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Global Wireless Communications Market

*Mobile Phone: 674M units in 2004, 730M
units in 2005, volume greater than predicted
every year, 1.1B by 2008 [Gartner, March
2005]

*WiFi: 68M units in 2004, 110M units in 2005,
annual growth rate 60%

*WIMAX: 2M subscribers in 2004, 17M by
2008, 802.16¢ is the future star [Visant
Strategies, 2004]

*WPAN(UWB): projected for 2.8B units by
2008, wireless USB for cable replacement [In-
Stat, 2004], wireless 1394 another huge
potential market

*DTV: 54.5M units by 2005, 249M units by
2008, 350% growth [iSupply, December,

2004, etc]

*Mobile cellular, WMAN, WLAN, WPAN
convergence for ubiquitous communications
and multimode multifunction applications
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Mobile Phone, WiFI, and BWA In China

World Largest Mobile Phone Market Place
— 334.8M (65M new) users by 2004, WW share 20%, ¥
— Penetration rate grow 6.8% 2000, 25.9% 2004 e e T
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World Largest Mobile Phone Production Country
— 233M units 2004, WW share 34.5%
— 25.2% growth compared to 2003

— 103M domestic (BIRD, TCL, AMOi, Capital, Dbtel, Hisen 3
etc), 130M foreign manufacturers (Nokia, Motorola, Samst  *

Sony Ericsson, etc.) . Ghengcly
WiFi services deployed by China Telecom (Beijing, Shanghai) and : #ﬂauu
China Netcom, 70% of equipment from foreign manufacturers g i
WiFi 100M USD production value in 2005, 51% growth, 87%
802.11g compliant

Chipsets development by Silan, Spreadtrum, T3G, etc.
Asia Pacific 45% WiMAX Market 2009, equipment US$1,988.2 M
2009, subscribers 3 M 2009.

China 38% of regional WiMAX equipment revenue 2009, followed by
South Korea 23.1%, and Japan 22.5%.

China highest WiIMAX service revenue 2009, due to its largest
subscriber base developed by competitive wireless service providers.

Guangzhion S
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Telecom in Hong Kong

Gross telecom revenue HK$46 billion, 3.3% year-on-year growth 2005
Public Mobile Phone Service (March 2006)

— 14 digital networks: 2G/2.5G (10 operators), 3G (4 operators)

— Number portability

— 1249% penetration (8.6 M subscribers)

Local Fixed Telecom Network Services (FTNS)

— Liberalized Jan. 2003

— 10 licensed companies Mar. 2006
— 54.4% penetration (3.8 M lines) Jan. 2006

Broadband Services
— 186 ISPs March 2006
— Speed up to 10 M bps
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— 24% penetration (1.66 M subscribers) Feb. 2006 CHINA SEA

— 66% of household
— Second only to Korea

External Telecom Services
— Liberalized Jan. 1999
— 231 ETS licensees
— IDD to 245 countries/regions
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 Broadband Wireless Access

Source: OFTA,

Two rounds of consultation in Dec. 2004 and Aug. 2005
Allocation of 3.4~3.6 GHz band for BWA

A maximum of 6 licensees each with 15x2 MHz bandwidth
Provision of full mobility service after 1 Jan 2008

Hybrid selection method (pre-qualification and open auction)
to be adopted

Hong Kong ASTRI S
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Technology and Hong Kong

 Hong Kong’s future in China

— 40% of all jobs (1.5 M) in Hong Kong are either directly related to or
engaging in producer services for Mainland manufacturing activities.

— Technology is a significant driver for China’s future and the opportunities
associated with it.

— Hong Kong recognizes that its economical future lies in becoming a
strategic part of a bigger whole (China and PRD).

 Hong Kong and the Pearl River Delta (PRD)

— 1n 2002, PRD accounts for 33.8 % of China’s international trade and 34.3
% of its inward foreign investment.

