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 ٣ J١ J١אFrequency  

אאאאאFאאE?Radio Waves?אאא
?ƒ?  Kאאא א?Hertz?  ?Hz?K

אא?Wavelength??λ?א?Speed of 

Light??c?3×108 m/s אאKאא
אW 

         ƒ = c/ λ                                                                                    (3.1)  

אאא،א
 א  א    א  א  א א 

אKאאאא?λ?אא
אאאאאא

אאא  א K אאאא   
  א א  א אא  א אא

אאאאאאאאאאאאא
אאאאK 

F٣ J١EWאאא300 MHzK 

אW 

אF3.1Eאאא 

m1
Hz10x300

s/m10x3

f

c
6
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٣ J١ J٢ אאFrequency spectrum 

אא?Frequency Spectrum?אא?Radio Waves ?א א
 א   א   300 Hz   300 GHz  K  אF٢ J١E 

אאא  אאאאאא
אאאא 

אF٣ J١Eאאא 

 

 
 
 
 
 
 
 
 

٣ J١ J٣ אא Bandwidth 

אא?Frequency Band?אאאא
?fmin??fmax?Kאאא

אאKאא?Bandwidth?א?fmax?
?fmin?אK?BW??Hertz?Kא 

      BW = fmax -  fmin                                                                                            (3.2) 

אאאאאאא
אאא א Kאאא

אאא?Bits?אאאאא?Bit/sec?K

אאא אא אא 
0.3 – 30KHz 1Mm – 10Km VLF אאא 
30 – 300KHz 10Km – 1Km LF אאאאאא LW 
0.3 – 3MHz 1Km – 100m MF אאאMW 
3 – 30MHz 100m – 10m  HF אאאSW  FM 

30 – 300MHz10m – 1m VHF  אVHF 
0.3 – 3GHz 1m – 10cm UHF א  UHFאאא 
3 – 30GHz 10cm – 1cm SHF אאא 

30 – 300GHz 1cm – 1mm EHF א 
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אF٣ J٢EאאאאK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٣ J١ J٤ אאChannels 

  א אא      ?Channels?  
 א    א     א ?ƒ? 

?BWch?אאאאאK
אא א  אא א   אא  

?Simplex Channels?   א א?Half Duplex Channels?א א
א?Full Duplex Channels?K 

 

  אאא א 

 
هواتف نظم ال

  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 
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 אאSimplex Channels 

אאאאאא
  א א   א א אא

F٣ J١EאאאאאאW 

١Kא?Pager System?אאK 
٢Kאאאאא?Radio & TV Broadcasting?אאאא

אאאאאאאאא
אאאK 

 
 
 
 
 

 

  

 F٣ J١Eאאא 

 אאHalf-Duplex Channels 

 א אא אא F א  E א 
אאאאא אא

   א                
אא Kאאאאא אא

?Push to Talk?א?Release to Listen ?א?Police Terminals?،
אF٣ J٢EאאאאאאK 

 

A 

Tx   

 B

Rx
1 Radio Channel  
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F٣ J٢Eאאא 

 אאFull-Duplex Channels 

אאאאאFאEא
אאאאאא

،אאאא
אאאאאאאא،א

  א    א א א א   
   א  אא  א א   א אא א א 

אGSMאF٣ J٣EאאK 

 
 
 

 
 
 

 
 

F٣ J٣Eאאא 

 

A   B

1 Radio Channel  
Tx \ Rx Tx \ Rx

RF1 
 

2 Radio Channel  
  

RF2  A 

Tx \ Rx

 B

Tx \ Rx
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٣ J١ J٥ אPropagation Velocity 

אאאאאאc = 3x108 m/s Kא?v?
אאאאאאW 

              (3.3)            
r

c
v


                                          

