
Operators

FFFFFF



Spectrum Planning
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Spectrum Availability for WIMAX and LTE

4 N
LTE spectrum focused on traditional
cellular bands

WIMAX spectrum is new, underutilized,
and less costly

= Both require significant spectrum
= Both can be FDD or TDD
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LTE 3GPP Spectrum View

3GPP New Spectrum

LTE will happen in many
bands and flavours AWS -1755 | 2110-

US - 700|\/|HZ, AWS IMT Extension -2570 | 2620 -

Europe — 2.5GHz, 1.8GHz,
2.1GHz, 900MHz (Finland)

Japan 2.1GHz, 800MHz UMTS Core -1980 | 2110-
China 2.3GHz (TDD)

700 MHz - 763 776 -

GSM 900 -915 925 -

GSM 1800 -1785 1805 -

PCS 1900 -1910 1930 -

Cellular 850 - 849 869 -

Digital Dividend 470 - 854
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2.6 GHz Spectrum
Auctions

2007 2008 2009 2010 2011

Norway ‘ ‘ Sweden France
o o

Hong Kong‘ <>
Austria <> <>

Germany Italy

Portugal
Ooni®

Netherland

Finla‘nd ‘ Completed

1
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LTE Timetable US

Figure A.2 LTE roadmap in US

@  Current activities
Expected activities

700 MHZ Mobile WIMAX
spectrum auction commercuahsed

First commercial Other operators to follow.

launch, initially Deployments are more aggressive
- with limited scale given LTE is maturing
Industrial and commercial trials E y

Product developement Products become standards compliant,
and trial for 700 MHz, AWS more mature and innovative

| | |

2008 2009 2010 2011 2012 2013

Source: Ovum

(UMTS Forum Report #42) 6
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LTE Timetable — Japan / China

Figure A.5 LTE roadmap in Japan

.'fﬁ"ﬁ'! Current activities
{__X_ ) Expected activities

( First commercial

Other operators to follow
launch

B More trials

Product development More bands support, Products become standards
and frial for 2.1 Ghz i.e. 800MHz compliant, mature and innovative

2008 2009 2010 2011 2012 2013

fFigure A4 LTE roadmap in China

Current activities
&S it i First TD-LTE / LTE FDD
pre- :
— commBteEl commercial launch
—_— network
Policy uncertainty
_ I More trials
Product development Product support Products become standards
and trial for both FDD and TDD for more bands compliant, mature and innovative
2008 2009 2010 2011 2012 2013

(UMTS Forum Report #42)

Source: Ovum
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LTE Timetable - Europe

Figure A.3 LTE roadmap in Western Europe

Current activities ~
@B ) Expected activities Other operators to follow.
First commercial Deployments are more
[ launch aggressive given LTE is maturing

Norwegian 26GHz Sweden 2,6GHz
spectrum award  spectrum award

'Early spectrum award  More spectrum award

e ' _ fordigital divident  on 2,6 GHz, digital dividend
l l B e S RiET Gl-lz_f__'f' and re-farming for 900 MHz

Industrial and commercial trials [ More trials

Product developement Product support Products become standards
and trial for 2,6 GHz for more bands | compliant,mature and innovative

2008 2009 2010 2011 2012 2013
Source: Ovum

(UMTS Forum Report #42) ”
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Sweden 2.6 GHz Auction
Completed April 2008

* Incumbents purchase
paired spectrum

* New entrants

Telenor Paired Spectrum purchases paired
2x20 \</ (FDD) 14 x 2 x 5 MHz spectrum
70 MHz
AN
4 ) e

2500 4 2570 2620 2690
MHz X X MHz MHz MHz

Tele2 HI3G TeIiaSoneraK ' J

2x20  2x1 22 i
x20  2x10 x20 Unpaired Spectrum

(TDD) 50 MHz
Intel Capital ”
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Norway 2.6 GHz Auction
Completed 2007b

* Incumbents
purchase paired

/ (FDD) 2 x 40 MHZ\ - New Entrants
purchase unpaired

Ve A \ sbectrum

2500 2548 _ 2570 3620 EEE\:G Y 4691
MHz MHz MHz Y MHz MHz MH:
_ Unpaired
g::;'rf:‘ Spectrum
(TDD) 80 MHz . (TDD) 30 MHz
Traditional 3GPP Operators Various New Entrants
TeliaSonera (Netcom) 2 x 20 MHz FDD 000 s 1s0o e 0 Az TDD
Telenor 2 x 20 MHz FDD and 2.1 GHz
Telenor 40 MHz TDD Spectrum In Service

Copyright 2007 WiIMAX Forum. All rights reserved.



