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Wireless Communication ?

SMOKE SIGNALS
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The Pioneers of Mobile Communication

It all started 100 years ago

Heinrich Hertz, 1857-1894
o Electromagnetic waves 1887

Guglielmo Marconi 1874-1937
e First radio 1897

Reginald Fessenden 1866-1932
e \oice transmission over radio 1906
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The Titanic
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First Mobile Radio Telephone
1924
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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

2012 Spring 6 NCUE ICE



Winners of the 2010 Reader's
Choice Awards

Best Smartphone:
HTC Hero
from Sprint
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Wireless World Map

System Application Distance | Mobility Data rate
ZigBee Industrial Short Low Low (< 1 Mbps)
Bluetooth PC, Cell phone Short Low Medium (~ 1 Mbps)
UWB Home appliances Short Low High ( > 50 Mbps)
WiFi PC network Medium Low High (> 100 Mbps)
WIMAX fixed Internet Service Long Low Medium
2/2.5 G Cellular | Voice + low rate Long Medium Low
data
3/3.5G Cellular | Voice + Internet Long High Medium
4G Cellular Voice + ?? Long High High
WIMAX & LTE
4G Advanced Voice + ?? + ?? Long High Very high (> 200

Mbps)
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Wireless Map
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All Roads Lead to 4G (Eventually)

Mobility
$ 1995 2000 2005

WLAN WPAN  ZigBee
19w MANet
AMPS WLAN .;;1.-“"“ Wi-Max
Low ETACS 2.4 GHz B
SPEEd JTACS Bluetooth
WLAN . 802.11b Bluetoo
NMT oz
200 kbps >10 Mbps > 50 MbpS Data
- 14.4 kbps 144 kbps 384 kbps <50 Mbps <100 Mbps Rates
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What is 4G? ITU-Rs’ Perspective

Standard
Development
Organizations

."m-.".
WirelessMAN™ d
L 11

T WimAax

QIEEE

USA mainly

& v [

Japan China  Korea Japan Europe UK USA
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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.

o 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 mobility
and 1Gbps for low
mobility
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Players in the 4G Battle
= WiMax (802.16€) = LTE (3GPP)
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http://www.nokia.com/index�
http://www.ixplora.com/wp-content/2009/04/vodafone-logo-vbig.jpg�
http://www.google.com/imgres?imgurl=http://www.cybertheater.com/wp-content/uploads/2009/03/samsung_logo.jpg&imgrefurl=http://www.cybertheater.com/category/plasma-tv/&h=290&w=496&sz=14&tbnid=2pK5zIoadMicjM::&tbnh=76&tbnw=130&prev=/images%3Fq%3DSamsung%2BLogo&usg=__X-EAapWh1bfZ_qNDJKDEsLEGoZU=&ei=k48ASqWXHZWWMabFmeYH&sa=X&oi=image_result&resnum=4&ct=image�
http://www.google.com/imgres?imgurl=http://www.arsgeek.com/wp-content/uploads/2008/08/comcast-logo.jpg&imgrefurl=http://www.arsgeek.com/2008/08/31/comcast-sets-bandwidth-cap-effective-october-1/&h=223&w=632&sz=60&tbnid=0Y_86ItZV7HwjM::&tbnh=48&tbnw=137&prev=/images%3Fq%3DComcast%2BLogo&hl=en&usg=__cqwtxWPLKpkkVJkO5Thk_VIulQ4=&ei=XZAASpGMCdiLtgfL8MmPBw&sa=X&oi=image_result&resnum=4&ct=image�
http://www.google.com/imgres?imgurl=http://aviewfrommybalcony.files.wordpress.com/2009/04/timewarnercable_logo_1.jpg&imgrefurl=http://aviewfrommybalcony.wordpress.com/2009/04/01/time-warner-expands-consumer-internet-charges/&h=400&w=600&sz=15&tbnid=UuDulox7mJSpmM::&tbnh=90&tbnw=135&prev=/images%3Fq%3DTime%2BWarner%2BLogo&hl=en&usg=__HDMeE46P_D5pOu3_Ro1xLOG2Ikk=&ei=U54ASqHREYvSNP7bvOEH&sa=X&oi=image_result&resnum=1&ct=image�
http://www.thetechherald.com/media/images/200819/SprintNextelClearwireLogo_1.jpg�
http://www.t-mobile.co.uk/Dispatcher?menuid=menu_item_00�
http://www.google.com/imgres?imgurl=http://mradomski.files.wordpress.com/2008/03/dell_logo020307.jpg&imgrefurl=http://mradomski.wordpress.com/2008/03/16/benchmark-tools-the-holy-grail-and-the-single-source-of-the-truth/&h=480&w=640&sz=32&tbnid=vDCkrslBpqF2fM::&tbnh=103&tbnw=137&prev=/images%3Fq%3DDell%2BLogo&usg=___41o-TQ7URLzo3byxGHxbaBVcKM=&ei=TmkCSu3eJ5CMtgeso8WIBw&sa=X&oi=image_result&resnum=2&ct=image�
http://www.google.com/imgres?imgurl=http://www.cs.bgu.ac.il/~frankel/MultiCore08/intel-logo.jpg&imgrefurl=http://www.cs.bgu.ac.il/~frankel/MultiCore08/index.html&h=793&w=1201&sz=64&tbnid=_oHQ4mUT4HCqAM::&tbnh=99&tbnw=150&prev=/images%3Fq%3DIntel%2BLogo&hl=en&usg=__PXn8VDL4WIlu35bzYeYR6pjeH9I=&ei=r48ASv-JN5PcMaX4_OMH&sa=X&oi=image_result&resnum=1&ct=image�

22 Billion Internet-Connected Things

The number of devices connected to the Internet is expected
to hit 5 billion this month, says IMS Research, and will reach
22 billion by 2020.
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Killer 4G Application:
Cloud Computing Goes Mobile

" ] ( maznncom
facebook.
All their stuff in the palm of their hands 24x7 4 SEe!