εr אא?Relative Permittivity?אאאאK
אאεr  = 1אאאאאאאא

3x108 m/sK 

٣ J١ J٦ אאDuplex Distance 

אאאאאא?Full-Duplex Channels?
GSMאאאאא

 א?Down-link?א א    א א א א  
 א?Up-link?F٣ J٤ KEאא

אאאא،א
א?Duplex Distance?KאF٣ J٥EאאK 

 
 
 
 
 

 

  
 
 

F٣ J٤Eאאאא 
 

Down-link 

Up-link 
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 F٣ J٥Eאא 

٣ J١ J٧אאCarrier Separation (Carrier Bandwidth) 

 ،אא
  א      ?Carrier Bandwidth?א  

אאאאKאא
אא?Overlap?אK 

א   אא א    א   K א 
     א  א א K  GSMא א 

א?200 KHz?F٣ J٦KE 

  

 
 
 
 

  F٣ J٦Eאא 

 

MHz 

Duplex Distance (45 MHz)

Bandwidth (2 X 25 MHz) 

890 915 935 960 

Up - Link Down - Link 

 

     MHz           895.4     895.6  

Carrier Separation (200 kHz) 
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٣ J١ J٨א   Modulation Method 

אאא GSMאאאאאא
אא?Carrier Signal?א?Amplitude?،
א? Frequency?א،?Phase?אKאאא

אKאF٣ J٧EאאאאW 

 אאא?Amplitude shift keying (ASK)?K 

 אאא?Frequency shift keying (FSK)?K 

 אאאא?Phase shift keying (PSK)K? 

 
 
 
 
 
 
 
 
 
 
 

 F٣ J٧Eאאאא 

א        אא  א א א  
 א א אFSK, PSK א אא   ?Minimum Shift 

Keying (MSK)? אאאאF٣ J٨E
אא  א אא ?Even Bits?

?Odd Bits?אאK Wאאf1
אאf2 f12=f2KאאW 

ASK 

FSK 

PSK (BPSK) 
(0ο, 180ο) 



א ٢٤٨ אא 
א אא אא 

 

  

- ٥٩ - 

 J אאאא0אאאאאf2
אFאאאא180oEK 

 J אאא1אא0אאאא f1
אFאאאא180oEK 

 J אאא0אא1אאאאf1 
אאאK 

 J אאאא1אאאאf2א
אאK 

 

 
 

 
 

 
 

 
 
 
 
 

 

F٣ J٨Eאאא  MSK   

א?Gaussian Low-Pass Filter?אאא
 א אא  א?Gaussian Minimum Shift Keying (GMSK)?

  א א א   א א אGSM א
?DECT?אאK 
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٣ J١ J٩ אאMultiple Access Methods  

 אאFDMA   

  א  א א אא א 
א    א  K  א   אא 

א?Frequency Division Multiple Access (FDMA)?אאא
אאאא

אאאאא?Frequency Domain?K 

 
 
 
 
 
 
 
 
 

  

F٣ J٩Eאא 

GSM אא א א?890 MHz? ?915 

MHz? א א א ?Up-Link? א א ?MS?אא
?BTS?אאא א?935 MHz??960 MHz ?
א?Down-Link? א   א?BTS?   א א ?20 

MHz?א   Kא   124  א  
?200 KHz?K  

 

FDMA 
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 אאTDMA   

אא?Time Division Multiple Access (TDMA)?
א?Time Domain?אא?Time Slot (TS)?

אאאאאאא
אאאאאKאא

אאאאאאאאאK 

אאאא?FDMA?GSM
אא?TDMA?אאTDMA frame

8?Time Slot (TS)?Kאא
אאאאKאF٣ J١٠E?TDMA?K 

 
 
 
 
 
 
 
 
 
 

 

F٣ J١٠Eאאא?TDMA?GSM 
 

 אאSDMA   

 א  א  א אGSM   ?FDMA??TDMA?
   אא א  ?Space Division Multiple Aaccess 

 
 

 

 

Frequency1 

TDMA 
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(SDMA)?אאאאאאא 

?Cells?     K א F٣ J١١E  א 
א?SDMA?Kאאאאאאא

אאK 

 
 

 
 

 

 
 

 F٣ J١١E אאא?SDMA? 