— Guangdong produces more than 30 % of China’s electronics output, 50 %
of its biomedical output, 50 % of its advanced ceramics output and 68 %
of its medial electronics output.

— Guangdong’s R&D expenditures in manufacturing is comparable to the
combined total of Shanghai, Jiangsu and Zhejiang.

— HK/PRD will be a leading center in China’s technological future.
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Technology and Hong Kong
(Continued)

e China’s technology promises and IP challenges

— China is fast becoming both the world’s largest manufacturing center
and its largest market for many technology-intensive products.

— China is begining to build up its own technology and IP bases to fully
exploit these vast opportunities.

— “Domestic IPs” are now a major priority for the government’s Eleventh
Five-year Plan.

 Hong Kong’s comparative advantages and opportunities
— Factor conditions to attract the best talent from around the world
— Legal system to thoroughly protect the creation and practice of I1Ps

— Hong Kong has the factor conditions to be an effective partner in
China’s IP and technological future ...

— and ASTRI is the vehicle to spearhead this mission.
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ICT R&D Centre-ASTRI
A Brief Introduction

 Hong Kong’s center for applied science and technology
research (established 2001)

o Missioned to be a strategic technology unit that creates real
economical impact for Hong Kong/PRD
— Establish Human Resource Edge
— Practice “Customer-focused R&D”
— Transfer IPs cost-effectively

e Focused on information and communications technologies
— Enterprise and Consumer Electronics
— Communications Technologies
— 1C Designs
— Material and Packaging Technologies
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Wireless Communication System Trends

e High data rate, high spectrum efficiency

— 802.11a/b/g (54Mbps) -> 802.11n(>100Mbps) -> Gigabit
Wireless (>1Ghbps)?

— 2G/2.5G (19.2Kbps-144Kbps)-> 3G(384Kbps-2Mbps) ->
B3G/4G(100Mbps-1Gbps)

— Bluetooth (0.7Mbps) -> UWB (480Mbps) and best
power/bits efficiency

* Ubiquitous radio access
— 802.11a+b+g, 3G+2.5G, WLAN+WMAN/WWAN, ...

 Miniaturization
— Handset, PDA, IPOD......

RESEARCH INSTITUTE COMPANY LIMITED
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ASTRI Wireless Core Technology Platform
W|\/|7F erelessll\/loblle Miniaturized MultiMode MultiMedia MultiFunction

Super Low Cost High Internal Antenna for 2.5G/3G,  Wireless Home AV Turbo Charged WiFi

Performance Re-chargeable,  jacketPhone, WiFi, DVB/DAB,  Gateway & Adaptors WiFi/WiMax Duo WIMAX/B3G/4G
High Capacity Disposable Multimode, WUSB ... P2P/P2MP, SD/HD WiFi/WiMax/DxB Trio Edge Node, CWMS
Batteries

Technology Platform & Solutions: Speed, Efficiency, Power, Cost, Size

Advanced Antenna E Multimode Multifunction Broadband Multimedia Access

*Re-configurable e |y

BRIV S e = *OFDM/OFDMA
ore Eemem = o=y .
=k *Ultra Wide Band
1 iti - -
-@ GSM1900 -Buallsmgle Cor?j TxPower s Quality of Service
- eConcurrent mode / asKs *RF M
tra Wide ana ement
GSMB00/1800 1900 *Mode switching — o :
*Passive

High Spectral EfflClency

- *Practical MIMO with joint
antenna, RF, BB design
Intelligent mode switch
*Wireless Filter Bank

*Active w @
*Multimode

*Spherical antenna array i
*Terminal antenna measurement

Material and
Miniaturization

*New anode material for

*Miniaturized RF components-passive, active
low irreversible cap.

