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אאWאאאאאGSM


אW
אאW

١K אאאK
٢K אאאK
٣K אאאאאK


אאאW

אאאאאאW
١K אאאK
٢K אאK
٣K אאאאאK
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Introduction 
אאאאאאאא

،אאא
אאאאא،אא

אאאאאאאאאא
אאK

א،אאאאא
אאאאאא،

אאאאא
אK

אאאאאאא
אאאאא{

אאאאאאאא
א(Frequency Division Multiple Access FDMA)אא

א،אאאאאאא
אאFDMAא

אא(microprocessor)
אK

אאאאאאא
אאאאא،אא

אאאאאא
Kאאאאאא

אאאאאא
א(cell)،אא

אאאאאאא
אאאא(cellular telephone system)K
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אאאאא
אאאא(standards)אאא

GSMGSMא،GSM،א
GSMאאא،GSMאאא،GSMK


١J١אאא
١J١J١אאHistory of Mobile Communications

אאאאאאאא
אאא(remote controllers)

אא(remote controllers for home entertainment equipment)،אא
א(cordless telephones)،א(pagers)،אאא(cellular 

telephones)،אאאאאאאא
Kאא

א (mobile)אאא
א،אאאאאאאא

אאאא
(portable)אאאאא

K
א(subscriber)אאאא

אאאאאא
(subscriber unit)،אאא

אאאאאא
אאאאאאאא

אאאאK
אאאאW

١K (Simplex)אאאא
אאK
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٢K (Half-duplex)אאא
אאאאא

אא(push to talk)א(release to 

listen)אאאאא(Police 
terminals)،F١J١EאאK 













٣K (Full-duplex)אאאאאא

אאאאא
אאאGSMאF١J٢EאאK 








 

א א

F١J١Eאא

א א

F١J٢Eאא
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אאאאאאאאא
אאאא،אאאאא


١J١J١J١אא The Pre-Prevailing Stage 

אאאאאאא
،אאאאאאא

،א،אאאאאאאFאEא،
אאאא،אאאאא

אאאאאאאאא،
אאאאאא

F١J٣E


















F١J٣Eאאא
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אאא א
• אאאonly car telephone service 
• אHeavy, bulky and expensive equipment 
• אNo handover capability 
• אPoor grade of service 
• אאLow speech quality  
• אאLow capacityK 
• אHigh market saturation 
• אאNo frequency reuseK 
• א Power level is not safe (very high)K 
• אPower hungry transceiversK 
 

١J١J١J٢אאא The First Generation Mobile Systems 
،אאאאאאאאא

אאאאאאאאאF
אF١J٤EEאאאאא

אאאאאK


 
F١J٤Eאא
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אאאאאאא(1970's-

1980's)אאאאK


אThe System 
אא(Cellular system)אאW

• אאא   Frequency reuse 
• אאAdaptive power control  
• א(Cell sectorization) 
• אאCell splitting  
• אאHandover 


אStandard 

אאאאאאW
• אאאDepending on analog technologyK
• אDifferent operating frequency rangesK
• אIncompatible systemsK 
• אאSuffer from capacity saturationK 
• אLimited to voice serviceK 
• אInsufficient transmission qualityK 
• No encryptionK 
• אאאאFrequency modulation (FM)K 
• אאאFDMA transmission technologyK


אThe system

אF١J١Eאאאאאאא
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אא
System 

א
Country 

אFE
Frequency range 

(MHz) 

א
Operational 

year 
Nippon Telephone and Telegraphy

(NTT-MTS) 
 اليابان
Japan 

800 1979 

Advanced Mobile Phone Service 
(AMPS) 

 الولايات المتحدة
US 

800 1979 

Nordic Mobile Telephone 
(NMT) 

 اسكندنافبا
Scandinavia 

450 
 900 

1981-85 

Total Access Communi. System 
(TACS) 

 المملكة المتحدة
UK 

900 1985 

C450 المانيا 
Germany 

450 1985 

Radiocom 2000 
(NMT) 

 فرنسا
France 

450 
900 

1985 
1989 

RTMS 
TACS 

 ايطاليا
Italy 

450 
900 

1985 
1990 

F١J١Eאאאאאא



١J١J١J٣אאא The Second Generation Mobile Systems
אאאאאאאא

אאאK
אאאאאאאאא

،אאאאא
אאא

אאאK




א٢٤٤אא
אאאאאאאאGSM

 


- ٩ - 

אThe standard 
١K אאאאThe Pan-European digital cellular standard (GSM):GSM 

אאא١٩٩١٩٠٠
،אאGSM(Group Special Mobile)אא

אאאאאאאאא
אאK 

٢K אאאIS-54Electronic Association interim standard (IS-54) 

١٩٩١،אא،IS-54
אאאאאאאא
אאאאאאאאא
א٣٠א،אAMPSDAMPS
אאאאTDMAאאא
אFDMAK

٣K אאאIS-95Interim Standard 
אאCDMA
אאאTIATelecommunications Industry Association
IS-95K

