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genda

e Overview

¢ Revolution of Wireless Communication
e GSM & GPRS

e 3G &35G

WiMax

Ad Hoc & WSN

e WiFi
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Overview

e Communication vs. Network
e Wirelined vs. Wireless
e Wireless Communication vs. Wireless Network

e |[nfrastructure vs. Non-Infrastructure

http://inhon.tkse.tku.edu.tw 2010/9/14
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Overview

e Communication

— Communication— a two-way transmission and
reception of data streams

— Signals for Voice, data, or multimedia streams
transmitted

— Signals received by a receiver.

— Signals from a system transmit through a fibre, wire, or
wireless medium.

— According to defined regulations, recommended
standards, and protocols

http://inhon.tkse.tku.edu.tw 2010/9/14
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Wirelined Materials and their Range

Optical fibre Coaxial cable Twisted-pair cable Power line
~10%km ~40m ~ 2km* 100 kHz*, Below 525 kHz
~2x10*Hz ~ 500 MHz ~100m, ~ 200 MHz

Muttiple sources can transmit A directed path (point-to-point)
simultaneously Very little interference between the cables

http://inhon.tkse.tku.edu.tw 2010/9/14
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Mobile Communication

e Entails transmission of data to and from handheld devices
e Two or more communicating devices

e At least one is handheld or mobile

e Location of the device can vary either locally or globally

e Communication takes place through a wireless, distributed,
or diversified network
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Overview

e Wireless Communication Systems

— Mobile Radio Communication
o SRR e 2R
o FRRRS EE LR AR
. f‘l*%ﬁﬁ?“%“l%(:m?q—ﬁ
— Radio Frequency
« Before 1930s, using Amplitude Modulation

e Middle 1930s, Mobile Phone using Frequency Modulation was
born

 last of 1940, Cellular concept was built by AT&T Bell Lab.

http://inhon.tkse.tku.edu.tw 2010/9/14
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Overview

e Wireless Communication Systemsfi* 55 X

= PPN AT A

- %]’E{ (Telecommunication) v.s. B Data
communication)

— 7&ifi(Baseband) v.s. Fi#Fi(Broadband)

418k (Local area) v.s. (’ﬁ[i@&‘)Wide area

o ST %
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Overview
PR AR Tele/Data Base/Broad Local/Wide
I R H Data comm. Baseband Wide Area
e A Telecomm. Baseband Local Area
J%f/J i FI*J i ﬁ[ Tele & Data Baseband Wide Area
Telecomm. Baseband Local Area
i 3P Tele & Data Baseband Wide Area
AL SR Data comm. Baseband Local Area
LSRR Telecomm. Broadband Local Area
http://inhon.tkse.tku.edu.tw 2010/9/14

ETSEG

Tamkang Universty Software Engineering Group TR ITEREE http://www.tkse. thu.edu. tw/

Overview
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Overview

e Two Basic Types of Wireless Network
Environment

— Cellular Infrastructure Networks:
 with Base stations
* Fixed backbone network
« Mobile Station acts as Computing/Communication end-device
— Ad hoc Infrastructure Networks (Non-Infrastructure):
 without Base Station

« support Anytime and Anywhere Computing

* Mobile Host acts as a router

http://inhon.tkse.tku.edu.tw 2010/9/14
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Overview

e Personal Communication Services
— included various wireless access and personal mobility services

— Ultimate goal to communication, through a small terminal, with a
person at any time, any place, and any form.

e Functions of PCS
— Terminal mobility
— Personal mobility
— Service mobility

http://inhon.tkse.tku.edu.tw 2010/9/14
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Revolution of Wireless
Communication

e Generations of Cellular Mobile Phone

— First generation: Analog systems
* AMPS(Advance Mobile Phone System) of America
e TACS(Total Access Communication System) of England
¢ NMT450/900 of North Europe
— Second generation: Digital systems, Circuit switching
¢ Digital speech with low-bit-rate data services
¢ GSM, IS-136, I1S-95, and low-tier systems
— 2.5 generation: Digital systems, support Packet switching
* WAP: Wireless Application Protocol
e GPRS: General Packet Radio Service
¢ EDGE:Enhanced Data rates for Global(GSM) Evolution

http://inhon.tkse.tku.edu.tw 2010/9/14
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Revolution of Wireless
Communication

— Third Generation: Broadband, High speed, support multimedia communication
 Better system capacity

» High-speed and wireless Internet access (to 2Mbps)
*  Wireless multimedia services (audio and video)

e The new features for 3G includes

3G Data Rate Requirement
e Vehicular -- 144 Kbps
e Pedestrian --- 384 Kbps
* Indoor --- 2Mbps
— QoS, Bit rates dependent on distance
— Asynchronous Transfer Mode (ATM) backbone

Wideband CDMA (WCDMA - DS-CDMA FDD), TD-SCDMA and cdma2000
(multi-carrier FDD) for air interface

http://inhon.tkse.tku.edu.tw 2010/9/14
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Revolution of Wireless
Communication

— Third Generation: Broadband, High speed, support multimedia communication
» Better system capacity

» High-speed and wireless Internet access (to 2Mbps)
*  Wireless multimedia services (audio and video)

e The new features for 3G includes

3G Data Rate Requirement
e Vehicular -- 144 Kbps
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Revolution of Wireless
Communication

e cdma2000 (evolved from cdmaOne)
e W-CDMA (proposed by Europe)

e TD-SCDMA (proposed by China/Europe)

http://inhon.tkse.tku.edu.tw 2010/9/14
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Revolution of Wireless

Communication
First Generation Second Generation Third Generation
JTACS Mobile Satellite
Hiahti JDC
lgh-tier [ +acs
Digit ~
coter [ Lo
Systems 7.'
[Cawes |—{ weoc |/
Low-tier PHS
Telecommunication
PA
Systems %/
| cTon | CT2 |— DECT
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Revolution of Wireless

Communication
2G 25G 3G
America | IS-95A || 1S-95B |—»CdmlaX2°004'| Cdma2000 3xMC |
> 384 kbps

voice 14.4kbps

¥ 307 kbps

-. ............................... ,

voice 9.6kbps data only 2.4Mbps

data 240kbps

UMTS/
Europe | GSM [—{ GSM GPRS LeDA
voice 9.6kbps data about 80 kbps 384 Kbps to 2 Mbps
voice 9.6kbps 28.8kbps
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Introduction to Personal Communication Services

e Two tier of Digital Cellular communication systems

— High tier digital cellular systems
e GSM (Global System for Mobile communication) of Europe
» ADC (American Digital Cellular or 1S-54 or D-AMPS) of America
» DCS-1800 (Digital Communication System-1800) of Europe
» PDC (Personal Digital Cellular) of Japan

— Low tier cordless telecommunication systems
e CT2 (Cordless Telephone 2) of Europe
» DECT (Digital European Cordless Telephone) of Europe
» PACS (Personal Access Communication Systems) of America

e PHS (Personal Handy phone System) of Japan

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw

-_
s TSEG Tamkang Universty Software Engineering Group TR ITEREE http://www.tkse. thu.edu. tw/

Introduction to Personal Communication Services

e Two tier of Digital Cellular communication systems
— High tier digital cellular systems
o HE PP
* RIS
o BESTIAIIE S i AR
o TR R R
» Terminalfiaj: i-fo=f iy ~ A LRI < ST FRGRG g

* fw‘ﬁﬁ'ﬁ?‘fi? (5~ PR R R
— Low tier cordless telecommunication systems

o« KU
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Introduction to Personal Communication Services

High Tier Low Tier
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Introduction to Personal Communication Services
e PCS Architecture: both cellular system and cordless system have
similar architectures as following:
e The basic architecture consists of two parts
— The Radio Network
¢ Handsets (mobile phones, or mobile stations), MSs
» Base stations, BSs
» Base station controller, (BSCs)
— The Wireline Transport Network
¢ Mobile Switching Controller, (MSCs)
« Gateway MSC, (GMSC)
* Mobility Database
* Public Switched Telephone Network, (PSTN)
Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw 26




a TSEG Tamkang Universty Software Engineering Group TR ITEREE http://www.tkse. thu.edu. tw/

Basic Architecture of Cellular
Communication

Mobility Database: HLR, VLR, SSN

GMSC Mobility

Database

Mobility
Database

MSC MSC
BSC
T Bsc BSC
BS BS BS
v BS BS BS BS
MS MS ‘
MS MS
Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw 27
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Basic Architecture of Cellular
Communication

Mobility

Wireline Transport Network
Database

Public Land
Mobile Network

)

Base Station
Controller

]

" BT b

Radio Network

Mobile Station

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw
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Public Land Mobile Network

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw 29
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Public Switched Telephone Network

i

Taichung

Taipei

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw 30
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Basic Concept of Cellular Communication

e Cellular coverage (Cell): £55E2¢ ]E'-{ fﬁ;?fﬁ B :&.l%!—‘
® Mobility management of Subscrlbers
® Transmission and Management of Radio

« Transmission propnety of Radio : d' % [HJ“‘// Ny A "”"{,*;‘fL'niJ;‘JJ:%'s wﬁlé’ﬁj’[iﬁ"g’w
T AR o BRI > 2 Yot RSP
e The little of Frequency spectrum : At any time, the number of frequency
channel is little of a base station (BS).
- CeII D - f[ﬂgli*’jf’\,(Base station) fi' I' [ % f:f‘{I’F' }ﬁ"réﬁﬁ}]‘ﬁ'lfiﬁiﬁé'\?ﬁ@;‘/
AR R "“EI’JEJ(CG‘") %El[?‘ﬁd‘k s Z> F[ ﬁé:\%ﬁ'{lﬂ? ?ﬁ?ﬂ@
ﬁ,# FfERLENTY, > (EIES S Elqa}qw;ﬂ;ﬁﬁ S 'El s %) E J%tﬁj,—i

ﬁtﬁ%ﬁ'
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Basic Concept of Cellular Communication

e Frequency reuse: £ PJZQ#\#;TE}% IJF e ELFrequency reuseﬁu
#I"'] - Frequency reusei_ = I*nE'EJﬂJI “ Ffr“ ek it l' - f{
[7J ’ Elﬁ [j.?EIunIE[“ 1{ FU 7J ’ 1 FEIB /I ﬂEIq

