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Agenda

e Overview

¢ Revolution of Wireless Communication Networks

e Concept of PCS (Personal Communication Services)
e Revolution of Mobile Communication Systems

e Architectures and Operations of Mobile Communication
System

e Basic Technologies of Mobile Communication
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Agenda (Cont.)

e Wireless Systems and Standards
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Overview

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

e |[nfrastructure vs. Non-Infrastructure

http://inhon.tkse.tku.edu.tw 2012/4/22
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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 2012/4/22
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Overview

e Network

— Computer Network— is a collection of hardware components and
computers interconnected by communication channels that allow
sharing of resources and information

— Where at least one process in one device is able to send/receive data
to/from at least one process residing in a remote device, then the
two devices are said to be in a network.

— Networks may be classified according to a wide variety of
characteristics such as the medium used to transport the data,
communications protocol used, scale, topology, and organizational
scope.

http://inhon.tkse.tku.edu.tw 2012/4/22
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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 2012/4/22
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Wireless Techniques and their Range

e Wireless telecommunications is the transfer of information between
two or more points that are not physically connected

¢ Radio is the transmission of signals through free space by modulation
of electromagnetic waves with frequencies significantly below those of
visible light. Electromagnetic radiation travels by means of oscillating

electromagnetic fields that pass through the air and the vacuum of
space.

o Information is carried by systematically changing (modulating) some
property of the radiated waves, such as amplitude, frequency, phase, or
pulse width.

http://inhon.tkse.tku.edu.tw 2012/4/22




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

Wireless Techniques and their Range

¢ Radio Spectrum

e Radio spectrum refers to the part of the electromagnetic spectrum
corresponding to radio frequencies — that is, frequencies lower than
around 300 GHz (or, equivalently, wavelengths longer than about
1 mm).

o Different parts of the radio spectrum are used for different radio
transmission technologies and applications. Radio spectrum is typically
government regulated in developed countries and, in some cases, is sold
or licensed to operators of private radio transmission systems (for
example, cellular telephone operators or broadcast television stations).

http://inhon.tkse.tku.edu.tw 2012/4/22
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Wireless Techniques and their Range

e Hz
— The hertz (symbol Hz) is the Sl unit of frequency defined as the
number of cycles per second of a periodic phenomenon.
— Sl means International System of Units

— One of its most common uses is the description of the sine wave,
particularly those used in radio and audio applications.

— The hertz is equivalent to cycles per second.
- 1Hz=1/s

http://inhon.tkse.tku.edu.tw 2012/4/22
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Wireless Techniques and their Range
Wireless Data Networks

Wireless Wide 5 WWAN ™
Area Network <15 km
802.20 (proposed)

Wireless Metropolita > WMAN

Area Network =3 km
70 Mbitis
802.16ale

Wireless Local » WLAN

Area Network =100 m
11-54 Mbit/s

802.11alb, &,
Wireless Personal :/VI'PAN
Area Network <10m

~1 Mbit/s

802.15.1 (Blustooth)
802.15.3 (UWE)
802.15.4 (ZigBes

http://inhon.tkse.tku.edu.tw 2012/4/22
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Mobile Communications

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 networks
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Wireless Networks

Wireless network refers to any type of computer network that is not
connected by cables of any kind.

It is a method by which homes, telecommunications networks and
enterprise (business) installations avoid the costly process of
introducing cables into a building, or as a connection between various
equipment locations.

Types of wireless networks
— Wireless PAN

— Wireless LAN

— Wireless Mesh Network
— Wireless MAN

— Wireless WAN

--
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Non-Infrastructure

It is also called, Ad Hoc networks, or, Ad Hoc
communications.

It means that there is no any constructing equipments, such
as cable, switch (base station), router (PBX), etc. are built.

Infrastructure is revised.




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

Wireless Communication Networks

e Development Trend between Telecommunications and
Computer Networks is same.

e Communicate and Access (Transmit/Receive) by real time
or non-real time in any place and any time

e General Title is Wireless Communication Networks (£,
SEGRT
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Revolution of Wireless Communication
Networks

e Part One - Mobile Communication Systems

— Mobile Radio Communication
qi=t) ﬁ('lpgg{uj
o

- [PTH (Pagen)

o fg’rfq‘ﬂ'ﬁ (Cellular Phone/Mobile Phone)
— First Generation (1G)
— Second Generation (2G)

GPRS (2.5G)

Third Generation (3G)

HSDPA (3.5G)

WiMax/LTE-A (4G)

http://inhon.tkse.tku.edu.tw 2012/4/22
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Revolution of Wireless Communication
Networks

e Part Two - Wireless Network Systems

— WiFi (Infrastructure)
* Wireless LAN
 Access Point
— Ad-Hoc (Non-infrastructure)
» Wireless Point-to-Point Network
» Mobile Host acts as a router

» without Access Point

http://inhon.tkse.tku.edu.tw 2012/4/22
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Revolution of Wireless Communication
Networks

e Radio Frequency Technologies
— Before 1930s, using Amplitude Modulation
— 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 2012/4/22
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Revolution of Wireless Communication
Networks

e Wireless Communication Systemsfi* 55 X
— One - I'J 5[] = fla Ao 4

. ﬁ@(Telecommunication) v.s. Be#{Data communication)
* “E#fi(Baseband) v.s. jr#fi(Broadband)
* [himi(Local area) v.s. (?ﬁﬁﬁ)Wide area)

o STEE(I

http://inhon.tkse.tku.edu.tw 2012/4/22
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Revolution of Wireless Communication

Networks

PR AR Tele/Data Base/Broad Local/Wide
I R T Data comm. Baseband Wide Area
e A Telecomm. Baseband Local Area
MR E*J’r%ﬁzﬂ Tele & Data Baseband Wide Area
FIRES AT AR | Telecomm. Baseband Local Area
i 3P Tele & Data Baseband Wide Area
AL SR Data comm. Baseband Local Area
SRS PRI Telecomm. Broadband Local Area

http://inhon.tkse.tku.edu.tw 2012/4/22
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Revolution of Wireless Communication
Networks

o Two - 'R EIRE i 77 £

— [irEEAR55 (Fixed service): @?A]%ﬁﬁ r’ﬂ_“'fgf[aﬁ'%gj\
E

- ﬁﬁ?ﬁj’?gﬁiﬁ ﬁ(S\tationary s:erzi‘ce): lgﬁ*]%fﬁ FF' [
FEErr > [EFEAE T AR VIR

- i }{% 735 (Portable service); IEFHF%[TF [l {;Eﬂjf
R ERE R R B R R

— T EIERY5 (Mobile service) 5 33 I%iﬁjﬁ BRI

L S e
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Revolution of Wireless Communication
Networks

e Three - [MEGEF RLE[RER 5T £
- =3 '4?”, ﬁlﬁ?ﬁ@ﬁ%(ereless voice service)

- m\a@@%@ﬁ?ﬁ@ﬁ% (Wireless data service)
— AR i fE R (Wireless multimedia service)

http://inhon.tkse.tku.edu.tw 2012/4/22
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Concept of PCS

e Personal Communication Services (PCS)
— 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 2012/4/22
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Concept of PCS

e Practices of PCS

— Mobile Communication Systems

e Two tiers of Mobile Communication Systems
— High Tier Digital Cellular Systems
— Low Tier Cordless Telecommunication Systems

http://inhon.tkse.tku.edu.tw 2012/4/22
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Concept of PCS

e Comparison of the Two tiers of Mobile Communication
Systems
— High tier digital cellular systems
o HEi ﬁ‘]f“é’ﬂiﬂl}ﬂﬁﬁ?‘
© TR
o FESRIDAS ~ wpa AR,
ks SRR CE
. Termlnalﬂ Jgﬂ L .JJ%F %ﬁ“&‘ EIEA iﬁ]ﬁ%z??jﬁ%ﬂ}ﬂﬁjﬁ
© PR IS ~ PSP
— Low tier cordless telecommunication systems

o Kol
<
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Concept of PCS

High Tier Low Tier
St - !
BT FYFICTF I pymitas) | () s e)
B Y A | ] CEI(<85) | I ANLE R
A A [~ fl15 i
* BRI (12 1) Re4TH)
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Revolution of Mobile
Communication Systems

e Generations of Cellular Mobile Phone (High Tier based)
— First generation: Analog systems

e AMPS (Advance Mobile Phone System) of America
* 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, IS-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 2012/4/22
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Revolution of Mobile
Communication Systems

