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The Pioneers of Mobile Communication

It all started 100 years ago

Heinrich Hertz, 1857-1894
« Electromagnetic waves 1887

Guglielmo Marconi 1874-1937
o First radio 1897

Reginald Fessenden 1866-1932
e Voice transmission over radio 1906
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First Mobile Radio Telephone
1924

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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Winners of the 2010 Reader's
Choice Awards Apple
== Smartphone
Best Smartphone: s .
HTC Hero iPhone 4
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HOW IT WORKS
36 digital cellular

Third-generation digital cellular technology will allow video to be transmitted
to mohile devices.

Standing Wideband code-division
or walking mulitple access cell site

384K bit/sec
Internet-specific

Core 3G senices
network
In a moving car WCDMA cell site
128K bit/sec
W Internet/
I E-commerce
WCDMA cell site
Fixed LAN i 2M bit/sec
PSTN

© Enduserswith 36 € Individual €D Network connects user to

What is 4G? ITU-Rs’ Perspective

A high degree of commonality
of functionality worldwide while

——
IMT-Aibvaniced]

i - retaining the flexibility to
Stendard / \ support a wide rage of services
Development and applications.

Organizations

LIE E ﬁm N :
 Capability of inter-working
s '3 with other radio access systems.
(HEEE

usamainy ¢ Capability of services within

i 6‘ w6590 @ ™ IMT and with fixed networks.

Japan China  Korea Japan Europe UK USA

Enhanced peak data rates

devices connect to WCDMA appropriate service, either 100M bps for high and 1Gbp5
wireless cell sites. cell sites PSTN, Internet-specific services .
Connection speed connect to such as weather reports, stocks for low moblllty
varies, depending on core 3G and sports; or to Internet and E-
type of usage. network. commerce sites.
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Real World (avg) Theoretical (max)
Download Upload Download Upload Avelabllity
wn p! wn pl
All Roads Lead to 4G (Eventually)
2.5G GPRS 32-48Kbps 15Kbps 114Kbps 20Kbps Today
2.75G EDGE 175Kbps 30Kbps 384Kbps B0Kbps Today Mobility
umTsS 226Kbps 30Kbps 384Kbps B4Kbps Today L 1995 2000 2005 2010+
W-CDMA B800Kbps 60Kbps 2Mbps 153Kbps Today
3G EV-DO Rev. A 1Mbps S00Kbps 3.1Mbps 1.8Mbps Today (
HSPA 3.6 650Kbps 260Kbps 3.6Mbps 348Kbps Today 3GLTE
HSPA 7.2 1.4Mbps 700Kbps 7.2Mbps 2Mbps Today ;“3“ 4 g :
pee {
WiMAX 3-6Mbps 1Mbps 100Mbps+ 56Mbps Today qu pre,
ile
LTE 5-12Mbps 2-5Mbps 100Mbps+ 50Mbps End 2010 1000 50‘? WiMAX
Pre-4G Medium D“\,?coﬂ“"" (WiBro)
HSPA+ - - 56Mbps 22Mbps 2011 Speed
HSPA 14 2Mbps 700K bps 14Mbps 5.7Mbps Today* "'Bm“
WPAN | ZigBee
100Mbps ' "
{‘:l;g ?:rrﬁ : - mobile / 60Mbps 2012 AMPS Woan 01_\1"“’ Wi-Max Manet
o . 1Gbps fixed éow ; ETACS 24GHz ®
pee A 802.11b Bluetooth
LTE Advanced - - 1.-22?:?%? - 2012+ - e Dat
1Gbps fixed 200 kbps >10 Mbps > 50 Mbps ata
ps Rates
2011 Fall 1 NCUE ICE - 14.4 kbps 144 kbps 384 kbps <50 Mbps <100 Mbps
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Two Flavors of 4G

Characteristic WiMax (802.16e) LTE (3GPP)
\/ Core Network All IP Network E-UTRAN moving to IP
Access Technology:
Downlink (DL) OFDM OFDM
Uplink (UL) OFDM SC-FDMA
Bitrate
DL 75Mbps 100Mbps
UL 25Mbps 50Mbps
Mobility 120Km/H 250Km/H
Handover Optimized Hard Inter-cell Soft
v/ Legacy 802.16a — 16d GSM/GPRS/EDGE/UMTS
Cell Radius ~5Km ~5Km
Cell Capacity ~200 users ~200 users
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Players in the 4G Battle
= WiMax (802.16€) = LTE (3GPP)
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Killer 4G Application:
Cloud Computing Goes Mobile

All their stuff in the palm of their hands 24x7.