PSR 7 T ;ﬁ “n e -
+ WA PR R T J[[—'H\E[ Wi H R R FF Fpu 55 d y= T e
AR -

e Cellcluster : [fij By [EEBAVAF o7 i~ {fCell cluster

e Sub- ceII(Mlcro cell): ¥ fEligry —rnﬁ#ﬂ Bl I AL e g ol
g ”“W“P%n%ﬁ ﬁ~%'%¢ﬁu®&ﬁ@ﬁﬁ
paSub-Cell > (FYFL 5 W) > 0 [6% (%5 fidSub-cellpv 58 3=k > I'[5k
/| Sub-cellfr s, fafg! o
- Thinking AT Ll > Frequency reusefivAd ™ g f SRR H}E

#E&, lﬂ’E'ﬁﬂJ [EﬂﬁJ ’l*%%“*‘j’ RIE IL,%’ “' F&I‘@‘JD
fi J@E *+ [*%L fﬁ* i&'&s(Moblle Host) F# EL"“’EIWV

o F‘T‘r@qu}iﬁwkgu[ﬂi&o GSMpAvR a4 72 £75,2~3 Km
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Basic Concept of Cellular Communication

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw
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Basic Concept of Cellular Communication
e Location Management:
. ﬁ»n‘ag@ﬁfcw@, AR R I ,JmF,*rF pﬁh‘a' CIRE P
PI[EHJ: (RNESES Uifu?‘ﬁ? - Mobile Telephone System 5’1” &
Location Area]&lJﬁ% ' — fRLocation Areap" SEY i S B Cellspy B
{iCell Clusters - F{ ,Ff;‘ﬁr‘ — {fLocation Area”2 /%[ ,}— Location
Areaﬂf » El[ﬂ Tﬁ[ﬂ'i&ﬁ' rJﬁJLocatlon Area o FrT| ﬁ PLIE# 5=
"TﬁE[[JhTSZ/LOCHIIOH Avrea[” [VFE | Cellsag P~ o
- Concerns Problem:
* Location AreaEIJFA',E[fJCeIIsf[E*EJ'rﬁj}’J) > Mobile Station%)!?@quj'(m#ﬁﬁ[ﬂ@m'HJ
fiiLocation Area > Message TransferFIfJCostﬁ{J o
+ Location Areaty /fiuCellsflifjy @ % - it P‘—‘PL[EI}*}%.‘?E*J"\,Eﬁ(a call to
mobile station) » Tq’ﬁfow Eﬁtﬁ IJ{r“iDJgEL“P ILF(Pagmg)%#F 1'H bt
Aujljﬁb
34
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Basic Concept of Cellular Communication

¢ Handoff Management:

- fi “Jmi@ﬁﬂwﬁﬁwm;ﬂﬁw AR AP £
el e e T Sl L
SN 1#% Hﬂllﬁjﬁﬂfﬁi AR o lﬂ[[ﬂgb]‘ﬁiﬁﬂt bHandoffpy

?ﬁt Handover -

= PR iR S RO TS R ) B S
%’*éﬁﬁgﬁﬂ\ & af[1-=(Mobile Switching Center, MSC)[’EAE%?
HandofffiugH ElL ,i%j\HandoffEﬁ MSC%’T&@H;E mf?gﬁf,u’sf
AR IR [JI*F*FFILE“E‘@HJHQ SRR © HandofprIHifg
I 2T P e EJE”*E@*#FH'%’ (1T PR
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Basic Concept of Cellular Communication

¢ Roaming Management:

- RoamingiLj‘F’[Mobile station7- % ﬁfﬁ;{ﬁﬁfﬂ s R ETRIUMSC
SEEL- f[:EfMSCE\JI‘ ) |'3ﬁﬁ§;§ VEJ .":riﬁiﬁ'ﬁ%pqug;"fo
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Basic Technologies of Mobile Communication

e Basic concept of Radio:

- S R LA Jﬂjﬁiﬁ“"#i}?i
o Fﬂj @L@mﬁ%& u?—ﬁ:ﬁi%ﬁfa‘ B ﬁj: J“FI I%FL_
Ff : [ﬂﬂ*’ ﬁ W[Fﬂ*“y?lﬁ* ARl PR LLF"@%DJF%ES\

@JEI [ b PLF" FOR T L P o

- %ﬂ’ﬁﬁig{;{ : “ﬁ IBIFV?’»FI*JEJ il 2 PRI - TR RIS
BYER ) R o

- y]aﬁ = RLITHT 2 Qp@ﬁ:ﬁ;ﬂi;p[’ﬁ’,ﬁﬂxl’ﬁﬂf}ﬁ:&ﬂm({‘}ﬁ

e ‘UA%;#J °
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Basic Technologies of Mobile Communication

e Two standards of Radio:
= AM: LR IR Y B ROTrR R
%1% > 7 S Amplitude Modulation (AM) - gﬁﬂlf
— FM: ?ﬂig"gﬁi@ R fﬁlﬁ‘j:?#[;{?zfg R Rl st
g » 7.  EFrequency Modulation (FM) » ﬂﬁﬂf; o

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw 38
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Radio Access Techniques for Wireless
Communication

e Radio Access Techniques:

— Full Duplexing Service Technique
— Multiple Access Technique

o Techniques for Device Connection
~ (Simplex) LF‘*%FLI'EJW‘.J:J Il HEE EoEs= g
I‘P f/['%ﬂ% : :EﬁJ”F”*ﬁ’Fr ’
- % (Duplex) : RISV R 5 S0 g o T
] =
* 4 <57 (Half Duplex) @ — %[ [fedu=— e
e = &= (Full Duplex) : ' U‘IJ, VSR R

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw 39
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Full Duplexing Techniques

¢ Full Duplexing Service Techniques:
- Frequency Division Duplexing (FDD): e yf[=  #Ehe ] i ™|
TIRIFADE - EBSEIMSYAfTEIA i Forward Link(p5 7 Down-
I|nk) (¢ MSZ(|BSpilispi7i i Reserve Link (g5 Up-link)
— Time Division Duplexing (TDD): F g™ @iy i -] TE'[H
AR o (e lfl - A o0 SRR > 53 TR (B0

Forward Link and Reserve Link.

40
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FDD

Frequency

Down Link
AsendtoB B receive from A

Up Link
BSendtoA A receive from B

Time

41
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TDD

Frequency
One Time Unit

A send
% B send

8 | 9
2 v
B
A
Rec.
Rec.
from
A fch)m

> Time
Down Link  Up Link
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Comparison of FDD and TDD

FDD TDD

AEIHH i THE

B TR R i

S T i

HRFGRE el T

LT FI S | TODRYRYf FDDfiv~

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw
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Multiple Access Techniques for Wireless

Communication

e FDMA (Frequency Division Multiple Access):

Assigns individual channels to individual users
During the period of the call, no other user can share the same frequency band

In the FDD system assigns a channel as a pair of frequencies; one frequency for
forward channel, and one for reserve channel.

The features of FDMA:
e The FDMA channel carries only one phone circuit at a time
« If an FDMA channel is not in use, then it sits idle and cannot be used by other users to
increase or share capacity.
« After the assignment of a voice channel, the base station and the mobile station transmit
simultaneously and continuously.

* The bandwidths of FDMA channels are relatively narrow (30kHz) as each channel
supports only one circuit per carrier. FDMA is usually implemented in narrowband
systems

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw
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Multiple Access Techniques for Wireless
Communication

e  The symbol time is large as compared to the average delay spread. This implies that the amount of
intersymbol interference is low and, thus, little or no equalization is required in FDMA narrowband
systems

e The complexity of FDMA mobile systems is lower when compared to TDMA systems, though this is
changing as digital signal processing methods improve for TDMA

e Since FDMA is a continuous transmission scheme, fewer bits are needed for overhead purposes as
compared to TDMA

e FDMA systems have higher cell site system costs as compared to TDMA systems, because of the
single channel per carrier design, and the need to use costly bandpass filter to eliminate spurious
radiation at the best station

e  The FDMA mobile unit uses duplexers since both the the transmitter and receiver operate at the same
time. This results in an increase in the cost of FDMA subscriber units and base stations.

e FDMA requires tight RF filtering to minimize adjacent channel interference

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw
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Communication

Frequenc

30kHz for
AMPS

From BS view, each frequency band for one MS at same time
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Multiple Access Techniques for Wireless

Communication

e TDMA (Time Division Multiple Access):

Divide the radio spectrum into time slots

Each one user is allowed to either transmit or receive.

TDMA systems transmit data in a buffer-and-burst method, thus the
transmission for any user is non-continuous.

Unlike in FDMA systems which accommodate analog FM, digital
data and digital modulation must be used with TDMA.

In TDMA/TDD, half of the time slots in the frame information
message would be used for the forward link channels and half
would be used for reserve link channels.

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw
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Multiple Access Techniques for Wireless

Communication

— In TDMA/FDD systems, an identical or similar frame structure
would be used solely for either forward or reserve transmission, but
carrier frequencies would be different for the forward and reserve

links.

— In general, TDMA/FDD systems intentionally induce several time
slots of delay between the forward and reserve time slots of a
particular user, so that duplexers are not required in the subscriber

unit.

— Ina TDMA frame (see frame structure in next page), the preamble
contains the address and synchronization information that both the
base station and the subscribers use to identify each other.
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Communication
One TDMA Frame —
Preamble Information Message Trail Bits
Slot 1 Slot 2 Slot3 | Slot N
Trail Bits Sync. Bits Information Data Guard Bits
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Multiple Access Techniques for Wireless
Communication

— Guard times are utilized to allow synchronization of the receivers
between different slots and frames.

— The features :

» TDMA shares a single carrier frequency with several users, where each user
makes use of nonoverlapping time slots. The number of time slots per frame
depends on several factors, such as modulation technique, available bandwidth,
etc.

 Data transmission for users of a TDMA system is not continuous, but occurs in
bursts. This results in low battery consumption, since the subscriber transmitter
can be turned off when not in use (which is most of the time).

» Because of discontinuous transmissions in TDMA, the handoff process is much
simpler for subscriber unit,, since it is able to listen for other base stations
during idle time slots. An enhanced link control, such as that provided by
mobile assisted handoff .

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw
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Multiple Access Techniques for Wireless
Communication

* Mobile assisted handoff (MAHO) can be carried out by a subscriber by listing
on an idle slot in the TDMA frame.

* TDMA uses different time slots for transmission and reception, thus duplexers
are not required. Even if FDD is used, a switch rather than a duplexer inside
the subscriber unit is all that is required to switch between transmitter and
receiver using TDMA.

