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First Week Agenda

Course Preview

Wireless Multimedia/Mobile Computing / Pervasive Computing

System Review and Fundamental Problems

*

*

+ Wireless Mobile Communications
*

* Next Week
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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
° Heterogeneous System
* Routing Algorithms/Mesh Network
* QoS/ Reliable Transmissions
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Roaming Across a variety of heterogeneous network an
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WiIMAX Nomadic and Portable

Non Line of Sight
Point to Multi-point

802.16 é\‘
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—— © 802.16e PC Laptop Connected
=gl Through 802.16
% eexseesT
— CONNECTION

2 to 3 Kilometers Away

Ref: Margaret LaBrecque , “Enabling Deployments through Standards and Certification,”

WiMax, 2003
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Growth in traffic in different access system o
and voice and data services
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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) g
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Direct Sequence Spread Spectrum

To transmit a 0 the station use a unique “chip

sequence™: ,
| § 10110

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

L[] 01001

Therefore if data is 1010 it will transmit:

Hlﬂomﬂﬂm
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Narrowband vs. Wideband

Spread Spread
energy energy
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Ultra-Wideband Radio
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CR (Cognitive Radio)

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

Fred
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Mesh Network Scenario
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3GPP - Release 5 IMS & HSDPA
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IMS Service Scenario

E Trailer undergoes
content adaptation

¥ o X

to PC. as Bob prefers slows down to
allocate John's call
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Context Aware Communication

s 6

o communicate

' Use savvicon Ll 10 Liaod meads and situations
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Adaptive Applications Situation-Aware Wireless Networks
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IEEE 802.11 WLAN
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Quiz 0: WLAN Performance A__nvomavly Problem

1 Mbps data rate

—
Ko g "
Nodeg,

802.11b

Z 11 Mbps data rate
! I B

nominal rate-(Mbps)  throughput (Mbps)

A B A B
11 i1 .3.09 -8.36
1 11 0.73 0.76

Wireless & Multimedia Network Laboratory™

CcsE
Fairness for upstream and downstream

N upstroam mokiio
station

N dnwnstronm mabils
station

Wireless & Multimedia Network Laboratory™




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
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Course Process

* Paper reading and your presentations
+ Wireless Multimedia Applications Exercises
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Mobile Computing

Wireless & Multimedia Network Laboratory™

Mobile phone today =
multipurpose terminal for ...

Internet Browser Information
Client
[
< —_ %ﬁy >
=]
E-mail Client
E-purse
Authentication
Device Share dealing, etc. @
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Reading list for This Lecture

* Required Reading:
(Cfox95) D. Cox,"Wireless Personal Communications: What is it?,"IEEE
Personal Communication Magazine, (April 1995) pp.20-35
(S.2001) M. Satyanaraynan, “Pervasive Computing: Vision and Challenges”,
IEEE Personal Communication Magazine, (August 2001), pp.10-17

(Bi2001) Qi Bi, George |. Zysman, and Hank Menkes, “Wireless Mobile
Communications at the Start of the 21 Century”, IEEE Communication
Magazine (January 2001), pp. 110-116

Further Reading

(Bolcskei2001) H. Bolcskei, A. J. Paulrai, K. V. S. Hari, and R. U. Nabar,
“Fixed Broadband Wireless Access: State of the Art, Challegnes, and
Future Directions”, IEEE Communication Magazine
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Mobile Computing

Applications

Operating Systems

Devices

Wireless Networks
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Mobile Computing Why should we care *
. . i
* information processing in general Reason #1 : $$3 & jobs
* not just communication or just computing, but both * Explosive growth of wireless voice, paging, and data services
+ Any medium or combination of medium * 35-60 percent annual growth in the past decade
. 5 . . . * mobile phones in US will be 42 % of fixed -line phones by 2000
° process not just telephone voice or just data, but multimedia - N
* Mobil * 700 million mobile users at the end of 2000
obility + One billion expected by 2003
* components of the systems may be . .
R ) ) + Big demand for portable communicators and computers
moving, tether-less (wireless), portable . o
+ uses of the system may be moving * 2 M portable computer in 1988 to 74.1 M units in 1998
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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

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 ‘vb
* In terms of access, service, content ’ i

