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Cellular System
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Cellular system Transmission  Multiple Channel
type access B .
andwidth
type
Advanced Mobile 1983 Analog FDMA 800MHz :
Phone system
AMFPS
Narrow band AMPS | 1992 Analog FDMA 800MHz st
US Digital Cellular 1991 Digital TDMA 800MHz/ 2nd
Digital AMPS 1900MHz
15-54 1 15-136
US Narrowband 1993 Digital CDMA 800MHz/ 2nd
Spread Spectrum 1900MHz
1S-95, CDMAone
CDMA-2000 2001 Digital CDMA 1900MHz 3rd

North America Generations

Cellular System Transmission Multiple Channel Generation
type Access
technique
Total Access 1985 Analog FDMA 900MHz 1st
CommunicationsE
-TACS
Nordic Mobile 1986 Analog FDMA 450/ 1st
Telephone 900MHz
NMT-900
Global system for | 1990 Digital TDMA 900/ 2nd
Mobile GSM 1800MHz
Universal Mobile 2001 Digital CDMA 2000Mhz 3rd

Telecom System
UMTS WCDMA

AoC.onan

European Generations
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Cellular System Transmission Multiple Channel Generation
type Access Bandwidth
technique
J-TACS 1985 Analog FDMA 900MHz 1st
PDC 1986 Digital TDMA 900MHz 2nd
CDMAone 2000 Digital CDMA 900MHz 2nd
(KDDI)
UMTS WCDMA 2001 Digital CDMA 2000MHz = i
(NTT Docomo)

Japan Generations
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5. Comparison of Common Wireless Communication Systems
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Cellular Network Structure

Cellular Network Structure Solal| ol c\l4ua| cliad| . 1

Mobile Station (MS) A4S —adiall 4tasall 1.1
The Mobile Equipment or Terminal 1.1.1
The The Subscriber Identity Module (SIM) 4a &) 1.1.2

The Base Station Subsystem (BSS ) : 4auluy) dhaall o ) alail) 1.2
The Base Station Controller (BSC): 4s il cilhaal) 8l 0 1.2.1

The Network and Switching Subsystem (NSS) :ds.all e d alail dhaa 1.3
Mobile Switching Center (MSC) JiLigall cilallSa ( Jagad) Joasd S 1.3.1
The Gateway Mobile services Switching Center (GMSC) 1.3.2
Home Location Register (HLR): (ohisall) iV el Jans 1.3.3
Visitor Location Register (VLR) : g3 —is Ja 1.3.4
The Authentication Center (AUC) &gl S« 1.3.5
The Equipment Identity Register (EIR)  :5jga¥) iy ol Jaw 1.3.6

Mobile Telephone Switching Office(MTSO) 1.4
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Cellular Network Structure Solal| olbull c\l4ua| ebind| .1
Radio Subsystem B External Network
telephone network
| i ; i
Yl <—| BTS| )T BsC| -
o i :
| | S
o F A PSDN/CSDN
{air interface)
data network

M5: Mobile Station

BTS: Baze Transcerver Station
BSC: Baze Station Controller
BS: Basze Staticn

MEC: Mobile Switching Centre
GMSC: Gateway MSC
OMC:Operation&Maintenance Centre

AuC: Authentication Centre

EIR: Egupment Identity Eegister

HIE: Home Location Register

WVLE.: Visitors Location Register

+ outd) <fjrf 24f ) Jiligh o pauas <oy

The GSM network can be divided into four main parts:
The Mobile Station (MS).
The Base Station Subsystem (BSS).

The Network and Switching Subsystem (NSS).
The Operation and Support Subsystem (OSS).