» Adaptive equalization is usually necessary in TDMA systems, since the
transmission rates are generally very high as compared to FDMA channels.

* In TDMA, the guard time should should be minimized. If the transmitted signal
at the edges of a time slot are suppressed sharply in order to shorten the guard
time, the transmitted spectrum will expand and cause interference to adjacent
channels.

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw
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Multiple Access Techniques for Wireless
Communication

» High synchronization overhead is required in TDMA systems because of burst
transmissions. TDMA transmissions are slotted, and this requires the receivers
to be synchronized for each data burst. In addition, guard slots are necessary to
separate users, and this result in the TDMA systems having large overheads as
compared to FDMA.

* TDMA has an advantage in that it is possible to allocate different numbers of
time slots per frame to different user. Thus bandwidth can be supplied on
demand to different users by concatenating or reassigning time slots based on
priority.
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Multiple Access Techniques for Wireless
Communication

Code

[ Channeln

’ Channel 2 |V Frequency

Channel 1

Time /

TDMA
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Communication

Frequency
From BS view, each time slot for one MS at same time and same frequency

200kHz for
GSM

Time

\ 4.615 ms/frame /
8 time slots for GSM
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Multiple Access Techniques for Wireless
Communication

e SSMA (Spread Spectrum Multiple Access):

— SSMA uses signals which have a transmission bandwidth that is
several orders of magnitude greater than the minimum required RF
bandwidth.

— A pseudo-noise (PN) sequence converts a narrowband signal to a
wideband noise-like signal before transmission.

— SSMA provides immunity to multipath interference and robust
multiple access capability.

— Many users can share the same spread spectrum bandwidth without
interfering with one another, spread spectrum systems become
bandwidth effcient in a multiple user environment.

— There are two main types of spread spectrum multiple access
techniques: Frequency Hopped Spread Spectrum (FHSS) and
Direct Sequence Spread Spectrum (DSSS).

— DSSS code division multiple access is called DS-CDMA.

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw
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Multiple Access Techniques for Wireless
Communication

e CDMA (Code Division Multiple Access):

— In CDMA systems, The narrowband message signal is multiplied by a very
large bandwidth signal called the spreading signal.

— every signal is processed with PN sequence (pseudo-noise sequence).

— Faster-rate, wide-bandwidth digital signal

— Each PN sequence is a unique orthogonal code.

— User signals are distinguished by different PN sequences.

— The spreading signal is a pseudo-noise code sequence that has a chip rate
which is orders of magnitudes greater than the data rate of the message.

— All users in CDMA systems, use the same carrier frequency and may
transmit simultaneously.

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw

57

--
73. E G Tamkang Universty Software Engineering Group T TEEEE http:/fwww.tkse.tku.edu. tw/

Multiple Access Techniques for Wireless
Communication

— Each user has its own pseudorandom codeword
which is approximately orthogonal to all other
codewords.

— The receiver performs a time correlation operation
to detect only the specific desired codeword. All
other codewords appear as noise due to
decorrelation.

— For detection of the message signal, the receiver needs to
know the codeword used by the transmitter. Each user
operates independently with no knowledge of the other users.

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw
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— The features:

* Many users of a CDMA system share the same frequency.
Either TDD or FDD may be used.

¢ Unlike TDMA or FDMA, CDMA has a soft capacity limit.
Increasing the number of users in a CDMA system raises the
noise floor in a linear manner.

 There is no absolute limit on the number of users in CDMA.
Rather, the system performance gradually degrades for all users
as the number of users is increased, and improves as the number
of users is decreased.
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Multiple Access Techniques for Wireless
Communication

— The features(continuous) :

« Multipath fading may be substantially reduced because the signal is
spread over a large spectrum. If the spread spectrum bandwidth is
greater than the coherence bandwidth of the channel, the inherent
frequency diversity will mitigate the effects of small-scale fading.

» Channel data rates are very high in CDMA systems. Consequently,
the symbol (chip) duration is very short and usually much less than the
channel delay spread.

e Since CDMA uses co-channel cells, it can use macroscopic spatial
diversity to provide soft handoff. Soft handoff is performed by the
MSC, which can simultaneously monitor a particular user from two or
more base stations. The MSC may chose the best version of the signal
at any time without switching frequencies.
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Multiple Access Techniques for Wireless
Communication

— The features(continuous) :

e Self-jamming is a problem in CDMA system. Self-jamming arises
from the fact that the spreading sequences of different users are not
exactly orthogonal, hence in the despreading of a particular PN code,
non-zero contributions to the receiver decision statistic for a desired
user arise from the transmissions of other users in the system.

 The near-far problem occurs at a CDMA receiver if an undesired user
has a high detected power as compared to the desired user.

e What is Spread Spectrum:

- Fﬁﬁ’ Fﬁl Tl (V7EDSSS 5 Direct Sequence Spread Spectrum);g}{ﬁ’
U Lt 7% fUFEE > IR L0 ] Fp i e o R R iy
e~ AR UG Ay (S PR o
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Spread Spectrum Correlation Process

Received Signal + Recovt_ared
Wideband Interference Data Signal

Data Signal

|
T

Direct Sequencg
Spread

Direct Sequence
—_—

Despread

-~

|
|
|
|
|
|
|
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|
|

4

|:|: Desired Signal

M - Interference
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Code T
Frequency
Time
CDMA
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Multiple Access Techniques for Wireless
Communication

Frequency

1.25MHz for IS-
95

Time

20 ms/frame 32
channels
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Cellular system Multiple Access Technique

Advanced Mobile Phone System (AMPS) | FDMA/FDD

Global System for Mobile (GSM) TDMA/FDD
U.S. Digital Cellular (USDC) TDMA/FDD
Japanese Digital Cellular (JDC) TDMA/FDD
Cordless Telephone -2 (CT2) FDMA/TDD

Digital European Cordless Telephone (DECT) | FDMA/TDD

U.S. Narrowband Spread Spectrum (1S-95) | CDMA/FDD
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Wireless Systems and Standards

e AMPS (advanced Mobile Phone

System) » CT2
¢ D-AMPS (Digital AMPS) e DECT

e GSM (Global System for Mobile) e Comparison of CT-2 and DECT
e Comparison of AMPS and GSM

e DCS-1800 (Digital Communication
System — 1800)

e Comparison of GSM-900 and DCS-
1800 e Comparison of DECT, PHS,

o WAP(Wireless Application and PHS
Protocol)

o GPRS(General Packet Radio
Services)

e |S-95

PHS

e PACS
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AMPS
.« S

— AMPSHELET- [l pi=" 258

— 019647+ Bell Lab.F1970% (UL

— 1983 ¥ (-

B 1989#““?'?@  EJBBFYR T ¢ 2 HE 7500 % Y

- BRRLGREp  E ﬂﬁflﬂlﬁ(ﬂaﬁﬁ—

~ LRI RV PR - R R P
R

- {RY|FDMAH: 5

- HEE P
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AMPS

- HFEEL800MHz

* Up-link (3|7 7 | 21517 1) © 824MHz ~849MHz

» Down-Link (Elﬂﬁif’jff'\lfgﬂ.‘ngﬁ) : 869MHz ~894MHz
— Cellular Infrastructure Network:

. yLI-BJEU’”J’HE]“ ﬂ [ T%E=75(Ommidirectional antenna) » F[|I'] 12{f/Cells5™ 5%
HCIuster

. 1/[!{;'\'%1?’1?1@ HIZ= [f'lj'l‘é"«,%“&L(Three directional antenna) > [[|I"] 7{f#Cellsi"
Ry~ [ Cluster

— Frequency Reuse Mechanism

— Handoff supporting
- Roaming Management ;&7<['1S-41 standard
- ]EWEE&QIGSM-S)OOF‘/DCS-lBOOﬁ_& > Fiy %;Tﬁuﬂjf Haiadh
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AMPS

- Ly

~H

 CRIRCIA phEEY

o EIRAATEVIER

. ?%‘*ﬁ—k . gﬂrﬁfﬂq : Wﬁﬁﬁ%ﬁ?&?ﬁp’ﬁg}« , ﬁl*ééﬁh%l%ﬁ—kgiﬁgﬁq

o PRPEYES S AMPSERS LI D =150 1a g[%%ﬁq‘ﬁﬁlf&fi P (EL
Frequency Reuse#’% [ » ﬁ'%%ﬁfﬁé,ﬁp

M ERR Nl e VDL R
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AMPS

Subscriber
Database
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AMPS

— MTX (Mobile Telephone eXchange)
. i%ZHAMPS i BV (5 Rl AT
. %% TSTN (Public Switched Telephone Network)=*MBS. V[ /1 J2 1
B! M R
- MBS (Moblle Base Statlon)
o RLMTXEEMSHIRY &5 /7
. MBS:iRadlo Coverage Areafl rﬁ A El | Jp“f‘rf[ﬁ MS;] i
. c,JF {ﬁ\%ﬂfﬁ@ﬁ%&(Radlo Transceiver) ~ =8 BEIH B8 =
— Transceiver: Transmitter & Receiver
* Up-linkt%824~849MHz ~ Down-link£%869~894MHz » 4 50MHz
o ;75%832{f#Radio channels
. J[ﬁCeIIJr:!E %’ﬁ LfiuChannel { =% Control channel
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+ Control channel | { {&;% Data messages * = [[LI[MSHEYMSfI - % &
New call

+ I {*yChannelstivoice channel » [EELEY [&Lﬁ_}%lﬁff’,“ VHLE

— MS (Mobile Subscribergy Mobile Station):

T I*JNL“ AR AR | ’ﬁxh%[fﬁ

. EIJ}F Radlo Transceiver ~ = “&’Jv}lﬂf“ FAYEAEE SRS 5 R MBS
AR ARG

. Msmw; %ﬁﬁ BT ~ A R -
FIRRIE BB RO S0 zm

. MSF‘LCaIIedy\/J@,ICaIIH faE e IEJT » A5 ;@”}Control channel#: *

and shaking » - @ﬂ MBSZMS.V [ii]fiiVoice channel path

o MSZEMBS.V RETRLES ! 12 Sé | ipros {VLF%J,"?LL‘T\}:VAE}*\[ *Wiﬂ‘
Lt
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AT IRGEEAL D (U AT T 2
praR-Bf(Serial NumBer, SNB) > IME PIfs 5 - |[‘fE[IF.,| ¥ f'HP'\-
EJWE*J’ i ¥t (Mobile Station NumBer, MSNB)&fEHZL[fi 5 i E
F,%ﬁtfrJ[JﬁIEE(Moblle Identification Number, MIN) » {575 /}ﬁ? o iFF[” | ffi
E‘Fﬁ?f%ﬁe i 2 bgd;ﬁ?,—mﬁﬂﬁ FTEVE[E (Subscriber Database)

i it
— Subscriber Database
. r,:rl%&J (PP EL A R o it £~ B~ SNB ~ MINZT
FHIRE [T B R
o ISRV RS (Supplementary  services)
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- 1987 FﬁJﬁF’iéﬁ'%l