٤K אאאאJDCאאא
personal handy phone system(PHS)K 

٥K אאDECTCT-2K 


אאObjectives 
אאאאאW

• אאCommon standard K 
• אאInternational roaming 
• אאHuge capacity 
• אא Digital encryption techniques 
• אאאNoise and interference robust 
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• אאEnhanced range of services 
• Low cost equipment 
• אאאLow power consumption 
• א،،אLightweight, compact, pocket 

size terminals 
• אאTDMA digital transmission
• אאאאIntegrated services digital network 

compatibility 


١J١J١J٣אאאThe Third Generation Mobile Systems
אאאאאאא

אאאאאאPSTNא
אאISDNKאאאאאאא

אאK
אאאאאאאא

אאאאאאאK
F١J٥EאאאK

אאאאאאאא
אאאאאאאאא

٨אL١אאאאאK


אThe System
אאאאFPLMTS(Future Public Land Mobile Telecomm-

unication System)אאאאאא
١٨٨٥א٢٠٢٥אא٢١١٠٢٢٠٠Kאא

אאאאETSIאא
אUMTS(Universal Mobile Telecommunication system)א
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אאאאIMT200(International Mobile 

Telecommunication system in year 2000)אאאITUK


אאObjectives 
אאאאאאW
• אאאGlobal standardK 
• אאא Global roamingK 
• אאMultimedia servicesK 
 Unique universal handsetK אאאא •
• אאMultiple environment(indoor, outdoor, and vehicular scenarios)K 
• אאאCircuit and packet switching mode of servicesK


אThe standard 
אאאאאאאאW
• אאאאאאא 

Direct sequence mode based on wide-band code division multiple access(WCDMA) 
• אאאא٢٠٠٠

Multi-carrier mode based on CDMA2000 
• אאאאא

Time division duplex (TDD) mode based on TD-CDMA 
• אאאא Unique universal handsetK
 Multiple environmentKאא •
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F١J٥Eאא אא
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١J٢אאאGSM
١J٢J١GSM 

אאאאאGSMW
אYear אEvent  

١٩٨٢אאא2×25MHz٩٠٠
Committee of European Post & Telecoms (CEPT) recommended 
2×25MHz in 900 MHz 
. 

١٩٨٢אאא(GSM)CTEP
Group special mobile (GSM) was established by the CPET 
 

١٩٨٧אאא
Essential elements of wireless transmission are specified 
 

١٩٨٩אאא
European Telecommunication Standards Institute took over the 
responsibility for GSM specifications 
 

١٩٩٠١אא٩٠٠
The phase 1 GSM900 specifications are frozen 

א١٨٠٠
Adaptation to DCS 1800 commences 
 

١٩٩١
First GSM networks lunched 
 

١٩٩٢



אאאא
GSM has changed its name to the Global System for Mobile 
communications for marketing reasons 

א
Most European GSM networks turn commercial 

١٣٧א
Some 13 networks in 7 countries are "on air" by the end of the year 
 

١٩٩٣אאא
First roaming agreements in effect 

١٩٩٣،١٨
By the end 1993, networks in 18 countries are operational 
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١٩٩٤אא

Data transmission capabilities launched 
אא٦٩٤٣١٩٩٤

The number of networks rises to 69 in 43 different countries by the end of 
1994 
 

١٩٩٥١٩٠٠אאא
The first PCS 1900 is launched in The USA 

אאאSMSאא
Facsimile, data and SMS roaming starts 

אאGSMאא
Video signals are transmitted via GSM for demonstration purposes 

٥٠٠٠٠אא
50 000 GSM base stations are in use all over the world 
 

١٩٩٦١٣٣٨١
133 networks in 81 countries operational 
 

١٩٩٧٢٠٠GSM١٠٩٤٤א
200 GSM networks from 109 countries operational with 44 million 
subscribers worldwide 
 

١٩٩٨٣٢٠GSM١١٨١٣٥א
320 GSM networks in 118 countries with 135 million subscribers 
worldwide 
 

١٩٩٩
Wireless application protocol 

١٣٠،٢٦٠
130 countries, 260 million subscribers 

٢٠٠٠א٣٦٢
362 million users 

אאאא
General packet radio services(GPRS) 
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١J٢J٢אGSM 

אאאאאאGSM 
 


אא

אאאא

١אאא٩٣٥J٩٦٠(Downlink) 
٢אאא٨٩٠J٩١٥(uplink) 

٣٣J٢٠א
٤אאאא(Duplex) ١٢٥
٥אאאא٢٠٠
٦אאא(TDMA) 

٧אאאא(8/Fram) 

٨א١٣(13Kbits/sec) 

٩א
error protection methods

١JאאInterleaving
٢JאChannel coding
٣JאFrequency Hopping
٤JאאאAdaptive equalization

١٠אאאאא(GMSK) 
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١J٢J٣אGSM 

GSM אאאאא
אאKGSMאא

א،אאאא
אW

• א 
• אאאא 
• א 
• א 
• אאא 


١J٢J٤GSM 

GSMאאאאאKאא
GSMא

אא،אאאאאKאא
אא،א

אGSMKGSMSIM
אאאאאא
אאSIMK


١J٢J٥אGSM 

אאאא،א
אKאGSMאאK


Wא The switching system(SS) 