Ll ol Aala) (e d3e Lgda JS (5 930 9 AN ululY) Al (e o 8 AT e B e 9 Lga and JS

e S AY) & il
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Mobile Station (MS) dSexll/dbaxt/1.1

L g Jluy) g Ao s singg ..l 8 Jasy ol (Jsad)) Jseaadl g sa g

A Mobile Station consists of two main elements:

v' The Mobile Equipment or Terminal. (Jsal) & aliall citgl)

v’ The Subscriber Identity Module (SIM). ( 4as&dl ) 4sil déuay
& jidhal) Ay gy g 23 Ban g

1.1.1 The Mobile Equipment or Terminal

There are different types of terminals distinguished principally by
their power and application:

TYPE Maximum output power USAGE

FI XED 20 watt Installed in vehicles
£
PORTABLE |8 watt In military comm. 8
[V
HANDSET |2 watt Handheld 3
5
g

Table 2- Types of M T in GSM

1.1.2 The The Subscriber Identity Module (SIM) : 4ay il

The Subscriber Identity Module (SIM)
o Ll Ji5uaS 3 903 00 B ke A g ¢ il Ay g4 iyl Bang )
Ao D) cig ol ol i g .. JuaD dca D) i) (S (345 aly g J) g
claa (Al A A Ga dadiall (IMS] Jie) Jlsad) clardd J gdally 7 lawdl
. SIM Aag i e 1gda
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The SIM is a smart card that identifies the terminal. By inserting the SIM card into the
terminal, the user can have access to all the subscribed services. Without the SIM card, the
terminal is not operational. The SIM card is protected by a four-digit Personal Identification
Number (PIN). In order to identify the subscriber to the system, the SIM card contains some
parameters of the user such as its International Mobile Subscriber Identity (IMSI). Another
advantage of the SIM card is the mobility of the users. In fact, the only element that
personalizes a terminal is the SIM card. Therefore, the user can have access to its

subscribed services in any terminal using its SIM card.

Data Stored on a 51

Parameter Remarks

Administrative data

FIN/PINZ (mv) Personal identification number; requested at every powerup (PIN or PINZ)
PUK/PUKZ (m/f) PIN unblocking key; required to unlock a SIM

S =service table (m/f) List of the optional functionality of the SIM

Last dialed number) (ofv)  Redial

Charging meter (o/v) Charges and time increments can be set

Language (m/v) Determines the language for prompts by the mobile station

Security related data

Algorithm A3 and AB Required for authentication and to determine ke

im/f

Key Ki (m/f) Individual value; known only on SIM and the HLR
Key Ko (miv) Result of AB, Ki, and random number (RAND)
CKSN (m/v) Ciphering key sequence number

Subscriber data

IMST (/) International mobile subscriber identity

MSISON [off) Muobile subscriber ISON; directory number of a subscriber
Access control classles)  For control of network access

{myf)
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Roaming data

TMSI (myv) Temporary mobile subscriber identity
Value of T3212 (m/v) For location updating
Location updating status  1s a location update required?

LAl (m/fv) Location area information

Metwork color codes Maximum of 4 PLIMNs can be entered on a SIM after unsuccessful loca-
IMCCs) of restricted tion update; cause “PLMN not allowed.” Oldest entry deleted when more
PLMNs (mfv) than 4 restricted PLMNs are found.

MCCs of preferred What PLMN should the MS select, if there is more than one to choose
PLMNs (o/v) from and the home PLMN is not available?

PLMN data

NCC, mobile country Metwork identifier
code (MCC), and mobile

network code (MNC) of

the home PLMN (m/f)

Absolute radio Frequencies for which the home PLMN is licensed.
frequency channel

numbers (ARFCNs) of

home PLMMN (m/f)

Legend: m = mandatory; o = optional; f =fixed, unchangeable value; v = changeable

The Base Station Subsystem (BSS ) :dulud/ dbaxall s pifl alliidf 1.2

La ob g) el 48 & 4uilang (BTS = (romm e 58 g) Sl g8 & 0 B L
5 NlLa) 482 (g ghiaig A8 g aal g A8 S pady us (BSC = oam
s Ao il A g e Uil A g Jaral)