אאא?GSM?אאא?BTS?
אאאאא?MS?א

אאא א  א א،א
א Kאאאאאא 

א אאאאאא?Co-channel 

Interferance K?אא?SDMA ?א
 אאאאאאא  ?Main Beam ?

אאאאא?Smart/Adaptive Antennas?אא
א?Radiation Nulls ? אאא KאF٣ J١٢E

?SDMAK? 

אא?SDMA?אאאאאאאא
אאאאאאא

א?SDMA?אאK 
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F٣ J١٢E אא?SDMA? 

 אאCDMA 

אאאאאא
?Code Division Multiple Access (CDMA)?אאאG3

    אא  אאאא  א
אאא א

אK 

 
 
 
 
 
 

 
F٣ J١٣E אאא? CDMA? 

B. Radio Site  with  SDMA 
Technology 

A. 120ο Sectored Radio 
Site  

Radio beams 
follow movement 
of mobile radio 

Phased 
Array  

Antenna 

f1 

f1 

f1 

f1 

f1 

f1

f2 

f3 
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٣ J٢א 

٣ J٢ J١אאאPath Loss  

     אא  א   אא א 3x108 m/s
אאKאאא

?Line Of Sight (LOS)?K אאPrFE
אא?d?אאאKאא

אאאא?Inverse Square Law?אW 

                
2r d

1
P                                                                                                           (3-4) 

אאאאא?Gain?א
א  א  Kא א א   א אא  

א  א  א א אא Kאא 
אאא

Kאאא،אא
K 

٣ J٢ J٢אאBlocking and Shadowing 

?BTS?Fאא?MS?אאאא
אאאEאאאאאא

א   א א  א א     א 
?Blocking? Kאאאאא

אאאK 

אFאEאא?Fading?
?Reflection?אא?Shadowing?אאא
אאאאא

אא אאאא א   K אא
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אאאKאא
 א א    א א   א 

F א Eא א F٣ J١٣E א א א אא    
אאK 

 
 

  
 
 
 
 

F٣ J١٤Eא?Shadowing? 

אאאאאFאE
?Scattering?אאא

K   א        א א?Wave Diffraction?א
  אF٣ J١٤  KE   ?Patterns?א  א 

אא 

 
 
 
 
 
 
 

F٣ J١٥Eא?Scattering?אא?Wave Diffraction? 
 



א ٢٤٨ אא 
א אא אא 

 

  

- ٦٦ - 

٣ J٢ J٣אאאMulti-path propagation 
אאאאאאאא

אא   א       א א ?Multi-path 

Propagation? א    א אא  א    
אאא ?BTS?אא?MS?

א   K  אא   א א  ?Rayleigh Fading?
אא?Delay Spread or Time Dispersion?K 

א   א א   א  א א אא 
אא אאא?Delay Spread?א3μs 
אא Kאאאא

 א א  אא       א  
K 

 Rayleigh Fading 

  F٣ J١٥ E    ?Rayleigh Fading? א ،אא 
  א אאא 

אאאאאKאא
אאאאK 

 
 
 
 

 

 
 

F٣ J١٥E?Rayleigh Fading?אא 
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 אאTime Dispersion or Delay Spread  

אא אאא
אאאא?TDMA?Kאא

א?Time Dispersion?אא א א א?One Bit?
א        א א    K 

אאאאאאא
 א  K א  א א  א 

אאאאאא
אאKאאאאא
אאKאא?Adaptive Equalization?א

אK 

 א א     א א ?Inter-Symbol Interference (ISI)?
אאאאאK

אF٣ J١٦KE 

 
 
 
 
 
 
 

F٣ J١٦EאאK 
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 GSM אא א15 μs  
4.5KmאF٣ J١٧E،אאא

15 μsאאאא
4.5KmאK 

 

 

 
 
 

 

 

F٣ J١٧Eאאאאא  

٣ J٢ J٤אאאTime alignment 

 אאא א  א?Time Domain? K
אא?BTS?אא?MSs?אא

אאאאאאאא
א  א א          א 

א  א K אF٣ J١٨ E א    Kא   
אאאא?Timing Advance?אK 
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F٣ J١٨Eאאא?Time Alignment? 