¢ Any where, anytime, any terminal equipments

* Wearable Computing terminal / Mobile Broadband services

(MBS)
Wireless & Multimedia Network Laboratory™ Wirelesy Wireless & Multimedia Network Laboratory™ Wirelesy
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Pervasive Computing Support for Pervasive Computing
* Technology that disappears + User Intent
* The most profound technologies are those that disappear. They weave :
themselves into the fabric of everyday life until they are indistinguishable ¢ Cyber Foraging
from it’. + Adaptation Strategy
o Uhiaii - .
Ubiquitous (Invisible) Cgmputmg (Xerox PARC) * High-Level Energy Management
* Cheap computers of different scale and types embedded everywhere i .
* Potentially 100s of computers per room that disappear into background ¢ Balancing Pro-activity and Transparency
(e.g. active badge, tabs, pads, live boards..)  Privacy and Trust
* User centric, not terminal centric . X
* Computers swapped and shared among users Impact on Layering
+ Effective Use of Smart Spaces
* Invisibility
* Localized Scalability
¢ Masking Uneven Conditioning
Wireless & Multimedia Network Laboratory™ Wirelesy Wireless & Multimedia Network Laboratory™ Wirelesy
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Pervasive Computing Aura Client
ST GOSN |
. Lot r=rl] Zirig
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' e R L o | | SR tedes ek e
| tocaton sty | | | o ¥ Chrla el clyesey wers create prc {6 Aura, ur e beng
Rt RS | ‘I#M thes: dl:r:eeeti are sufﬂwﬂﬂf extensive that th \mN'“
- “-ss:ll wneghyrsr:ru a rwl vI'lR Other ponents, such as Pri lgﬂ and
b Specta,are belng created specically rapilgm i si i
~sestn | com s are [ikely to be added over tme since lur-utelalumlyeall in
o oo its design at the time of this writing, Server and infrastructure support for
Auirh are not shown bere.
v W Figure 2. The struciure of an Auwra clieni.
W Figure 1, Faaonomy of compater sysirm resasch problenis b g e
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Evolution of Mobile Wireless Systems
Wireless Communications * First Generation : Analog — Voice
* Analog modulation
* Cellular phone (AMPS) with manual roaming
* Cordless phones
* Packet radio networks
* Second Generation : Digital - Voice & Data
* WAP (wireless application protocol)
© 25GGPRS
* Wireless data LANs (802.11), MANs (Metricom), WANs (CDPD, ARDIS, RAM)
. —_— ¢ Thi jon: Digital — i i
Mobile Communications Third Generation: Digital — Multimedia
. . L * Unified digital wireless access anytime, anywhere
Fixed Broadband Wireless Communications ) ) ) )
* Voice, data, images, video, music, sensor etc.
* 4G~ Life after Third-Generation Mobile Communications
Wireless & Multimedia Network Laboratory™ Wirelesy Wireless & Multimedia Network Laboratory™ Wirelesy
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Cellular Service Subscr’pﬂon ‘.hﬂ. Wireless Personal Communications
e * What is it?
+ 4,000 subs T o sicribice * Cellular telephone
40,000 7 . % of -modn subscrinors
* Cordless telephone
35,0004 31,576 32,068 32,639 * Paging systems
20,908 30,391 30333 * Wide area data networks
30,000 29,356 * Local area data networks
¢ Many ways to segment PCS
25,000 * Applications
* Extent of coverage
20,000 - -
* Degree of mobility (speed, area)
4 b * Circuit switched voice vs. packet-switched data
" * Mode of communication (messaging, two-way real time, paging, agents)
10,000 4 * User location (indoor vs. outdoor, train, airplane)
¢ Common ingredients in all PCS activity
5,000 * Desire for mobility in communications
* Desire to be free from tethers
o
A o 400 5100 6/0D Tioo sioo 900 JOIE 1 Wireless & Multimedia Network Laboratory™ Wirslery
Wharfrim Wharfrim




2000 Market Share

Other 26 Analog
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14%
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58%
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Mobile Terminal Growth
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GPRS Architecture

Inter-PLMN.
network.

Firgwall b Firgwall 'y Server
Point-To-Multipaint - -
mco««w 1 N P o [

{PTM 5C) R —
GPRS b
INFRASTRUCTURE — o ey
Firpwall P28} HNotwork.

