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Course Contents

¢ Fundamental Wireless Technology
* Propagation Model
* Wireless Medium Access
* Transport Solutions
* Ad hoc/Mesh Wireless System
* Cellular System
* Middleware Systems
* Multimedia System
* Advanced Wireless Technology
* Multicasting
* Beyond 3G
* Routing Algorithms/Mesh Network/VANET
* QoS/ Reliable Mutlimedia Transmissions
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First Week Agenda
* Course Preview
* Wireless Multimedia/Mobile Computing / Pervasive Computing
* Wireless Mobile Communications
¢ System Review and Fundamental Problems
* Next Week
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WiMAX Nomadic and Portable
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Femtocell

Femtocell: Consumer installed wireless data access
point inside homes, which backhauls data through
a broadband gateway (DSL/cable/Ethernet/WiMAX)
over the Internet to the cellular operator network.
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Mobile Sensing

[ ambientight UbitFit Garden Garbage Watch Participatory Urbanism
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Direct Sequence Spread Spectrum

To transmit a O the station use a unique “chip

sequence ": 1
| | 10110

To transmit a 1 the station use the one 's complement
of its chip sequence:

| [ 01001

Therefore if data is 1010 it will transmit:
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Recent Wireless Technologies
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Frequency Hopping Spread Spectrum

* Transmitted signal is spread over a
wide range of frequencies. (i.e. 2.400- &
2.485 GHz) >

=

¢ Transmission usually hop 35 times L
per second. f

Time
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DS-CDMA

* Processing Gain:

* SF=2 cases:

* (1,1)®(1,1)=1+1=2 (Processing Gain)

¢ (1,1)®(1,-1) = 1-1=0 (orthogonal)

¢ SF=4cases:

. (1,1,1,1)®(1,1,1,1)=1+1+1+1=4 (Processing
Gain)

. (1,1,1,1)®(1,1,-1,-1) =1+ 1 -1 -1 =0 (Orthogonal)

¢ SIR= Pr * Processing Gain / Interference

. = Pr* (Total_Radio_Frequencyband / Bitrate) / Interference
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Narrowband vs. Wideband S
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CR (Cognitive Radio) aad

* The CR idea was initially introduced by Joseph Mitola. On average, only
2% of allocated spectrum in the U.S. is actually in use

7.’,,"8'. -
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A 60 GHz Wireless Network
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W Figure 1. Configuration of gigabit WPANs in a typical home environment.
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Wi-Fi 2.0

Tier 2 Tier3

Spectrum @
subleasing

End customers
(CR devices)

Tier 1

Licensed spectrum

Wireless service providers

Spectrum broker
(CR hotspots)

(auctioneer)

* Short-term contract
(e.g., by sessions)

* Periodic (e.g., hourl¥)
+ Temporal transfer o
spectrum usage rights
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Multi-channel, Multi-Radio, MIMO
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Wireless Mesh Network.
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Aeronautical Communications
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Wireless & Multimedia Netwark Labaoratory™ rolessy
L L Mt
-
CcSE

Multimedia over IP

|r Mobility & All 1P ey =y
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Mesh Network Scenario
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Wireless Applications Scenario
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IMS Service Scenario

El Trailer undergoes
content adaptation

III John’s call directed E-mail download E Higher priority
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Video Transmission in VANET

GPS gets instant video streams from
the surveillance cameras at an intersection.

The driver can get a better view of the
traffic.
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Context Aware Communication
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Adaptive Applications
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Situation-Aware Wireless Networks

@rsrmees [ sreEsaEicn Changes in the network
environment

Aysuzp oer)
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Quiz 0: WLAN Performance A_noma_ly Problem
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802.11 family
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Figure 1. The 802.11 PHY layer amendments and their dependencies.
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Fairness for upstream and downstream
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N downstroam mobile N upstream mobile
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Expectation of the Class
¢ Basic Understanding of PCS world

* Being able to do the wireless research
* Developing the capability to invent the key wireless applications

