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Growth of the global digital mobile market
including comparison with Chinese GSM user base

GSM grew out of a vision that users should be able o make and receive calls on their mobiles, wherever they travelled. Among telecommunications technologies, GSM is unique in
having a specific user benefit — international reaming - so central to its design, deployment and operation.

International roaming enforces compliance with open standards and promotes inter-operahility between network and handset equipment from different suppliers. Together, open
standards and inter-operahility stimulate competition and generate economies of scale that reduce costs — to manufacturers, to operators, and most importantly, to end-users.
3GEM, based on WCDMA radio technology, was conceived and developed to carry these benefits into third generation mobile.

Mot withstanding its large installed hase, in 2004, GEM growth at 27.7% continued to outperform overall market growth of 23.4%. At the end of 2004, GSM was the choice of 7T5%
of the world's digital mobile phone users. G3SM added more new customers in 2004 than the end-2004 global user base of COMA — the next most popular technology.

The hillionth GSM user was connected in the first guarter of 2004, More than a quarter of a billion additional GSM users were connected during 2004,

3G3M also took-off during 2004, experiencing growth of more than 500%. Of the six main digital mobile technologies, 3G5M ranked third in terms of net additions.

Dec-92 Dec-93 Dec-94 Dec-95 Dec-96 Dec-97 Dec-98 Dec-99 Dec-00 Dec-01 Dec-02 Dec-03 Dec-04 Growth % Growth Share of Share of
2004 in 2004 2004 growth hase

CDMA 0.0 0.0 0.0 0.0 1.0 7.4 224 526 803 1109 1441 18657 2363 406 26.6% 15.4% 14.0%
G3M 0.2 1.4 5.0 13.0 328 1.1 1384 2584 4561 6262 7906 9917 12664 2747 27 7% 85 2% 74.0%
IDEM 0.0 0.0 0.0 0.0 0.3 14 31 51 a2 11.1 136 165 196 a1 18.9% 1.0% 1.2%
PDC 0.0 0.0 0.5 33 139 26.8 381 44 8 f0.8 56.8 60.1 £1.8 587 =31 -5.0% -1.0% 3.5%
TOMA 0.0 0.0 0.1 0.7 26 6.3 1549 380 676 Q941 1081 1091 937 -1654 -14.1% -4 8% 5.5%
IGEM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 27 16.2 136 505.3% 4. 2% 1.0%
Global Digital

Base 0.2 1.4 Ll 17.0 508 1130 2179 3088 6631 8992 11165 13686 16882 3106 23.4% 100.0%  100.0%
China G3M 8] 0 ] 0.2 1.8 7.3 186 383 831 1443 1976 2384 2870 40 .5 20.8% 15.6% 17.1%
Uzars (miifionz) Source: EMC-database com (ag af 01102/08) GSMA analy=iz

GSMA statistics Q4 04 www gsmworld.com
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Global digital mobile market GSM growth by region (2004)
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ComTec

I

GSM Facts and Figures

GSM is fastest growing communications
technology of all time.

The billionth GSM user was connected In
Q1 2004 - just a dozen years after the
commercial launches of the first GSM
networks.

Today, GSM accounts for 75% of the
world's digital mobile market and 74% of
the world's wireless market.

The GSM Association currently has
operator members in more than 210
countries and territories.

© ComTec 2005



ComTec FOMA Subscriber Growth
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ComTec Mobile Penetration
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ComTec Market , Conclusions®

 Major growths for voice (+SMS) only can
be expected In e.g.
— Africa
— China
— USA

« Certain markets are saturated (close to
or above 100% penetration) for Voice
(+SMS) like
— West-Europe
— Japan

10 © ComTec 2005



ComTec Market , Conclusions®

e Current WLAN Pricing equal to or higher than Cellular in
EU

 Ranking of Leading markets

— ARPU
« USA, Swiss ~50 € - Germany ~ 25 € - (Moscow ~ 2000 €)
e Other figures

— Penetration
« Scandinavian Countries, Japan, ltaly, UK, ...

— “value” Services
« Scandinavian Countries, Japan, ...

— 3G
e Japan, ?