אW
• אMobile Switching Center (MSC) 
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אאאאאאאK
• אאHome Location Register(HLR) 

אאאאK
• אאVisitor Location Register 

אאאאא
K

• אAuthentication Center (AUC) 
אאאאאא

אא،אאא
אאF(International Mobile Subscriber Identity(IMSI)

אאא(International Mobile station Equipment 

Identity(IMEI))אאאאIMSI
Mobile Country Code(MCC)Hאא(MNC)

Mobile Network CodeHא(PLMN)Public Land Mobile NetworkK 
• אאEquipment Identity register (EIR) 

אאאאאאאK
Kאא


Wא The Base Station System(BSS) 

אW
• אא(BSC)Base Station Controller 

אאאאאאK
• א(BTS)Base Transceiver System

אאאאאאK
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١J٢J٦GSM 
F١J٦EאאGSMאא،

אK









• אאMobile Station(MS)
אאאF١J٧EW

١K אאא vehicular stationK 
٢K אאאportable stationsK 
٣K אאFאאEhandheld stationsK

אאאאGSM
אאאאאא(main machine interface) 
אאאאאא

GSMيوضح مكونات نظام ) ٦-١(شكل
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א،אאאאאאא
אאאאאא

GSMאא
،،אאGSMאאא

אא SIMSIMאאא
אאאK



 
F١J٧Eאאא 


• אאBase Station System (BSS)

אאאא
א(BTS)אא(BSC)

F١J٨KE
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F١J٧Eא 



• אBase transceiver station (BTS)

אאאאאא
אא(BSIC)אא٦٤

אאאאאאK ،
א،אאאK


• אא(BSC)Base Station Controller

BTSF١J٨E،٢٠
٣٠BTSא،BSCBTSA-bisאא

אאאBSCsBTSsאK
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F١J٨Eא א




אא(BSS)BSCאBTS
אאאAאאא

אאBSCsMSCs אאאW
١K אChannel allocationK 
٢K אLink qualityK 
٣K אאPower budget controlK 
٤K אאאאאSignaling and broadcast traffic controlK 
٥K אFrequency hoppingK 
٦K אHandover initiationK
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• אMobile Switching Center (MSC) 
אF١J٩EאW


١K אאאאאא  

call handling that copes with mobile nature of subscribersK 
 
٢K אאאאאאאאא 

Management of required logical radio link channel during callsK 
 
٣K אאאא(BSS)א(MSC) 

Management of MSC-BSS signaling protocol 


٤K אאאMSVLR 
Handling location registration and ensure interworking between MS and VLRK 


٥K אBSS 

Control of inter-BSS handovers 
 
٦K אאאHLRVLR 

Acting as a gateway mobile switching center to interrogate the HLR and VLRK 
 
٧K אאא 

Exchange of signaling information with other system entitiesK 
 
٨K אאאאאK  

Other normal functions of a local exchange switch in the fixed network 
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F١J٩Eא

 
 

• אאHome Location Register (HLR) 
אא (HLR) אF١J١٠EW

١K א  Identity to mobile subscriberK 
٢K אאאIntegrated 

services digital network directory number of mobileK 
٣K אאאאSubscription 

information on teleservices and bearer servicesK 
٤K אServices restrictionsK 
٥K אאsupplementary servicesK 
٦K אאאLocation information for call routingK
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F١J١٠Eאא 




• אאVisitor Location Register
אא (VLR) אF١J١٠EW

١K אIdentity of mobile subscriberK 
٢K אAny temporary mobile subscriber identityK 
٣K אאאאISDN directory number of mobileK 
٤K אאאאאאA directory number to route calls to a 

roaming stationK 
٥K אאLocation area where mobile is registeredK 
٦K אאאCopy of subscriber data from HLRK
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F١J١١Eאא

 
• אאEquipment Identity register (EIR) 

אאאF١J١٢EW
١K אאValid listW 

אאאאאK 
٢K אSuspect listW 

אאאאK 
٣K אאFraudulent list W 

אאאK


 
F١J١٢Eאא 
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• אAuthentication Center (AUC) 
אאא(HLR)אא(OMC)

F١J١٣EW
١K אאKiK 
٢K אאאאאאאאאKiK 
٣K אאאK 




 
F١J١٣Eא 

 
 
 

• אאOperation and maintenance center (MOC) 
אאאאאאא

אF١J١٤E،אא
אאאאK

אאW
١K אאאOperation and maintenance center switching 

part(OMC-S)
אאאאK

٢K אאאאOperation and maintenance center radio 
part(OMC-R)

אאאK



א٢٤٤אא
אאאאאאאאGSM

 


- ٢٧ - 

 
F١J١٥Eאא 


١J٣אאאGSM

אאאא{אאא
אאאK


١J٣J١אאThe Cellular Structure 

אאאאא
אאאאאא
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אKא
אאאKאאא

אאא(handover)K
אאאKאF١J١٦E

אאK


 
F١J١٦Eאא 
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١J٣J٢אאאBasic cellular concepts  