٣ J٢ J٥אאאא 

אאאאאאאאא
א?Symbol?  ?Bit? Kאא

אאאאא?Inter-Symbol Interference
(ISI)?KKאא?Symbol Rate?אאK 

  א א  א א   א  א א
אאאא

אאאאאאKאאא
אאאא?Short Term Fading?KאF٣ J١٩E

אאאאאא?Long Term Fading?אא
 א   א א  א א  א   א א 

Kאאאאאא
אאאK 
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F٣ J١٩Eאאאאאא 

 

אא    אא    
אאאאא?Doppler Shift?א

אאK אאאא
אאאאאאאK 

٣ J٣א 

  א א   א  א    א 
אאאאאא

א א א אא  Kא
אאאאאאאא

Kאאאא 

 א  א   א     אאא  
אאאאאאאאאא א

א  א  א    א   א א א
א Kאא        א א    

אאK 
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٣ J٣ J١ אChannel Coding  
 אאא?Bit Error Rate 

(BER) K?אאאאא
אאאאKאא

אK 

 

 א   ?Channel Coding?א  א   
א K  א  א    א    א  

Kאאאא
אKאאא?Path Loss?K 

٣ J٣ J٢אאאInterleaving  

אא?Interleaving?אא
אאאאאאא

אאאאאאKאאא
אאא?Bits?אF٣ J٢٠EK

אאאאאא
אאאאK 

 

 01100010 1 1 ( Tx bits) 

 01010010 0 1 ( Rx bits) 

BER= 3/10 = 30%    ↑↑    ↑  א( BER) 
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F٣ J٢٠Eאאא 

٣ J٣ J٣אאAntenna Diversity 

אאאא?Time Diversity?א
א?Frequency Diversity ? א א?Angle Diversity ?א א?Space 

DiversityK?אאאאK 

  א   א א   אא א 
א    א   א K  אא    

אא    א א
אK 

אאאאאאא K
א א  א  א א

אאאאאאאא10אcm  Kא
F٣ J٢١EאאאK אאאא

אאאאאא1/10?א ?
אאאאאאאאK 
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F٣ J٢١EאאאאאK 

٣ J٣ J٤אאAdaptive Equalization 

אא?Adaptive Equalization?א
 אא    א    א א   ?Time 

Dispersion? K    א א  א א   ?Bits?
א  ?Time Slot?א ?Burst? א  א  ?Training 

Sequence?א  א     K א   א א 
א   א   א א   א א 

  א א   א   א   א א 
אאאאאא

אאKאאאאאאK
    GSM  א   ?26 Bit?    א  

אF٣ J٢٢EK 

 
 
 
 
 
 
 

 

F٣ J٢٢Eא 

Data Data S' 

Correlator diff 

Channel 
Model 

? ? S 

Choose 
"?"  

So that  
Diff 
Is 

minimized

{ 

{

Received burst 

Transmitted burst 
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٣ J٣ J٥אאFrequency Hopping 

א א?Frequency Hopping?   אא  א  א
אאאאאא?Co-channel Interference?  

 אאאאא
א?Fading?Kא

אאאאאאK
א א   א  א אא א  א

124א
אאאאK 

 א אאאא?Slow Frequency Hopping?א
א א?Fast Frequency Hopping? Kא   א א  א א 

אKאאאאאאF٣ J
٢٣E אאאאאא

אאאאאאאאK 

 
 
 
 
 
 
 
 
 
 
 

F٣ J٢٣E אא 
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٣ J٣ J٦אאTiming Advance  

אאאאאא
אא?MS?אאא?BTS?  .