— Third Generation: Broadband, High speed, support multimedia
communication

» Better system capacity

» High-speed and wireless Internet access (to 2Mbps)
e Wireless multimedia services (audio and video)
« CDMA2000. WCDMA, TD-SCDMA
— 3.5 Generation:
e HSDPA (High Speed Downlink Packet Access)
* Extended from WCDMA
e 8-10 Mbit/s at 5MHz carrier bandwidth
— Forth Generation:
e WiMax
e LTE Advanced (LTE-A)

http://inhon.tkse.tku.edu.tw 2012/4/22
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Revolution of Mobile
Communication Systems

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
» ¢dma2000 (evolved from cdmaOne)
¢ W-CDMA (proposed by Europe)
e TD-SCDMA (proposed by China/Europe)

http://inhon.tkse.tku.edu.tw 2012/4/22
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Revolution of Mobile
Communication Systems

e HSDPA

— WCDMA Downlink Data Rate Requirement
e 8-10Mbit/s at 5MHz carrier bandwidth
e 20Mbit/s at 5MHz carrier bandwidth with MIMO

- AMC(f[iﬁ;?ﬁﬁ@%ﬁrmﬁ)

~ MIMO (% * )

= HARQ QR 7 FIEPE IGie)
- RIPSpo£EE (Scheduling) ik
PRSP

— Incremental Redundancy (f7&! 798¢ )

http://inhon.tkse.tku.edu.tw 2012/4/22
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Revolution of Mobile
Communication Systems

e WIMAX (Worldwide Interoperability for Microwave
Access)
- p[%;[aszllntelfv’rj; il
I iy AT ot A G2 1574 R L 1 o B et 'l‘%ﬁ s
- Ii%gﬂlm@%ﬁﬁ frlRS SR ﬁ} SpE
75Mbpss 75Mbps

- Fr— [YAYIEEE 802.16m (WIMAX )5 i i g [ 52

ﬁﬁiﬁ T 2 £300Mbps riﬁft%!ﬁﬂfp ﬁ # 1Gbps

http://inhon.tkse.tku.edu.tw 2012/4/22
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Revolution of Mobile
Communication Systems

e LTE-A
— 7] TI-%HTER], (OFDM) FUSifg skt i

FR2x2H14x4 MIMOpY 75 & :\Q@ﬁr#ﬂﬁ‘

[Fili & #2FDD (#1573 %=7 ) AITDD (75 <=
LTE{-_GSM?F,E%G?HSDPAKE‘BE% f' [FIAGHIERAY
20107 12+ |6 15 { [TEJ‘EEEFILTEI—:“?" FL4G
LTE Advanced (LTE-A)

* RLLTEfUHTH#

. /fm'%\fjmﬁw (*LTE H\ J PR LTE 5 ‘m dECE I

o F| RSEAIE P 1 WCDMA S Z[HSPA
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Revolution of Mobile
Communication Systems

First Generation Second Generation Third Generation
JTACS e Mobile Satellite
g;gﬂ't'er TACS
caer R+ oMM
Systems 7.'
[Cawes |—{ weoc |/
Low-tier PHS
Telecommunication
PA
Systems %/
| cTon | CT2 |— DECT
http://inhon.tkse.tku.edu.tw 2012/4/22
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Revolution of Mobile
Communication Systems

26 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

http://inhon.tkse.tku.edu.tw 2012/4/22
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Revolution of Mobile
Communication Systems

o High tier digital cellular systems

— GSM (Global System for Mobile communication) of Europe

— ADC (American Digital Cellular or I1S-54 or D-AMPS) of America
— DCS-1800 (Digital Communication System-1800) of Europe

— PDC (Personal Digital Cellular) of Japan

— LTE (Long Term Evolution) of Europe

o Low tier cordless telecommunication systems
CT2 (Cordless Telephone 2) of Europe

DECT (Digital European Cordless Telephone) of Europe

PACS (Personal Access Communication Systems) of America

PHS (Personal Handy phone System) of Japan

-_
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Architectures of Mobile
Communication Systems

e Mobile Communication System/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)
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Basic Architecture of Cellular
Communication

Mobility Database: HLR, VLR, SSN

GMSC Mobility

Database

Mobility
Database

BSC
T BSC BSC
BS BS BS
MS MS . Ms

o= _
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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
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Public Land Mobile Network

(PLMN)
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Public Switched Telephone
Network (PSTN)

L]

Taichung

Taipei
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Basic Operations of Cellular

Communications
e Cellular coverage (Cell): £ "“J‘&Fq EARE IRy %!T
® Mobility management of Subscribers

® Transmission and Management of Radio
e Transmission propriety of Radlo (/4 [H'ﬂf;?, Ny A S *"L',’y'w‘\ S ‘ﬁ e TEN
TR o WERTHTY o G NTEE g P IFEEEE P P
» The little of Frequency spectrum : At any time, the number of frequency
channel is little of a base station (BS).
— Cell : ﬁgw’r I(Base station)fi* I'} }?;Q,FLIV[J.::‘*J*F F?gﬁ,ﬁpu”;é'ir%wj/
Wk A £ (AE T (Cell) o SRURIFRIN S > 3 [ R Sl
W2 AL o S PR R [ 204 P

ﬁtﬁ%ﬁ'
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Basic Operations of Cellular

Communications
e Frequency reuse: £l PJ%M}‘E}% IJF 5 E'[Jt Frequency reusef’™s
%[J“ FrequencyreuseL ”*| a['Eerl “ FFrE ’F' ﬁ[lu :EZ{
m » DA mt“irdlﬁ[“ 1{ IR S IR 1rE.r ,| it 1
e

J/HU’[ Ja > 7 F}i ﬂj;f l,m R ﬂfiff,[
: |[i1[lEjquJ A AL 1] Jl[ﬁ'w‘ﬂ' e HJ “J I 53 o e
A

e Cellcluster : [fij Fyffu+ [ﬁfrﬁl}ﬁiu WHa# 8%~ fCell cluster

e Sub-cell (Micro-cell): ¥ {{lig = Ll R [lﬁwﬁa@%
ORI > I s e T A % [T 5%
[19Sub-Cell » (%8 AP 1) » 2[4 (5 (i Sub-cellp AL > 1 3
| Sub-cellfiipE, fai! -

- Thmkmg AT Ll > Frequency reusefivAd ™ g f SRR H}E
E& lﬁ"E"iﬂJ [E”?ﬁ}J s %F'E" [L.%’ " F&"@?JD
fi Jﬁ[_ﬁ *+ Eﬂjf sk~ fﬁ* #%(Mobile Host) F# EL"“’E'%MV
iy FT@’U HWPBJW&&O GSMpAvR a4 72 £75,2~3 Km
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Basic Operations of Cellular

Communications
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Basic Operations of Cellular

Communications
e Location Management:

- I IR (I SR SR R 1
LI P‘J‘Jﬁ?[]rgf( FE#J’F", - Mobile Telephone System = = |~ #i
Location AreaEIfJﬁfiJﬂj;‘ » — {lLocation Areaji’ 'F]: & el Cellspy b
{HCell Clusters - F{r, f—“fgw?’ i (£ {Location Area%g‘w':iu%k Location
Areaﬂﬁ ’ f""\@[ﬁj%ﬁ*ﬁ[ﬂ'ﬁ% IHI]EIULocation Area - ’?I’?,I‘JEI}’EJPEPLIB% A
I Location Area 195 CellssLt!p=[l -

— Concerns Problem:

« Location Areazpﬁgg(;e||s,'[;i§;'r@ ‘> » Mobile StationE!F@ﬁfJ'mJ#ﬁﬁ[p@&t 'Hi
fiiLocation Area > Message TransferFIfJCostﬁ,'J °

* Location Areaty 3 fiuCells{lifgfy il % > 1 @"EJP‘—‘PL[EI}*}%.‘?E*J?}E%T(&\ call to
mobile station) - 4%%@][}%;@ %Fm,;’;rlﬁal;gy',pprr(Paging)?A%ﬁ7 jrﬁtﬁ
Sy -
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Basic Operations of Cellular

Communications
¢ Handoff Management:

- fii Jtﬁfiﬁﬁ]ﬁ:jﬂﬁﬁﬁﬁﬂl SR ANESEEP - R -
ﬁtn; 7B S R b L S
SR IR R OSRR JAE - lﬂlﬁﬁwl‘pﬁ*ﬂﬁ'*a“do“@
?’EZHandover

- ’ggﬁ% 5”36‘5? JEIfJi.El?*Pﬁ#I@TF%?]J* g bl N o LS Fi
F‘ftf.#;ﬁﬂ % $if]1-=(Mobile Switching Center, MSC)[‘H?L%?
Handofffis7H L » ri%ﬂ*HandoffEﬁ MSC%‘TEI#;E ﬁ]ﬁgﬁ?,ur
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Basic Operations of Cellular

Communications
¢ Roaming Management:

- RoamingiLj‘F’[Mobile station7 % ﬁfﬁ;{ﬁﬁfﬂ s R ETRIUMSC
PSS PL- [HMSCIF o [RERe ) 5 PR I -
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Basic Technologies of Mobile

Communication

e Basic concept of Radio:

- ;517-!:%%'1 L AR i kL] "J['iﬁi‘*"f‘ﬂré =+
B e FﬂJ Il P T 2 UFL—FT% alnFQ‘ JﬁJ: I PR
Tuﬂ [ﬂﬂ* EW[Fﬂ%EH* ARl PR ﬂ”ﬁépi}—ﬁ:

IEIJEI [y r [PLF'I JL.:JH%%EJ

- ?Eﬂ?i%élﬁ : “Fd wa’ﬂ?’igﬁpj ﬁ%} % s 3kﬁdj¢ﬁ§{;; Tk P IEfY
PR ) ERRE

— PR RLOGITHT > = RIS LI P A

{AIZ N f’j f\f}c’)’/’g{]
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Basic Technologies of Mobile
Communication
e Two standards of Radio:
- AM: '] ﬁl%ﬁ“}']’mi’_"}—jw ?ﬁq,%"h% R e R L A
5?4@ IR Amplltude Modulation (AM) » gﬁﬂlf
- FM: %iwp G lﬂﬂ}?}*?‘ IR (O AR RN i sl
g » 7.  EFrequency Modulation (FM) » ﬂﬁﬂf;
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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) gg*%&wup#.m HIlF B Huss=gg
I‘P f/['%ﬂ%‘;u% AT Fr ’
- 577 (Duplex) - :ﬂﬁ*)‘;ﬁgf YR -Jﬂ VB S g o - AT
=
* F <50 (Half Duplex) : — = [ {fiohi=— Ffe
« =<7 (Full Duplex) : ' U‘IJ, L IR Ry h”

- 73‘ £ G Tamkang Universty software Engineering Group TR TIZBAE http://www.tkse. tku. edu. w)

Full Duplexing Techniques

¢ Full Duplexing Service Techniques:

— Frequency Division Duplexing (FDD): {2 #he v ffi |
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.
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FDD

Frequency

Down Link
AsendtoB B receive from A

Up Link
BSendtoA A receive from B

Time

-=_
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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~
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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
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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

-.-!
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Multiple Access Techniques for Wireless
Communication

Code

U [auueyd

Frequency

Time

FDMA
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Multiple Access Techniques for Wireless
Communication

Frequenc

30kHz for
AMPS

Time

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.
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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.

a=
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Multiple Access Techniques for Wireless

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 .
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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.
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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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Multiple Access Techniques for Wireless

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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Multi

ple 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.
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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.
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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.
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Multiple Access Techniques for Wireless
Communication

— 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 + Recovered
Wideband Interference Data Signal

Data Signal

Direct Sequence
Despread —

|

|

i
T

Direct Sequence,

|
I
|
|
|
I
Spread :

|
|
|
|
|
|
. .
| |
| |

|:|: Desired Signal

M : Interference
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Multiple Access Techniques for Wireless

Communication
Code T
Frequency
Time
CDMA

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

Communication

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) o CT-2
o D-AMPS (Digital AMPS) e DECT

e GSM (Global System for Mobile)
e Comparison of AMPS and GSM

e DCS-1800 (Digital Communication
System — 1800)

PHS

Comparison of CT-2 and DECT

e Comparison of GSM-900 and DCS-  ® PACS
1800

e GPRS(General Packet Radio ¢ Comparison of DECT, PHS,
Services) and PHS

e [S-95

e 3G &35G

e WIMAX & LTE
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AMPS
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AMPSHLET— (il £ = 55

— fiEU 19645 - Bell LabFt1970% {55k

- 1983 ¥

- 1989£F§[;;—’*9ﬁ , ?Jssl“kiujam o ;gg*fﬂsoo%ﬁajr,
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AMPS

- HFEEL800MHz

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

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

. yp%\lgw'rupj“ ﬂ [ T%E=75(Ommidirectional antenna) » F[|I'] 12{f/Cells5™ 5%
HCIuster

. f/['%\'ﬁlf’ﬂff'iiﬁy HI= [f'lj'l‘é“«;&L(Three directional antenna) > [!||I'] 7{& Cellss
Ry~ [ Cluster

— Frequency Reuse Mechanism

— Handoff supporting

- Roaming Management ;&7<['1S-41 standard
@ﬁfﬁﬁ%ﬁGSM-%Oﬁ‘}DCS-lBOOﬁ ) HW%TﬁU%T' Haiadh

42
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AMPS

— e
 CRIRCIA phEEY
o HAEEIVIRR
o P - Y PSR R AR S S
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

43
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AMPS

Subscriber
Database

44
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AMPS

— MTX (Mobile Telephone eXchange)
o RLEHAMPS 5 B (5 R 1
E JPSTN (Public Switched Telephone Network)=*MBS. V[ /1 J2 1

o JIE ?ﬁJb?EH Sl
- MBS (Moblle Base Statlon)
o RLMTXEEMSHIRY &5 /7
» MBSt Radio Coverage Areajl f.‘Fﬁ A El | Jp‘*:‘”[:[ﬁ MS;] i
. c,JFA £ g\%quﬁ%i&&(Radlo Transceiver) ~ =750 BERHHY =
— 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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AMPS

+ Control channel | { {&;% Data messages * = [[LI[MSHEYMSfI - % &
New call

« I ChannelstTvoice channel » {E=EGHf [&Lﬁ_}%lﬁff’,“ VHLE

— MS (Mobile Subscribergy Mobile Station):

o pliw mw 5 H%m%p‘ﬁ

. EIJ}F Radlo Transceiver ~ = ﬁﬁb}}ﬁfwﬁ%ﬁfj%;ﬂ,lﬂ% » FI'=2MBS
AR ARG

- MSELRES %rﬁ SELEMST T U ~ T R
PRI B VAR L 50 L

. MSF‘LCaIIedy\/J@,ICaIIH PyE]E IEJT 155 ;@”}Control channel#: *

and shaking - & MBS=*MS .V [ti]iuVoice channel path

* MSZMBSV RTRLA 12 Sa 92 AU & VR *Wiﬂ‘
o
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AMPS

. tziﬁ?%ﬁ:jp’}%‘ﬂ?[ tif[?? - ﬁ:’ﬁﬁ?mﬁﬂ* Ll GER N
pur-bf(Serial NumBer, SNB) » [ [fS &+~ I[%EHFL” iR
EILJF\E?J’F] ff5(Mobile Station NumBer, MSNB)Friigayh| 5% iy = fs
Fl%ﬂﬂﬁ?(Moblle dentification Number, MIN) » (#7295 - 1F¢[n iIiG
ﬂ?*?ﬁfg 2 *Jgd”’ﬁﬁ,—mﬁﬂ YH] TRl (Subscriber Database)

f Elfj’,—rgﬁr\li_,—rrqﬁg
- Subscrlber Database
o RS [P IESEL A R - Ol £ s 290 SNB - MINS
. F':d%&a I ipsfe] [ﬁﬂ//%? MREE R
EAH IRV YAS5(Supplementary - services)
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— D-AMPSLLAMPSvEs Wi

- 1987 FﬁJﬁF’iéﬁ'%ﬂ

- %'ﬁfjflfﬁﬁf%ﬁiﬁﬁ'“s-54 » 1S-54 7% VW["%F;,T?EIS-BG

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

o “ﬁﬁ] s
- P TDMAH: 5
- §W+ K"jﬁwr'-fﬁﬂ—m

— S A L 8 %ﬁﬂa s = ;ﬁFL Bl RLAMPSHY = ,:Fr[ ==
?ﬁﬂﬂ%ﬁﬁ £7.95Kb/s
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D-AMPS

— [fr™'I#7FE (Radio frequency band)=*AMPSH il
— Bﬁuf'?’ ﬁFp;J It ”[ L 2 “ﬁJJFu

1,“ FH#5 (point to point short messaging)
(Broadcast messaging)

.« ¥ ”J 4< E17E (Private user group)
o e

SR = i (Hierarchy cell structure)
Jpjaft (Time slotted paging channel)

S EAAS Y (Sleep mode) 1) [ [ B ekl

— Cellular Infrastructure Network

— Frequency Reuse

— Support Handoff

- Roaming management 35| '1S-41 standard
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GSM
. WA

1982 [1ICEPT(Conference of European Postal and Telecommunication
Administrations) 5% & GSM " {&=] 52