אאאאאW
• אאאאאאאK 
• אאאאאK 
• אאאאאK

،אאאאא
אאאKאאא

אא،אאא
אאאK

אאא،אאאא
אאאאאKאא

אאאאKאאא
אאאא

אKאא،אא،אאאאא
אאאאאאאאאא

אאK
אאאאאאא
KאאאאאK


• אאChannel reuse

אאאאאאאא
אאאאאאאK

אF١J١٧E٧٧
AGK

א٧א
אאא٧KאF١J

١٧EK
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F١J١٧Eאא 


אKF١J١٧EK=7אא

אKאאW


   ijjiK 22 ++=                    where i and j are integers 
  

• אאאSignal attenuation with distance
אאאאאאא

אKאא(D)א(R)
אא،אאאאא(C)אאא

אא(I)אאאא
אאאאאKF١J١٨E
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אאאKאאאאאא
אאאאאאKאאאא

אK
א D/Rאאא
אאK



 
F١J١٨Eא אא
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١J٣J٣אCell
• אאאK 
• אאאאאאאK 
• K 
 
• אא 

אאאאאא
אאאאF١J١٩KE



 
F١J١٩Eאא


אאאאאאאאא

F١J٢٠WE
١K אאEquilateral triangle  
٢K אThe square 
٣K אאאThe regular hexagon 

אאאאאא
K 
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F١J٢٠E

 
• אThe cell coverage

١K אאא٦אFF١J٢١WEE 
JאאאאאK
JאאK
J٦אK


 
F١J٢١Eא

 
 

٢K ١٢٠אFF١J٢٢WEE 
JאאאK
Jא٣١٢٠K
JאאאK
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٣K ٦٠אאFF١J٢٢WEE
JאאאK
Jא٦٦٠K
JאאאK



 
F١J٢٢E

 
 

١J٣J٤אאאא
Frequency reuse and the concept of a cluster 

• אא 
• אK 
• אאאאאאK 
• אאאאK 
• אאאאאK

F١J٢٣KE 
• אאאDK 
• F١J٢٤E٧אאאאK 
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F١J٢٣Eאא

 
 
 

 

 
F١J٢٤E
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• אKD/R
אאKD/RאW

    K3R
D =  

F١J٢٥EK=7D/R=4.6

 
F١J٢٥E
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١J٣J٤אאLocation area
• אF١J٢٦KE 
• אאאאאאK 
• אא{אאאאאאK 



 
F١J٢٦Eאא 
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١J٣J٥אאאאאא(MSC) 
• אאאF١J٢٧KE 
• אאאאK 
• אאאאאK 
 

 
F١J٢٧EMSC 
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١J٣J٦אאאPLMN 
• אא 
• אאאאאאK 


١J٣J٧GSM 

• אאאא
GSMF١J٢٨KE 

• אאאא
K 

 

 
F١J٢٨EGSM
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١J٤אאאGSM
אאאאGSMאW


אאאא

אuplinkW890-915MHZMSBS 
א downlinkW935-960MHZBSMS

אאλ33cm = 

אאBW=2×25MHz 

אאDuplex distance=45MHz 

אאCarrier=200KHz 

א    Transmission rate = 270.8 Kbps  

١P-GSM 900

אאno. Of channels = 125  

אuplinkW880-915MHZMSBS 
א downlinkW925-960MHZBSMS

אאλ33cm =
אאBW=2×35MHz

אאDuplex distance=45MHz
אאCarrier=200KHz

א    Transmission rate = 270 Kbps

٢E-GSM 900

אאno. Of channels = 175
אuplink1710-1785MHZMSBS 
א downlinkW1805-1880MHZBSMS

אאλ17cm =
אאBW=75MHz

٣GSM 1800

אאDuplex distance=95MHz



א٢٤٤אא
אאאאאאאאGSM
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אאCarrier=200KHz 
א    Transmission rate = 270 Kbps  



אאno. Of channels = 373  

אuplink1850-1910MHZMSBS 
א downlinkW1930-1990MHZBSMS

אאλ16cm =
אאBW=60MHz

אאDuplex distance=80MHz
 Carrier=200KHzאא

א    Transmission rate = 270 Kbps  

٤GSM 1900

אאno. Of channels = 300  





 

 

 

אאאא 

 

אאאא 

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 




א


א







٢
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אאWאא


אW
אאW

١K אאאאאK
٢K אאאאאK
٣K אאאאאאאK
٤K אאאא

אGSMK

אאאW

אאאאאאאW
١K אאאאאאK
٢K אאאאאGSMK
٣K אאאאאK



א٢٤٤אא
אאאאא
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٢J١ אFrequency 
    א   א א א   אƒ Kא 

אאאHertz Hz K אא
wavelength    λ    א speed of light   c 
3x108 m/s  אאKאא


ƒ = c/ λ                                                 (2-1)       

