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IP Traffic to Grow Exponentially;
Wireless Key to Growth

Global IP Traffic, Forecast 2010-2015

32% CAGR 2010-2015

Exabytes per Month
B Mobile Data

B Managed IP

B Fixed Internet

46 EB

2010 2011 2012 2013 2014 2015

Source: Cisco, 2011

Global IP Traffic, Wired and Wireless,
Forecast 2010-2015

Existytes b Moalh | 32% CAGR 2010-2015 |

80

do III
o. I

2010 201 2012 2013 2014 2015

B Mobile Data (92% CAGR)
B Fixed—Wired (24% CAGR)
W Fixed-Wi-Fi (39% CAGR)

Source: Cisco, 2011



Users Perspective

The penetration of social networks is increasing online

B Frequent user?

and on smartphones; frequent users are increasing

as a share of total users'

Social networking penetration on the PC is
slowing, but frequent users are still increasing
% of respondents
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Social networking penetration of smartphones
has nearly doubled since 2008
% of smartphone users
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1 Based on penetration of users who browse social network sites. For consistency, we exclude Twitter-specific questions
{added to survey in 2009) and location-hased mobile social networks (e.g., Foursguare, added to survey in 2010).
2 Frequent users defined as those that use social networking at least once a week.

SOURCE: McKinsey iConsumesr Surnvey




Growth Trend

The Internet of Things Is Already Here

World Population: 6.3 Billion 6.8 Billion 7.2 Billion 7.6 Billion
Connected Devices: 500 Million 12.5 Billion 25 Billion 50 Billion
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Exponential Growth of Data

Data generated from the Internet of Things will grow exponentially

as the number of connected nodes increases
Estimated number of connected nodes
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This is Networking

What do trees, cows, shoes, and your body have in common?
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Tfﬂs t;'ee has 3,000
followers...do you? 200 MB per year

Asthma inhaler
cross-referenced
with environmental /

weather data Proteus chip transmits
data from your stomach

Sources: Cisco IBSG, 2011; Sparked, 2010; Nike, 2010; David Van Sickle, 2011; Proteus, 2011




Imagine the Pressure on Spectrum
management
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Everyone becomes a reporter

Broadband

wireless anytime

production

In 10 years,
anyone will broadcast anywhere to anybody on any device

Source. Cisco IBSG, 2011




Transformative and Innovative Agenda

The Opportunity:
Turning Data into Wisdom

More
Important

Knowledge

Information

, Important
Source: Cisco IBSG, 2011
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Broadband Is Already Mobile In
Emerging Countries

Fixed wirleline broadband vs. mobile
broadband in developing countries
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The developed/developing country classifications are based on the UN M49, see:

http://www.itu.int/ITU-D/ict/definitions/regions/index.html
Source: ITU World Telecommunication /ICT Indicators database
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Mobile Broadband Will Expand
Traffic Growth

Mobile BB Connections By Region,
Forecast 2010-2015
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Propaortion of netwark traffic

Data Services as Proportion Mobile
Networks Traffic, Forecast 2010-2015
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Leapfrogging the Infrastructure
Barrier Through Mobile

LTE Connection Forecast, Develop-
Emerging countries, Forecast 2010-2015

| 208 operators in 80 countries investing in LTE 200
O 154 commercial LTE network commitments in 60 countries G SA .

O 54 pre-commitment trials in additional 20 countries
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This is happening in Emerging markets

BlackBerry Bold 9790 launch sparks riot in Indonesia
Nov. 28, 2011 (4:02 am) By: Lee Mathews
ElLike
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Network Economics

Figure 1: Comparison of the network economics of legacy
and LTE networks [Source: Analysys Mason, 2010]
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Figure 2: Typical expenditure by a European MNO
[Source: Analysys Mason, 2010]
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Shannon’s law-What does it tell?

Shannon's Law: C = BW x log,(1 + SNR)
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Signal to Nolse Ratio (SNR)

‘BW’ increase is the only solution to increase the ‘C’ beyond a limit



Choosing a Band Plan

* Harmonization
— Reduce the cost of devices
— Driving service uptake
— Reduce cross —border interference

e Optimization of use of spectrum
* Increasing the coverage



Is this Comparison Necessary?

FPros and Cons of Rival Band Plans

APT US

# 7 . A
Designed assuming the spectrum is ) US band plan has the attraction in
clear of other users . terms of equipment and device

availability that it has been deployed
Significant benefits from economies of in the USA.

Pros scale (around 50% of world pop).

_ _ o Better for those countries that
Maximum bandwidth availability prioritize releasing the band within a
(2x45MHz). short timeline.
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(Desoi : p a ~
Despite India, New Zealand and The US had to deal with legacy uses
Australia APT band plan and public safety.

ConS implementation by Asian countries is o

still work in progress. Less spectrum availability (2x30MHz)
and fragmentation.

The availability of devices for this o - ]

band will likely lag behind that of US Device interoperability will be

‘Pand plan. ) kchallenging between sub-bands

© GSMA 2011 "




Are we using spectrum efficiently?

e NSF funded National Radio Network Research
Test Bed (NRNRT) Program Sponsored
Spectrum occupancy measurements in US in
30 MHz-3000 MHZ frequency bands in
Jan2004-Aug 2005

 The study goal was to determine the spectrum occupancy in
each band (30 MHz-3,000 MHz) at multiple locations. The
studies found significant available spectrum in most bands:

— The average occupancy over all of the locations was 5.2%

— The maximum total spectrum occupancy was 13.1% (New
York City)



Spectral Efficiency

Marcus Spectrum Solutions

Utilization vs. Interference R

e As in classic detection theory, there is a trade off between
efficient spectrum use and minimizing interference

e FCC decision chose to use 1966 radio propagation
model this is known to be too conservative in rough
terrain

Spectrum
Efficiency
(Use of
Potentially
Available
Spectrum)

Probability of Interference ‘



Independent RAN providers

Passive infrastructure sharing has become a common
practice in mobile industry

Just like independent tower companies, there will be
independent RAN providers and different telecom
operators will share their network

RAN should work for all technologies in all frequency bands

RAN resources are allocated and charged dynamically
depending upon the requirement

Independent clearing houses to settle financial payments

Advancements in Cognitive and Software Defined Radio
technology



Opportunity to all

e Should spectrum continue to be managed like
‘Land’ or it should be like ‘Sea'. Only
technology may change this trend.

e |s auction really a market based approach ?
May be technology gives a different answer.

e Very few operators having access to spectrum
deprives other innovative entrepreneurs to
access the market



Big Market Size

World will have more mobile phones than its
population in 2012

In Broadband services still there is a big gap and
this gap will be largely bridged by wireless
technologies

Spectrally efficient technologies are relevant for
all countries

Most of the telecom equipment are being
supplied globally and mobile operators are
international
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Two parallel Events

Switchover from Analog to Digital TV
Renewal of mobile operators licenses

This is the right time to start Spectrum
Management as ‘Sea’ and not as ‘Land’

This is where SDR Forum has to make a
significant contribution



