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GSM highlights

• Open interfaces
• SIM
• ISDN technology
• International roaming
• Slow frequency hopping
• Temporary mobile subscriber identity
• Mobile assisted handover
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GSM Network
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IMSI International 
mobile subscriber 
identity

15
digits

Directory number assigned by 
operating company to a 
subscriber

TMSI Temporary mobile 
subscriber 
identity

32
bits

Assigned by visitor location 
register to a subscriber

IMEI International 
mobile equipment 
identifier

15
digits

Unique serial number assigned 
by manufacturer to a terminal

NOTA
TION

NAME SIZE DESCRIPTION

GSM Identifiers
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GSM Identifiers

NOTA
TION

NAME SIZE DESCRIPTION

Ki Authentication 
key

Secret key assigned by 
operating company to a 
subscriber

Kc Cipher key 64 
bits

Computed by network and by 
mobile station. 

Mobile station 
classmark

32
bits

Indicates properties of a mobile 
station

BSIC Base station 
identity code

6
bits

Assigned by operating company 
to a base transceiver station

LAI Location area 
identity

40
bits

Assigned by operating company 
to a base station transceiver

≤128 
bits
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Base station system + SIM
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Original GSM frequency bands

initial
GSM

analog
cellular

890  905 915

initial
GSM

935  950 960MHz

mobile station transmits base station transmits
analog
cellular
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PCS/PCN Frequency bands

1710  1785 1805 1880

1850 1930

MHz

1910 1990

Europe

North America
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Carriers, time slots, and frames
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Physical channels
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time 
1 2 3 4 5 6 7

4.62 ms 
frame

1

2

124

123

(slots)
0

890.2 
MHz

890.4

914.8



EL501 Fall 2002 David Goodman, November 6, 2002

Conventional carriers
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Frequency hopped carrier
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Two FH carriers
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Timing

hyperframe = 2048 
superframes

superframe =51 traffic multiframes
26 control mulitframes

control multiframe = 
51 frames

traffic 
multiframe =  

26 frames
120 ms 235.4 ms

6.12 s

3 h 28m 53.76 s

bit = 
3.69 µs

slot = 156.25 bits 577 µs

frame = 8 slots 4.615 ms
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Normal burst

4.615 ms
1 2 3 4 5 6 7 8

data datat f f guardtrain t
3 57 bits 1 1 57 38.2526

577 µs

t: tail bits f: flag train: equalizer training sequence 
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Traffic channels

12 slots per 
multiframe

TCH/HHalf rate

24 slots per 
multiframe

TCH/FFull rate



EL501 Fall 2002 David Goodman, November 6, 2002

Traffic multiframe

0 11 12 241 25

frames 0-11, 13-24: traffic channels 
frames 12, 25: associated control channels

13

120 ms

4.615 ms

1 2 3 4 5 6 7

frame number

time slot number

0
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GSM speech coding LPC/RPE

LPC predictor 
36 bits

13 kb/s 
LPC-RPE coder

20 ms store 
160 samples

A/D 
converter

log-linear
converter

8 kHz 
13 bits

analog
speech

64 kb/s 
speech

terminal

base or MSC

long term 
predictor 36 bits

excitation 188

260 bits/20 ms = 13 kb/s
compression
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GSM channel coding

rate 1/2 
convolutional
code 378 

bits

LPC-RPE 
78 least important bits

132 important bits

53 bits
MULTIPLEX 
INTERLEAVE

456 

bits
50 essential bits

4 tail bits

3 
parity bits

data fields of  
4 time slots

456 bits/20 ms = 22.8 kb/s
transmission
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Speech interleaving

87654321
1
2
3

114

write

read

2 speech coder 
analysis blocks 

2 x 456 bits = 8 x 114

1 2 8
transmission

frames
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Signaling channels

Broadcast 
channels

Common 
control 
channels

Dedicated 
control 
channels

Broadcast control 
BCCH

Frequency correction  
FCCH
Synchronization 
SCH

Paging 
PCH

Access grant 
AGCH 
Random access 
RACH

Fast associated 
control 
FACCH

Stand alone 
dedicated control 
SDCCH
Slow associated 
control 
SACCH

base-to-
mobile

mobile-to-
base

two-way
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Control multiframe (51 frames)
235.4 ms

FSBBBBPPPP FSPPPPPPPP FSPPPPPPPP FSPPPPPPPP FSPPPPPPPP X

F: FCCH frame  S:SCH frame   B: BCCH frame   P: PAGCH frame   X: idle frame  
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Control channel coding
BCCH, SDCCH. FACH, SACH, AGCH, PCH

184 bits 224 bits 456 bits data fields of 
4 time slots

rate 1/2 
convolutional

code

error  
correcting 
block code

184 bit 
message 
segment

4 tail bits
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Message format

address control length 
indicator fillinformation

(8 bits) (8 bits) (8 bits) (variable) (variable)

184 bits
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Synch channel burst

data datat guardtrain t

3 39 bits 39 3 8.2564
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Synchronization message

25 bits 35 bits 78 bits
data fields

rate 1/2 
convolutional

code

10 bit cyclic 
redundancy 

check

25 bit 
message 

4 tail bits
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Random access burst

train datat guardt

7 41 bits 36 3 69.25

t: tail bits
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RACH message

8 bits 14 bits 36 bits
data field

rate 1/2 
convolutional

code

error  
correcting 
block code

8 bit 
message

4 tail bits
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Access protocol

collision 
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noyes

another  
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wtih same 
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? 

yesno

send 
message

ACCESS 
AMBIGUOUSACCESS 

SUCCEEDS

max 
attempts 

?

noyes

ACCESS 
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random 
delay
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Signaling protocols

Radio

LAPD
m

RRM

MM

CM

Radio

LAPD
m

RRM RRM RRM

LAPD LAPD MTP MTP

SCCP SCCP

MM

CM

64
kb/s

64
kb/s

64
kb/s

64
kb/s

mobile
station

base transceiver
station

base station
controller

mobile services
switching center

Air 
interface Um Abis A

call management

mobility 
management

radio resource 
management

signal connection 
control part (SS7)

MTP: message 
transfer part (SS7)

link access
protocol 

D channel (ISDN)
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Call to a GSM phone

FCCHcarrier sine wave

SYNC CHANNEL INFORMATION

SYSTEM INFORMATION BCCH

SCHRRM

RRM

PAGING REQUEST RRM PCH
CHANNEL REQUEST RRM RACH

IMMEDIATE ASSIGNMENT RRM AGCH
PAGING RESPONSE RRM SDCCH

MOBILE 

STATION

BASE 

STATION

LOGICAL

CHANNELCATEGORY
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Call to a GSM phone (2)

AUTHENTICATION REQUEST MM SDCCH
AUTHENTICATION RESPONSE MM SDCCH
CIPHERING MODE COMMAND RRM SDCCH

SETUP CM SDCCH
CALL CONFIRMED CM SDCCH

ALERTING CM SDCCH
CONNECT CM SDCCH

ASSIGNMENT COMMAND RRM SDCCH
ASSIGNMENT ACK RRM SDCCH

CIPHERING MODE ACK RRM SDCCH

MOBILE 

STATION
BASE 

STATION
LOGICAL

CHANNELCATEGORY
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Connection and end of call

MOBILE 
STATION

BASE 
STATION

LOGICAL
CHANNELCATEGORY

CONNECT ACK FACCH
conversation TCH
conversation TCH

DISCONNECT CM FACCH
RELEASE CM FACCH

RELEASE COMPLETE CM FACCH
CHANNEL RELEASE RRM FACCH

CM

conversation TCH