*Highly integrated modules: RF, digital, system; new material

«Establish world-class IPR portfolio and technology platform to strengthen local wireless industry
«Joint R&D with local and international companies and organizations on advanced product platforms
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CTKTI’s
" Roadmap D 2005 > 200 > 2007 > 2008 > 2000 > 20i0r &

KTI 1: Multimode Multifunction System Technologies

Advanced Broadband

Advanced BWA WiFi Advanced Broadband BTS

Systems Cellular Platfoigném\::MAC) Platform & Enhanced CWMS Advanced BWA

Re-configurable OFDM ReOFDM Core for DMB- _ ReOFDM Core for WiMAX/DxB/
OFDM Core Core Seed THIDVB-TH (FPGA) A o & WiFi ASIC
KTI 2: Low Power High Efficiency Radio Access Technologies

Wireless Personal Core Algorithms and UWB Applications and Embedded IP Cores & Next Generation WPAN

Networks (UWB)* WUSB Solutions WPAN CTP WPAN CTP Applications IP/1C Solutions
Practical MIMO MIMO Advanced Indoor Advanced MIMO MIMO Applications
Core Core seed MIMO Platform Embedded Chipset for Future Standards

KTI3: Miniaturization Technologies

RF Components

Material &
Modules

Internal
Antenna
CoE

Passive Antenna
System

Multiple
Antennas

Active Antenna for
Multiple System

NG Material for Mobile
Power Source

RF Components,
Modules and IPs

Rx & Tx RF
Modules and IPs

KTI 4: Service and Application Enabling Technologies Platform

Services Enabling
Technologies

Remote Home-
Health-Care

HiK

Industry
Engagement

Mobile/Wireless Applications Platform

Value-added Device Solution |

Value-added Device Solution 11

D TECHNOLOGY

RESEARCH INSTITUTE COMPANY LIMITED
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WiFi1 Cellular

Smart Radio Frequency
Network

— Re-configurable antenna panel

— Smart network algorithms to
enhance system performance

SmartRF Access Point

— Residential building and
community access

— Successful Field trial in China

and U.S. .
«Strong expertise in advanced
Integrated Network wireless communications
Management System technology
— Large scale WiFi Cellular sSuccessfully spun-off as ALTAI
network support on 1st May, 2006

*Hong Kong ICT Award
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Broadband Wireless Access
Technology Platform

PACKET CS

ATM CS

(" : : s N )
Security (encryption/ Network entry
thentication/..... :
authentication/.....) /Ranging/ARQ/
1 | Scheduling/Fragment/
Handover QoS Defrag
\. y,
.\ / J
OFDM OFDMA

Platform to develop PHY algorithms
and differentiating IP

Smart MIMO for WiMAX

-

P 4 Antenna pattern of
Smart MIMO

&

onvern onna t|]
jap

Smart MIMO for coverage extension, capacity

HON ementEandrnrterferenee mitigation
RESE H INETITUTE COMPANY LIMITED

55 N A I ST IR S R e T

Per frame traffic
requirement

Bits per frame and critical
level for each service flow and

Subcarrier ,
power and

User QoS burst
requirements profile
E.g Mbps, ————— > allocation

BER, delay,

jitter
Packet

|::> Bcheduler (MAQ

Radio |::>

Optimizer (PHY)

o>

Selected physical data

rate for each user

Cross-layer Optimization for QoS Improvement |

ASTR |$/,\£




Customizable Wireless
Management System

IMS Desktop
MNE Generator
R

New Module

Major Enhancement
Minor Enhancement
Reusable

» Multiple Network Element
Framework

Desktop Proxy

(DEP)

Network
Information &
Statistics
Manager (NIS)

WiMAX
Management Modules
(RF Interference,
Mobility)

— MNE Generator

Core Message Service (CMS) (Transport provided by JMS)

— Configuration Management

Network
Performance
Monitor
(NPM)

Network
Information
Collection
INIINAY

aaaaaa

Proxy Configuration

CCS Components
MNE Enhancements
(Configuration, Alarm, etc, ...)