 
٢J٢ אאFrequency spectrum

א א frequency spectrumאא  radio wave א  א
   א  300א Hz300 THz  K  אF٢J١E 

אאא  אאא אא 
אאאא

 
 
 
 
 

א א אא אא 
0.3 – 30KHz 1Mm – 10Km VLF אאא
30 – 300KHz 10Km – 1Km LF אאא 

אאא 
LW 

0.3 – 3MHz 1Km – 100m MF אאאMW 
3 – 30MHz 100m – 10m  HF אאאSW  

FM 
30 – 300MHz 10m – 1m VHF  אVHF 
0.3 – 3GHz 1m – 10cm UHF אUHF

אאא 
3 – 30GHz 10cm – 1cm SHF א 

30 – 300GHz 10cm – 1mm EHF א



א٢٤٤אא
אאאאא
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F٢J١Eאאא




א٢٤٤אא
אאאאא
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٢J٣ אאBand width
אאאאBand widthBW  א

      אא  א    א אא 
אF 50%  E Hertz Kאאא

א אא א bitsא   אא א א
bit/secK א F٢J٢E א אאא  

אאאאאK
 


F٢J٢EאאאאK

 

  אאאא 

 
نظم الهواتف 
 المحمولة

Mobile phones 


NMT 

452-457 MHz 
462-467 MHz 

 
GSM 

890-915 MHz 
935-960 MHz 

1710-1785 MHz 
1805-1880 MHz 


AMPS, TDMA, 

CDMA 
824-849 MHz 
869-894 MHz 

 
GSM, TDMA, CDMA 

1850-1910 MHz 
1930-1990 MHz 


PDC 

810-820 MHz 
940-956 MHz 

1429-1465 MHz 
1477-1513 MHz 

 
אא
א
Cordless 

telephones 


CT1+ 

885-887 MHz 
930-932 MHz 

 
CT2 

864-868 MHz 
 

DECT 
1880-1900 MHz 


PACS 

1850-1910 MHz 
1930-1990 MHz 

 
PACS-UB 

1919-1930MHz 
 


PHS 

1895-1918 MHz 
 


JCT 

254-380 MHz 



א٢٤٤אא
אאאאא
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٣J٤ אאChannels
אאchannels

אאאאאK 
 
٢J٥ א

אאאאאאc = 3x108 m/s Kאv
אאאאאא


v = c / √εr 

 

εr אrelative permitivityאאKאא εr =1
אאאאאאאא 3x108 m/sK



٢J٦א   Modulation 
 א  modulation  א  א  א  

Amplitudeא Frequency א א Phase  Kא   א א  
אאbits F0 and 1Eאא

 א FאאE א  אModem  Kא 
אאאאא אאK

 א א  א א א   wired local area networks
א    א א Kא א wireless networks 

אאאאא
אאאW

 אאא(ASK) Amplitude shift keying  
א F٢J١E  א אא  ASK   א  

אאא0א  1Kא
0א 1a  Kאא א

אאאinterferenceאnoiseא



א٢٤٤אא
אאאאא
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 אאmulti-path propagation א א א 
אאK








 
 
 
 

אF٢J١E אאאASK


 אאא(FSK)  Frequency shift keying 
אF٢J٢( אאאFSKאא
אKאאאא0  1א

אKאא1f2 א0
f2 K אאאאאאK






 
 
 




 
אF٢J٢EאאאFSK 
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 אאאא(PSK)  Phase shift keying 
א F٢J٣ E אא אא  PSK א  א א  

אאא180oא0 1א
אאKאאאאא

אאאאK 












אF٢J٣EאאאאPSK


אאאאאאאאMinimum 

shift keying (MSK) א אא   FSKא א  
אאF٢J٤Eאא  א אא 

   even bits     odd bits   א א  
K אאf1אאf2 f12=f2K

אאW
J   אא א א    0 אא א אf2 

אFאאא180oE
J    א א  1א    א א 0 אאא

א f2אFאאא180oE
J אאא0אא1אאאא

f2 אא 





א٢٤٤אא
אאאאא
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J אאאא1אאאאf2
אא 

אfilter  Gaussian low-passאאא
   א א אא     Gaussian minimum shift keying

(GMSK) K  א א     א א אGSM
DECTK
















אF٢J٤Eאאא  MSK   


٢J٧ אאFאאאETDMA  
א    א א א א  

אאאKאאאא
אtime division multiple access (FDMA) אאא

אאאא א      
 א   א   אfrequency domain K אF٢J٦E 



א٢٤٤אא
אאאאא
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  א  א GSM Kא א     א
890אMHZ915MHZ אאא uplinkאא

mobile station  (MS)  א אbase transceiver station (BTS)  K א א
א935אMHz960MHz אdownlink אא

א20אMHZא Kא124 
א200KHz K 










 
אF٢J٥Eאא FDMAGSM

 
 א א  א אא time domain

אאאאאtime division multiple 

access  (TDMA) אאא
      אא א   א   א אא

א Kא א  אא א א  א אא  א 
אאאאאאאK 

 אF٢J٦ E א  א א א  TDMA
אאא  FDMA GSM אא time frame

 4.615ms8time slot 577µs
Kאאאאאא

א Kאguard spaceאאאא
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אאאאא
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א148bit  545.5µs  
 אburst    114bit  א  