אאאאאאאK
אא?Timing Advance?אאאא

אאאאא Kא
א א       א     א 

אאאKא
א א?Timing Advance ?א אא    ?Time Alignment?K

אF٣ J٢٤EאאK 

 
 
 
 
 
 
 
 
 
 

F٣ J٢٤Eאא 
 

GSMאאאאאאאone bitKא
אאאאKGSM

אאא63 bitאא
35 KmK 
 

Time Synchronization Time 

Start  
Sending 
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٣ J٤אאGSM 

אF٣ J٢٥EאאאGSMKאאMS
אאF٣ J٢٥Eא 

אאאKאK 

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F٣ J٢٥EאאMS 

F٣ J٢٥EאאMS 
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 אא א   א   א א   ?GMSK?  
א      א  ?Duplexer?א א   א

אא    א  Kא   א א   Kא 
א ?BTS?אאאאאא

אאאאא
אF٣ J٢٥KE 

٣ J٤ J١אאAnalog to Digital (A/D) Conversion 

 אא אא?Analog Speech Information?
( 0's , 1's)F٣ J٢٦EאאK

א?Pulse Code Modulation (PCM)?אאאW 

 
 
 
 
 
 
 

 
F٣ J٢٦Eא 

 אSampling 

אא א א א א א
8 kHzאאאאאאא

300 Hz 3400 Hz KאF٣ J٢٧EאK 
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F٣ J٢٧EאSampling 

 אQuantization 

אאאא
אKאא?Quantization 

Error? א  א א KאF٣ J٢٨ E 
א  Kאאאאא256 GSM

8192 ،אא13 bit / sampleK 

 
 
 
 
 
 
 
 

F٣ J٢٨Eא?Quantization? 
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 אCoding 

א Coding  א F BitsE
13 Bit( 213 = 8192 level ) Kא

F٣ J٢٩EאK 

 
 
 
 
 
 
 
 
 

 
 

F٣ J٢٩EאGSM 

אא 

Rb ( one MS) = 104 kbits/s = 13 bit /sample ×8000 sample 

אאאKא 
                         Rb ( 8 MS) = 104 kbits/s × 8 MS  = 832 kbit/s 

 

א    אא אGSM 200 kHz  ?MS?א
א832א kbit/sאאאאא

K 

 

0  1  0  1  1  0  0  1  1  0  1  0  1 
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٣ J٤ J٢אאSegmentation and Speech Coding  

 אSegmentation 

אאאאא
אאKאאא

   א   ،   א 20א ms    
א20 msbits אאא

50 sample/s8000 sample/s F٣ J٣٠KE 

 
 
 
 
 
 
 
 

 
 

F٣ J٣٠Eאא 

 אSpeech Coding 

אGSMא260 bits13 bitsאA/D
אאאאאK

W 

Rb = 50 sample × 260 bit = 13 kbits/s 
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אאאאאW 

Rb = 13 kbits/s × 8 MS = 104 kbits/s  

٣ J٤ J٣אChannel Coding  

 א  ?Channel Coding ? א   א א F٣ J٣١E
אאאGSMKא

  260 bit א    א 20 ms  א 
אW 

١K ١אW50 bitאF50 Very Important BitsEK 
٢K ٢אW132 bitF132 Important BitsEK 
٣K ٣אW78 bitF78 Not So Important BitsEK 

א١?50 bit?Block Coder3bit?Parity?F
?1s?Eאאאא53 bitK

53 bitא٢?132 bit?4 bit?Tail?אא?  Convolutional 

Coding?א 1/2 א378 bit
 א א78א bitא K אא456 bit 
20 msK 

 
 
 
 
 
 
 
 

 