Japan
Completed 2007

Incumbent
Unpaired Operators purchase
Spactrum TDD spectrum for
(TDD) 10 MHz WiMAX
KDDV/Intel _
Consortium Wilcom
2500 2545 2575 2595 2625 2690
MHz MHz MHz MHz MHz MHz
Unpaired Unpaired
Spectrum Spectrum
(TDD) 30 MHz (TDD) 30 MHz
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LTE Adoption - World

Japan —2010/11 —-2.1GHz
USA -2011/2012 — 700MHz
China —2011/2012 — 2.3GHz TDD

Europe — Auctions until 2011 - Deployment from 2012
onwards. Other bands will be used too: 900MHz,
2.1GHz and 1.8GHz

Copyright 2007 WiIMAX Forum. All rights reserve d.
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Brazilian Outlook
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2500 2500

2500

CP31 Proposal

ANTERIOR - 31 canais de 6MHz para TV por Assinatura - Resolugdo 371

Blocos 6MHz - até 31/12/2012

|_Analégico/Digital i

| S O O ) (O [
1 2506 zﬁad.
| ATUAL - Mantém a canalizacio acima e possibilita eanalizacio am blocos da 5MHz - Resolucio 429 |
- o ¥ g o Blocos 5MHz

Digital
IgiIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

MTERIOR - Dastinagdo apanas ao MMDS [TV por assinatura)

ATUAL - Dastinacdo ao SCM adicionalments ao MMDS - Resolugio 429

SCM - MMDS MMDS SCM - MMDS MMD S

i |
PROPOSTA - Ata 31/12/2012 - Destinar ao SCM{P/S),STFC([S) @ 8MP({8),adicionalmanta ao MMDS(P)

30 MHz E 40 MHz I 50 MHz I 30 MHz 40 MHz

scm-&tfc-s mp-MM DS - socm-stfc-emp-MM DS
: = B ] :
! 30 MHz 5 40 MHz ) 50 MHz i 30 MHz g 40 MHz ﬁl
i PROPOSTA - Apés 31/12/2012 a até 31/12/2015- mantar SCM(P/8) e STFC(8), dastinar SMP({P/5) e MMDS(P/S)
-l —
mp scm-stfc-SMP-mmds BCM-stfc-smp-MMDE scm-stfo-SMP-mmds
BAIDE S -
¢ 10 MH =4 ~n 10 MH o=y
I & 60 MHz E' 50 MHz E' ﬁ 60 MHz &
PROPOSTA - Apos 31122015 - manter SCM{P/3),8TFC(S), SMP[P/3),adicionalmeanta ac MMDS[P/S)
scm-stfc-SMP-mmds BCM-atic-smp-MMDE scm-stfc-SMP-mmds
: = 50 MHz i =
: 70 MHz ﬁl El 70 MHz @l



A quick Summary

2.5GHz Spectrum will shrink continuously, being
removed from current licensees

By 2015:
there will be 70+70 MHz LTE dedicated and LTE ready

50MHz for TDD (WiMAX) that can be shared by two
operators in new bids or by one current licensees.

A regulation issued in 2006 will be revoked after 3
years in effect
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What are the consequences?

Spectrum on the market and Unless there are new

ready for broadband will be Spectrum auctions:

removed and returned to

ANATEL Efficient Wireless

Broadband offers will not

This spectrum will not be appear in the market

returned to society (through before 2015/2016

an auction) before 2015:
Because of Operator Wireless Broadband will be
investment and install new synonymous of SMP — No
technologies limits technology nor business
LTE Maturity Model Diversity
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LTE Adoption in Brazil

® Cellular Operators:
® Have just invested on 3G spectrum auction — $2.8B
® Are busy deploying and expanding the 3G network
® Have coverage commitments spanning until 2015

There is little likelihood LTE will
enter Brazil before 2015
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Wireless Broadband and Growth

New technologies require a lot more spectrum to work efficiently
Growing of wireless broadband capacity is possible by

Adding sites

Adding more carriers
Economical growth is through adding carriers — even more spectrum:

Total Capital

Base Station Equipment Site Rental

Core Network Equipment Site Utilities

Wireless Backhaul Equipment Backhaul Installation

Site Development Cost Backhaul Cost

Site Acquisition Cost Network Maintenance
Support and Warranty
CPE & Device Subsidy
Subscriber Acquisition Cost
Billing / CRMP
Marketing and Advertising
G&A




Frequency Reuse

1x3x1

WIMAX

e

1x3x3




CP31 4 Operator Scenario

Paired Spectrum
(FDD) 2 x 70 MHz

2690

2570
2500 2620 MHz

MHz MHz Unpaired MHz
Spectrum
(TDD) 50 MHzb

Number of Operators | Spectrum per Operator | Spectrum per Carrier
(LTE profile)

Copyright 2007 WiMAX Forum. All rights reserved. FORUME



A More Realistic View
Taking FDD into account, WiMAX Rel 1.5

Downlink
44T

Downlink
2x2

Downlink
1x1

—>

Uplink
No
MIMO/64
QAM

Carrier BW
(MHz)

k¢

3 carrier 1 carrier Fractional Reuse 6
WimAX
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Conclusion
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Broadband is the Electricity
- of the 21st Century