57bitK
 א א א   digital cellular phones   אGSM

אא אאאspace division multiple 

access (SDMA)אא cells K 
אF٢J٧E אאSDMAא

אאא, f3 f1 , f2אא
 אאאאאאא אא  K

GSMאא124אאא
  אא אא   א א  א  א 

אאאאאאאאK


 
 
 
 
 
 
 

 
 
 
 
 
 
 
 





אF٢J٦EאאTDMAGSM
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אאאאאא

א אcode division multiple access  (CDMA)  א
א  אא   א  אאא  א  

אאK 
 
٢J٨ אאא 

  א א   א א   א א 
 carrier signalא א  א    analog modulation 

א א  א  amplitude modulation F(AM א א
frequency modulation (FM) אאאא      K

אא א  א    digital modulationא
אאאא ASK אאאא FSK אאאאא. PSK













אF٢J٧E אאSDMA
אאאanalog base-band 

signalKאאanalog modulationא
signal radio carrierK אאאא 

אא  אF٢J٨E אאאא



א٢٤٤אא
אאאאא
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אאאKאאאאא
א אFDMA K    אא א 

אאאאאא
 אאאאאrepeatersא

K




 
 
 
 
 
 
 
 








 
אF٢J٨EאאאאאאK 

 
٢J٩אאאPath loss  

אאאאאא3x108 m/s
אאKאא

אline of sight(LOS) אאPrא
אdאאאKאא

Pr α 1/d2    אאא  inverse square law  Kא



א٢٤٤אא
אאאאא
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אאאא Kאא
אאאאאאgain

אאא  K אאא א  א א 
אאאאאK


٢J١٠אShadowing

 א  א א     א  
shadowingאblocking אאאאא

    א  א     אא א  
אא א אK  א  א    א א א

א אא א
אאF٢J٩E אאאאאאאK


 







 
אF٢J٩Eאאshadowing  אblocking

 
٢J١١אאאMulti-path propagation

א  א א אא  א א
אאאאmulti-path propagation 

אאאאאאאאF٢J
١٠Eאאא אאאאאא

א  אאאdelay spreadא3µs א



א٢٤٤אא
אאאאא
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אKאאאא
     א   א א  אא  

K


٢J١٢אאTime dispersion
אאאאא

א  א א TDMA K א  א א  אא  
אאtime dispersionאא

אאא אא
K












אF٢J١٠Eאאא  multi-path propagation


٢J١٣אאאTime alignment
א אא א  א   time alignment   

אאאאאtime domainאא
אאאאfrequency domain Kאאא

אאאאאאא
אאאאאאאא

K 



א٢٤٤אא
אאאאא
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٢J١٤אאא 
א   א א  א אא  א א א  

אsymbolbitKא
א א  א  א א     אinter-symbol 

interference(ISI)KK אאsymbol rate אאK
אאאאאאא

אאאאא
אאאאאאאאא

א    א  א א א short term fading  K 
אF٢J١١Eאאאאlong term fading א

א אא אא   א א   א 
    א  K א א    א  א א

אאאKא
אא  אא אאאא

Doppler shiftאאאא
אK אאאאאא

אאאאאK











אF٢J١١Eאאאא
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אאאאא
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٢J١٥א
אאאאא

אאאאאא
א א א אא Kא

אאאאאאאא
אאאאK

אאאאאא
אאאאאאאאאאא

אאאא אאאK
אא אאאאK



٢J١٦ א
 א  channel coding     א א  GSM 

אאאא20ms
א 260bitאW

א182אbit אאא78bit אK
אא4bittail 3bitparity Kא189bit

אא 1/2 א387bitא78bit
   א K  א א  456bit      20ms K

אF٢J١٢EאאאGSMK




א٢٤٤אא
אאאאא
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אF٢J١٢EאאאGSM



٢J١٧אאAntenna diversity
אאאאאא

אאאKאא
אאא  א   K

אאאtime diversityאאfrequency diversity
אאangle diversityאאspace diversityK אא

אאאאאאאאאא
א   dipole λ/4   
  א λ/2 אאF٢J١٣E   Kא א 

אאKאאא
אאאאאאאאאא

א10אcm K אאאאא



א٢٤٤אא
אאאאא
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אאאאא1/10א א
אאאאאאאK









 
 
 
 

אF٢J١٣EאאאאאK 


٢J١٨ אאאInterleaving 
אאאinterleavingאאא

א אאאא אbits  K
אאאאאא

אאK
 

٢J١٩אאAdaptive Equalization 
 א א 

אאאאKאא
אאbitsאtime slotאburst

 א  א training sequence  Kאאא 
אאאאאאK

GSMא 26bitאאF٢J٦EK 
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אאאאא
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٢J٢٠אאFrequency hopping 
אאfrequency hoppingאאאא