- %'ﬁfjflfJ#fJTﬁiﬁﬁ'JIS-54 » 1S-54 7% VT@EI"%F;,T?EIS-BG

— ~/7%}1S-54 Digital Cellular System ~ F%*%American Digital
Cellular(ADC) ~ f57iNorth American TDMA(NA-TDMA)

o “jiﬁ] 4
— FREITDMA%E i
- Bt \"jﬁwr'ﬁﬁﬂ—ﬂﬁ

— S ISR i H BT S [ A BLRLAMPS[UZ (o
?vl @ﬁg,ﬁg« £17.95kb/s
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D-AMPS

- [ " I#iE (Radio frequency band)é“?’AMPS?FE'[F[J
- Bﬁuﬁ ’iF;M It o []Fl’ifﬁﬁ*r/lﬁiﬁ“

f TR (point to point short messaging)

FEFVEL (Broadcast messaging)

o FLH[EETEE (Private user group)

AU M i (Hierarchy cell structure)
i1 (Time slotted paging channel)
5170 (Sleep mode) I'J [ (5= B 5!
— Cellular Infrastructure Network
— Frequency Reuse
— Support Handoff
- Roaming management 35| '1S-41 standard
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GSM
. WS

1982 [1ICEPT(Conference of European Postal and Telecommunication
Administrations)=% + GSM ™~ {&/] 5

— 19857 H A H [ TDMA

- 1987#3%£/££§7TDMA?&7§£t DT R R AR

— 1989 Bl ﬁ#ﬁ?ﬁ =

- 1990 f 'Et{f,wwﬂﬁ [gw' | > 2 GFRSC~ FI9E 2 AR08 [HBHHE
GSMERE 7k ~ M| 183 5000/F *

— ;JjEE [ﬁ[“ j’sr‘}q*iﬁl ) lﬁjl Iﬁj, =

- : EFF'" SRR ;ﬂﬁl 1) [ jﬁﬂ[’ﬁﬁﬁiﬁ?&

— PEFFEA - ng P SRR

— Roaming Management§x*'|GSM MAP standard
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GSM
o AR
— 900MHzZ i

- EEER ] FEIJH 200KHz

— UFERAIER Fﬁj45MHZ

- V@4 [#0.5~35km

— Access U Eg TDMA‘:‘“‘FDMA’?F&

- @ EGMSK

- [E5E7E 270kbps

- [IEAE(™ (Equalization)

- p FEH A S5 > Adaptive Frequency hopping)

- %ﬁ FTfk [“RPE-LPT (Regular Pulse Excited Long Term Prediction)

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 51
- TSEG Tamkang Universty software Engineering Group ZIHMMIEREE http://www.tkse.tku.edu.tw/
GSM
- TDMA}{%‘TQ# f[ﬁ'Efiﬁyﬁﬁﬁfigﬁu@[aﬁ‘@ﬁﬁf(ﬂme slot)
- &= f[ﬁﬁﬁﬁﬁ“ﬁ“ Mt S
— GSMEdSfy — [l g1l 75 b 8l ?ﬁ’f 5) ﬁiﬁ” 1] nﬁﬁﬁ
fRSslt= £313kb/s
- TDMAEJ 1+ ,4 @%{l fif » FDMAF[[}L
[E‘T“F’l%ﬁﬁ | - A rgigmlg r@Recelﬁlf
— GSMfiuMobile station s I “a’j\ﬁﬁ'pxjffl 73
* R 1 8047 BLITi(Baseband) #E 15 - STHI(Radio Frequency, RF) R 5k
o R Hq_J e \J‘ﬁi"wfﬂ— B A OV LB B [
e ’M""“
— Up-link: 890~915MHz (25MH?z)
— Down-Link: 935~960MHz (25MHz)
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GSM

- & [HFIFEH]RY 124 Channels

- 5 [’[E‘ChanneFElfog’E[T?.T%ZOOKHz (124*200K = 24.8MHz)
- HEgpE

— FEET S pl?]@!“g% (0sI)

— Support International communication

— More supplementary services:

o i
o
. i
AR T
- ek
o IR
. “?‘.Hu[\r\uwf
“ fJ,!J,L;I—‘ﬁ
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GSM

— g = R
— EETEH]H (Subscriber Identity Module, SIM)

— Frequency hopping:# " | % mgﬁﬁ“i?ﬁﬁ?(lnterleavmg channel coding)
— TDMAJE > 8= [ 2]~ il £ IEH/}E}

— Adaptive Equalization

- E"ISDNﬁ'f’
- E‘W+ f?l[#ﬁ
 First Level: 13Kbit/sec » & [l ‘|81l Time slots
e Second level: 6Kbit/sec » mmu;v,’Jl&HTlme slots
- T BT T P R
- \’?ﬁﬁ?ﬂ%‘t
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GSM

° GSME{':J@%H
~ Spl AT
— ORI
~ SRIRRHIEREE - T eSS
~ SR R BNy » it oy
— Z2ISDN - PSTN%@%%'E*&@%E’I@’F&’ 2
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GSM

. GSMIFYH

E AuC

Um

| s |
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GSM System Structure

B
AR
4

S < A

) (—

-
s

/g\‘ BSS
res ' Bsc T
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GSM
o GSMUYHEHL A ffi' 51 = A1)

— R AR
- %U*"’F N R
— A R

) EEI*J*"[(MobiIe Station, MS)
- g
o I SUlSFEAS(Transceiver)
.o B
. E}’(v’\lf H gﬁf:"lféﬁ;‘ﬁj By
o HETEEHAELE (Subscriber Identity Module, SIM)
— SIM#¢3L " Terminal Mobilityfi = Flpi 3t » Fi* 0557 = ff
GSMEf. F 5 6 5V 175
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GSM

— Mobile statlonfL’?EPE“' gt J%liﬁ El;’?’?‘)ﬁxj]’[ﬁ'ﬁﬂj} L
‘53%’5‘”' JETS (IS, ﬁﬁf‘ESIM—F
- W;I*Jﬁﬂﬁklﬁu s 1‘}%« £
PRI T
o B wp’J |rﬁ%’$[r ﬁ? (International Mobile Equipment Identity,
IMEI)

e IMEILLGSMS |ﬁﬁ'§‘, FlipeE— %&ﬁ)ﬂf’fﬁﬁﬁ{“’ jT M/\IMEHJQJ*
[ELU]W&HJ ] P pE— FHIE }FI]JFL J“”“Tl[ ’727\{_ W[#"N/[H
[
- SIM+{~

o GSMERET SIM-f S FHH 1
" RIRSIMACE T S TR
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GSM
e SIM [\— - 11 rf s FRLH B I?JW \’AH[“H;K [dﬁ Iy JH
. SIM{ | J ’ Jﬁ[ T:' W [j‘jl}ﬁ{‘BHJ IFY*] ml ﬁﬁ‘ s F?‘r

o SIM-{HEfHY HLHFFHNf{ﬂ f« (RSIM T | Bkl o |

. .E]Wufé/w; = [”\upmwt] SIM-& [H‘pm%@ , ]E'TH‘
HH F ¥ HEEREE A > SIM-| j’ vnvszﬂ% ]

" SIMACELD 2 02 RIS - SRR TR )
J{HH ’ HLVFIEJ J/f_lgl % ‘JJH
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GSM

. El“ﬁ F}—ﬁaﬁ(Base Station System, BSS)
= F;,[“jjr ,\I?’]qbiﬁﬂ;ﬂl EJ?EJ ,—rF[}Jl: I‘JIIE‘“F[
- el
o LIl f)ﬁ""[ (Base Transceiver Station, BTS)
= FHESERTE PE S
- i;* 79555')? WHUNE
— FRAARIET 7 R g (R AR A
— SRR (Transceiver) 1 fhAF Wk I W, » T 1 REETE
i o g
f,l*ﬂifr [l (Base Station Controller, BSC)
- ~ [#BSC'[fi 'Eﬁ}iﬁ [ % BTS
- BSCEih skl ] BTS2 %ﬁlﬁfﬁ’gig‘ﬁﬁl
- ﬁfj IR [W'FH— UGl =
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GSM

- FLI#]F[H"’—M * VHFIJJ || IJEHEU \fFJ‘J - by IBE Sr ol U Handoff 44 IJ
- fH g% g» P|L[UjilL11-‘[ IR ] [cf U ﬁlHandoff f

- IEG o R R g Il u(MSC) R S S o [ AR el
{ GIUGSM 1i£kbpsujgw|ﬁi PSTN/ISDN e J64kbps&i

—C ﬂ\/
d ﬂﬁf’n )

- /ﬂﬁm *ﬂ\}z‘;Hl & (Mobile Switching Center)
— I'Jsignaling System No.7, SS7== % | R6GfHE s = 31 15
- (B R BASTIEATR
- fIppEY
=
© \:‘,‘ﬂj;
o bt p@#r
. ?il- (% %, Handoff)
o JskEp
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GSM

— MSCS!E| R ik
o hEE [F | SelEH8 (Home Location Register, HLR)
o HEETh F%[fﬁ 45 (Visitor Location Register, VLR)
o 1= (Authentication Center, AuC)
i UF?HV\ Jil= PRl B8 (Equipment Identity Register, EIR)
- = E,IﬁJF
7= JH SRS J
‘J [ | b R Jﬁv ki
TR
Y [v;m#l*@
bl \:U ”‘l‘ 45 IJH‘Z
,JW H[d'ﬂ [ﬂgﬁ
vagxi L 38 (W) [ s A5
=~ [HMSCR [l IR i B 2597 ek
- f‘\_'l{ﬁ,nF”Hl o
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GSM

o Fifrfge
= GSMS % IS |2 L s
PR T RS . A e
— GSMﬁf[H— I [;rll}p]@%ﬁ gk
o ARII(MSCEBSSEL fil[or)
o A-bisFiT"1(BSS[* |BSCZ*BTSfH] 1 [l 1)
o BRI I(MSCEVLRED il )
. CW\" (MSCZ*HLRJH] W["‘ )
. DH 1(VLREEHLRY, Wn'\ )]
o ERPIMSCE b MSCRV fil o)
« FREI(MSCZEIRRY fif)
« GRHEIVLRE LI~ VLRI Fifor)
o UmplEi(MSZEBSSIE] Y i o1 > A2l 15 1)
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Radio Base Station

