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The Pioneers of Mobile Communication
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Claude Elwood Shannon

( 1916 -2001 )

Father of Information Theory
Electrical engineer, mathematician, 

and native son of Gaylord. His creation 
of information theory, 

the mathematical theory of 
communication, in the 1940s and 
1950s inspired the revolutionary 

advances in digital communications 
and information storage that 

have shaped the modern world. 

This statue was donated by the 
Information Theory Society of the 

Institute of Electrical and Electronics 
Engineers, whose members follow 

gratefully in his footsteps. 

Dedicated October 6, 2000 
Eugene Daub, Sculptor
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Best Smartphone: 
HTC Hero 
fromSprint
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•A high degree of commonality 
of functionality worldwide while 
retaining the flexibility to 
support a wide rage of services 
and applications.

•Capability of inter-working 
with other radio access systems.

•Capability of services within 
IMT and with fixed networks.

•Enhanced peak data rates
100Mbps for high and 1Gbps 
for low mobility

Standard
Development 
Organizations

China JapanKoreaUK Europe Japan

USA mainly

USA

ITRI/ICL 20092

Standard
Development 
Organizations
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All Roads Lead to 4G (Eventually)

200 kbps>10 Mbps> 50 Mbps



�

�

�

Two Flavors of 4G
CharacteristicWiMax (802.16e)LTE (3GPP)

Core NetworkAll IP NetworkE-UTRAN moving to IP

Access Technology:
Downlink (DL)

Uplink (UL)
OFDM
OFDM

OFDM
SC-FDMA

Bitrate
DL
UL

75Mbps
25Mbps

100Mbps
50Mbps

Mobility
Handover

120Km/H
Optimized Hard 

250Km/H
Inter-cell Soft

Legacy802.16a –16dGSM/GPRS/EDGE/UMTS

Cell Radius 
Cell Capacity

~5Km
~200 users

~5Km
~200 users

Players in the 4G Battle
�WiMax (802.16e)�LTE (3GPP)
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Mobile VoIP
Mobile Gaming
Mobile P2P
Mobile Web/Data

Source:�Cisco�VNI�Mobile,�2010

Mobile Video

1
SSSoSour urcece::Ci Ci Ci CiscscooVNVNVNVNIIIIMMMo Mobi bi bi billlele,2020202010101010

Future
Present

Past

30 MB/Mo.
1 GB/Mo.

14 GB/Mo.

30MB////////////MMMMMMMMMMMMM

14 GB/Mo.
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200820092010(e)2011(f)2012(f)2013(f)

Infrastructure Equipment

Enterprise Networking and Communications

Mobile Handsets

Fixed Voice Services

Fixed Data Services

Mobile Telecom Services

58%

2013

, 
78%

, 
22%

Gartner2009/12MIC20106
�

�

2009-2013 
CAGR2.6%

2009-2013 
CAGR2.6%
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2009 Global Mobile Subscribers 
4.6B

CDMA
0.7 Billion, 

14%

GSM/UMTS
3.6 Billion,79%

: MIC, 20107

UMTS
0.30 Billion,
42%

HSPA
0.25Billion,
35%

Others(TD-SCDMA, WiMAX, EDGEEvolution, 

XGP)
0.022B, 3%

EV-DO
0.14 Billion, 
20%

2009 Global Mobile Broadband 
Subscribers

0.71B

Others(PDC, WIMAX, PHS, 
TDMA)

0.3 Billion,
7 %
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North�AmericaEuropeAsiaOthers

�

2008-2013

2010-2013WW CAGR=11.1%

�
50,000�

100,000�
150,000�
200,000�
250,000�

200820092010(e)2011(f)2012(f)2013(f)

2010-2013WW 
CAGR=14.5%

2008-2013VoIP

�

200,000�

400,000�

200820092010(e)2011(f)2012(f)2013(f)
IPTV

2010-2013CAGR=13.2%
2010-2013IPTV CAGR=24.6%

2008-2013/IPTV

: MIC, 20107

2010 Fall25NCUE ICE 20107

-
100 
200 
300 
400 
500 
600 
700 
800 

200820092010(e)2011(f)2012(f)2013(f)2014(f)2015(f)
UCTelepresenceHosted IP VoiceIP VPNConferencing

2009-2015 CAGR

UC 34%

Telepresence
33%

28%

6%

6%

�Telepresence
2009242015139

20093.5201519
30%
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5%4%5%5%4%4%
6%6%6%6%6%7%

0%

20%

40%

60%

80%
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200820092010(e)2011(f)2012(f)2013(f)
Enterprise WLANIP PBX
VoIP GatewayDesktop IP Phone