Diversity of ecosystem

Regulation should ensure a diverse and healthy
ecosystem

Similar companies operating with same technology will
have similar performance and actions

USA Offering:
Verizon and Sprint EVDO Rev/A
AT&T /TMobil GSM / HSDPA
Clearwire — WiMAX

WIMAX has a new Data-Centric model closer to the
computer industry than to Telecom
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Example: EUA Clearwire is a hew model

£ M

Sprint

- )
clearw re
Existing
Shareholders

< 4

49 - 53% Ownership'"

<

4

25 - 28% Ownership'"

New

C

Clearwire

/'— STRATEGIC INVESTORS ($MM) (2

(comcast $1,050
@ 1,000

A 1 W 550
Go gle 500
bright house 100

Investment  %Ownership”’

T.2%

%]
is

a4

a7

\\‘I'uhlﬂlﬂ:hww 3,200

—

20 - 25% Ownership'"
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Suggested Actions

Auction of more spectrum for Wireless Broadband
3.5GHz
2.3GHz
2.1GHz

Analyze the possibility of re-using SMP dedicated
frequencies with new technology

New Mindset - Allow assignment of higher amounts of
spectrum to operators — Prepare for the new
Broadband Market
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Conclusions

Existing Regulatory Environment:
Delays the delivery of wireless Broadband in Brazil

Makes system growth more expensive — business case
less viable — higher prices

It is critical to make more spectrum available to the
market to:

Increase offer and business model diversity
Increase competition outside of a single model
Expedite Wireless broadband introduction
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Thank You

www.wimaxforum.org
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BACKUP
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Current Mobile Spectrum

SMP allocated bands
Sub-band Limit(MHz) | Total
800 MHz 12,5 + 12,5 | 25MHz
900 MHz 2,5+25 5MHz
1.800 MHz 25 + 25 50MHz
1.900 € 2.100 MHz | 15 + 15 30MHz

Cellular operators already

have a total of 340MHz of

spectrum allocated

Maximum per operator is

85MHz

Copyright 2007 WiIMAX Forum. All rights reserved.

Subfaixa A**

Subfaixa B**

Subfaixa D

Subfaixa E

Sufaixa de Ext.

Subfaixa de Est.

Uplink Downlink

824 835 11 869 880 11

845 8465 15 890 8915 15

835 845 10 880 890 10

8465 849 25 8915 894 25
910 9125 25 955 9575 25

1710 1725 15 1805 1820 15
9125 915 25 9575 960 25
1740 1755 15 1835 1850 15
8985 901 25 9435 946 25
9075 910 25 9525 955 25
1725 1740 15 1820 1835 15
1775 1785 10 1870 1880 10
1920 1935 15 2110 2125 15
1935 1945 10 2125 2135 10
1945 1955 10 2135 2145 10
1955 1965 10 2145 2155 10
1965 1975 10 2155 2165 10
1895 1900 5 1975 1980 5
1755 1765 10 1850 1860 10
1765 1770 5 1860 1865 5
1770 1775 5 1865 1870 5
AX
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Total cost of ownership comprised of both initial capital outlay and ongoing
operational expense of managing and maintaining the WiMAX service

Significant

Base Station Equipment

Core Network Equipment
Wireless Backhaul Equipment
Site Development Cost

Site Acquisition Cost

Site Rental

Site Utilities

Backhaul Installation
Backhaul Cost
Network Maintenance

Support and Warranty

CPE & Device Subsidy
Subscriber Acquisition Cost
Billing / CRMP

Marketing and Advertising
G&A




ITU-T Recommendation M.1036

(cited by CP31)

IMT2000 Frequency arrangements.

Frequency arrangements

Mobile station
transmitter

Centre gap(

Base station
transmitter

Duplex separation®

(MHz) (MHz) (MHz) (MHz)
A1 824-849 20 869-894 45
A2 880-915 10 925-960 45
Frequency arrangements Mobile station Centre gap Base station Duplex Un-paired
transmitter (MHz) transmitter separati spectrum
(MHz) (MHz) on (e.g. for
(MHz) TDD)
(MHz)
B1 1920-1980 130 2110-2170 190 1880-1920;
2010-2025
B2 1710-1785 20 1805-1880 95 None
B3 1850-1910 20 1930-1990 80 1910-1930
B4 (harmonized with 1710-1785 20 1805-1880 95 1900-1920;
B1 and B2) 1920-1980 130 2110-2170 190 2010-2025
B5 (harmonized with B3 and 1850-1910 20 1930-1990 80 1910-1930
parts of B1 and B2) 1710-1770 340 2110-2170 400
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ITU-T Recommendation M.1036
(cited by CP31)

Frequency Mobile station Centre gap Base station Duplex Centre gap usage
arrangement transmitter (MHz) transmitter separation
(MHz) (MHz) (MHz)
C1 2 500-2 570 50 2 620-2 690 120 TDD
C2 2 500-2 570 50 2 620-2 690 120 FDD DL (external)
C3 Flexible FDD/TDD
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