Persistence

and Controller (PCC)

Service (PES)

CCS Components
Reusable
(Task Scheduler,
Location ...)

Central Control
Server (CCS)

— Alarm...
« WIMAX Features

— Performance Data

Layer

IMS Proxy (PX) IMS Proxy (PX)

A A A A

NIS, NIM
— QoS Management Modules
— RF Monitoring Module

Managed
(WiFi, WiMAX)
System

—

| Capabilities, Dependencies,
Alarms, Display etc.
|

b R PRaw data polled from NE]

Data aggregated and
populated to DB

. Local Query to check if

N —
Performance
Database

—_—

Minimal Effort required:;
-Importing vendor’s
MIB/Standard MIB
-Defining Metadata

Meta

MiB Data

MNE Generator producep:

CWMS MNE ’

Generator -Source codes
il PR -DB schema
m [ ] % 'ﬁ -User Interfaces
— S
Source DB User
codes Schema Interfaces

Rapid Customization for new vendor’'s Equipment with
MU OPR AN Fraffeork
O 5 B R A 4 R SRR S R

Threshold baséd

Threshold is exceeded
. Global Query to check if
Threshold is exceeded

N=

MS send Channel
Report to BS

Poll CINR/RSSI
values through SNMP

Aggregated value sent
to Database

on QoS Seni{xg

Channel Report
MS

WiIMAX QoS Monitoring WiIMAX RF Monitoring




Re-configurable OFDM Core

DMB-TH/ DVB-H

DMBTTH DVBH
Receiver
D D —~ Recoivas

B EHEol
EIPEE) G@mo

interleaver

scramber

Convolution
Coding

WIiFI/WIMAX

FFT | [symbol Timing
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UWB Core Technology Platform

EE; (W) WiMedia __ijj&m , |
Eozﬂ'!ﬁ ({M} aLLiance —USB ) m%w D

- e=SEss T MuitiBand GFOM Alllansse

*Contributor Member of WiMedia Alliance and Wireless USB Forum
*Member of USB Implementers Forum, IEEE (802.15.3 SIG), DLNA
eInitiated IGRS-UWB Interface Standards Study Group

Computers & Consumer
Peripherals Electronics

Wireless 48(r)|.Mhbps Wireless Next Gen
ISR IGRS SERgReL 1204 Riiatanth
ey o %.I:?Qfl €3 Bluetooth
Single WPAN CTP Supporting Multiple Key Applications

=

ASTRI et
gmrrron] - ASTRI |
== WMT MAC 623 Specific

ASTRI WA0612501© PAL

WMT BB 100 & Interfaces
Common UWB Radio (PHY and MAC)
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MIMO’s Promise
Multiple Input Multiple Output (MIMO) System

Where is MIMO?

Data | : " % _;:E_L ..‘._ =i Higher Bit Rates in Same Bandwidth Meed Practical MIMO Technology
TX Antennas : Voice IE="> Data M= Audio/Video/Streaming
l Phons 816G
T~ e DR L 7L
ENCODER —» MODULATOR nasi
184 Hbyre)
Wi [orr i
» ity 80211
1:N DEMUX » MODULATOR s ey Iﬂ-:uﬂ:dhr:ul Gi;ﬂﬁ;u:li:;?“
WPAH -
& & 3m {480 Mbips| 4y Liy
_’ -
MOD AR \”“““-" a5 2w 2000 s 2069 e Year
Advantages

i MIMO

C oc min(NTX ’ NRX) . RECEIVER
([
«Capacity grows linearly °
with the number of Tx and Rx Antennas
*Spectrum efficiency improvement -> Data rate improvement
Longer Range for the same data rate RX Antennas
Demonstrated technology in a Lab Environment (BLAST, Bell Labs, Mid 90s)
HIONG KOMG AFPLIED SCIENCE AND TECHNOLOGY ] ing
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Practical MIMO Core

* Size: System with correlated antenna ® Cost & Power: Low complexity RF Chains for
elements (10 dB loss) multiple antenna system

* Optimize the joint design of - Optimize performance with more antennas,
compact correlated antenna with but same number of RF front-ends (6dB
Space-time processing opportunity)

P-MIMO for WiFi/WiMAX-
enabled PDA (Short Term)

P-MIMO for
UPA, LTE/AIE
Smart Phone
(Longer Term)

HIOME KOMEG APPLIED SCIEMCE A
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Must Have Antennas!