To BSC
I TRU Antenna
< PV = :I— cou |y,
TRU
: Main
supply
ECU - PSU  FOTTILL.
Battery
e . . supply
B DXU: Distribution Switch Unit

B TRU:Transceiver Unit

B CDU:Combining and Distribution Unit
B ECU: Energy Control Unit

B PSU: Power Supply Units

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw

-_
s TSEG Tamkang Universty Software Engineering Group TR ITEREE http://www.tkse. thu.edu. tw/

GSM

o GSMEFkT [
- {'?E*J'F"[(Mobile Station, MS) @ = EI {F
- PR R
- ASIIENE © PR R R
- International Mobile Equipment Identity (IMEI) : & Sy G i [
BV BIIRE > H 1560
* Subscriber Identity Module(SIM)-£ © & ¥ Ve
— Mobile Station ISDN number(MSISDN) : £LPSTN/ISDNfi# | (75}~
(R VB - R IGSMT R 1LY FEERSARE - MSISDN T [
s
~ International Mobile Subscriber Identity(IMSI) : = {{] [/l &~ Ffj[ i~ Fh
IS TOGSMABIIfE » IMSIF KEGETATHLR » XS8R0 SIMAT -
IMSI T @315
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GSM

— Temporary Mobile Subscriber Identity(TMSI) @ £ |£z¢1jIMSI foEs; n}a

» BEGSM 7 R [ 15T R GSM fgﬁﬁ?ﬁ[pf IMSIF 7

g\#—i— J |1 H}» ||F{l,\j{ﬁ—?1ﬁ P -|JM Wj}“ S [Hﬁﬂ JTMS'ﬁFﬂﬂ“

Z[F= s GSME | ETEE 5 1 JHI JTMSI e A1 el s o TMSIHs
p*gjigﬁm.f'J";’:?‘(Octets) RS e E‘?ﬁfﬂ‘ﬂ il TMSIfﬂf‘J

b P‘*F‘,’[ﬁa(Location Area)g\} = VLRG| E 3% F{ | E i FJL

e mp»vmqujj AP WTMSIBRIER 1

- Ki:®H] HH** 5 '%ﬂ’ FHEAC I FEbs i 4 12860 7 U Ki - Klirﬂ%
Eﬁal%’ijIM{ | HLRJ?|

- Personal Identification Number(PIN) : = 3<SIM #“FH:TUG@;J%TIUSIM .

R HAESIMA FH\HT] EEF R ZRERA - ;El?@ﬁ = 7*'3}%5?1
FOPINBERE » FISIM-F S[ThES
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GSM

— PIN Unlock Key(PUK) : ‘rr“'SIM H'ii”’rf*ﬁfj T HIPUK JeiEgel >
A 10V SR IUPUKBERE - p[SlMJer EEG PR
— Location Area ldentity(LAl) :
» A3i?’j§ﬁf FIEFG J/JKQ/J%*EQ' Ui «;TYT

» ABIIRIE : Fuf@%m%ﬂ‘%’éﬁu a3
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GSM

- ﬁlf‘ﬁf,—hﬁ(Base Station System, BSS) : = It {F
o LIl ﬂ,‘ 1 (Base Transceiver Station, BTS)
1 T ST T
- j’* B U1 55l H
— £ {lf Radio Air Interface
* JLE57 i (Base Station Controller, BSC)
-~ [WBSCT' il #(iBTS
- BSCE ﬁ, * F'WHJ |BTS[Iu {ﬁkrﬂ ;fﬂﬂﬁﬁél
- HLH R AL Wﬂ"/ﬁln
- BSCF IEJMoblle Statlomﬂy'?L AUERH] ~ Mobile StationZ s fufi: mu
HEVE
BSCi m{”l&mé B S BTSV I & e - l!,"s‘plf‘ﬁ&@MSC[’lfJ FIE
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GSM

- 7@ i1~ (Mobile Switching Center, MSC) :
f[LZ[[uGSMI:I]ﬁ}Jﬂlwﬁ wkpf e o = i)
— Trq—g N4 ﬁpﬁﬂjr (RIS TER i AT Ee s ﬁt}j{:ﬁj
- E?HLRHVLRWI;LBE F{lH i ﬁp’iP A
- HLR$ ﬁfr{JMoblle Station| ijy’\j*ﬁng’@ﬁa% I R

Iﬁ it M%\
- ”[ VLR@ =l &1H Mobile Station[lﬁﬁ'%%?}";{ﬁ[ )R L o e
ERZS

- SEHR(Radio Resource, RR) it
= BT AR IR T 2R (Inter-BSC handoff)WHﬂFl YRE
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GSM

- ‘4:7€F'~T,fj'fﬁ'|'r57c‘l€£%’§(Home Location Register, HLR) :
. ;w SEHR
2 RURLRE AR EE P L AR
LI F[%“Jt YR
« HLRJi" 1%~ R ﬂ&‘%‘g T EEGSM L T{J‘L%‘Zﬁ
HLRRE M AR Py
- BEEER] !%SHIFFE(IMSD
- \‘:fﬁ*J’[,\llsDN%Tff%(MS'SDN)
B35 (Supplementary Services)
_ E;"IUT’}@E&%T}E(MOMIE Station Roaming Number, MSRN)
- PR
- R TR R NG VLR
- ZH PR [F(UIVLR, MSC, AuC) IV SRR T
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GSM

- éﬁflﬂ“f;,'—?d%&gg(Vlsnor Location Register, VLR) :
= %[j Ihya'ﬂ‘ *”*Hﬂ‘*%,;?[ﬁﬁj\ =1 yhﬁlgﬁ)}ﬂ + i U/”[ ;}*
. LJ'{’f”ﬁ'”P“” [T IV LRIRSA I R 7 éSMngm
]
ViR IR B AR R IR
_ Eﬁ’\gﬁ’FI’JE'J*’fﬁ’nﬁi%ﬂﬁﬁﬂl\ﬂﬂ)“ﬁﬁ ‘Z‘;E/JEIJF)ID:&;H”@E(TMSI)
— 7 | ISDNBK]E(MSISDN)
- Sﬁﬁfﬁz\ilﬁhﬂﬁ‘(MSRN)
- {rgr EHJ N V*LI’E'*ﬂ(Locatlon Area, LA)
@“;HLR }I‘ r(i»ﬂpm*lm{v[
. VLRIAfiﬁg‘ ik WHLRT’HH“I’ TR
e AR - LT - SIS IMSIE
[Detachedp)/b”’:f” Atﬁa\ched) ym” IMSIFI\/TMSI (IEE
* VLRI B )~ prEMSC ity - & o S SRPRL A (i

*v
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GSM

e fl1-= (Authentication Center, AuC) :
o TR R B IR E R | R (IMS)E S finﬁ FiR(Ki)
o [ RO (A3IA8)
— ASIRTLE I =) DIt
- ABFIFE % Ki“&,‘ﬁﬁi%ﬁl
o @ BRSO S R B (Random, RAND)
o AUCHfa— HFk % I?L,?GZ S Ro(Triples)
- [EFSE B (RAND)
- glp #(Signed Response, SRES)
- SE ETE(KI)
f - HIETE S R S s Hﬂ#ﬁfﬁ‘f“ e
BEilgE HE A éw,wﬁﬂ R R w“”HLR
*ﬁIVLRPﬁ
o HETE) i ».%i;g, I {‘4?*3 S S IRl e =
7J{ﬁ gp{ wE JFIEL l o LIl Beffi ™
. GSM—mJ‘LWp’J’“(MObHe Statlon)4 =y Wl W[(Callmg)p\/%ﬂ “FL
(Called) > Tﬁﬁzﬁ f[j\&;HAuCFHmmﬂ&v 1 AIM'F’
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GSM

- ?%z'“[’f?ﬁ%jﬂ?éﬁ%ﬁ(Equipment Identity Register, EIR) :
o R R RS S BHIEMEN D ) 1R

Fi
A F AR AR S L T GSMAR
[ AL B CEIRTY H B ERIMEI YR
. EIRL s IMENIOR R > (e [y 80
- PG (White list) « VRl 1= R AR F R0 R R
- K £ i (Black list) : f,wrfr*slw,iﬁq IRFEYIMEL > ﬁﬁ;@ﬂuwﬁ
KOG - F TR
- f,e £, 1(Gray list) © S[Jie &8 - rﬂfv— Hlf“‘J”&lﬂL'ﬁ&WIMEI
F R AT R (A T AV IMED - Spri = ﬂﬁ“ s
F: 132 ?Lﬁﬂﬁjpﬁ““ﬁ! /IMEI{H%WTJ“L ) f A AL

E3ET
B %” YPE YRR L ﬁﬂl‘r SRRl T 1
*Hfl

-
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GSM

- HIFYIRFSH - (Short Message Service Center, SMSC) :
* B SRR GSMI IR ST RS P (R (PR
) A
o GSMp' HH{H iFVilg55(Short Message Service)
. "33? FF L 852 %45 3% 160Characters
;““}ffp*r ,aa;_ Ufpl FLE7 s 7 SMSCE1 > ™ N[SMSCW
L}U:J\_V['I]IEFL«[“? ]IP—: e EH"‘[JFF‘{"SMSCLI,I‘” |1|E7'ﬂL
° }W"W"’F‘*Jf‘ MWUMI’FL’ l%’ﬁﬁﬁﬂ[ ST 1T
o I f;*rF PRLEIERTNE t'Hmu ¢ BL T £ SMSCH 1> [ Z]
}%HWFWHU 1L HAH% C R Mx&pil’rwr 1 FLR T SMSC
SMSCH%“'WQLL

o Fi3

-%W%wmp i %W%lUmﬂm’gw%Wﬁ?%ﬁ
SMSC « 71| GSM AR =R RV it 1| T e 3
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GSM