Open ecosystem of applications,
content and devices.

User generated content.

Business content.

Demands true broadband connectivity.

(&
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TB per Month

Mobile Growth by Traffic Type

Mobile VolP

Mobile P2P

Mobile Web/Data
[} Mobile Video

1,800,000
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The World in the Palm of Your Hand

30 MB/Mo.

14 GB/Mo.

1 GB/Mo.
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Smartphones will outship the global
notebook + netbook market in 2010 and
the global PC market (desktop

+ notebook + netbook) in 2012.

Morgan Stanley Mobile Internet Report
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2009 Global Mobile Subscribers 2009 Global Mobile Broadband

4.6B Subscribers
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Traditional Router 5z VPN/Firewall Equipment
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M VoIP Gateway
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1 Desktop IP Phone
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Digital TV

Interactive TV

Video On Demand

Near Video On Demand

Web

Convergence of DTV and the Internet
Datacasting

Games
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1844 Morse’s Telegraph

1957 Satellite(Sputnik)

1962 Full Duplex Modem (300 bps)
2567 oigna Swit

1876 Telephone "
i Analog = "’,19895'-
H-an
(0] (o1 ] lg %1977 AM

P

} EOE) = 1991 GSM (Finland)
41999 3G (FOMA)
a [ Data 3

1927 Television <» 1997 DVB-T

1054 Znalog color TV

ideo - am —

% 1999 HDTV
1968 ARPANET
Academic
1976 Ethernet
%1978 TCP/IP Ry
1991 WWW

+» 2004 Web 2.0

1939 Digital Computer
1965 Mini computer(PDP-8)
#1976 Super Comjuter

| (5 .' +» 1331 PC(8088)
= Personal
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Basic Wireline CDMA GSM Wireline GSM Wireline

Telecom Services
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Wireless | 43.81 M Wireless | 142 M Wireless | 502.9M
Phone | 196.17 M Phone | 107.6 M Phone |in
Internet | 50.56 M Internet | 36.6 M millions
2G: CDMA 2G: GSM Intesgessin
3G: CDMA2000 3G: WCDMA 3c: ToSEBIRAS
4G: LTE 4G: LTE 4G: LTE
*Till Aug 2009
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3GPP EDGE
P EDGE EEE)| Fvolution e
4!\? roadban -
TD-5CD Wireless Access il
GSM — TD-SCDMA 9::> Evolution 4 Mobile Medical | b B Cocknath
e tment IJ Rural Area  Metropolitan | / & Broadband
LUMTS LTE © Mobile Learning/ RElEIecs Acceep
(FOD I:> HSPA [FOD/TOD) Mobile Teaching Broadband 4 e-Government
g Wireless Services
Services /
3GPP2 4 Mobile Library Niche Mobile
COMA 1 | == EVDO LrAB WMobile Schoolyard Safety Applications Broadband
Rev. 0/AB SMobile Leamin ; ., and Services Access SIPTV
g/Mobile A {
Teaching f ’VOD_
'v WHomeland Security ®lobile SNG
|IEEE [Geospatially-Awareness) $Video
16e :> 1Bm WHighway Patrol Streaming/Download
(TDD) (TDD/FDD) ©Security Surveillance / $Telematics
4
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Wireless Health

The wireless future of medicine

Qualcomm
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Interplay among Alternative Technologies

*The Game
*The hunter has the power to decide who wins

o SER FE dep

From Dr. C.K. Mao:
Telecom Regulation
(APEC Workshop)
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ELECTRIFYING THE TRANSPORTATION SECTOR WITH

Plug-in Hybrid Electric Vehicles
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"No, you weren't downloaded.
Your were born."
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Wireless Future :
A Seamless Mobile Lifestyle

Internet
verged services

»

Seamless connectivity to all
networks, applications, &

. PUBLIC
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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