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ﬁ Internet Drives Usage of Radio Spectrum

Year 2001 Year 2006

Internet Host Computers 450 Million

Internet Users illi 1050 Million
Automobiles -

663 Million S 850 Million

Mobile telephones —> 2500 Million
1.5 Billion

WWRE predicts:

ic Chips 7 trillion wireless devices
30 Billion ’ ~ 7 | serving 7 billion people
by 2017 (c. 1000 devices
per person)

Can Internet technology stretch to the need of
o larger address space ?
* higher transport capacity ?
Source: Internet World Stats, 2006  [ower costs ?
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Mobile Handset as Hub of VValue Networks

| 4 Radio Feature Penetration of Handsets - Finland

Penetration of handset features

100%

» Features offering higher
data transmission speeds
spreading

— EDGE  44%-> 54%
— WCDMA 18%~> 25%

60% - — HSDPA 2%—> 7%

- [ _ WLAN  6%-> 10%

ol L IFI « Especially 3G

(WCDMA), due to
1] R " [0 [ handset bundling
20% I T . - — Very steep S curve,

e il R I N 7 growth comparable to
I _ more mature features

0% — T I ‘ — ‘ ‘
EDGE WCDMA HSDPA WLAN GPS FM BlueTooth Infrared
2005 2006 2007 2008 Source: Antero Kivi, 2009

80% -

N =4 - 5.75 millions
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é%%ﬂ Internet Traffic Moving over to Wireless

Traffic by Mobile Device Type - Finland

o Computers originate over 98% of traffic in the mobile network
— Computer: Mostly Windows (over 93% of total traffic)
— USB modems, data cards
— OS identification necessary to uncover handset traffic

o < 1% of traffic generated by handsets
— Handset: Symbian OS, no significant amount of iPhone / other OS traffic identified
— Exclusive distributor of iPhone (TeliaSonera) not included in the measurements
— Symbian traffic increasing in absolute terms
— On average one computer generates hundreds times the traffic than one mobile handset

98,5%

100 %

75%

50% -

25% -

Share of all traffic (bytes)

0% -

Source: Antti Riikonen, 2009

92 %

15% 16% 119% 13%

o mil

Computer Symbian Others / Unidentified

E 2005 m2006 @2007 m@2008
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(7 Internet Spectrum Utilization Problem

Technical improvements

- Better coding
- Smarter antennas

- Cognitive radio Technology capability limit (Shannon law)

Regulatory improvements

- More spectrum (un/licensed)

- Flexible trading (secondary markets, ...)
- Flexible use (white spaces, ...)

Spectrum availability limit (regulation)

Market efficiency limit (competition, mechanisms)

Market improvements Capacity utilization level today

- More competition (national roaming, WLAN, ...) ¢
- More co-operation (national roaming, ...)

Capacity

 Technical, regulatory and market aspects are inter-dependent
» Consumers, producers and social planner have different intentions

« Social planner looking for economic efficiency:
1. Allocative efficiency (right products => optimal mix)
2. Distributive efficiency (right customers => highest value)
3. Productive efficiency (right producers => lowest cost)
4. Dynamic efficiency (maintain those above => continuous improvement)
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(7 Evolution of Mobile Spectrum Market

1. Long-term cellular licenses (e.g. GSM 20 years)
a) Comparative evaluation ("beauty context™)
b) Auction

2. Unlicensed spectrum (e.g. WLANY/decentralized)
3. Secondary markets
a) Reselling of long-term licenses (fully or partially, e.g. MVNO)
b) Reuse of licensed spectrum (e.g. TV white spaces in the US)
4. Dynamic sharing of licensed spectrum
a) Centralized approach
b) Decentralized approach
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Mobile Services Value Network

Wide area
access retailer

Local area
access retailer

Device retailer

Wide area
access network
operator

Local area
access network
operator

Device
designers /
assembler

HW component
manufacturer

Op.sys + SW
developer

Network eq.

Site owner
manufacturer

Source: Smura&Sorri, 2009

Advertiser

application
aggregator

application

Content /

Content /

producer

Content
application

platform
provider
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Radio Access Scenarios

Four possible scenarios placed in a matrix

Horizontal industry structure

A

1. Pick-n-mix -
Internet rules

3. Operators

as bitpipes

WA-LA WA-LA
marriage divorce

v

2. Complete bundles
- Operator rules

4. Internet giants

Legend
WA = wide area
LA = local area

Vertical industry structure

Source: Smura&Sorri, 2009
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Scenario Descriptions

Horizontal industry structure

Scenario 3: Operators as bitpipes Scenario 1: Pick-n-mix
[ Customers J [ Customers ]
A A A A 4& A} A Ar A A A A
I I | — I I [
() Voice E-mail WA_‘I Lic. LA Voice E-mail
.C_G ] | ] [ [ | — >
— - : _
| - WA+|_A_J Maps Music — UCL‘\C' Maps Music l'_
= ' ' — >
< Scenario 2: Complete bundles Scenario 4: Internet giants -
_ <
! [ Customers ] [ Customers J 2
< A A O
; D
Voice E-mail Voice E-mail
Maps Music Maps Music
WA+LA [ 7 I N
WA J Lic. LA J UC";C' J
Source: SmuragSor, 2009 Vertical industry structure
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q Conclusions

e Spectrum usage is driven by the evolution of Internet

e Spectrum market is becoming more dynamic as the
technology evolution and law makers allow

e Managing the spectrum resource efficiently will require
wise coordination between technology, regulation and
market mechanisms
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