» External Antennas * Internal Antennas y
— Whip or Helix antennas " ' — More aesthetic designs %

— Easy to design — Difficult to design

— Whip is only single band — Worse Free Space performance

— Excellent performance in Free Space — Better Multipath/TP performance

— Multipath/TP performance worse for helix | (1 to 2 dB better)

— Receives single-polarized waves — Receives multi-polarized waves

— Higher SAR (radiation in human head) — Lower SAR (50 to 60% lower)

— Mostly Asian manufacturers — Nokia, Sony-Ericsson, Siemens, etc.

IF
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Internal Antenna CoE

Core R&D Advanced R&D Internal Antennas
,"_Elecr_omagne'_[ic Miniature Multi-Band * Improved Designs
:Fleld Vlsuallzatlons Ar;tseigrr]]ga i i Active e | ower SAR
| \'g"' t-“i @ W 5 Antennas « Better Multipath
: — F——' Performance
- PIFA
:Magnetlc Currents Multiple Slots ! /v GSM1900
= L R B e
E i GSM800/1800
! “ Parasitics Ungrounded GSM900

\Electrlc Fields PN

External Antennas
e Old-fashion, extrude from device
» Higher SAR

N - Amphenol
= - N ‘ T&M ANTENNAS Hnnum‘s
HIMG KOMG APP CIENMCE ANLHmasei LD L S Laép
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WHAV-An Example Application

ASTR w Intelligent Wireless Home
Network Gateway

Smart Wireless
W Multimedia Adapter

— According the characteristics of different applications, guarantee their
guality of service

E.g. Transmit IPTV traffic in an efficient and reliable way

HOME KOME APPLIED SCIEMCE AND TECHMOLOGY
RESEARCH INSTITUTE COMPANY LIMITED
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— Longer and reliable
link
— Avoid and generate




Enabling Technologies for WHAV

Advanced Indoor MIMO
Platform

Intelligent Quality of Service Management

HONE KOMG APPLIED SCIENCE AND TECHNOLOGY Spherlcal Anten na Arra‘y v
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Material and Miniaturization
17 patents Filed, 12 patents to come

Low Cost Energy Storage

o TR
| ; v i
5 i)
R -
T
1 -
I
ol
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Cost Effective Fabrication
for RF Module

1 04T~ 0.23 VIMCME)

i

B i~
3. e

Cost Effective High
Density Data Storage

(T

Dissipation Modules
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WM'F: Wireless/Mobile Miniaturized MultiMode
MultiMedia MultiFunction
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Industry Bonding
Technology Dissemination Model

CT R&D Centre/
ASTRI
e\

4
Lo
O e

Technology Acquisition
Strategic Alliance

Joint Development
Consortlum

i.,n

Illlll“ll g
III‘I\“I.h

. UL Spln -off
Training & Technology Customsign Turn-key  Joint Venture

e QRS UL CYence ano Component 2
Trapsfer P OEM/ODM System .
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Summary

e Wireless Communications, Consumer Electronics, IC
Design, Material and Packaging

« WM'F:. Wireless/Mobile Miniaturized MultiMode
MultiMedia MultiFunction-fast growth and exciting
opportunities for Hong Kong

e Core Technology Platforms, Core IPs, technology transfers,
talents incubation,

 Local industries, universities, R&D organizations: R&D,
collaboration, alliance,...

« Gateway to/from global high technology industry:
Hong Kong
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