 Questions:
— In 2003 in Germany 20 Billion SMSs

11 © ComTec 2005



ComTec Overview

Past — Present

— Technology Trends
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Technology Trends. Air-Interfaces

Mobilitét‘

High-Speed-Zug

|

Fahrzeug tber Land

Jenseits 3G
(Forderungen

fiir 4G)
Auto in der Stadt

zu FuB unterwegs

wechselnde Orte
(nomadisches Verhalten)

im Gebaude AN

Quelle: Siemens Com

(IEEE
personlicher Bereich Bluetooth ' 802.11a,9)
0.1 1 10 100
Datenrate (MBit/s)
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ComTec
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Technology Trend: Terminals and

ComTec Services

- Sony Ericsson P900
~ Imaging/Messaging: 65.536
~ Farb LCD display, Email,
MMS, EMS, VGA Kamera,
Video Streaming

Connectivity: Wireless

~ Bluetooth Technology, Scnc
ML, Memory Stick

~ Duo,Infrared,GPRS, USB
support, RS32 cable support
~Internet: WAP 1.2.1, WAP 2.0,
- CHTML, Modem
Entertainment: Start up/ Shut

down Shows, MP3 audio,
gMPEG4 Video, Java, Video

T

Bl B=KS) ™
o Q0= ““S@ :

divics with Tracker! Uied Rabng: Piice
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ComTec Overview

e Past — Present

— Application trends: Enterprise and private

16 © ComTec 2005



How Will it Evolve?

History tells us. ..

< Availability
Blending voice & data
Personal / Professional

1.1B mobile users
+ 42.5M smartphone users

What drove E : - 27.5M mobile enterprise users
ChangE? = Laptops mmplltlllg Lt P
« |P, HTML # of Access Points
+  Ubiguitous access
Desktop/PC 2 7
Networks (LAN/WAF Standardization
Mainframe —to-
client/server
Price / Performance
Business E-commerce, Mobile eBusiness
Applications EDI Er M CRM, SFA (CRM, SFA,
B2B/C)
PIM/ Basic Cma g craar. Intra/Extranets, =l
Collaboration messaging Col e tion IM D shordi
Basid Reports, File File & Print Search, Access Access to People-
Connectivity Transfer Sharing to content  (IP) Voice, SMS
(Local Networks) (LANAWAN) (GSM, CDMA)
Corporate Personal Web Mobile
Computing Computing Computing Computing
www.forum.nokia.cor NOKIA




Oracle Collaboration Suite

i

Wireless




Key Mobile Applications

Notifications & Approvals

Sales __ Expenses

Configurator - Time Reporting

Field Service Employee Directory

Daily Business Intelligence




|dentify target audience

100%
80%

60%
Percent of mobile
' phones in use

40%

| 20%

GSM-only

0%

I 2004 2005 2006 2007 2008 2009
GSM-only ~ 45% 25% 12% 6% 3% 2%
| GPRS  54% 72% 79% 77% 69% 58%
UMTS 1% 4% 8% 16% 28% 40%

' Base: Western European mobile phones in use

*All figures are at year-end. (percentages have been rounded)
Source: Forrester Research, Inc.
www._forum_nokia.com NOIKKIA




B-08-8-8-8-8-0-8-18-8

Mobility in consumer environment
A top 10 list

Many mobile banking concepts have failed in the past
How to improve — The difference that leads to success
|dentify target audience

Communicate value

Make discovery easy

Make it easy to use

Create and enforce a feeling of security

Build a routine and ensure they return

Measure results for continuous improvement

Is it really that difficult to build a mobile bank?

NOKIA



Transportation Process to DaimlerChrysler
with Trendfire® RTML (Slide 1 of 3)

=
Barcode _ |
Scanner p ‘ A Nokia
{or RFID Reader) bl
1 Smart-
R — 1 f rf;_ phone
Request of Loading of ”1 =l
Component Goods at =
Delivery Supplier S 964672 3 % S s g
Delivery information Truck driver uses a Symbian-based Smartphone from Nokia with a Barcode Scanner
Eeﬁgﬁm Sl Truck driver starts RTML client on Smartphone and downloads expected shipments

All loaded goods are scanned and compared for consistency
- Attachment of notes or pictures

Truck driver completes loading process; automated feedback is given to DaimlerChrysler

Truck driver starts trip to DaimlerChrysler and notifies RTML Server to start automated
tracking

&

TECAEELEC
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Transportation Process to DaimlerChrysler
with Trendfire® RTML (Slide 2 of 3)