MIC20107

2009-2013 CAGR
7%

Enterprise SwitchL2-L3Enterprise Router
Traditional RouterVPN/Firewall Equipment
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Unit: US Million
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��1976 Ethernet

�1978 TCP/IP
�1991 WWW

Internet
Sector

Academic

187018801890190019101920193019401950196019701980199020002010

�1968 ARPANET

�2004 Web 2.0  
Social

Commercial

�1977 AMPS
�1991 GSM (Finland) 

Mobile

Digitization

Voice

�1989 DSL
Broadband

�1962 Full Duplex Modem (300 bps)
1844 Morse’s Telegraph �1957 Satellite(Sputnik)

�1976 Digital Switch

�1876 Telephone 

Telecom 
Sector

Analog

Data

�1954 Analog color TV�1997 DVB-T 

TV Sector
B&WColorDigitization

�1999 HDTV 

�1927  Television 

�1999 3G (FOMA)

Data

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeect eeeeeeeeeetor t
Video

Voice

�1939 Digital Computer

�1976 Super Computer
�1965 Mini computer(PDP-8)

�1981 PC(8088)

Main Frame

Personal

�2007
EeePC

Computing
SectorP.32/58 200911



Today
Single-service networks

D
ata/IP N

etw
orks

PL
M

N

PST
N

/ISD
N

C
AT

V

Services

Access Transport & Switching Networks

Tomorrow
Multi-service network/client-server

Backbone Network

Clients

Fixed
Access

Mobile
Access

Other 
Access

Servers CommunicationControl

ContentContent

200911

CDMAGSM

Wireless43.81 M
Phone196.17 M

Internet50.56 M

Wireless142 M
Phone107.6 M

Internet36.6M

Wireless502.9M
Phonein

millions*
Internetin

millions*

Wireline Basic
Telecom Services

WirelineGSMWireline

* Till Aug 2009

2G: CDMA2G: GSM2G: GSM

3G: CDMA20003G: WCDMA3G: TDS-CDMA

4G: LTE4G: LTE4G: LTE

200911

GGSN

SGSN

DWDM

IP Backbone
(MPLS Enabled Switching)

DSLAM

Router

Access
GW
IAD

Access
GW

Trunk
GW

TDM
Peripheral

Packet
TDM

Direct Client

(Access Network) Backbone Network
/

Service / Management Layer

CAU

MUX

Server
CPE

Edge  Node

Access Node

(Access Loop)

200911
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Central Office
Home

ADSL2+
2-10 Mbps

The access network can transform in steps utilising GPON in 
combination with VDSL2

3 -4 km

Fiber

Fiber To 
The Curb”

GPON + VDSL2
25-50 Mbps

~1 km

Fiber

Fiber To The 
Basement”

GPON + VDSL2
50-100 Mbps

100 –200 m

Distance of using the existing copper loop for broadband delivery

Fiber closer to the home = higher bandwidth 

Legacy Copper Loop
Fiber

Fiber To 
The Home”

Pure GPON
100+ Mbps

0 (zero) m

200911

Source: FSAN

VDSL2 17a
�25-50 Mbps
�2-10 Mbps

VDSL2 30a
�50-100 Mbps
�25-40 Mbps

PON:         
0.1-1.0GbpsONU

ONU

ONU NT

Twisted Pair

xDSL

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

NTONU

Internet

Leased Line

Service nodes

Frame/Cell
Relay

Telephone

SNI

Optical Distribution Network
FTTH

FTTB

FTTC

OLT
ATM-PON ATM-PON

oror
SDH... SDH...

Interactive
Video

200911200911
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�The Game
�The hunter has the power to decide who wins

From Dr. C.K. Mao: 
Telecom Regulation 
(APEC Workshop)
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Adaptiveradios
can adjust themselves to accommodate 
anticipated events

Fixed radios
are set by their operators

Cognitive radios
are aware of their environment and   
learn how to adapt

Cognitive Radio
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Wireless Future : 
A Seamless Mobile Lifestyle

HOT SPOTS

Public Networks/
Internet

Converged services

PUBLIC
TRANSPORTVEHICLEE

WORK

OUTDOORS

RURALLLLL

HOMEEE H

C NSP

Seamless connectivity to all 
networks, applications, & 

services

Anytime and Anywhere
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Challenges

�Social (e.g. children’s use)
�Political (e.g. posting false info)
�Policy (e.g. access)
�Legal (e.g. copyright)
�Technical (e.g. security)

These fundamental issues are closely 
intertwined and must be addressed if we 
are to realize the opportunities before us.
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Questions?
Comments?