CSE
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1
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Wireless Mobile Interface
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Elements of UMTS Architecture
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Meodular IMT-2000 Harmonization
Paned_guec_trl_lm

— (Terrestrial Component)

IMT-DS
W-CDMA
{UTRA FDD)
Direct

Spread

ible connection between radio modules
and core networks based on operator needs

Evolved Evolved IP-based
Core Networks GSM (MAP) ANSI-41 Nabioeks
|
Inter-Netwark | Network-to-
Roaming Network Interfaces
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Location-Based Applications

Figure 1. A typical location data transaction

MNetwork Lomation
Sources.

éﬂ"’b\.

Carier Intranet
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3G-Network integration

Interconnectivit

| Network
Servers (IP

* Multimedia
* Infotainment

Packet

Nafiirks Bluetooth

1S-41, GSM
MAP
Evolution
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3GPP-Release 5 i il
IMS & HSDPA
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Mobile Broadband System

WERgure 1. MIES vl VS e dved ypdh s
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Mobile System Evolution csE

Terwvard the

Nows guneration IR New paradigim

B Figure 5. Lo
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WiMAX Nomadic and Portable
Non Line of Sight
: ’ Point to Multi-point éﬁ'é:ﬁsi\“ﬁﬁ
{: 802.16 S~
__-7 b L 802,16~y
[ — s { ; : ‘
. | - \®
==2 !g;-. | -
-‘"2 !‘:‘-‘
[=*2 " $=a | Telco Core
A 802.16e PC Laptop Connected Network or
_ ~ Cad Through 802.16 Private (Fiber)
Tromtbonial CLsl i wtion (s i fere 1 Network
Eﬁ‘ SEEKS BEST
—_— CONNECTION e
2 to 3 Kilometers Away ACKBONE
Ref: Margaret LaBrecque , “Enabling Deployments through Standards and Certification,” . *
WiMax, 2003 )
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CSFE CSFE
Campus Network
Figure 1: Wireless Network Infrastructure
AlReach.
National Central University
&
Hughes Network Systems
LMDS Demo Briefing
November 1999
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CSFE . CSFE
LMDS NCU Test-bench Architecture of the Demo
W@ ..:_ . .i HUB REMOTE
@ - RevoTE
—
@ 45 Mbps per RT
BACKBONE
SYSTEM
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National Central University Demo “5%
Layout
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WiMAX Consumer Last Mile

Point to Point
BACKHAUL

Non Line of Slght

OUTDOOR
CPE

INDOOR
CPE

Telco Core
Network or
Private (Fiber)

Network

Ref: Margarel LaBrecque , “Enabling Deployments through Standards and Certification,”
WiMax, 200!
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&5 (Access) i |: it
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Step 1 LMDS Architecture csE

wam e

L é
%\ m "

- }é 11
Infrastru:lure of LMDS ﬁt[z[img @

1dependent @

Ad Hoc Network *

Independent i
one Basic Service Set - BSS

Ad Hoc network

.11 Configurations - Ir

direct communication
limited coverage area

E—
csE
DIFS
Data
IFS
R
Other NAV (RTS) T]]] ] nextmpou
NAYV (CTs)
Defer Access Backoff after Defer

Duration field in RTS and CTS frames distribute Medium
Reservation information which is stored in a Network
Allocation Vector (NAV).

« Defer on either NAV or "CCA" indicating Medium Busy.
* Use of RTS/CTS is optional but must be implemented.
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Node Contention & Rate Adaptation ; ;
a P IP integration
t ' ' ' " 1M fixed -
7L 5.5M fixed ]
2M fixed
1M fixed —=
-8 . 11Mauto --=
g 5t - = . ; : + +
< . without RTS/CTS
g4+ g
£ , ® ’
5 . _— ;
E 2l h / ’ < | IP private backbone
2r . R Private network
. . - = i :
1r " " 3 iy |-,
qis"
0 1 L 1 1 L L L 1
12 4 6 9 12 15 18 LITRAN 3
Number of Nodes il B = i A
Fig.7  Throughputs with node contentions.
[Choi, ACM SIGMETRICS'05]
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WiMedia Solutions — Simple Usage Capacity and Mobility
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¥
Discovery, Channel Management 0 A 3 e T
and other Control Signaling Capacity (Mbs)
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Sky of Satellites e o e o
DirecPC Satellite Experiments
g HERC R
Bt pligeA g AT
G &
et RcMuI:i- - = -
| SN
= [ ]
R I E— i
. ———
H = =
S——— a—- ] I
Mrovte s
I e
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. s o “Anytime Anywhere " Information 5%
Ubiquitous Access y y
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System
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i s atrimedial
CSE CSE