Transportation
from Supplier to
DaimlerChrysler

Continuous tracking of truck

- Tracking of truck is done with Cell-ID
locations of the phone (or GPS)

- Automated calculation and correction of
estimated arrival time at DaimlerChrysler

Further control instructions when
approaching DaimlerChrysler at 30 and 5 km

distance

Registration at
Office for
Incoming Goods

Reaqgistration process
Is automated

Truck permitted to
enter factory by
Smartphone

NOKIA

TECAEELECIRF




cmree  Private Applications

ring tones

— Several hundred million EU/year in germany
allone

e Screen safers etc.

e Games

e Camera Handies

 Navigation

24 © ComTec 2005



ComTec Overview

 Wireless Technologies for the Future
— What is the vision?

25 © ComTec 2005



o Perspectives of 3G/4G/5G:

Freedom in place and time and in Use of
Features

Will allow for:

 Enriched and cultural life

« More flexible and diversified life
~* More Comfortable and Safer Life
'« More Personal and Convenient Life

26 © ComTec 2005



comrec  Perspectives of 3G/4G/5G:

 An application for more real
communication will likely develop into an
Important application. Real here means
communications that can express human
feelings or emotion

 Content is king??7??

e connectivity

« Meaning in communication

27 © ComTec 2005



Global context towards the Wireless World

l 2007 2008 | 2009 ' 2010 ‘ 2011...2
|
amework WRCO03 Services View | Market Analysis WRCO7 Requirements & Radio Frame\
L’-R | Spectrum Estimation Identification Specifications referen

Research towards M
WW started

[ !
Ipbal International Research Programs ‘ ‘
gsearch

ckivities toward . F'I'ﬂtﬂt‘y’pes.." Conc.ept Integration
ireless \World Close interworking with | |

WWRF Milestones & Activites —— otheromganisations __——

| 2007 | 2008 | 2009 | 2010 | 2011...2

Preparation of the Book of Visions 2001
I Set of white papers and work on reference models
Preparation of the next Book of Visions

- High level requirements for the Wireless World

= Milestone

. « First Book of Visions published

+ Set of initial white papers and work on
reference models

‘- System concept with high-level architecture

+ Draft Book of Visions with current versions of the * Consensus document defining the concept for future

. . Wireless World
Vision, White Papers, and Reference Modlel . Review of the Wireless World

+ High level view for future services and applications ’ Vision for 2020
+ |deas for future Wireless World system concept
+ Updated Vision, Reference model and White Papers

WiYRE - page 9



ComTec Overview

 Wireless Technologies for the Future

— What are enabling key technologies?

29 © ComTec 2005



cmrec  Key Technologies

Korean Vision: air - interfaces

 Networking

e Terminals

 Middleware/ Applications

30 © ComTec 2005



Evolution of Wireless Communicationill =5 g =1

Around 2012, thing-to-thing communication services, converged mobile
services and custom-oriented services will be popular. There will be several
different access systems, such as NMA, 3GE, WiBro, WLAN, UNB,WPAN,

Sensor Networks, ..., to be integrated into an unified framework to provide
those services.

Systems are evolving toward an unified framework which will have an efficient
architecture of providing Ubiquitous Convergence Service

Broadcasting Digital B
Mega cell e e o Broadcasting

Ubiquitous
onvergence
Service

Pic cn:ge]l
WPAR: ... . .. ...
WLAN Ad-hoc

Broadband Wireless Access 802.11a

MNetwork




1T R&ED Glokal Lesdor

R&D Direction ETRI

High-tier
System
g - v
Y
Systems beyond IMT-2000
= will encompass the
F capabilties of previous
= systems
Low-tier
S System

; 1 T
1 10 100 1000
User peak data rate (Mbps)



WiBro and IEEE 802.16 ETRI

+ Fixed Wireless (TGd; IEEE Std. 802.16-2004):
IEEE Standard 802.16-2004 published on 1 Oct. 2004.

— "I[EEE Standard for Local and metropolitan area networks Part 16: Air
Interface for Fixed Broadband Wireless Access System”

— As arevision of IEEE Standard 802.16-2001 (as amended by IEEE
Standard 802.16¢-2002, and IEEE Standard 802.16a-2003).

* Mobility Support Enhancement (TGe; P802.16e/D7):
Under the Process of Sponsor Ballot Resolution

— |EEE-SA Standard Board approved a modified project authorization
(PAR) for P802.16e project on 23 Sept. 2004.