S Al iy O oS pa ) g Ao Glsa L. AQlS 03 BTS JS
9S8 Lyl BTS J daay lgshid ¢ gobieny Akl aayl o . LDA Bas
Ll a) g g s A Jia Aaan e sl A A (SWYY B Bale s
BTS 3 (A gliad 13 ¢ 49,3120 L a8 g aby Adgall) BTS )
43,3360 Akt
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Diversity & = TX/RX
antenna ©  antenna A

Antenna
cable

Base
station

equipment

Antenna
height

BETSz in standard configuration.
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00 Juad) 3 ) sa S Y (A g L, BTS I ¢ 4e saa B a2 BCS
((hy) HB allad g ¢ g3 0 BB Mas) aa Julai | BTS b2 gl 2alg BTS <
Jabsall slhe) rar s AY 4d e adledll 9 Frequency Hopping <aa il
¢ Handovers = oz la shgdadsa ol Ald iy Lasie a3 2355 (Jsad)
g Ao JAaI ¢ pdgall udi A BTS 845 9 BSC L di g cluall 81 2
bl gaa)

The BSC controls a group of BTS and manages their radio

resources. A BSC is principally in charge of handovers, frequency

Siemens base station

hopping, exchange functions and control of the radio frequency

power levels of the BTSs.

The Network and Switching Subsystem (NSS) :dSuilt s sill olallf dlaxe 1.3

e GAY) LSLLOY) CASEY aa g dalal) ASuid) e ASLAOU) AGUEY Juay 53 8 g ¢ AL Jial) NSS iay
dadd g i gdl) Aalad] 4d S 9, WA o) ASudl JA1 Gueaiiicia) cilS gl ae ASud) Jas aBl M) g8 g
&L, e Jual) (a3 el clSdd) ) Jla) A gl

BSCs I ¢y de gana il s AT aullia a JuaN) alily 2y ,., ok ) ATl ada (8 3 Le 5A
g Jd ey S el o ) ABLEYL bl i) gl allaS B Baa) giall Jie Apaliie) Aas Janyy ., 41 Aaglil)
D Jia (Jls) Jilasall Lgaliag A1) Cailda o)

Registration 4 cia L o) A&l 2 Javsa Jiligall Ja -1

Authentication , db aw b o) A aladioly A 7 paa Jiligall Ja -2

Location Updating b cis L g 4l b (Jgad)) dibgall adga Euyant dlh g axhy Liayf -3
JuaN! Jasad o) A g8 il g W adhy s HandOvers b s e s BTS'S ) ¢ paleadll Ailany 2 5819 -4
. Romaing subscriber ¢alsaiall ¢ps idall
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3 PTSN (Sheadl Cil ) anaia dSpdi Jia ALY ddacall il pa oy ) g Jua) W 238 MSC I -5
(ISDN ) Alalsiall cilasill 408 ) dSuil

J\gdﬁh\gi@uaﬁJthiY\ eﬁﬂ\@@\gﬁ&ﬁudﬁ\ oM ulalal) dad
gl acaaS ASladl) cilSudl) B Lay & 9 (Signaling System number 7: SS7)

. BSC's J pran 4l &iaali 54 AUl ga S sall |38

A gateway is a node interconnecting two networks. The GMSC is the interface
between the mobile cellular network and the PSTN. It is in charge of routing
calls from the fixed network towards a GSM user. The GMSC is often

implemented in the same machines as the MSC.