F٣ J٣١EאאאGSM 

 50 very 
 Important bits 

4 Tail bits 

456 bits 

Block 
Coder 
+3 bits 

 53 bits

78 Not so Important bits 

 

 132 Important bits 

 
 

1:2 
Convolution

al 
Coder 

   378 bit
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אא?MSW? 
Rb = 456 bits / 20 ms = 22.8 kbits/s 

?MSs?W 
Rb =  22.8 kbits/s × 8 MS = 182.4 kbits/s 

٣ J٤ J٤אאאGSM  

 אאאאא 

 אאא GSMאאא K
א אאא

אאKא אא20 

ms456 bitאאאא8 Blocks
57 bitFEאא

אKאF٣ J٣٢EאאK 
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 אאאאא 

           א א 20 ms  
אKאאא F1,2,3,4 Eאאאאאאא

F5,6,7,8EאאאאKאאא
אאאאKאF٣ J٣٣Eאא

אאאK 
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٣ J٤ J٥אCiphering / Encryption  

 א?Encryption? GSM אא א
?XOR?114 bitאאאא

אא?Frame Number (FN)?א?kc ?Kא
א     K   א  א   

 א  אא114א bit אאאא  K
אאאKF٣ J٣٤EאK 



א ٢٤٨ אא 
א אא אא 

 

  

- ٨٤ - 

 
 

 
 
 
 
 

  
 

F٣ J٣٤EאאCiphering / Deciphering 
 

٣ J٤ J٦אBurst Formatting 

 GSM148א bit א 546.5μsאאF٣ J
٣٥EאW 

 Jאאא?Tail?3 bit  
 Jאאא?User Data?57 bitאאK 
 J?Flag?FSE1 bitK 
 Jא?Training Sequence?26 bitK 
 J?Flag?FSE1 bitK 
 Jאאא?User Data?57 bitאאK 
 Jאא?Tail? 3bit  
 J?Space Guard?א15.25μs אאK 

 

א א      30.5μsא     
אא?Time Slot?577 μsK 

 



א ٢٤٨ אא 
א אא אא 

 

  

- ٨٥ - 

 
 
 
 

 
 

F٣ J٣٥Eא?Burst? GSM   

٣ J٤ J٧אאGSM 
אאאאא

אא א א אא?Digital Modulator?
      א א GSM  א אא 

א?Gaussian Minimum Shift Keying (GMSK)  ?K 

אאאאאא-60dB
א א  א אא  אא  K    א 

270.8Kbit/s   ?Bandwidth?  200KHz      
1.35bit/sec/HzKאאא?Duplexer?אאא

אאאאK 

 א  אא  א   א א  א   
א   אא א א א  א א א    א

אאאאאאK 

 
 
 
 



א ٢٤٨ אא 
א אא אא 

 

  

- ٨٦ - 

 
אא 

 
١K W Jא Jאא Jאא Jאא 

٢K אאאא؟ 
٣K  אאאא؟אא

א؟ 

٤K אאא 
٥K אאאאMSK 
٦K אאא GSM؟ 
٧K אאMultiplexing אאאא؟ 

٨K אאאFDMA 
٩K אאאTDMA 

١٠K אאאSDMA 
١١K אאאאא 
١٢K אאאא؟א 
١٣K אאאא 
١٤K אאאאא 

١٥K אאאא 
١٦K אאאא 
١٧K אאאא 
١٨K אא GSM 
١٩K אאאאא 

٢٠K אאאW 

 Jא Jא Jא 
٢١K אאאאW 

 Jא Jאא Jאא   J אא 



א ٢٤٨ אא 
א אא אא 

 

  

- ٨٧ - 

٢٢K אא؟؟ 
٢٣K אא؟؟ 
٢٤K אאאא GSM 
٢٥K אא GSM؟ 
٢٦K  GSM؟ 
٢٧K אאאא GSM 
٢٨K אאencryption  GSM؟ 
٢٩K אא GSM 
٣٠K אאא GSM 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 