- Amendment for Physical and Medium Access Control Layers for Combined
Fixed and Mobile Operation in Licensed Bands below 6 GHz

— Plan to complete in Sept. 2005.

«  WiBro Specification = Subset of Consolidated version of “IEEE Std.
802.16-2004 + P802.16e/D7 +P802.16-2004/Cor/D2.”



WiBro, 3G LTE, 4G Com;i;

{51l ETRI

WiBro 3G LTE 4G
Spectrum 2.3GHz 2.5~2.6GHz 3GHz ~ 5GHz
_ 10MHz SMHz, 10MHz,
Bandwidth (20MHz) 15MHz, 20MHz SMHz ~ 40MHz
i OFDMA/FDD OFDMA/FDD
Multipie Acches OFDNATIDD OFDM-CDMA/FDD | OFDM-CDMA/FDD
Ubiquitous
. PortableIntemet! | |, epesd Moblle ?
Service High-speed Wireless Service Broadband
Internet Convergence
| : ~50Mbps
Peak Data Rat 30~100Mb 100Mbps ~ 1Gb
saREAla Rt .~ x100Mbps Ps ps pe
Mobility 100km/h ~ 250km/h 250km/h




Air-Interface

 Ultra Wideband

 High Speed Data Stations

. HAPS
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TRED Glokal Leadar

ETRI

Jan. 2005 : Selection of WiBro Operators (Decision by
assessment of Business Plan proposed by candidate
operators)

— Three operators (KT, SK Telecom, Hanaro-telecom) are selected in advance for
the schedule.

2005. 11 : Service Demonstration at APEC PUSAN Summit 2005

2005. 12 : Development of Commercial Equipments by major
manufacturers.

— Major manufacturers (Infrastructure Systems, Radio Relays, Mobile Terminals)
state that they have plans to develop commercial systems in 4Q-2005, and will
start the conformance test in 1Q-2006.

1Q. 2006: Commencement of pre-commercialization Service
2Q. 2006: Commencement of Commercialization Service in Seoul.



cmrec  Key Technologies. Networking
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ERICSSON 2

Trend: User behave like “Micro-Operator”

Local ISP / other Domains | N

Events Domain |__ -———-

Bank, Government, other biz

¢ ——
I Work Domain

Private Home Domain

F i

Immediate Personal Domain

\
Y \
T B I - \
L b Work
Ad-hoc Nets, TS I or
vy & oty / Colleagues
| 1
v\ 4 L0 !/ ’
Local ISPs SRR v,
M N D ~ A
\ ‘*\ ~ £ o7
i S / ank, etc
Event Site ~ P --":,*’ y
& -~ - /

-: Event FIFA

Participants

Your
Bank

Contacts

Crimrermm g 1A Aflcabkhila O IAlNlHuvala aasa Mo cocmcs st o sl s m o0 s il AAAS



ERICSSON =2
I ——————————

Trend: Concurrent Entities vs. Waterfall Layers

Application Application

'

Overlay

Presence

Session

Transport MobilityO

Network Domain

_onfiguratio

—

- onnectivity

Multiaccess

Link

Physical _
\/ |

Crimrermm L | 1A Aflcabkhila O IAlNlHuvala aasa Mo cocmcs st o sl s m o0 s il AAAS




cmee  Key Technologies. Terminals
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ERICSSON =

. More Security More Openess More Storage
Device Trends -bru _Java, .. - Gigabytes
- Privacy, SSO - Device management - memory cards

- short vs. long-term memory

More CPU Performance
- Moore’s law
- 2% power / 18 months

More Communications

- More bandwidth

- New link types (USB, WiFi ...)
- Adhoc/PAN support

Better Displays
- higher resolution

- more pixels
- brighter ... \

Enhanced Sound
- 3D, polyphonic =

T

More Personalization

- features, color
- shape, skins, ... /

More Applications
- Sharing, Collaboration
- team, chat, ...enterprise

Reduced Power Consumption
- New display technologies

- OS enhancements,

- MRAM technologies ...

Reduced Power Consumption
- New display technologies
- OS enhancements, ...