— 19857 H A H [ TDMA

- 1987+ ﬁ&ﬂcﬁéﬂ,’ﬁTDMAHéE{g%@ R AR

— 1989 Bl @#ﬁ?ﬁ =

- 1990?“F'EJKI’F§: n;&“ ’“’*/I“}w‘ FI9t = S0 B %A1 E
GSM E?ﬁ—mﬁ E *[ 150001 *

~ HIH ey e

—%ﬁ@%ﬁ‘i’g,f I T AR

- EEFEA mpgwﬁwy%nﬁﬁﬁiﬁﬁ

— Roaming Management§x*'|GSM MAP standard

.{
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GSM

I

900MHzﬂ;§ J
l[yeﬁ?’ifﬁrf Fﬁj45MHZ
P #0.5~35km
Access = E TDMAZEFDMAH Fﬁ
S VRS GMSK
=% 270kbps
FIEE7 (™ (Equalization)
p FEFEHI A - Adaptive Frequency hopping)
%ﬁ, ‘ﬂ‘ﬁ *RPE-LPT (Regular Pulse Excited Long Term Prediction)
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GSM

TDMAE) — fff Fralftd sy il R A (Time slot)
- (R i T

GSM—r'JC}{ - lﬁ E 3‘7 j53}’8[ ni’r ﬁi‘r f ,\, i HH
L 13Kbls F e F? ~Ar
TDMAFYEL By & wi | I Bl FDMAR[[RL
B EE f%%ﬁﬁ I, = a %Ergigm 4 r‘=7‘Rece|E/EL

GSM[iMobile station W’E?ﬁé—p’jﬁgpxﬁ 53
o TR B ~LJ/\,“(Baseband) GCF 7 2 1 #7i(Radio Frequency, RF) g F R
.o 1= Tehpi v, F \,i\'ﬂ\ ‘ J( Fe R T A [“J,H [/y. w;\/H\ B

[ U\ il ’W
Up-link: 890~915MHz (25MHz)
Down-Link: 935~960MHz (25MHz)
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GS

- & [HFIFEH]RY 124 Channels
- B [ﬁChanneFﬂJﬂ,}‘gg“t 5200KHz (124*200K = 24.8MHz)
- k= gﬁrﬂ
= B 7 ks (0S)
- Support International communication
— More supplementary services:
. ﬂ{ W;L

<

I
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GSM

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

— Frequency hopping:# " | % ﬂ\gﬁﬁ“ﬁgﬂﬁﬁ(lnterleavmg channel coding)
— TDMA#: /> 8ffstH [ F3H 2~ ff F‘“IEH/}E}

— Adaptive Equalization

- E"ISDNﬁ'f’

- E‘W+ ijbl Pﬁ
 First Level: 13Kbit/sec » =J \',W}‘J;“L‘QS\',MTime slots
» Second level: 6Kbit/sec » = ffif n';“'«' ,"J16{‘,Time slots

— BT R ~ ERE Py S
el 8
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GSM

° GSME{U@%ﬁ

~ SHT TR
TR PS5 g
xﬂjlﬁ OETEREE - T phER FEAY BB
- ﬂlﬁ —F?ﬁﬁiiﬂﬁfj ’ }?%?Jﬁﬁqﬁ'%ﬁ%
— ZZISDN -~ PSTNZT E‘—é‘,ﬁlj@ﬁﬁfﬁ bb
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GSM

o GSMfiuERIE

E AuC
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GSM System Structure

]
MSC/
VLR
\\
~
N
BSS
res ' Bsc
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GSM
+ GSMUPIEILE e 5355 = i)

— p‘;{{l"l"‘;&
- %Li-ﬂjlz[ »_m%
fﬁ,:ﬁ' ~
5 g*y 1(Mobile Station, MS)
%%%EFE
. 1‘»LHTr}&4*R*(TFaﬂSC8IVGF)
° %E 1N
° E}WI \}U* %HHH
o HETHSHIAET (Subscriber Identity Module, SIM)
— SIMEF Terminal |\/|0bl|ltyﬁlil‘f§1f11m§* [ 1 N A Ty

GSM N Jﬁﬂ)f{‘&‘ e l‘flﬁja*ﬁ/j%qubﬁ
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GSM

— Mobile stationfL gt = | - iEe i J%liﬁ El;’?’?‘)ﬁxj]’[ﬁ'ﬁﬂj} L
‘53%’5‘”' TSI ﬁﬁf‘ESIM—F
- m;{h F,ﬁkmugu‘}%« £
PR T
o B wp’J |rﬁ%’$[r ﬁ? (International Mobile Equipment Identity,
IMEI)

e IMEILLGSMS Iﬁﬁ’ﬁ‘, FlipeE— %WU"FVJW“}J/N JT M/‘||\/|E|jﬁ[;)4
,Am:f\snl»lj ﬂj ﬁ#PF %’;’y }FTJF‘ Jﬂﬂ“ﬁ[ F{';\F_ ’_‘H)f"\«li/[u
fprH ]

- SIM-{

o GSMERET SIM-f S FHH 1
o B[ [ fHSll\/l Hp WPJ H?f,’&N UWMIW
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GSM

* SIM [\— - T_{

: S'NHH e

o SIM-{HEfHY HLHFFHNf{ﬂ HASIMAT | bl |

SO < SEEPIN - SUEE »
HH[% H BERAEE AR > SIMA j’ vnvszﬂ% ]

* SIM- TF”’J-,L = K/W\Ll%lf‘jjj ~ R PR [ E T PIthéL H )
J{HH » RS s J/f_lgl % ‘JJH

Fp e o R TR vquw% W e
W ITw'fﬁH“J TR o ﬁﬁ‘ﬁf?




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

GSM

© H F}—ﬁaﬁ(Base Station System, BSS)
- ZRIPE ,FFh%ﬁﬁfg.g | ,7;1%]&[/1&[?[
- el
o LIl f)ﬁ""[ (Base Transceiver Station, BTS)
- i-rU"%L[u @ Fli— & %’LHN’WL'
- LR 79555')? WHUNE
— R B R R A 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
— BSCEI i ik [ 1 BTSp A s v )
- iﬂj gt ”ﬁfr# UGl =
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GSM

- FLJI#]F[H‘W £ [/I IFIJJ || IJEHEU \fFJ‘J - by b= 3 v U Handoff 4 IJ
- fH g% g» P|L[UjilL11-‘[ IR ] [cf U ﬁlHandoff f
- H o T S IIQ(MSC) VR o S o (e AR
{ pJJGSMﬁligkbpsujgmh Z|IPSTN/ISDN F%p JGEikbpsﬂfi = I
A Ak
- HIE AN i 1= (Mobile Switching Center)
— I'|Signaling System No.7, SS7==F |Gl =k i 1
~ [ BT BT
FrpEpLy
o SR

=
. M p@#r
. ?il- (% %, Handoff)
o JOIEEE
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GSM

- MSC_E"‘EJD“[['&.?%{S[?H'%E%ﬁ
. 7[>7T fF{ g3 (Home Location Register, HLR)
: Eﬁ USRS (Visitor Location Register, VLR)
o 1= (Authentication Center, AuC)
i UF?HV\ Jil= PRl B8 (Equipment Identity Register, EIR)
- = E,IﬁJF
o AU L
LT T il s ‘r“pJﬁJ Ei
e »ﬂ@w
o H[ [v'w#l*@
. ﬁ]\'ﬂ'v R Ay it
. nﬂ: Hmlﬂ [ﬂgﬁ
. v&;ngé L (IWF) [ S G A
- [#MSCF’ ffl R IR TR 297
f\_ﬂrﬁ,nF”H' N
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GSM

o P
= GSMS % IS |2 L s
PR T RS . A e
— GSMﬁf[H— I [;rll}p]@%ﬁ gk
o AR I(MSCEBSSH LV Fi )

o A-bisFiT"1(BSS[* |BSCZ*BTSfH] 1 [l 1)

o BRI I(MSCEVLRED il )

. CW\" (MSCZ*HLRJH] W[“‘ )

. DH 1(VLREEHLRY, Wn'\ )]

* EREI(MSCE ]~ MSCRIV Fi o)

« FREI(MSCZEIRRY fif)

* GRHPEI(VLRE=pI= VLR Fil )

. Umb‘#[é‘{(l\/ISr.i*'BSSH%Jj/ H[éw ) ‘,J\Jd;'wb‘#[é‘!)
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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