אאאאאאco-channel interference  
אא  א אא  K GSM 

אא FDMA אא TDMA א 
 א א  8   א  א   א   

  577µs א  K א א א    א א
אאאאאא124K

אא
אאאא אאאאdownlink

אאאuplinkא45MHzK 
  אאאאאslow frequency hopping 

אאאfast frequency hoppingKאאאאא
א   K א א   א    א  א K

אF٢J١٤E א   א א   א א    
אאאאאאאא

אK
 
٢J٢١אאאTiming advance  

אאאאאא
אאא  K אאאא א א

אאאאאא
א  K   א  א אאאא 

א אspace guardאאF٢J٦EKאא
אאאאאא אאא א

אK 
 

 



א٢٤٤אא
אאאאא
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אF٢J١٤Eאא


 
٢J٢٢אאGSM

אF٢J١٥EאאאGSMKאאMS
אאF٢J١٥Eאא

אאKאK
אאאאאא

אאאאאאKאא
אKאאBTSאאאא

א א א אא א
אאF٢J١٥KE



א٢٤٤אא
אאאאא
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אF٢J١٥EאאאGSM
(a)אאM(b)   אאBTS




٢J٢٣אאGSM 
 אאאא 

א20ms260bitאאא
א13אkb/sKאא456bi20msאK





א٢٤٤אא
אאאאא
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٢J٢٤ Segmentation
GSMאsegments

 א  א אאא 
114bit א8א912bit40ms 

20msK


٢J٢٥אאאGSM  

אאאGSMאאא
 א Kאא  א א 40ms

912bitאאאא 114
8bitKאא114bit א

אF٢J١٦EK40msאאK
אא40ms8 אא

Kאאאאאאאאא
אK


٢J٢٦אEncryption  

 אencryption  GSM א א א
binary114bitאאאא

 א   א    א   K   א   
א Kאאאא

אא114bitאאאאKאא
אK


٢J٢٧אBurst formatting

   GSM     148אbit א    545.5µsא
אF٢J١٧EW



א٢٤٤אא
אאאאא
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אאאtail3bit 
אאאuser data57bit

 flag FSE1bit 

א26bit
 flag FSE1bit 

אאאuser data57bit
אאtail3bit 

א15.25µs אא
אא   30.5µsאאא  

timeslot577µsK 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

אF٢J١٦EאאאGSM  




א٢٤٤אא
אאאאא
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אF٢J١٧Eאburst   GSM 


٢J٢٨אא
אאmodulator 

אאGSM  אאאאGaussian Minimum 

Shift Keying (GMSK) Kאאאאא-60db
אאאאאאא270.8Kbit/s

    200KHz       1.35bit/sec/Hz  Kא  
אאאduplexer אאאאא

אא Kאאאאאאא
אאאאאאא

K
 
 
 
 
 
 
 
 







 

 

 

אא 

 

אאאא 

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 


א







٣



א٢٤٤אא
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אאWא


אW
אאW

١K אאאאאK
٢K אאאאK
٣K אאאאK


אאאW

אאאאאאW
١K אאאאאK
٢K אאאאK
٣K אאאאאאK
٤K אאאאאאאאK





א٢٤٤אא
אאאא
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٣J١אאGSM
אאאאGSMא

אאGSMK
אאאאאאאא

אאאK
GSMאאאFDMA

אא TDMAאאאא25 

MHz124FcarrierEא200KHzKא
אאאאTDMAאא

אא15/26א msא577µsאאא
burstאאK






אF٣J١Eאאא


(TDMA-) Frameא
אאאא120/26 ms4.615 msK

   

א

א Wאאא



א٢٤٤אא
אאאא
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אF٣J٢EGSMאא


אאאאאאאאאא

אאאא{אאאאK
אאW
Jאdedicated channels

אאMS
Jאcommon channels 

אאאאאאIdle Mode
 
٣J٢אאא

אאאGSMאאאאTraffic  
 Channels TCH{אאאאControl ChannelsCCHK

אאאאKאאא
אאאאK

אאאאאאאאBasic Station
אאKאאא

אK



א٢٤٤אא
אאאא
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GSMאאאTCHs
אאK


٣J٢J١אאTCHs 

אאMulti-frame26(26 TDMA-frames)



אF٣J٣Eאא


אאא120 msKאאא24

Trafficאאא{אאא
אאאslow associated control channel (SACCH)א

K



א٢٤٤אא
אאאא

 


-٦٩- 

אאTCHsאאאאאאא
אאאאאאאאא

אאאK
אאאאאfull rate TCHs (13.4kbps)

אאאאhalf rate TCHs (7kbps)Kא
אאGSMאKא

אאאאאאא
אאK

אאאאאTCH/Fא
FאEאTime Slot (TS)אK

אאאאTCH/Hא
אאא

אאאאאאK
אGSMאאTS0אא

אאBroadcast station
אK

אTCH- dataאא
אאאSACCHאF٣J٤KE





א٢٤٤אא
אאאא
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אF٣J٤Eאאא

 
٣J٢J١J١אאאאאTCH/F

אאא GSMאאאאאאW
• אאFull Rate Speech Channel (TCH/FS) 

