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Wireless Communication ?

SMOKE SIGNALS

2012 Fall 2 NCUE EE_dept/GICE



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
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All Roads Lead to 4G (Eventually)

Mobility
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Mobile Broadband Landscape

Cellular Wireless Law of Spe

Mobile device for Cell size shrinks Cell
everything count increases

30 Years
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The Real World Access
Technoloqgy

Short Link (10m)
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M Same trend for WLAN, Wireline and Cellular
M Cellular is 10 years behind from WLAN
M 1G wireless for WLAN->Gigabit Wireless for cellular in 2020
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The Rise of Mobile Broadband

To enable x10 (speed) x10 (devices) x10 (industries)

Connected Devices

Anything that can be connected
will be connected
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Massive User Expectation Change

Number of Days to Reach 1 Million Units Sold

IPad IPhone Netbook Blackberry IPod

« Always-On Access with Super-Fast Boot Time
e Near Zero Latency Access to All Information
« Day-Long-Plus Battery Life in Elegant Portable Devices
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http://www.google.com/imgres?imgurl=http://regmedia.co.uk/2010/02/01/ipad_frontal.jpg&imgrefurl=http://www.reghardware.com/2010/02/22/apple_ipad_advance_orders/&usg=__O5ld5keH0Hi5xo_gxuGIex9YI7c=&h=480&w=380&sz=47&hl=en&start=41&zoom=1&um=1&itbs=1&tbnid=S5GyZoU09lGLkM:&tbnh=129&tbnw=102&prev=/images%3Fq%3Dipad%26start%3D40%26um%3D1%26hl%3Den%26client%3Daff-ime%26hs%3D4LH%26sa%3DN%26rlz%3D1W1GFRE_en%26ndsp%3D20%26tbs%3Disch:1�

The New Era of Cloud Computing

Empowered by Virtualization and Mobile Broadband Device

2012 Fall

M In 5 years, 25% of computing devices
will be wireless tablet or netbook.

M Today, desktop has 5% growth, notebook
17% (down from 25%).

M Windows has 5% market share in mobile
device, Android approaching 20%.

In 2020, people will not work with
software running on their PC, rather via
the Internet and cloud-based
applications with mobile devices
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tPad
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Market Trends

Tire Down the Walls, Make World Your Office

At Home On the Go

Next Generation Wireless = Affordable Personal Mobility
Multimedia Service
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Key Technical Challenges

Affordable

1Mbps
anytime, anywhere R
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Wireless Data Trends

Terabytes
4,000,000

Potential
3,000,000 4G Demand

2,000,000

1,000,000

2010 2014
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Beyond 3G

= Evolutionary path beyond 3G
— Mobile class targets 100 Mbps with high mobility
— Local area class targets 1 Gbps with low mobility

= 3GPP is currently developing evolutionary/

revolutionary systems beyond 3G
— 3GPP Long Term Evolution (LTE)

= |[EEE 802.16-based WiIMAX is also evolving
towards 4G through 802.16m
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Wireless Data Trends

12 Mbps

7 Mbps

5 Mbps
3 Mbps

700 Kbps
600 Kbps

2006 2007 2008 2009 2010 2011-2015
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What is 4G? ITU-Rs’ Perspective

Standard
Development
Organizations
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.. WIiMAX
¢IEEE
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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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What is LTE ?

= |n Nov. 2004, 3GPP began a project to define the long-term
evolution (LTE) of Universal Mobile Telecommunications
System (UMTS) cellular technology
= Higher performance
= Backwards compatible

= Wide application
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Requirements for LTE

= Peak data rate

x 100 Mbps DL/ 50 Mbps UL within 20 MHz bandwidth.

x Up to 200 active users in a cell (5 MHz)

x Less than 5 ms user-plane latency
= Mobility

x Optimized for 0 ~ 15 km/h.

x 15~ 120 km/h supported with high performance.

% Supported up to 350 km/h or even up to 500 km/h.
= Spectrum flexibility: 1.25~ 20 MHz

= Enhanced support for end—toz-oend QoS
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Long Term Evolution(LTE)-Advanced: Key
Features

= Compatibility of services

= Enhanced peak data rates to support advanced services and
applications (100 Mbit/s for high and 1 Gbit/s for low mobility).

= Spectrum efficiency: 3 times greater than LTE.

= Peak spectrum efficiency: downlink — 30 bps/Hz; uplink — 6.75
bps/Hz.

= Spectrum use: the ability to support scalable bandwidth use and
spectrum aggregation where non-contiguous spectrum needs to

be used.
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Evolution of Radio Access Technologies
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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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Smartphones will outship the global
notebook + netbook market in 2010 and | soae
the global PC market (desktop

+ notebook + netbook) in 2012. | BB

| | Messages

Voicemail

People Mail Market

Morgan Stanley Mobile Internet Report

Camera
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HeRRBEXEREES FHl: China
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Wireless | 502.9M

Phone | 107.6 M

Phone | in millions

Internet | 36.6 M
2G: GSM
3G: WCDMA
4G: LTE

Internet | in millions

2G: GSM
3G: TDS-CDMA
4G: LTE

* Till Aug 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 Fall

Rural Area  Metropolitan

Broadband
Wireless

Services
Niche Mobile
Applications Broadband
and Services Access

» Hotzone

» WISP Backhaul

> Broadband
Wireless Access

» e-Government
Services

SIPTV
$VOoD
®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 Fall
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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
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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�

RELAx,BoSS/
TW6 i THE LATEST
FASHION N W IRELESS

COMMUNTCATION .|

"Wo, you weren't downloaded.
Your were born."

httP:/tetaleclipsed hipermart.net/
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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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