- A IHI«O\(Operation and Maintenance Center, OMC) :

S T BB R K 2 W
Tﬂﬁ—r ko B Pl A Tﬁlfmﬂ[

20 fl“ﬂ’é

Th
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GSM

- W] 75(Roaming) -
— 1 _
Home GSM Mobile
GSM 6 5 Networking Station
Networking HiR 4
[HLR | 5 3
3 2
2 Visited
:—|ct>me ional International
nternationa Switching
Switching Center
Center
3
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GSM

— =L gt (Call Establishing) :

MS Channel Require - BSS

> Channel Assign

A

Call Establish - -
Identity Require

Identity Response -
Cryptogram Instruction

Cryptogram Complete

Securit Calling Message Calling Processing
Form >

Voice channel Assign

Voice Channel Assign Complete
atsairr:g g P Called Ring Back

Voice Call Connection Establish and Called Hock up
Channel Voice eXchange
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GSM

- GSM % J&(F5#i#5:=")(Handoff, or Handover) :

 Handofffi i

* Handofffi~7e %
— Handoff in same Cell but among different Channels
— Handoff in same Base Transceiver station but among different Cells
— Handoff in same Base Station Controller but among different BTSs
— Handoff in same Mobile Switching Center but among different BSCs
— Handoff among different MSCs

o Handofff& 405
- U
- P
- AR

— PO
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Comparison of (D-)AMPS and GSM

FEF-AMPS Bttt D-AMPS GSM
- %Elﬁﬁfjé%?ﬁfgﬁ‘fiﬁ 64.5 240 121.2
Erl(ifseT 1)
A e (Km) 1 0.84 0.57
APV (Km?2) 2.6 1.83 0.84
2SR | 24.8 131.3 144.3
(Erl)
i AR e 1.495 7.714 8.847
EHAMPSHRILGE | 5.29 5.82
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DCS-1800

e DCS- 1800i1:§u' e ﬁ;@ﬁﬁﬁg E@_ﬁﬁ 1991 = + @E’J\
PUSLRLH T - R 11007 5 o |k

° DCS-lSOOELYI:_'—'?F?GSMT%E‘J@J# FEL e

° DCS-lBOOEIf’J'/ [BREGSMEL = R o (EHER w0 SRR
o 1 il ﬁj f{ i }FJ

o DCS-1800p5= 5k | » [1F]17% - GSMfu= )
FER25]

e DCS-1800ff1 "] FIFEEL1710MHZz~1785MHz for Uplink -
1805MHz~1880MHz for Downlink

o PRIGIIPE
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Comparison of GSM and DCS-1800

GSM-900 DCS-1800
fﬁ[ H A7 890~915MHz (- {&), 1710~1785 MHz (&),
935~960MHz (™ V) 1805~1880MHz(™ #V)
oL S M H25) {#(%(0.25~171)
s A 1~5 miles 0.5 miles
%’ﬁfﬁéi s gl
=R i =
SIS, | PR eI
S Y BB A
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What is WAP

e \What is WAP?

e WAP (Wireless Application Protocol): = sV |13 » fiLplEricsson,
Motorola, Nokia, Unwired Planet]“4 Gm? % iﬁé%ﬁ%"{@ﬁﬁﬁ‘%ﬁ
o HIpb WAPF @,(Forum)ﬂ ﬁlf' il e o A AR
B SR

o [
- T AR PR R ) RV Intemety” 7y (Content) B 5l
55 IJH Iy
- I AR I AR R TR
- B ﬂ“ﬁf“”ﬁ AR b H AR i P Internet]” I
— FJE O R B WAP
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WAP [t

o [EF|'¢H(Application Layer) : Wireless Application Environment
(WAE) gt FZsgif% 5 (Interoperable)fiv 5 %«EE;UF?L » (I = Ep R
iﬂ?gy[l@ Bﬂ?#’ﬂﬁ r) EIJJDFL Wﬂ%%ﬁﬁﬂ g/\&;gm SR r,lﬁaﬂj
TR B ﬁﬂﬁ WML »WMLScript

o U %K'¢H(Session Layer) : Wireless Session Protocol(WSP)= {E;lﬁr'“:?i
A h%w HH D b7 E(Wireless Transaction Protocol,
WTP) > I'J o i 2V ~ R 4 = 1Ry 2B = 1Epubiiss
e 177 £(Wireless Data-packet Protocol, WDP)
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WAPH2 ¢t
e U ph'¢#(Transaction Layer) : Wireless Transaction Protocol (WTP) >
£L% pb=Y(Transaction-oriented) 7% RS ETHY - fjjﬁiﬁﬂ?ﬁ PYFED Bl
s
- f,fé@iiﬁﬁ'\%’ﬁ‘f?
- PDUj
— 3;[}%\‘ [H“T‘;E*
- R YIRS

= @H(Security Layer) : Wireless Transport Layer Security (WTLS)
SRR I I N R RIS SRR

e [@=2'g(Transport Layer) : Wireless Datagram Protocol (WDP) - 1
"gh WAP | -%ﬁ%%‘?%’ﬁ"ﬁﬁﬁfﬁ% iR =
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WAPESHEHEE I nternetz iy

WAE HTML, JavaScript
WSP HTTP
WTP TLS-SSL
WTLS TCP/IP
WDP UDP/IP
Bearers:GSM ~ PHS - CDMA...
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WAPYif V-
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WAP#E?[‘% =
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GPRS

e What is GPRS?
— GPRS: General Packet Radio Service » ﬁf,uiﬂj I 38 8 r;ﬁZ
F]ﬁcljg\ﬂg’\%’ﬂ J

o Why need GPRS?
- AR s R J}ﬂ‘
- FISGSM ﬁ[ﬁlﬁ?gﬂa%aguﬁfﬁﬂiﬁfﬂ
- AEEZ|CDMAHYWCDMAFIAIH,

o GPRSZ*WAPHUZ QE’F‘F& ﬁ
— GPRSEZ ﬁﬁ&(Carrler)iir
— WAPESZE Internetf £ fiv /7 1 g 5

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 86

TSEG Tamkang Universty Software Engineering Group TR ITEREE http://www.tkse. thu.edu. tw/

GPRS
e GPRS{U#: (57Tl
 EARGSMIIER Y S IO Datacorm)f
— RLAIH 155 $ 2 #(Packet Switched ) il Wl 1~ 27 7 6 p] 74 - fE
e e o S HRE e
o Packet Switched v.s. Circuit Switched
— RIS T RTRTVRLE| T‘F\%EF&J{H\ AR YL Rz
ETFIRIELE | GSMp Jﬂfhﬁlﬁﬂjﬁ I(Channel & Timeslot)fiv ;5 fiel 43
RiEE 'J'T’Hr‘i 22 567 (A Interface) s
o GSMZF f[ W I7JF el ek
— ¥XFDMA + TDMA ‘éﬁ}fﬁvﬁz e
HTJ"*’“(Frequency band)200 kHz5j = * fﬁﬂ?ﬁfrﬁ(Timeslot) ) &) [[#ﬂfjfﬁ/

96kbps/mf : ﬁum,wgt” H
— [fi"]Circuit switched:fizdi# 5

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 87




TSEG Tamkang Universty Software Engineering Group TR ITEREE http://www.tkse. thu.edu. tw/

GPRS

* GPRS[Ifel e & {1 f Il ff0 7 [2~8 ey » = ff ™ [Packet
switched:fi 5
e GPRS[iY] i ﬁ?”‘r‘ > [l £ APPSR =
(Error Protectlon) oo [l A sl
— CS-1(9.05K bps) ﬁ% ’F,J”
— CS-2 (13.4Kbps)
— CS-3 (15.6Kbps)
— CS-4(21.4Kbps) 2% fhli#
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GPRS
o " GPRSBEFI Iy (ifis it i 171.2Kbps (21.4K*8)

e HSCSD Service (High-Speed Circuit-Switched Data Service)

RS 2 AP IR0 1 (AL B T g
fft P Egsg] o MRk i3 57.6Kbps

o FHSCSDRYGPRS » F| ¥ 4 i s biet i 1 - s
15 % (R AE I 0o 2 GPR gL

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw 88




a=
TSEG Tamkang Universty Software Engineering Group TR ITEREE http://www.tkse. thu.edu. tw/

GPRS
’ VLR, ssw
GGSN

MSC
SGSN

BSC

T BSC BSC
BS
B? o BS BS BS| [BS
MS | [Ms VS | [Ms
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GPRS

SMS-GMSC
SMS-IWMSC]|
N

4 A
Ey N
/
D AN -
MSC/VLR |= == 4= = = = = — m
: \\ G TGd (// I
L %S ’
A 1 \\ // Gr .:_ Ge
1 \ , b
! * L4 G L Gi
U, b n i
’ MS }—H BSS }—CI— SGSN H GGSN PDN
A Y
Y
Gn T Gp > Gf

\
SGSN D
GGSN

Signalling &
other PLMN Data Transfet
— — — — Signalling
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GPRS

GGSN.

IP based

Gateway GPRS Support Node

. Interworking between PDN and
GPRS PLMN

. Packet Screening

. Routing Tables about Attached
GPRS Subscribers

. Address Mapping

. PDU Tunneling

. Operation Data, such as Billing Infj

Serving GPRS Support Node

. Mobility Management (Location
Update, Paging etc.)