More Multimedia Support Improved Network Support Services
- 3D accelaration, mpeg4, ... - Backup, Sync, ...
More ... - Tighter Integration with “fixed” services
BE.ttEI' Camere_t - advanced speech recognition Disclaimer: This is not a statement
- higher resolution - gestures by Suny-Eficaaun. Image only used

- shapshot/ video mode  _ positioning ... far iilustration purposes

Ericsson 4 IST Mobile & Wireless Communications Summit 2003



cmee  Key Technologies. Terminals

e MMIs
— Speach
— Projectors — keyboards, displays
— Smell
— Sensors

* Inclusion of Broadcast Technologies

e Operating Systems

42 © ComTec 2005



Key Technologies: Middleware/

Applications - R&D at ComTec

Service Platform

Context Awareness

Personalisation

Service Creation

43 © ComTec 2005



cntee  VISION: An Open Service Platform

Principle 1. Fully
distributed service
environment

 Principle 2: Loosely
coupled and composable
components

 Principle 3: High level of
cooperation at all levels
(components, platforms,
domains)

e Principle 4: Ambient
intelligence

 Principle 5: Security and
Privacy

44 © ComTec 2005



Different views of the same

ComTec prOblem
?E_Edleware for “Wireless Internet Applications”

45 © ComTec 2005



FAME2 middleware concept

Applications

Service layer (€.9.:) | ni oo
Profiling Distributed

+Messaging Iayer
«Synchronization
-Discovery Local
«Localization layer

Platform

Management layer:
sLife-cycle

+Monitoring

«Service discovery

\ «Secured service access

46 © ComTec 2005



Peer-to-Peer: Demonstration (2 Devices /

& ComTec FAME? Admin Tool

;lglzl

& Select zervice.

0K | Cancel

Xl

(ndministratinn anwnIuad |
Search H Load H Start H Stop H Unload

FAME® Community Manager
FAME® Download Server

FAME® Classname Find Service
FAME® Profiling

FAME® RMI Server

netfameZ_ comtec.rmi.CRMIServerSenviceService Protocol: unknownAccess on: UDP /141.51.114.140Remaining lease time: 2145393586408
net.fame2.comtec.rmi.CRMIServerSenviceService Protocol: unknownAcceess on: UDP 1141.51.114.209Remaining lease time: 2145393649518

¥

;f & Settings for: FAME? Downla ﬂ

| Ok | Reset | Cancel
ke | value |
CONFIG_ROOTPATH dohwif
CONFIG_SERVERFORT 12345
CONFIG_LOOPTIMEOUT 0000

-

— - - - - »
- -~
& =1
[Chat [Channel Properties |
Chat Pruperlies| P
H Send |

Mon 0Oct 20 09:55:45% CEST 2Z003:

iz the only applicable computing model for
scenarios it mobile computing.

It depends on the dewvice. 4 modern PDA has
resources a desktop PC had & or 7 vears ago.
MHz CPU speed, 125 MBEyte of R4M and fast
connectivity like W-Lan.

I hawe heard that the client/serwver computitg model

On Mon Oct 20 09:54:59 CEST 2003 Dr. Dargie sends:

400

4

b =10 |
(Chat | Channel |Properties |
Leave ” Create

x

Enter the name for the new community
[tast |

]

a7
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ComTec Definition of context awareness

 Contextis any information that can be
used to characterize the situation of an
entity. An entity is a person, place, or
object that is considered relevant to the
Interaction between a user and an
application, including the user and
application themselves.

A.K. Dey, “Providing Architectural Support for Building Context
Aware Applications”, PhD thesis, College of Computing,
Georgia Institute of Technology, December 2000.
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ComTec Situation

e Some aspects of a situation may be
measured

49 © ComTec 2005



Field Trial
14. — 20. October 2004 in Saturn Shop Kassel

T 7 L
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ComTec
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ComTec

m Resource 'l HN
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ComTec
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ComTec

University of Kassel
Chair of Communication
Technology
Prof. Dr.-Ing. Klaus David

WL 7 S

Warning:
Art Object Found
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ComTec

UNIKASSEL
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ComTec

© ComTec 2005
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ComTec

University of Kassel
Chair of Communication
Technology
Prof. Dr.-Ing. Klaus David

Cool Beer Found !!

RS>0

-1
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ComTec Overview

e Conclusion
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ComTec Conclusions

The trend and future is mobility

 Ever increasing performance —
bandwidth etc.

 Real world — digital world

e« Semantics in applications — context
awareness
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