G5 Jomal) g2y, (PSTN) <ol ool A8, b5 ASLadl) Jul sall A8 Gy Jua gl Adals (e 3 JLe 98
. ouSall g J ganal) ¢y gdatil) g uda V) (3 pfalil) (ha ilallSal) dga S

P aSalll e A Sl d idia JS Aualdl) il glaal) 4gd Badad adld Jaw ) cililn 3acl (e B le ga
AGal  aladialy asdiucall Flacdl 4 glhaal) cila gleall anand (o S 0 £ giane 5gd .. & il (ald) Ja)
sda ) ARGl .. ¢ idiall Aalial) daaial) claddl) Lgd Lay o) AN Jualdl cila glaal) 038 (panali LaS .
o 52 JAMS A Gt LS & fdiall Gig yan adaga S Chiat b iiie Cila glaa aa ¢ AGUEY cilanal)

Al JLEIUY ala ga Ja AallSa g jaa Ja Aeadd) z A o) Aaadl)

GSM 31M

Ili".J_ELSI'I.."I =M

-

i i
Ki = 23415670 :_.%.
~

GEM 5IM

I'- L
Ki= 98752013 | &3,
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QoA bl o il Al racy Laa & jidiall caliaal) g pud) piddl zlka o g gisy HLR ) ¢
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Chapter 2

Cellular Network Structure

The Most Important Data in the HLR and the VLR

Parameter

HLR/AuC

VLR

Subscriber specific:

IMSI

Ki

TSI

Service restrictions
supplementary services
MSEISON (basic)
MSISDN (other)

Authentication and ciphering:

A3

A5/X (in BSS)

AB

RAND up to five triplets
=RES up to five triplets
K up to five triplets
CKSN

Subscriber location/call forwarding:

HLR number

VLR number
MSC number

LAl

IMSI detach
MSRN

LMSI

Handover number

Eng. Mohammed Abd EL-Kader
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Chapter 3

Modern Wireless Communication Systems
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The Big Picture - The evolutionary path from GSM to 3G

2.2.2 HSCSD : (High Speed Circuit Switched Data) — the first step towards faster data

speeds on GSM circuit switched networks. HSCSD concentrates up to four GSM timeslots
and allows data speeds of up to 64 kbit/s (mostly aimed at the corporate market). However,
mobile terminals supporting HSCSD are not currently available. It is primarily used for
notebooks with a data card. Operators will need to decide if they will offer this service or
GPRS or both. HSCSD is being installed in markets that are highly competitive where
differentiation is key, such as Finland, as well as where data services have been

particularly successful such as Norway and Hong Kong.

2.2.3 GPRS : (General Packet Radio Services) — the introduction of packet switching
technology to GSM, CDMA and TDMA (ANSI-I36) mobile networks, making it easier to

integrate with other packet-based protocols such as IP or X.25. GPRS is the first important
step on the path to 3G, hence GPRS also being known as 2.5G. The announcements of
GPRS data speeds vary from up to 115 kbit/s to up to 117 kbit/s, but is likely to average at
56 kbit/s, with between 28 and 40 kbit/s initially. If GPRS usage is mainly text based, it will
meet many wireless Internet service requirements from the outset. Trials of GPRS
services will occur in 2000, but it is unlikely that commercial usage will be significant before
2001. GPRS is being deployed in mobile networks today to provide the core network
packet data handling capabilities that 3G will need, whether delivered using WCDMA or
EDGE .
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2.2.4 EDGE : (Enhanced Data for GSM Evolution) — the second step towards 3G for

GSM/GPRS networks. EDGE will increase data rates on GSM to 384 kbit/s by bundling up
to eight channels or 48 kbit/s per channel. Analysts suggest that indoor EDGE speeds will
drop outside of the urban areas to 115 kbit/s, but that EDGE will be able to offer outdoor
rates of 450-550 kbit/s. EDGE is unlikely to emerge until 2002 and is an attractive option for
operators that do not have a UMTS licence. GPRS is based on a modulation technique
known as Gaussian minimum-shift keying (GMSK). EDGE is based on a new modulation
scheme that allows a much higher bit rate across the air interface - this is called eight-
phase-shift keying (8 PSK) modulation. Since 8 PSK will also be used for UMTS, network
operators will need to incorporate it at some stage to make the transition to third generation

mobile phone systems.
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