. Access Control & Security
(Authentication, Ciphering)

. BSS Queue Management

. GSM Circuit-Switched Interactions

. Operation Data, such as Billing Infq

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw

-=_
a TSEG Tamkang Universty Software Engineering Group TR ITEREE http://www.tkse. thu.edu. tw/

GPRS

e GGSN: e SGSN:
- Gateway GPRS Support - Serving GPRS Support
Node Node

— Gateway of GSM network to
packet switching networks

— Packet transfer between

GGSN and Mobile host
— Router

— Protocols transform between
GSM network and packet
switching network
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1S-95

o EIA/TIA IS-95fL [T 1Qualcomm i s i gy fib i j =0 IZSE}JFF%L;‘[%F[;E
A 19965 ET S BT - $R53 ff5 2 Ei 7V (Code Division
Multiple Access, CDMA)# s -

o CDMAEIU@[%FFf‘»ﬁ[J%i%E(Direct Sequence Spread Spectrum, DSSS)4
f'LE’;-{%]’ﬁi’@gﬁfjgﬁ‘ﬁ]?*%(Information Signal)‘f~ [’[#HWJ;?‘@*HI/U
(Pseudo-Noise Sequence)?*%Ff:"?ﬁiF ' EE AL ﬁ%rtﬁ
ﬁ%‘fﬂfﬁﬁﬁf@ﬁj’%% r?} L S 4’,%1}’#? E‘JI—*ﬁF(Orthogonal
Code) - @ﬁgﬁ%%"1%i*ﬁ¢$ A
I Hr*’ﬁ [ I RV EVRUE (PR A9 -

o [UI CDMAHIRF % [P I HAVREE % 45— 100 S R ezt
o ST TP T A B B 57
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1S5-95
o CDMAIJ)K 0 38kbpsEYy 13kbps > VR H & ,%F SN
9mm$f gJugEWJMA PSugg[FJI I A
o A&bAY TIANIS-95 A B HR AR B
o IS-957AfRL
= I~ W& e gl = (MSC) A =
- MSC/'|768 Eliﬁﬁ;ﬁ_}%lzl#ﬁl%f,}i [%(BSC) ;
- J[[“BSCFI ﬂﬁ’ﬂ— El? _'EL%HYEIEF[ BTS) ET\j—r[[ﬁ‘ ’F' F’T‘FElZ
IuB
- J[ﬁBTS_ JSZOIEMWV@‘IE}«U ;
—  IS-95[I AT YE - R P [1S-4 1A B o
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1S-95

° &CDMAEI"JH?’I“FHI » B — {lH] I}?E': (e~ foy ,,g\..ﬁr% S
il'rﬁ}FKJETF | E¥*11\f@‘—vrr%}ﬁ FIJTEEF;%';] ﬁ?%} ﬁ%ﬁ%"n& = lﬁ“lj_.hﬂ
}%”W}J [[ijJI4IE[FI ﬂ[ﬁ[“ FIJ ﬁ%i‘dﬂ?x nﬁl ST il =

IJ|F[[FI ﬁ?ﬁp I riﬁ[ﬂ [J:E“FFIH[]’EI“{ }HP T_,ﬁ[j o

. ﬁ',’@‘jﬁn ﬁ?¢@W§Pi?ﬁﬁ ’ ﬁﬁjif%ﬁ"ﬂﬂi? r) ﬁjxﬁﬂfn@?‘f
WhETE - & > TDMATRRL- 72T Eﬁf’sf | PR 7 2R R
ﬂ\%ﬁw‘%ffv&[ AFiiE - o CDMAFJIRLI ™ [5dAFi(Spread Spectrum)?i
(e 55 HIFSR U'lﬁirﬁlﬂ A p 3 |FF,FILJ?’¥7{°[EI > [Al
?ﬁLFu ;?rrf PR fil~ ey rﬂﬂ Eﬂjf JF‘;‘—I%}%&J‘(COHHGC'[IOH)F’?
FJF] o
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Comparison among 1S-95, GSM, and AMPS

. ﬁv FF"I EIHF
— |S- 95EJ_|E;3; FLEI'l 'l'\f;'_ﬁ |*,'“_1—»?4 ;ﬁgq‘;;@k fﬁ[fjﬁ‘x ]'AFF-IJ\LI—
~ COMARY A 5 ETDMAR R gl -

L
~ CDMAi7 I'E‘#TDMAF‘?FDMAF'U#? FEE - WCH &K DE -
AR SR = REERE I o W) e WP DR R MH”J"
= il IORTTRIRTOI Y - (R () g

¢ ERIHAC IR
- CDMAH g R | = H,I';"ﬁ"(Co Primary Spectrum)fiif4, » ﬁ‘,iiﬁx E AR =
i H;?ﬁ FCC(m@n'ﬁa*{ﬂlﬁif,‘ Federal Communication Commission) - /1 & i< :{
5 RRPCNE H
- T IIGSMAYAMPS 5k » F{ iji"j ol Eﬁ S R Jg% DCS-
18004:RL 7 GSM-900%T 1 Liﬁﬁ  EREA e u;;*
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Comparison among 1S-95, GSM, and AMPS

» o SHEERFOEERE e

— CDMAJUHE 51 1l TDMA- 1ﬂ£‘: I'E Hi " Sl SRS L(Channel
ASS|gnment) UTCJI\EAE@EEW BEPS Eﬁ H)%Jﬁdijjj* %%ﬁ?‘ Background Noise)

FIJ%“”FI °

- F’?:E' [J IT{JE;E'?’{ — =] E |fu#ﬂ§4ﬂ5§ » SEFEL Py Bk lwﬁl
FAL J E J"“?J

- Flice  ORHD [E“ll_ﬁ TT@JH’P‘ RIP I 2 2 Bl R )
F[nf[? L 'iﬁﬁj' [P '“'7%‘

o (1% 2%(Soft Handoff)-Jfc :

- Soft HandoffxL.CDMAJL /5 [1— ,Eiﬁlﬁigﬁﬁ;lfl‘fﬁ 1 o

- CDMA—HﬁEJI% l[ @ﬁﬁﬁi% Ijz;gq;é%?df AT g %&g Fil
P T o I -y e L,
W | L%\HF f#ﬁ;@ P WFDMA TDMAJE res S
f{ @ﬂﬁp JgAEFF[l%r

o Tl

AR %”J_ ‘)TE\}ZLT/&}‘PW' gl ﬁg‘ﬁ E fI b ﬁ_iz“g,ﬁ”“jj SENA ril%ﬂ"r‘ R
EJEFJ%J%@@JFF& U‘QL‘DEEFDFK/IR STDMA i’ig/} »?rr;ﬁjf ik ;ﬁ.wu *
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3G

e [MT-2000
— Year 2000 Ready
— Operate at 2000 MHz
— Provide 2000K bps Data Rate

e 3G Data Rate oI5
— Vehicular -- 144 Kbps
— Pedestrian --- 384 Khps
— Indoor --- 2Mbps

e Three Important 3G Technologies Standards
— W-CDMA (Wideband CDMA) (i | ! % 7k)
* GSM/GPRS/EDGE - W-CDMA
— ¢dma2000 (45 = /il o= 7K)
— TD-SCDMA (Time DIVISIOI’] Synchronize CDMA) ([ %7k
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IMT 2000

e ITU (International Telecommunication Union)

e IMT-2000
— Year 2000 Ready
— Operate at 2000 MHz
— Provide 2000K bps Data Rate

e 3G Data Rate Requirement
— Vehicular -- 144 Kbps
— Pedestrian --- 384 Kbps
— Indoor --- 2Mbps
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Core Networks

Evolved | |
GSM core WEDMA
network
_ TDD Mode
Inter-working GPRS TD-SCDMA
functions IP core
Network
EDGE
IS-41 core
network cdma2000
Multicarrier
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3GPP UMTS System

RACE | RACE Il ACTS/FRAMES ETSI ETSI Decision:

Basic ATDMA FMA1: WTDMA Concept WCDMA for FDD Rel 6
stuldies COIDIT FI\I/IAZ:WCDMA grloups Of)erationI | | ee:lase-
[ [ l | | | [ [
1988 1992 1995 1997 1998 1999 Release-5

3GPP  Release-4

Release-99
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Ua Iu
USIM

MSC/VLR . /)

‘Gs _ JHLR

ME : Gr ‘\\Gc
26 sasf | GasN | nternet)
External
A . Networks.

Core Network

System Architecture of 3GPP Release 99
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All 1P Network Architecture

Circuit

= = = — Signaling (SS7 or IP based)

SGWk = === == Legacy mobile
""""" Packet (user traffic / signaling) RSB signa?liné network

’ N
Mh// \\Ms
Mr
T Mg S~ Mm
[T Gi AR
N \S

Cx
N
N
~ ~
Ge™ >

1 Gr \ Nt
ﬁﬂ\ ) ! \ N G' \
\  Gn Gi
= RNC [**~-4SGSN }-- N IGGSNI ------ \rrazeans
i Node B ﬁﬂ \ —
- _—A
Ms = (usertraﬁig) :\— - Gi: MGCF
Node B \ : Mc, \
H I
Nb Y N
MS _=-=" 7 IMGW}eee f. MGﬂl \\
lucsl 1 MAP = ‘\

(control part) : ! , ,Mc MAP \\ Mc
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Dynamic Channel Allocation Algorithms

e Distributed DCA Scheme

— Signal Strength Measurement-based Distributed DCA Scheme
» Sequential Channel Search (SCS)
» Dynamic Channel Selection (DCS)
» Minimum Signal-to-Noise Interference Ratio (MSIR)
» Channel Segregation
* One-Dimensional Cellular Systems
e Minimum Interference (MI)
* MINMAX
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Wireless Data Network

e Wireless Networks

— WLAN Wireless Data Networks
o Wi-Fi P e

802.20 (proposed)

o Ad H oC Wireless Metropolitar
Area Network
- WSN

> WMAN
<5 km
70 Mbitls

B802.16a/e

WLAN
<100 m
11-54 Mbitls

802.11alb, &, g

Wireless Local
Area Network

Wireless Personal
Area Network <10m

~1 Mbit's
802.15.1 (Blustooth)

802.15.3 (UWB)
802.15.4 (ZigBe=
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Dynamic Channel Allocation Algorithms

e Distributed DCA Scheme
— Signal Strength Measurement-based Distributed DCA Scheme
¢ Sequential Channel Search (SCS)
« Dynamic Channel Selection (DCS)
¢ Minimum Signal-to-Noise Interference Ratio (MSIR)
¢ Channel Segregation
¢ One-Dimensional Cellular Systems
¢ Minimum Interference (MI)
« MINMAX
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Bluetooth

e What is Bluetooth

—  [UHTRERRL - ﬁ‘?ﬂﬁ . %‘]’ﬁﬂ%%’jﬁ@ﬁrﬁ?ﬁr‘ﬁ'

- E7C ﬁ{ir U (EUERL T 2.45 GHZEOSTHS 0 - [ 1 28 91 - ""JFM IR, -
J[*E‘:ﬁ} SRS FijJ%EIEEE 80215 "ﬁTﬂJ [i48-bithyi-: [ I~ S f&~ i—T
cidn B sy AU ‘Jf##«f Ry ﬁwfgéms
PR Ju’ﬁ@}kﬁ“} s Wr %uww O 0 4

— méf;ﬁ FF'F'H[FJF(FE?}VQR?FJ’{:H ESK ;&quHJ;wE,FF E,*leglf,iﬁ

e  Applications of Bluetooth

- BT EETIBS ) R POATE G f“"F*ﬁg kﬁ@;& RIS
g ﬂl)“fj?fﬁ’ - POA - A0 4 IR Tt
E[H“ HES S o e NG j; J%[fﬁ]?ﬂw J|[§,§.ﬁj£pl[ L{?
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Bluetooth

e  Advantages
R L
. ym?flp%}‘g“ﬁ,ljjga:[‘|fj%ﬁﬁw » PR %ﬁtﬂz%ﬁﬂ *Pgﬁgﬁwﬁr o BRI R

R R R Ifmi%fvi Pepug s ﬁ(é#'ﬂ'féﬁﬁﬁﬁi* 3 ‘i' f“ 2N
IO T IORLIS - L) N B R D) - YL éiH“"”
o S B | LSRRG T ;FWE?WJ% CHE R i
[RRNERE: 2= SN E)

L - W e T “T“J%ﬁ"sﬁ‘qfﬁ'@ﬁfﬁ"%— [
o e R T AL RS ET TR - T TR AR
© U S0 21 ST - 1 %\JL ORI OBERL » o0 SO0
TR S — [AT 2 AE SSTRR - R IO S RAPRRES - [ 16 2T
oy PR s ?ﬁw%lﬁ*ﬂ?ﬁ@HW““uﬁ?ﬁfollﬁ EFpE
1MB
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What is WIiMAX ?