Wireless & Multimedia Netwark Laboratary™ [Wirelessy
Misftivn e il

csFE

Mobile Computing
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Reading list for This Lecture

* Required Reading:

(S.2001) M. Satyanaraynan, “Pervasive Computing: Vision and Challenges”,
IEEE Personal Communication Magazine, (August 2001), pp.10-17
(Bi2001) Qi Bi, George I. Zysman, and Hank Menkes, “Wireless Mobile
Communications at the Start of the 21 Century”, IEEE Communication

Magazine (January 2001), pp. 110-116

Reference Papers:

(Heusse 2003) M Heusse, F Rousseau, G Berger-Sabbatel, A Duda —
“Performance anomaly of 802.11” [EEE INFOCOM, 2003

(Guido 2010) Guido R. Hiertz, Dee Denteneer, Lothar Stibor, Yunpeng
Zang, Xavier Perez Costa, Bernhard Walke, “The IEEE 802.11 Universe”.
IEEE Communication Magazine January 2010, pp 62-70.
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Course Process

¢ Paper reading and your presentations
* Wireless Multimedia Applications Exercises
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Mobile phone today =
multipurpose terminal for ...

E Internet Browser Information
D} Client
@& E-mail Client
E-purse
Authentication
Device
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Mobile Computing

Applications

Operating Systems
Devices

Wireless Networks
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Mobile Computing nal

* information processing in general

* not just communication or just computing, but both
* Any medium or combination of medium

* process not just telephone voice or just data, but multimedia
* Mobility

* components of the systems may be

* moving, tether-less (wireless), portable
¢ uses of the system may be moving

Wireless & Multimedia Network Laboratory™
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Is there a more “academic” reason ?

¢ Reason # 2: a next step in the evolution of information system

* Evolution from personal computing to networked computing to mobile
computing

* Evolution from wired telephony to cordless telephony to mobile
cellular telephony

* At the same time, unification of computing and communication

Wireless & Multimedia Netwaork Laboratory™
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Pervasive Computing

* Technology that disappears

* The most profound technologies are those that disappear. They weave
}hemselves into the fabric of everyday life until they are indistinguishable
rom it".

* Ubiquitous (Invisible) Computing (Xerox PARC)
¢ Cheap computers of different scale and types embedded everywhere

* Potentially 100s of computers per room that disappear into background
(e.g. active badge, tabs, pads, live boards..)

* User centric, not terminal centric

* Computers swapped and shared among users
* Effective Use of Smart Spaces
* Invisibility
¢ Localized Scalability

* Masking Uneven Conditioning

Wireless & Multimedia Netwark Labaoratory™
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Why should we care ? s o

¢ Reason # 1: $$$ & jobs

* Explosive growth of wireless voice, paging, and data services
* 35-60 percent annual growth in the past decade
* mobile phones in US will be 42 % of fixed -line phones by 2000
* 700 million mobile users at the end of 2000
* One billion expected by 2003

* Big demand for portable communicators and computers
* 2 M portable computer in 1988 to 74.1 M units in 1998

elesy
Musftivn e+

Mobile Multimedia Systems ~ “*

* Ubiquitous information access (everybody else)
* e.g. wireless computing, mobile computing, nomadic computing
* information distributed everywhere by “the net”
* users carry (wireless) terminals to access the information services
* terminal is the universal service access device
* terminals adapt to location and services
* Knowledge-based society

¢ Flexible Users Choices
* In terms of access, service, content ’
* Any where, anytime, any terminal equipments

* Wearable Computing terminal / Mobile Broadband services
(MBS)

Wirelessp
Musftivn e+
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Support for Pervasive Computing
User Intent
Cyber Foraging
Adaptation Strategy
High-Level Energy Management
Balancing Pro-activity and Transparency
Privacy and Trust
Impact on Layering
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Wireless Communications

Mobile Communications
Fixed Broadband Wireless Communications
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Evolution of Mobile Wireless Systems

* First Generation : Analog — Voice (Early 1980s)
* Analog modulation
* Cellular phone (AMPS) with manual roaming
* Cordless phones
* Packet radio networks

* Second Generation : Digital - Voice & Data (Early 1990s)
* WAP (wireless application protocol)
* 25GGPRS
* TDMAand narrowband CDMA: EX-GSM, IS-95(cdmaOne)

* Third Generation: Digital — Multimedia (Late 1990s)
* Unified digital wireless access anytime, anywhere
* Voice, data, images, video, music, sensor etc.