אאא13kbps
אאGSMאא22.8kbpsK 

• אאא Full Rate Data Channel (TCH/F9.6) 9600bps
אא9600 bpsא

אGSMאא22.8kbpsK 
• אאאFull Rate Data Channel (TCH/F4.8) 4800bps 

אא4800 bpsא
אGSMאא22.8kbps 

•  אאאFull Rate Data Channel (TCH/F2.4) 2400bps 
אא2400 bpsא

אGSMאא22.8kbps 



א٢٤٤אא
אאאא
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٣J٢J١J٢אאאאאTCH/H
 GSMאאאאאאW

• אאHalf Rate Speech Channel (TCH/HS) 
אאאTCH/F{א

אGSMאאא
א7kbpsKאאGSMאא

11.4kbpsK 
• אאאHalf Rate Data Channel (TCH/H4.8) 4800bps

אא4800 bpsא
אGSMאא11.4kbps 

• אאאHalf Rate Data Channel (TCH/H2.4) 2400bps
אא2400 bpsא

אGSMאא11.4kbps 
 

٣J٢J٢אאCCHs
GSMאW

• אBroadcast channel (BCH)  
• FCommon control channel (CCCH 
• FDedicated control channel (DCCH    





א٢٤٤אא
אאאא
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אF٣J٥Eאאא


אאאאאאא

GSMK
אאBCH  CCCHאא

אאאאKאא
אאBCH  CCCHאאTS0

אאאא51אאאאcontrol channel 
multi-frame



א٢٤٤אא
אאאא
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אF٣J٦Eאאא


אאאGSM broadcast channelsאאאאאא

TS0...TS7אאTCHsאKאאאאא
אאאאאאא

אK
אGSM34 אאKKא

אאאא51אBCH  

CCCHאא
CCCHאאא

TS0אאidle frameK
אאאאDCCH

אDCCHK
אאK


٣J٢J٢J١אאאאBroadcast Channels (BCH)

אאאאא



א٢٤٤אא
אאאא
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אאTS0GSMKאאאTCHsא
אאאאאK

אאBCHאאאא
אK

BCHאאsynchronizationאאאא
אאאאאא

אאK
BCHאאTS0אאאא

אאTCHDCCH
dummy burstsKאאאאאאא

TCHDCCHK
BCHאאאTS0

א51אK
אאאBCH W

• אאBroadcast Control Channel (BCCH) 
אאאא

אאאאאאאאK 
BCCHאאאאאK

BCCHאא514 5K
WאאTS 0BCCH

אBCHF FCCH SCHEאא
אCCCHsאI51K

• א  (FCCH)Frequency Correction Channel 
אאTS 0GSMא

אאK 
FCCHאאאK

• אאSynchronization Channel (SCH)אTS 0אאא
FCCH{אאאאא



א٢٤٤אא
אאאא
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אאאאאKSCHא(FN)א
א02715647אא(BSIC)א

אGSMK 
SCHאאF51KE 


٣J٢J٢J٢אאאCommon Control Channels (CCCH)

אאאאאBCHאאTS 0GSM
BCHאK

אCCCHאאאאWJאאPaging Channel 

(PCH)אאאJאאאRandom Access Channel (RACH)
אאאJאAccess Grant Channel(AGCH)א

אאK
אCCCHאאאאאא

אאאאאK
אאאCCCHW

• אאPaging Channel (PCH) 
אאאאאאאא

אאPCH
אאאIMSIאאא

אאRACHK 
PCHאאאא

אאאאGSMK
• אאאRandom Access Channel (RACH) 

אאאאאאאא
אPCHKאאK 

PCH
אTS 0GSMKאאFאאEאא

RACHאאK



א٢٤٤אא
אאאא
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KאאאRACH
א אא 

Stand-alone Dedicated Control Channel(SDCCH)אK
אאאאAGCH

• אAccess Grant Channel(AGCH) 
אאאאא{א

K 
AGCHCCCHאאא

אאK
אאאא RACHאא 

CCCHK




אF٣J٧EאאאאCCCH




אF٣J٧ERACH
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٣J٢J٢J٣אאא Dedicated Control Channels (DCCH)
אאאאGSMאא

אאאKאאאK
אאאDCCHsא

BCHKאאאא
אאאאאאW

١K אא Stand-alone Dedicated Control Channels(SDCCH)
אאאK

٢K אSlow Associated Control Channels(SACCH) 
אאאאאאאK

٣K אFast Associated Control Channels(FACCH) 
אאאאאאאK

אאאW
• אא Stand-alone Dedicated Control Channels(SDCCH)

אאאאאאא
אאTCHאKSDCCH
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 i  والخانة الزمنيةrمعدل تدفق البيانات:مثال قناة فيزيائية
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 : القناة المنطقية (Maping)رسم  

ة في قناة فيزيائية واحدةمشارآةعدة قنوات منطقي   
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