Fundamental Issues
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Three System Components

End-Point
Terminal Architecture

«——— Infrastructure
Network architecture

Services
OS & Middleware
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Wit |
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Personal area network
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Connect devices to internet on the mobile
infrastructure world wide

QoS and Multimedia Traffic Support es#

Adaptive
Algorithm

by QoS
Requirement
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Mobility
Unpredictable
channel

by QoS
Information
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QoS and Multimedia Traffic Support es#

Adaptive
Algorithm

by QoS
Requirement

Mobility
Unpredictable
channel

by QoS
Information

Channel Propagation and Fading

-50 100 -5
-&0
-0 T2
0t 101 12
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® 50 T T T T T T T E
L 102 1 aE
i 2
o e
a0 104 [ ~100
0 S0 100 150 00 250 300 3= 400 0 5 0 15 2 2 @ 3 40 45
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Intra-Domain Handoff
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Resource Sharing

* Reservation Approaches
* Centralized Control
* token (round robin)
+ Collision Approaches
¢ fight for resource
¢ distributed control

Wireless & Multimedia Network Laboratory™

Through A Centralized Control

¢ TDMA, FDMA, CDMA

Wireless & Multimedia Network Laboratory™
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RTS

Cycl

Pkt (t4) Pl (1) D Res(12)
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QoS and Multimedia Traffic Support es#

Adaptive
Algorithm

by QoS
Requirement
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Mobility
Unpredictable
channel

by QoS
Information

_____m
QoS and Multimedia Traffic Support es#

Adaptive Mobility

Algorithm Unpredictable
channel

by QoS

Requirement by QoS
Information

Z
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Internetworking, IP, Mobile

* Internetworking
* roaming through different networks
* supporting IP format
* supporting IP portability

Wireless & Multimedia Network Laboratory™
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QoS and Multimedia Traffic Support es#

~ Application
Adaptive mdBjiity
Algorithm Unpredictable
channel
by QoS
Requirement Q by QoS
Information
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What problem does Multimedia Bring?°5*

"'
ﬂ |Telephone Circui@

“network

Emerging technologies: 5

1. “Datagrams” + “Flows” IPv6
2. “Virtual Circuits” (ATM)

System Configurations

+ Ad hoc ~ Multi-hop
* Wireless LAN
* Blue-tooth
* Packet Radio
°* WAMIS
¢ Cellular ~ GSM, WAP, GPRS, 3G

+ Satellite ~ LEO, GEO

Wireless & Multimedia Network Laboratory™
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/EE‘*
ﬁi ==
N AN
i

Ad Hoc Wireless Network
== g

Access Point
Gateway
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Typical Cellular Call - Wireless Comm: -
Heterogeneity & Security
* |Initialization (find your base-station) ¢ Heterogeneous networks
+ Service Request
. |(_:c;cat|0r: ;evel : Pag[mg -~
* Channel Assignments _ [ ﬁ
* Handoff ’, = ;Jlmemm —
SN =2 R
Horizontal Handoff =
Taipei Cellular
Wireless & Multimedia Network Laboratory™ Wirsleryy Wireless & Multimedia Network Laboratory™ Wirsleryy
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Limited & Variable Bandwidth Wireless Communication
¢ Low bandwidth compared to wired * More difficult than wired communication
* Highly variable bandwidth * Dis-connections
¢ High latency
Wireless & Multimedia Network Laboratory™ Wirelesy Wireless & Multimedia Network Laboratory™ Wirelesy
Whyririm e Whyririm e
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Mobility Portability
¢ Address migration ¢ Light weight power
* Location-dependent information * Risks to data
¢ Migration locality ¢ Small user interface
¢ Small storage capacity
Wireless & Multimedia Network Laboratory™ Wirelesy Wireless & Multimedia Network Laboratory™ Wirelesy
Whyririm e Whyririm e
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Challenges in Mobile Multimedia Infor-c5*
System
¢ Portable end-points
¢ End-to-end Quality of Services
* Seamless operation under context (location) changes
¢ Context-aware operation
* Secure operation

Wireless & Multimedia Network Laboratory™ Wirsleryy
Wnfrim-

Channel Propagation and Fading
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