= Worldwide Interoperability for Microwave Access
m Wireless MAN (WMAN)

mIEEE 802.16
- 802.16d(. i+ {1 ¢47%802.16-2004)
-802.16e

m Last Mile access
-Fast local connection to network

H gasﬁgqp*a&% R T AR POk - K e PR - I ( Last Mile ) 12 xDSLAICablefislpusg s
=
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WiMAX

. 9‘1%&@ (Intel) = &

s WIiMAX!'|IEEE 802,16 1% §Lit » JHILHA5 FRWMAN (A A ) o= P

o WIMAX[Oi#ia (f-= 305U » 594825 £1) - il (5 HWIMAXELES
[134Mbps )+ 55 fih FEEAAE ] 7 300Kbps ~ 2Mbpsfisiif 1
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Organization of Management

w IEEEB02.167 {52 ALEREAVHIEH

= WiMAX ForumfLIEEES02. 165 Pt
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Comparisons of Wireless communication

IEEE 802.20 JGPP, EDGE
(proposed)

EHER | R ERHR AR AR R A L 2005/08)
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802.16= FIfENEFE

standard 802.16 802.16a 802.16-2004 802.16e
TR B T OV P A ) FAEFTRE|
] Last Mile & Backhaul Mobile Device
ﬁ'ﬂ 10-66GHz 2-11GHz 2-6 GHz
B i LOs NLOS NLOS
PR 32-134Mbps 75Mbps 15Mbps
e QPSK ~ 16QAM - 64Qa sk
I
At ksi=3 (53 it
B 1-3 Mile 4-6Mile(@-30Mile) 1-3 Mile
\‘J © Imile= 1.6Km
LOS (Line of Sight) * Tl SRS
gl FrRH IR BRI R AR R
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Fixed WMAN+Mobile WMAN

Civic& Business Building

PTP
backhaul
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WiMAX, Wi-Fi .11 & .16 PHYit

| Wi-F1 (802.11)

| WiMAX (802.16)

BB (base band)

Modulation

11/.11b: BPSK. QPSK
11a/g: BPSK. QPSK.
16-QAM. 64-QAM

BPSK. QPSK. 16-QAM,
64-QAM., 256-QAM

Channel access

11/.11b: DSSS
1la/g: OFDM

LOS: sC

NLOS: 5Ca, OFDM.
OFDMA

.16e: OFDMA

Duplexing

Done by MAC

TDD or FDD with support of
MAC

Space utilization

11ln: MIMO-OFDM

N/A

RF (radio freguency)

Channel bandwidth

20 or 22 MHz

LOS: 25 or 28 MHz
NLOS: 1.25~-28 MHz

Frequency band

11/b/g: 2 4GHz (83MHz
wide)

1la- 5 YGH= (O60ME= wadat

LOS: 10-66 GHz
NLOS: 2~11 GHz
License-exempt: 5~6 GHz

LO%. =11 |

J11/11b/g: 100mW

63.5dbm (2238 7T2W) — |

P 1la: ITW 64dbm (2511.89W)
Igeal PHY s |
Max. distance O0m 9.6KM

—| Max. bitrate 54 Mbps 75Mbps —
Max. velocity of MT | 30 km/hr 16e: 70 km'hr

--
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WiMAX, Wi-Fi .11 & .16 MACEiE

Wi-Fi(802.11) WIMAX(802.16)
: CSMA/CA TDMA
Medmum Access : : ——
Method Contention & polling Polllpg (contention during matial
ranging and request)
Contention resolution | By CSMA/CA and RTS/CTS Binary exponential backoff
. . . Connection of BS & S5, and
Connection Pure connection of AP with MT . .
bandwidth allocation
Reliable delivery Bv ACK Bv ARQ
Security ﬂi:a‘g}g}ngz;:;zm{l L33 By cryptographic suite & PKM
QoS Provided by .11e using HCCA | Defined spec and types of service
& EDCA flows
Scheduling Defined in HCCA of .11e 4 service type: UGS, 1iPS, artPS, BE
Bandwidth allocation | Defined in HCCA of 11e Defined request/grant flow
Multicast (recetver) designated by the sending S5 using the same CID
| Ranging Supported by .11k Specified procedure
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Wireless Sensor Network

e A wireless sensor network consists of large numbers of sensors, which
are tiny, low-cost, low-power radio devices

e The radio devices are dedicated to performing certain functions such
collecting various environmental data and sending them to
infrastructure processing nodes

e The field of wireless sensor networking is also gaining greater interest
among not only researchers but also diverse groups such as
environmental, public safety, medicine, and military.

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw 127

a TSEG Tamkang Universty Software Engineering Group TR ITEREE http://www.tkse. thu.edu. tw/

Wireless Sensor Network

= Sensor nodes can be densely deployed very close to the
phenomenon to be observed.

= Can also be deployed in hostile environments where
physical access to nodes not possible.

= Possess self-organizing capabilities — nodes can get added
and deleted dynamically.

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw 128
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Wireless Sensor Networks
(1)

)
é : Sink
_ /‘\ ® @ O : Sensor node
o240 ) ( o
o) > © \

o

O
NO

I
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General Picture

Bl (ocal area worldwide user pree—y

l '.j I
low power
networking

sensing %vlreless communication /

b 4
?/ ? — %“i:o\/

signal processing / event recognition

Internet
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Wireless Sensor Networks

e Unique characteristics
— Limited power they can harvest or store
— Ability to withstand harsh environmental conditions
— Ability to cope with node failures

Mobility of nodes

Dynamic network topology

Communication failures

Heterogeneity of nodes

Large scale of deployment

Unattended operation

14-September2010———httpffinhontksetkuedatwn—————— 151

o= -
= TSE G _Tamkang Universty Software Engineering Group JSTEREETIZRERZ http://www.thse.tu.edu.tw/

Architecture of Sensor Node

s i
e e
(\ R R Ay ety f ([T
\ / \ _/
HewE >
5 (A )
S~ =
\ /
ny J- 2=
g@i&*é ; ?égﬁ%a' ',éléf”%&%f Fiif AR
AT ' A F 2 e & R

. ﬁgﬁi?‘j@%ce%éﬂé ﬁj %’??ﬁ@%ilm 1 AT S
R TR R B B el A .
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Sensor Node H/W-S/W Platforms

In-node ‘
processing

e Wireless communication
Event detection with neighboring nodes

Acoustic, seismic,
unage, magnetic, etc. SeRS0rs
interface

Electro-magnetic
mnterface

radio

hattery supply

Energyv efficiency is the crucial h/'w and s/w design criterion
Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw 130
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Some SN Mote Examples

AWAIRS |
UCLA/RSC 1998
Geophone, DS/SS
Radio, strong ARM,
Multi-hop networks

LWIM 111

UCLA, 1996
Geophone, RFM
radio, PIC, star
network

Sensor Mote Medusa, MK-2
UCB, 2000 UCLA NESL
RFM radio, 2002

PIC

Predecessors in

» USC-ISI Distributed Sensor Network Project (DSN)
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Wireless Sensor Networks

HET CATE BRLAR

- TSE G ~ Tamkang Universty Software Engineering Group SSTHEBTIRRERR http:/www.thse.thu.edu.tw]

Examples of WSNs Application
= i IRR

I
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Examples of WSNs Application

= e # AR
| s | j B i
1 5 o’ -
. ES
... " B EfE
,‘\ “\- \ i
~ a5 +
B mii BRI

I 7
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Examples of WSNs Application
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Examples of WSNs Application

Real World Appllcatlons to
Drive Research

What is the average
~ |temperature on the

Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw




Surveillance System wv)

Diffusion Routing

Time Synchronization

Parameterization

Tripwire Service
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Applications

Embed numerous distributed
devices to monitor and interact with
physical world

Exploit spatially and temporally
dense, in situs, sensing and
actuation

that they can coordinate to
perform higher-level tasks.
* Requires robust
distributed systems of
hundreds or thousands of
devices. (UCLA)
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Applications

Accelerometer, gyro, EMG circuitry
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Applications
Motes attached to pafients
collact vital signs (pulse ax, heart rate, efz.)

Ambuilance syslem makes
Iriage decisians, relays to EMTs

R

=
)
S PDAs carried by EMTs

recelve vilal signs and enter
inta field repart

Cormelate with patient records
at hospital

PDA displaying real-time vital signs of multiple patients.
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Applications: Smart Healthcare Home

Waisht, Restlesiness,
Sleep Pattems
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Applications

Seismic Structure
response

Marine
Microorganisms

Micro-sensors, on-board processing,
wireless interfaces feasible at very
small scale--can monitor phenomena
“up close”

Enables spatially and temporally dense
environmental monitoring

Embedded Networked Sensing will
reveal previously unobservable
phenomena (UCLA)

Contaminant
Transport

Ecosystems,
Biocomplexity
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Applications: Forest Fire Detection
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Research/Development Issues

The Design of Sensor

Routing Protocol (Data Collection included)
Medium Access Control

Sleep-Scheduling Algorithm

Fault Tolerance

Security Problem

Power

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw