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

GSM

o GSMErk7 (F
- Fgﬁf‘[(Mobile Station, MS) : = EI7
o 7 ghﬂﬁ%\; DR EJ
- ASIIENE © PR R R
- International Mobile Equipment Identity (IMEI) : = Zji: n%&ﬁjljf‘fgﬁﬁ:ﬁ
B IIEE > H15H0
* Subscriber Identity Module(SIM)-{ : ﬁf’{f}f'{%,,“ﬂ
— Mobile Station ISDN number(MSISDN) : ﬂPSTN/ISDN%@E‘ﬁ(IN%H[]—
RV R - SIGSMET T R 1Y TSR - MSISDN T fi
S
— International Mobile Subscriber Identity(IMSI) © = fi] Fiies— G[Ji= i
P FIIGSMEH|ITE - IMSI?’? ML ATHLR » B8 SIMAT )
IMSI} fi* @315
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GSM

— Temporary Mobile Subscrlber Identity(TMSI) @ £ |£z¢1jIMSI foEs; n}a
s BIGSM AR [F15T- hi ;éGSng*J*F*'[DT > IMSI ?sr’*
w&ﬁ‘iﬂllﬁﬂ umli%“ﬁ%ﬁ K Nﬁr,; (i JTMSI}Fﬁ}ﬂ““J 7
» Z P GSME | F TR S JM JTMSI AF1 20 RS - TMSIHE
ﬁfﬁ\p*%@4|’u.f'J»';1i,(0ctets) EHUES =its & NF' > TMSIZ:[fil-
.’Jr/?’lﬁa(Location Area)g\} I~ VLRI B [ ] E 35 P'{“Jﬂiﬁh}i@’ ‘f,y
’+f‘IEﬁFIK/VLRqI\/HJEhHﬁ TTKA‘JLXP’}"FH)J‘ [JH(TMS|§;H ]m”\m

— Ki: B * =21 H‘[’ PSS - B & 12800 A VK - Kiﬁ%@z
Eﬁal%’ijIM{ | HLRJ?|
- Personal Identification Number(PIN) 5 IRSIM-LE £l 4%[[6 r*;leﬂJSIM S

il T RSIMASEARRY » TIPS * 2] - A = o
OPINBERE » FISIM- S =
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GSM

— PIN Unlock Key(PUK) : ‘rr“'SIM H'ii”’rf*ﬁfj TR PUK M’ﬁﬁr >
bl 'a 10 JPUK”Fﬁ}J p[SIMJﬂ“%ﬂw} g Furj =]
- Locatlon Area Identity(LALI) :
» A3i?’j§ﬁf FIEFG J/JKQ/J%*EQ' Ui «;TYT
» ABIIRIE : Fuf@%m%ﬂ‘%’éﬁu a3
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GSM

- ﬁlfﬁfi—ﬁqﬁ(Base Station System, BSS) : = It {F
ﬁlHi ﬂ‘ 1 (Base Transceiver Station, BTS)
- fi= %“f"“nﬁ\fwwmfmrr
- RLE R ) R H
— fi4fii Radio Air Interface
* JLE57 i (Base Station Controller, BSC)
-~ [WBSCT' il #(iBTS
- BSCIh LA BTS[UR ;xrﬁ TR
— HEHLE S PR VG‘J"/WH
- BSCFIEJMoblle StatlomﬂgaL AuERH] ~ Mobile StationZfs= U}lmﬂ k4
iy JH
BSC HUIAH I, £ BTSY I &R = - i WEMSCRY 147
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GSM

- 7@ i1~ (Mobile Switching Center, MSC) :
juzuuesms@@wmpz FlE = Biss
- SPEEED Y SRR 2SS L R ﬁli‘:&ﬁl}j:
- EH—HLRHVLRWi,tU}F o )i "f";"'ﬁgl’ﬁrl‘ﬁfrﬁ'ﬁlﬁ*ﬁ’f
- HLR$ P& Mobile Station[ i) i i €818 BHEE - ') R

|g fY H%\
- [pIVLR 51"} &1 Mobile Stationpﬁﬁl%%{%‘;{a[ ) (LRI L = e
B

L AEEI(Radio Resource, RR) 1 i
= 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 SEEE
© 2 ROURLET FREE Y AT O
o F[%J‘J* TEEL YR
* HLRJI' = Bt 818~ JEGSML B 1
. HLRF»”;@{U” AR Jn’)fa[b'fJJH:l/p N
— B !%SHIFFEJ(IMSI)
- Sﬁ*r[’HSDN%ﬁ%(MSISDN)
B35 (Supplementary Services)
_ E;"IUT’}@E&%T}E(MOMIE Station Roaming Number, MSRN)
- fif"ﬁffl’%{*‘
— R IR VLR
- TEEH MR Y lVLR MSC, AuC).V [EIfIUm B R e
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GSM

- é’ﬁ F=ib E,'Ei%gg(thor Location Register, VLR) :
= folRLEE F IR EIR 558 e 7 0 = B AR R
. LJ'{’f”ﬁ'”P“” [T IV LRIRSA I R 7 éSMngm
Ehid
. VLFZ 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)
- E;’#JT’\[@E&%W(MSRN)
- w;ﬁr EHJ N V*‘F’E'*ﬂ(Locatlon Area, LA)
rf;HLR frﬁ* ISR ETERR
. VLR]”E@E ik WHLR“WH“J’ TR
. [ F{J%MIPL«M\ FJ[% Jp SR *H”E‘%& lMSILU'Ef’?"
Detached)/b”’:f’ (Attached)!] ym” IMSIFI\/TMSI } el
* VLRI B )~ prEMSC ity - & o S SRPRL A (i

ﬁ_ﬂ

*v
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GSM

- F%%HI«@\(Authentication Center, AuC) :
o G LY B T (MSI) S R ()
'ﬂ§@**W¢J§¢Wﬂ@J4(ANA&
- AJFRIE 1 J/UJF‘«WJ%E
- ASFﬁéJfKHHT%
o e BHeE SRR & SR U (Random, RAND)
o AUCHfa— HFk % I?L,?GZ S Ro(Triples)
~ [ 5/ (RAND)
- ?&%‘W};(Signed Response, SRES)

- EERK)
« AUC(T - i+£§:J L S S ”@LL\R
Fi Fl i [ ) =Xoap | PE S ] LN
] P AHRR (R =
- BV VR R RS B HiT A B

,7ﬁwf I I = = s
. GSijﬁmp’r’,(Moblle Station) ¥ ikl 2 PI[(CaIIIng)pWFLP i

(Ca”ed) T.JH—:.H f [f*,\&;HAUCl_,H,TJQ u{l'ﬁi ’ j’ 4'4—““
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GSM

- ?&:’“ﬁﬁﬁ%jﬂ?éﬁ%ﬁ(Equipment Identity Register, EIR) :
o R EARS Fi‘*ﬁﬁtTW/‘E?‘F I@LUP W IR(IMEN D f0 > I']5EE
[ ‘h?:i?ﬁ\}%,a,f#ﬁ@ prﬁ 'W “F“ GSM 53k
;ﬂ_VEng?A BCEIRMVH BIFFIMEIEYR
: EIng Mt IMEIFORRRIRL e [ S04
- [ HH(White list) = =515 #] > Fj’d%’j ﬁr‘ﬁﬂgﬁﬁﬁ‘-}‘ ’ %?ﬁﬂﬁ’bf‘“@ﬁ
— B £ 1(Black list) 7 Wi [ RLEGRIRSHIMED - ﬁrﬁwwwwﬁ
ARG R TR
- 7 &1§1(Gray list) = JJ#f1% &8 > Tkt HJFJ‘“‘J%’PJ/‘:’[%&@W’JIMEI
» R AERIF R AL A pUIMEL uﬁ ﬂﬁﬁ“ S
F: |Llrf“f}{j%ﬁwpﬁwﬂj*{ /IMEI{fl%WTn " f& F\/i‘lﬁ
£ i fﬁ”’ OITE RYRRIAIE TR SRR A G TR
i
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GSM

- HIFYIRFSH - (Short Message Service Center, SMSC) :

o By RERIGSM T E | - {WT’JM&I. 3 ﬂ” IP&UFI (7 :VJ = T |
)

o GSMp' HH{H iFVilg55(Short Message Service)

* SRR S 152 160Characters

: aa;_:[‘{fp*r ,an_HTpI LT [ T SMSCE 1> 2 N[SMSCW A
LJtLL;f[HJpEFL«[“b*f » I |IE L«HJEH'“[JF@"SMSCLI,I*” R

S A wmuvrf‘:ywmfﬂﬂw B i

© T nwm PRLEIERTNE t'um.q ¢ BL T £ SMSCH 1> [ Z]
Fﬁfﬂﬁﬁuﬁw i er‘*HﬂtT ) mp’J Y er‘wpil’ rlwr 1 Bl HIZISMSC
SMSCH%“'WQLLL !

° %LIWF .rF[*JF‘ﬁ-’F‘“g"H“!LH};i U’rﬂ‘ék;z , Eju[l]
SMSC - H71"| GSM Ak e U i 1| Tt 2L
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GSM

- ?xé*@f[l«@\(Operation and Maintenance Center, OMC) :

o AGE] o BT B BOHE I = SRR 2 BV
F“HWH ko B P T R w{LL*ﬁ’]Jé[':
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GSM

— WhEPIR5(Roaming) :
Visited 1 i
MSC/VLR GSM Roamlng
Home Networkin Mot_)lle
Hom 6 . g ) Station
Networking TR
| | 2 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

v

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

KIFAMPS WrtD-AMPS | GSM
5 U PV 64.5 240 121.2
Er (s ] )
Pt i (Km) 1 0.84 0.57
APV (Km?) 2.6 1.83 0.84
574 2T | 24.8 131.3 144.3
(Erl)
it AAT Pl 1.495 7.714 8.847
EHIEAMPS FEIEEE | ] 5.29 5.82
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DCS-1800
o DCS-1800L1991% 4 e ¥V sl st 11k - (¥} 11997F

91E
e DCS-1800%L 4 F=2GSMERH [[fi|— 7k s
o DCS-1800p#fi*GSMly~ fif » [EHfI > i

o DCS-1800f5= F§=fsd=*uifit | » [F[15, o GSMfY= 4]
FEL27]

. DCS-1800|’EIE'J‘LEEF§5 £51710MHz~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)
< S s Ey5) T{2(0.25-15)
Tssafi! 1~5 miles 0.5 miles
AR Y - 1
= BRI i £
TIPS | R ke
Sy et A i
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GPRS

e What is GPRS?
— GPRS: General Packet Radio Service - %}ﬁﬁﬁﬁflw =R r$55
At B AR
e Why need GPRS?
— SRR T O PR e
— i GSM £k @ﬁg@%ﬁ&@ f’%'?f‘f{ﬁjﬂ
- i%ﬂE??UCDMAﬁ‘)WCDMAFIUD‘*U;@?L
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GPRS
o PRSI /5] fl
- R PUGSMAER A N FRH B i (Datacomm) s
— RLF[|7] 55 #§7 $a(Packet Switched )i Pl it T 7 20 A8GA[F_F i
e e o S HRE e
 Packet Switched v.s. Circuit Switched
— R T ETRTRCE ;;ﬁﬁgig\up« AR [ R kL)
FIPHHEITRUE GSMAvAET 2N 1 (Channel & Timeslotfiv 3 il 1%
Rl PR T AR (AT Interface) gt
o GSMEL POsfispt o) el 5k
- {*FDMA + TDMA ‘ffﬁ BV
- - %J,TJ‘?'J“»(Frequency band)200 kHz;j Y ’* fﬁﬂ?ﬁfrﬁ(Timeslot) ’ E’Jﬂ#]ﬁjﬁ/
9.6kbps}?%}ﬁ : f‘ﬁﬂ]ﬁpfﬁgﬁ'—‘h‘{
— [fi"]Circuit switched:fizdi# 5
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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
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GPRS

HLR,

VLR, SSN
GGSN
MSC
SGSN
ey Bs5C s
BS
BS B3 BS BS BS BS
MS || MS MS Ms

a=
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GPRS

SMS-GMSC
SMS-IWMSC]|
N

/

GGSN

other PLMN

Signalling &
Data Transfeq]

= = = = Signalling
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GPRS

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

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
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GPRS

e GGSN:
— Gateway GPRS Support
Node

— Gateway of GSM network to
packet switching networks

— Router

— Protocols transform between
GSM network and packet
switching network

e SGSN:

— Serving GPRS Support
Node

— Packet transfer between
GGSN and Mobile host
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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)==— [’E@?J;ﬁ’gﬂ%ﬁfyﬂ
(Pseudo-Noise Sequence)?*%’?ﬁlﬁ ) j??@%?ﬁ:wﬂ; ['[E@Rﬁﬁgjﬁ .
ﬁ%‘fﬂfﬁﬁﬁf@ﬁj’%% ) ?}?J«%Fﬁ%?ﬂ fls B 1 f3(Orthogonal
Code) I AR (L WP TR iy BT 7
SAS /U IJL:Vﬁ [i ﬁ*fvtw@ EJFIJg};{v\]g—lﬁ:
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Comparison among 1S-95, GSM, and AMPS
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Comparison among 1S-95, GSM, and AMPS
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Issues of Resource Management
iIn Mobile Communications

e Location Management

Channel Assignment

Handoff (Handover) Management

Channel Borrowing Algorithms

Dynamic Channel Allocation Algorithm

Bandwidth Allocation (Scheduling) Algorithm

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 89
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Location Management

e Location Registration
— Authentication
e Security
— Database Updates
« Dynamic Updates

« Delay Constraints

o Call Delivery
— Database Query
» Centralized Database Architecture
 Distributed Database Architecture
— Terminal Paging
« Distance-based Delay Constraint

e time-based Delay Constraint

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 90
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Channel Assignment Management

e Modeling the Cellular Network
—  Cellular Graph
— Co-Channel Distance

e Co-Channel Interference
— Co-Channel Interference Only
— Co-Channel Interference and Adjacent Channel Interference

e Channel Assignment Strategy
— Fixed Channel Allocation (FCA)
Channel Borrowing Schemes
— Dynamic Channel Allocation (DCA)
« Centralized DCA Schemes
« Distributed DCA Schemes
— Hybrid Channel Allocation (HCA)

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 91
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Handoff Management

e Handoff Strategies
— MCHO(Mobile Controlled Handoff)
e TDMA: DECT, PACS
— NCHO(Network Controlled Handoff)
 FDMA: CT-2 Plus, AMPS
— MAHO(Mobile Assisted Handoff)
e TDMA: GSM

e Consider Factors
— Call Block

— Force Terminal

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 92
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Handoff Management

e Channel assignment strategies for Handoff
— Non-Prioritized Scheme: Non-channel Reserved for Handoff Call
— Reserved Channel Scheme: Channel-Reserved for Handoff Call
— Queuing Priority Scheme:Handoff Call request and queuing

e Non-Prioritized Scheme Algorithm:

New or
Handoff call ihar?l”ill Call Block
arrival vallable

Channel Ongoing Channel
Assigned call Released

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 93
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Handoff Management

e Reserved Channel Scheme Algorithm

Nl ——s
arrival Channel Call Block
Auvailable
Yes
Channel Ongoing Channel
Assigned call Released
New call Normal No No
arrival S Channel — Channel | Call
Availabl Available Block
Yes Yes
Channel Ongoing Channel
Assigned call Released
Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw 94
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Handoff Management

e Queuing Priority Scheme Algorithm

Handoff Normal Yes ch -
. annel Ongoing
call arrival [ ™ Channel !
Available Assigned call
No New Call
Channel Channel
Released Released
Insert the call

into waiting

Available
before the
sall expire

Call
Block

‘ The Channel is idle ‘
Ying-Hong Wang  Http://inhon.tkse.tku.edu.tw 95
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Handoff Management

e Queuing Priority Scheme I Choose algorithm from Queue:
— Multiple Queues for New Call and Handoff Call
— Single Queue to New Call and Handoff Call
— Priority:
+ FIFO
* Signal of MS
* Direction of MS
* Predicated Drop time of MS

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 96
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Handoff Management

e Handoff of CDMA
— Hard Handoff

* Break before make
o MS— [ If§— {[WBSIVH jpjF e ¥fi(channel)

— Soft Handoff
» Make before break
. MSHIJW(}"~ ffil]" | _FYBSIV I pjE R (channel)
— Idle Handoff
. MSv"fﬁﬁ;fgﬁ?rm'[‘,‘f“{; Nl BSHEHEE - [WBS 5 #iF Handoff

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 97
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Channel Borrowing Algorithms

e Simple Channel Borrowing Scheme
— Borrow from Richset (SBR):
o PR EDEE 2poCellif ] 1 P A R
— Basic Algorithm (BA):

© B FER
- Basu‘: AIgoFrithm with Reassignment (BAR):
IR OCRINSE P SR TS
- Borrow First Available (FBA)
o =Ip JFE«"“ A ri‘ P R RLE R 9 PR HW’FWH LF - S EET-
(R T 2L Splg ¥ IR O P R ]
Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 99
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Channel Borrowing Algorithms

e Hybrid Channel Borrowing Scheme
— Simple Hybrid Channel Borrowing Strategy (SHCB)

Borrowmg With Channel Ordering (BCO)
. Celli ”,,» b A (R IFJH‘“ EE TR r“iﬁu P e B

— Sharing W|th Bias (SHB)
. igiii o SRR RS S Lo RS BT 7 (es) » J il s g v i 2
PR
Channel Assignment with Borrowing and Reassignment (CARB)
RSP R SR
Ordered Channel Assignment Schema with Rearrangement (ODCA)
* 5 £ CARBZBCOfIU3E 317} PFfgLS

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 100
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Dynamic Channel Allocation Algorithms

e Dynamic Channel Allocation (DCA)
— Centralized DCA Schemes
— Distributed DCA Scheme
 Cell-Based Distributed DCA Schemes
* Signal Strength Measurement-based Distributed DCA Scheme

g;‘_(
K HART e A S 0 g
Fd g SR

3R IR

BB T AR R

R = gl
RadioF| i & * = el i £ il

=

El
o HE!

|
= ok F M
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|
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Dynamic Channel Allocation Algorithms

e Centralized DCA Schemes
— First Available (FA)
— Locally Optimized Dynamic Assignment (LODA)
— Selection with Maximum Usage on the Reuse Ring (RING)

— Mean Square (MSQ), Nearest Neighbor (NN), Nearest Neighbor plus
One (NN+1)

— 1-Clique
— Schemes with Channel Rearrangement

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 102
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Dynamic Channel Allocation Algorithms

e Distributed DCA Scheme

— Cell-Based Distributed DCA Schemes

* Local Packing Dynamic Distributed Channel
Assignment (LP-DDCA)

 Adjacent Channel Interference Constraint (ACI
Constraint)

* LP-DDCA with ACI Constraint
* Moving Direction

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 103
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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

Ying-Hong Wang Http://inhon.tkse.tku.edu.tw 104
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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 Kbps
— Indoor --- 2Mbps

e Three Important 3G Technologies Standards
— W-CDMA (Wideband CDMA) (i | ! 5 7k)
* GSM/GPRS/EDGE - W-CDMA
~ cdma2000 ({5 Ak FE %)
- TD-SCDMA (Time Division Synchronize CDMA) (™[ =5t)
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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
I1S-41 core
network cdma2000
Multicarrier
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3G Iin some regions

e Europe:
— WCDMA (using FDD)

e Japan:
~ WCDMA (both TDD and FDD)

e Korea:
- WCDMA
- CDMAZ2000

e North America:
- CDMA2000

e China:
— TD-SCDMA

e How about Taiwan ??
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3G Technology Development

e TWO groups:

— Third Generation Partnership Project (3GPP)
e 3GPP works on UMTS which is based on WCDMA

— Third Generation Partnership Project2 (3GPP2)
» 3GPP2 works on CDMA2000

a= :
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Three parts of WCDMA

e User Equipment

— Mobile equipment (ME)
— UMTS subscriber identity module (USIM)

e UTRAN: UMTS Terrestrial Radio Access Networks
— Node B

— Radio Network Controller

e Core Network
— MSC/VLR > HLR * SGSN » GGSN




ETSEG

3GPP UMTS System
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RACE | RACE Il ACTS/FRAMES ETSI ETSI Decision:

Basic ATDMA FMA1: WTDMA Concept WCDMA for FDD

stuldies COIDIT FI\I/IAZ:WCDMA grloups Of)erationI
|

Release-6
| | |

[ [
1988 1992

| | | | | |
1995 1997 1998 1999 Release-5
3GPP Release-4

Release-99

ETSEG

Release 99 Network Architecture

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

USIM
MSC/VLR . g
‘Gs _ JHLR
ME : Gr ‘\\Gc
36 s ] GosN | intemet)
External
A . Networks.

Core Network

System Architecture of 3GPP Release 99




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

Release 99 Network Architecture

UE: user equipment

BTS: base transceiver station
W& BSC: base station controller

N
(9) ~
UE
Uu
Tub
(ATM)
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Release 99 Network Elements RNC

T

e Node B: In 3GPP, the base station is known as node B. (A

e RNC: radio network controller .

e HLR: Home Location Register

Tu-ps

e MSC/VLR: Mobile Services Switching Center/Visitor Location Register (ATM)

e SGSN: Serving GPRS Support Node (Xjﬁ)\j)

e GGSN: Gateway GPRS Support Node Gb

e UE: user equipment

e BTS: base transceiver station C

e BSC: base station controller

SGSN

A-interface
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Release 99 Network Interfaces

e Cu: USIM <> ME

Uu: UE €<= Node B

lub: Node B €<= RNC

lur: RNC €<-> RNC

lu: UTRAN € CS

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

Release 4 Network Architecture
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Release 4 Different from Rel.99

e The main difference between the Release 1999
architecture and the Release 4 architecture is that
the core network becomes a distributed network.

e Rather than having traditional circuit-switched
MSCs, a distributed switch architecture is
introduced, which is also referred to as IP
Multimedia Services (IMS).

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

Release 4 Different from Rel.99

¢ In Release 4, High Speed Downlink Packet Access
(HSDPA) is introduced.

e HSDPA enables a more robust data offering in the
downlink. The uplink remains the same as in
Release 1999.
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Release 4 Different from Rel.99

e The Mobile Switching Center (MSC) is divided
into:
— MSC server
« Contains all the mobility management and call-control logic.

— Media gateway

« Contains the switching matrix.
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Release 4 Different from Rel.99

e The Mobile Switching Center (MSC) is divided
into:
— MSC server
 Contains all the mobility management and call-control logic.

— Media gateway

« Contains the switching matrix.
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Release 5 Network Architecture

kg

¢SCF

RNC
Tut

R-SG

CSCF
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Release 5 Different from Rel.4

e The next step in the UMTS evolution is
introduction of an all-1P multimedia network
architecture.

e Specifically, both voice and data are handled
largely in the same manner all the way from the
user terminal to the ultimate destination.

— This architecture can be considered the ultimate
convergence of voice and data.

HSS/HLR

Tu

SGSN
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Release 5 Different from Rel.4

¢ In Release 5, not only is the core enhanced, but the
uplink data rate also is improved through the
introduction of High Speed Uplink Packet Access
(HSUPA).
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New Elements of Release 5

e CSCF: Call State Control Function

MRF: Multimedia Resource Function

MGCF: Media Gateway Control Function

T-SGW: Transport Signaling Gateway

R-SGW: Roaming Signaling Gateway
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CDMA2000

e CDMAZ2000 is a wireless platform that is part of
the IMT-2000 specification and is an extension of
the CDMAOne wireless platforms using the 1S-
95A/B and J-STD-008 standards.

e CDMAZ2000 is geared toward the transport and
treatment of 3G wireless services supporting
multimedia applications for fixed as well as mobile
situations.
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CDMA2000

e CDMAZ2000 can be and has been deployed in an
existing 15-95 channel or system and will exhibit
the numerous enhancements:

— 1.25 MHz channel support
— 144 kbps packet-data rates
— 2x increase in voice capacity
— 2x increase in standby time

— Improved handoff
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CDMAZ2000 Network Architecture

Public
Telephone
Network

Fire Wall

Private/Public
Data Network

Router

BTS N
! Router

Internet

Home Agent
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All 1P Network Architecture

Circuit

=— = = = Signaling (SS7 or IP based)

Legacy mobile
signaling network

R-SGW|= == = = = -

=e=smmsns Packet (user traffic / signaling)

’ S M
’ ~
Mh/ N S
Cx Mr
1 \\ i MMg \‘.
[ T R © LI Nt
1Grp o Ge™ g Pai o
\ Gn
— —Trnc ]2 Sl i
Node B @ \ H
| -~
MS = (user traffic) :\— - “Git MGCF
) H
Node B \ 1 Mc, N
H 7’
Nb N
us 4= 717 vewlte.t L@L S PSTN
ucsl 1MAP \ T N
Ipart) I 1 . N i N 7
(control pa - e MAP\ P Me \ ’
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What is WiMAX ?