OU le

Open ecosystem of applications,
content and devices.

User generated content.

Business content.

Demands true broadband connectivity.
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Mobile Growth by Traffic Type

Mobile VolP

Mobile Gaming [T -
Mobile P2P

3,600,000

Mobile Web/Data

Mobile Video TN——

TB per Month

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

14 GB/Mo.

Future

Present
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http://images.google.com/imgres?imgurl=http://pmp-world.net/uploads/posts/gigabyte_m528.jpg&imgrefurl=http://pmp-world.net/page/2/&usg=__60y6ae2SV0cOQpYpB-Ca0D7zJ5w=&h=346&w=380&sz=23&hl=en&start=59&um=1&tbnid=0uy5VVRuvoCAVM:&tbnh=112&tbnw=123&prev=/images?q=mobile+device+MID&start=54&ndsp=18&um=1&hl=en&sa=N�

Smartphones will outship the global
notebook + netbook market in 2010 and
the global PC market (desktop

+ notebook + netbook) in 2012.
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Morgan Stanley Mobile Internet Report
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HeRRBEXEREES FHl: China

@ Sﬂﬁaﬁﬁ ‘e mﬂﬁzﬁﬁ ch ﬁ 5,3,}!,2 i “@" MEXE
Teleco?;;"ségrvices Wireline CDMA GSM Wireline GSM Wireline
2 China BIE1E
e iﬂilﬁ OO UnicommEs:# ?ﬂ%ﬂ%&
Wireless | 142 M Wireless | 502.9M
Phone | 107.6 M Phone | in
Internet | 36.6 M millions
2G: GSM Intesgetsin
3G: WCDMA 3G: TDSIHBIRAS
4G: LTE 4G: LTE
* Till Aug 2009

BEREE  hEEEWRA , 2009F11A
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AR BT (EIATTE)EE : LTE v.s. WIMAX

3GPP

r

(GSh

3GPP2

IEEE

W Gopyrighl Cron 2009
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» Broadband
Wireless Access

» Mobile Medical
Treatment

> Mobile Learning/
Mobile Teaching

sMobile Library

sMobile Schoolyard Safety

»Mobile LeamingMobile
Teaching

sHomeland Security
(Geospatially-Awareness)

sHighway Patrol

»Security Surveillance

2012 Spring

Rural Area  Metropolitan

» Hotzone

» WISP Backhaul

> Broadband
Wireless Access

Broadband » e-Government
Wireless Services
Services

Niche Mobile

Applications Broadband

and Services Access SIPTV
$VOD
®Mobile SNG
®Video

Streaming/Download
®Telematics
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RIRNEIS . REMRE

Kitchen

Teen Bedroom
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Wireless Health

The wireless future of medicine

Qualcomm
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http://www.qualcomm.com/videos/innovations-wireless-health�

Interplay among Alternative Technologies

=The Game

*The hunter has the power to decide who wins

2012 Spring
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From Dr. C.K. Mao:
Telecom Regulation
(APEC Workshop)
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ELECTRIFYING THE TRANSPORTATION SECTOR WITH
Plug-in Hybrid Electric Vehicles

The Smart Grid Can Deliver

‘Wi bt vl ! by cheriaty Arwrca's srargy sty - Swaey o n g Iscirokey 8 e i prees o il bty e S g0 e tybd yolhies, © - Gorge it

e e e e e e e e e = auc

"B e O plgds ke el mo e e o oSty prasoe] s ety B CE0 UNTTIIS Ndee PRl i, sewmsey ty o S D00 on o perpeL” - R
'H DY N Y o) TRORCACR ot T I BECIN® DRPOTTY T e I 0 e 1 SRR Dverel (TR of B S0 ey et .-“_'lq_l,l-_:r

ML WY PR 2 ML SRS et ) Ll [ T st o PHEYL i Do b, s 9% m i 00— Uity of Mg

2012 Spring 26 NCUE ICE


http://www.google.com.tw/imgres?imgurl=http://conservationreport.files.wordpress.com/2009/03/smart-grid.jpg&imgrefurl=http://conservationreport.com/2009/03/19/energy-acting-federal-energy-regulatory-commission-ferc-chairman-wellinghoff-discusses-transmission-siting-and-what-the-smart-grid-means-to-ferc/&h=482&w=624&sz=241&tbnid=l99CfXNFwlFltM:&tbnh=105&tbnw=136&prev=/images%3Fq%3Dsmart%2Bgrid%2Bppt&hl=zh-TW&usg=__ylD6hqAzWcKA86y0dkWIPCBMgpc=&ei=J1eYS6bQCYzY7APmxJnKCA&sa=X&oi=image_result&resnum=4&ct=image&ved=0CBsQ9QEwAw�
http://www.automatedbuildings.com/news/may07/articles/mcgowan/GridWeek CRInvite-HiRes.pdf�
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"Wo, you weren't downloaded.
Your were born."
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Wireless Future :
A Seamless Mobile Lifestyle

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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