* 4G~ Life after Third-Generation Mobile Communications
* LTE (Long Term Evolution), Wimax

Wireless & Multimedia Netweork Laboratary™ Wirelessp
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Wireless Personal Communications

¢ Whatis it?
* Cellular telephone
* Cordless telephone
* Paging systems
* Wide area data networks
* Local area data networks

+ Many ways to segment PCS
* Applications
* Extent of coverage
= Degree of mobility (speed, area)
* Circuit switched voice vs. packet-switched data
* Mode of communication (messaging, two-way real time, paging, agents)
* User location (indoor vs. outdoor, train, airplane)
¢ Common ingredients in all PCS activity
* Desire for mobility in communications
* Desire to be free from tethers

Wireless & Multimedia Network Laboratory™
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GPRS Architecture
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Wireless Mobile Interface

Network-to-network

d

Air interface
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—| controller A
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I interface lyinterface

W Figure 4. Wireless mobife system interface definition.
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Elements of UMTS Architecture

PLMN, PSTN
ISDN, etc.
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W Figure 1. The increasing trend in estimated population of mobile subscribers
in China from 1998 to 2010. The total mobile communication related product
value is estimated at about US$ 180-220 billions.
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3G-Network integration

Interconnectivit

| Network
Servers (IP,

Radio Terminal

Applications
* Multimedia
* Infotainment

Packet
Networks

1S-41, GSM
MAP
Evolution
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Cdma2000 WCDMA TO-SCOMA
Multiple access DS-COMAMC-COMA DS-COMA TOMA/DS-COMA
CLPCF 800 Hz 1600 Hz 200 Hz
PCSS 1 dB (0.5, 0.25 optional) 0.25-1.5 d8 1,2,3d8
Channel coding Canvolutional or turbo coding (< RS, or turbo codi [ or turba
spreading code DL:Walsh, UL:M-ary Walsh mapping ~ OVSF ovsk
VSF 4..256 4..256 1..16
Carrier 2GHz 2GHz 2GHz
Modulation DL: QPSK, UL: BPSK DL: QPSK, UL: BPSK QPSK, B-PSK (at 2 Mbys
Bandwidth 1.25%2/3.75*2 MHz 542 MHz 1.6 MHz
UL-DL spectrum Paired Paired Unpaired
Chip rate 1.2288/3,6864 Mchips/s 3.84 Mchips/s 1.28 Mchipis
Frame length 20ms, 5 ms 10ms 10ms
Interleaving periods  5/20/40/80 ms 10/20/40/80 ms 10/20/40/80 ms
Maximum datarate 2.4 Mb/s 2 Mbys 2 Mbys
Pilat structure DL: CCMP, UL: DTMP DL: DTMP, UL: DTMP CCMP
Detection PSBC PCBC PSBC
Inter-B5 timing Synchranaus

CCMP: common channel multiplexing pilot; DTMP: dedicated time multiplexing pilot; VSF: variable spreading factor; CLPCF: clo
power control frequency; PCSS: power control step size; DL: downlink; UL: uplink; PSBC: pilot symbol based coherent; PCBC: pi
nel based coherent
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Location-Based Applications

Figure 1. A typical location data transaction

Mobile
Handset

Network Location
Sources

Carrior Intranet
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WIMAX Nomadic and Portable
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Ref: Margaret LaBrecque , “Enabling Deployments through Standards and Certification,”
WiMax, 2003
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Tight and Loose Internetworking

WFigure 1. a) Tight and b) loose interworking architecture of 3G WLAN networks.
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Channel Propagation and Fading
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