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

mIEEE 802.16
- 802.16d(. # 1 #,£1,802.16-2004)
- 802.16¢

m Last Mile access
-Fast local connection to network
B BT B [T SRR AL o A PR A [ ( Last
Mile ) |22 xDSLHICableft a1 v 8% %
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WIMAX

o g“uﬂjé‘;z (Intel) = &L

o WiMAX!'|IEEE 802.16 5% 5Lt » 10 £
WMAN (LRI aie ) o ihApag

o WIMAX[IO{HFFiE (f~% 30 » 5448 EI)
Sl (5 HWIMAXGLS, |3 :134Mbps )
» 5 [ AR 78T 300Kbps ~ 2Mbpsft
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Organization of Management

B IEEE802.167 [ RLRIFAVHIEH

B WiMAX ForumkLIEEES02. 165 Pt ¥
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Comparisons of Wireless
communication

Coverage

IEEE 802.20 JGPP, EDGE
(proposed) (GSM)

EHER | R ERHR AR AR R A L 2005/08)
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WiMax Standards Evolution

802.16-2004 Fixed Applications
(Licensed/Unlicensed- Non-LOS: < 11GHz
& LOS: 10-66GHz)

802.16h License Exempt
Co-existence Procedures

(Unlicensed)

| oo n

H J Feb 2004

802.16e Fixed and Mobile
(Licensed : Non-LOS: < 6GHz)

802.16/
Corrigendum 1&2

It

prn

802.16m WiMAX 2

IMT - Advanced
(Licensed)

v

: 802.161 802.16j MMR
BOZ.ﬁirgslxed Mobile MIBs Mobile Multi-hop Relay
.......... 3 I | [T e ]
sep o 1 I 1 1 1
l ._; 2004 l l S0 || [ 1 4”5 DODCRRTTN || S TeEE T . [ eXE_ ]
1]
802.16g

[ Fixed and Mobile Management R

L e .
O IEEE Standards
I:l Under development

?‘ (fixed) "

o FIEU El!r:ﬁ]‘a!,‘@)ﬁ (Pomt -to-Point) * 20015 11535
802.16 » Z ' EUP (Line-of- Slght)Iﬁiﬁ_
it ey
138 aEl!,‘IEJFE? (Pomt -to-Multipoint) * 2003 LE]3pl5H
o H' 7 ZEE AH3U# (Non-Line of Sight)
go2.16a | F RO (B I 125
{ ! -
20MHz) I
802.16¢ * 802.16 FUHIFHMRLEE * 2003F 15| EAFHY
. ﬁﬂf![ 802.16, 802.16a %= 802.16¢ *-f- ? « 2004% 6 5] 5F]5H
B02.16-2004 |+ H5WIMAX A BSE s (nomadlcySIie: |+ 2005 O DSFS

IER

* YRR AL 4RER 802.16-2004 p- Ptk |+ 20068 OF|fRER A
* §HEf OFDM256 2 ETSI & i H [fFr
802.16/conf04 | | = WIiMAX Forum:_l/ﬁlﬁﬁyﬁ?jﬁﬁﬂj};jgél
* 55 WiMAXGELE G 5 (portable) =72 | « 20055 12%] i
802.16e = ' ) o 20065 2E|f@¥EET

o SRR (Han(iover) SR
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IEEE WIMAX Standards i2/2i

. TTRITY * 20055 125|213t
802.16f b F@E}%EL&M(DALB); il
« 348 802.16-2004 A HE *
ERAT F'Ezv_rﬂ ~¢; =S ‘1%[;:”"3% ] B
P~ SRR CHERE - T EIEWRE |+ 20073F 4E|$1DO3E
802.169 E ) = Sponsor Ballot
o ELRS WIMAX SRS ozl B |
60216 |* P WIMAX Radio' Access 4 I B |+ 20072 4| BfD2cE
: PP (Unlicensed Band) 32i#L.V 2| = TG Review
. TRy s
sopng | O TREERGRR (IS EEFEER | go07:r 81y gpae
. 348 802,166 & 5855 %ﬁ = Letter Ballot
. Q| RID1E
. » Multi-hop relay for WiMAX 2,307 BEIRDLE
802.16] » Compatible to 802.16e MS i~ Letter Ballot
P ' « F[E20085 3F| PA
802.16k * Bridging extension for 802.1D to WiMAX |« 20075 3E]f@¥E5t 4.
802.16m | Nextgeneration of WiMAX2 o 2007 3E| RS ¥FHS
' o FEETITU Y] 4G B Requirement

IEEE 802,16 Published Standards and Drafts: hito:/www jeeeB02 0r/\6/oblished him
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Fixed WMAN+Mobile WMAN
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WIiMAX,

-Fi .11 &

.16 PHYFHi&

|Wi

Wi-F1 (802.11) |

WiIMAX (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/blg: 2 4GHz (83MHz
wide)
1la: 5. 2GHz (260MHz wide)

LOS: 10-66 GHz

NLOS: 2~11 GHz
License-exempt: 5~6 GHz
16e: 211 GH=z

Power

Ideal PHY s

11/11b/g: 100mW

63.5dbm (2238.72W) ~

Max. distance 90m 9.6KM
Mazx. bitrate 54 Mbps 75Mbps —
Max. velocity of MT | 30 km/hr 16e: 70 km'hr
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WIMAX, Wi-Fi .11 & .16 MACH§

Wi-Fi(802.11) WIMAX(802.16)
: CSMA/CA TDMA
Medium Access Poll n durme mital
Method Contention & polling olling (contention during mitia
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
S 11: authentication and WEP . o
Security 115 WAP & WAP? 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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LTE

e LTE: Long Term Evoluation

o FLSGPPATHIEAVIREE » [H] T -0 155 7], (OFDM) puftii
B IS 05 ] 252 14xd MIMOJIY ST & =58l fﬁ?%ﬁrﬁ - [+ 12
FDD (#i53 %57 ) AITDD (5347 ) ° LTERL.GSMEE3GH
HSDPATFEE F|AGHERHAY £

e LTEEEWIMAX > J\}EBGPPZEU#F’ {’?Ew’giﬁ,l ('Ultra Mobile
Broadband > UMB ) &t~ &pLAE 4G > 1@9‘ ElfJBijiﬁ?iLjﬁﬁJ
- OSSR R E‘:ﬁ?ﬁ FIBBSRRY fﬁ'?uquE?j [ flaghy £ = Bleisc
s LTE]’F‘[ﬁﬁfg;ﬁ #5513 100Mbps=®_F[E150Mbps!"| > =
WiMaxRITH o

127

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

o ﬁF?WiMAXEI'UB?'iL;?‘;%ﬁf}E’%‘,ﬁf'J“F’ = ?ﬁﬁﬁ%ﬁaj‘f}"@ﬂ;ﬁﬁ H] (
OFDM) FIU?*?E@EJ ) “Jﬁ]"sf;‘i‘E'J’J'ViterbiﬁlTurbO’Upﬁ%ﬁ

o (HWIMAXRELT [ HPUSE 5 i LTERLIEGSM,/ UMTS{UREs st
S o

o 3GPPF[# T LTEfY™ &1 1" |OFDMA » b5 g R A |SC-
FDMA (Ht#ELFDMA - “47i5; " DFTYEOFDM | ) » F'I 3D
- SC-FDMAJYRRIRLFGES! | R {SuEial= (PAPR) - [WEREARM]
[ E | OB LA o 1 505 ( OFDMAIMIMO /HARQ » LTE k=
IR F* M PR T IRl - 37T P pOs - (NP TEROFR A= o
WiMAX 43
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LTE

Qﬁ[iﬁ?ﬁ'ﬁ%ﬁmﬁﬂ% (ETRI) F‘PT?JJ‘IE\J]“‘IEHOFE'EI'U%E*J@@ A=
ﬁi/ p f‘*@“ﬂ‘? %‘%ﬁ#[;‘/ 5 = LTEY YR I'i‘ﬁ'ET

H (Nokia) 55 {fiH [2.6GHZHIFE Fﬁﬁ?ﬁ} fi' 3 173Mbpsfi
LTEH (Epabe Ao
LTEY I'JIPEL BLRE A < f E’%‘,#{E’frﬁ , ﬁjﬂ’fé?' r » ]
SAE: System Architecture Evolution)  I'|5lt| GSM/WCDMALF

LN

2008 115[19F 1= [ES«IFQ,PE (Qualcomm) ?‘*%ﬁﬁ}hﬁaul E.Jacobs
ﬁ' i FV# tUMB > ﬁIF ILTEAILTE- Advancedq Bicd
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LTE

LTERR Y| 2x2fia"|"ﬁt MIMOJiUFL 4 i - [IBSHIEU £ il st »
* o E T'F“k4X4f'

& ffif 5SMHz E‘U%fé?j (cell) '] » = D% 200{HENRERIM 1 (
active user)

< #£MBSFN (Multicast Broadcast Single Frequency Network)

P [ PO {2545 ms - 21 P Sleep ModeZ[[Active Mode
B [ [5750ms

;if 20MH Zﬁ%ﬁgﬁj:gﬁ#ﬂﬁi f# (il 7 100Mbps ~ - 50Mbpsfi
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SAE

e SAE: System Architecture Evolution

e Objective:

"to develop a framework for an evolution or migration of the 3GPP system
to a higher-data-rate, lower-latency, packet-optimized system that supports
multiple Radio Access Technologies.

— The focus of this work is on the PS domain with the assumption that voice
services are supported in this domain".
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s1
Evolved RAN

MME - Mobility Management Entity

UPE — User Plane Entity

AS — Access System

Red indicates new functional element / interface
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