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GSM Networks-1

» EFREI

« The GSM radio interface:

— Radio interface basics
— Structure of the GSM radio interface
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GSM Networks-2

w EFREI

« GSM Architecture

— Call routing

— Location Updating and Cell Selection
— Dedicated Channel Assignment

— GSM Protocol Structure
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GSM Networks-3

e GSM Features

— Handover

— Power Control

— Security

— Call Establishment
— Short messages

— Data Services

— Voice Services

— GSM for PMR

« Advanced GSM Features
e GSM Issues 4

w EFREI
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The GSM system for mobile communications; Michel
Mouly and Marie-Bernadette Pautet, [Telecom
Publishing 1992]

GSM Architecture, Protocols and Services. JOrg
Eberspacher et al. [Wiley 3" edition 2009]

GSM Networks: Protocols, Terminology, and
Implementation. Gunnar Heine [Artech House, 1999]

— http://www.scribd.com/doc/34043300/Gsm

GPRS in practice, a companion to the specifications
Peter McGuiggan [John Wiley & Sons Ltd 2004]

http://www.3gpp.org/-specifications-
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GSM Networks-1

« The GSM radio interface:

— Radio interface basics
— Structure of the GSM radio interface

 GSM Architecture
— Call routing
— Location Updating and Cell Selection
— Dedicated Channel Assignment
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Main GSM frequency zones

G3M Warld Coverage Map and G3M Country List
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GEM World Coverage map 2010
Crwarld TimeZone.com Al Rights resereed

L L CGemanndigoorH: [ GSM A0 1900 Mhz :
GEM 900 / GSM 1800 MHz are used in most parts of the world: Europe, Asia, Australia, Middle East, Africa. *

are used in the United States, Canada, Mexico and most countries of 5. America.

Near Universal Global Coverage (except Japan and Korea)
leads to Economies of Scale / Global Roaming
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The first GSM band (CEPT)

45 MHz
890 910 920 930 940 950 960
~ 25MHz ~ 25MHz
< > < >

uplink (Mobile to Base)
downlink (Base to Mobile)

Source: Mouly & Pautet

Frequency Division Duplex (FDD) .
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Frequency Carriers

0 1 2 (carrier number)

890.2 890.4 890.6 (MHz)

200 kHz

< >
GSM band

<

Source: Mouly & Pautet

Each radio carrier is modulated by the GSM channel data *
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Paris Sud

GMSK modulation spectrum
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Gaussian Minimum Shift Keying (GMSK) spectrum for GSM. Note the spectrum ’k
overlap of two adjacent (200kHz spacing) GSM channels is non-negligible =>
frequency planning.
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Multiple Access Schemes

Code Eudef Code
ri
|
I.--"
req Freq | Freq
¥ # < '
Time Time Time
FDMA TOMA CDMA
3 users multiplexed in each scheme *

GSM uses all three schemes, but is principally classed TDMA

11



© Paul Simmons 2013

» EFREI

GSM TDMA

frequency : ;
200 kHz % ------------------------
v- ________________________
—BP
g \ time
19726 Ms

' slot

Source: Mouly & Pautet
A slot lasts about 577us in the time domain and

occupies a bandwidth of 200kHz in the frequency *
domain. Each slot contains a burst of data (normally 1

116 information bits plus trainina +header/tail)
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GSM Normal Burst

147 bits

Source: Mouly & Pautet

| 1
36 dB _!_10 8_’_1O_§ ................ 7056/13 1ﬂ-ﬂ_8ﬁ_10_f_ (p)
ﬁ;(_,:‘—’g_ ------------------------- —>H< S 7
13

1 burst period (7500/13 us
o p ( 1)) -
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Burst composition

1 time slot=15/26 or 0.577ms (156.25 symbol durations)

1 symbol duration = 48/13 or 3.69us

(TE: Tail hits - GF: Guard period)

Mormal burst (NB)  [TH Encrypted hits Training sequence Encrypted hits TH GF1
The numbers shown are in symbols| 3 58 26 50 & = ,25}
_ T Fixed hits e Gri
I
Frequency correction burst (FB) BE! 1472 13 B_Eij}
: — . ol
Synchronization burst (SB) EE Encrygéed hits Synchrungﬂun SEfLUENCE Encwéjéed hits TSB BG;a"
—
TB | Synchronization seguence Encrypted hits TE _________EF'_ __________ _I
Access burst (AB) q 41 25 2 63,25 |
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GSM Frequency planning

freq reuse pattern ] ]
K=4 . W;channel Interference

\ Adjacent channel
3

Interference

reuse

Source: Mouly & PauiIt
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GSM key radio parameters

FDD in UHF band (300-3 000MHZz) {400-
1900}

FDMA 200 kHz carrier spacing

TDMA 8 time slots per carrier, 120ms/26
frame

Slow frequency hopping (hop interval> slot)
GSM symbol rate: 270.833 kbps (13/48 MHZz)
GMSK modulation (8PSK+ for EDGE)
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 EFREI

Engineering Problem No.3:
Structure of radio interface

 Problem Statement:

— How to organise the communication bandwidth to
and from mobile stations in order to optimally meet
user communication needs?

— Needs include voice and data calls, messages,
mobility updates, handovers, local information

— Bandwidth requirements change in time
— Need to connect with other networks

17
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Simplified Radio Protocol for call setup

Anne’s ’ Paul’s |
Anne ohone Networ ohone Pau
Need network access
Call Access Grant (Rardio Channel 23)
(Paul)
Call (Paul)
Page (Paul)
Page response, need access
Radio Channel 5
Call from Anne | Ring
Hello? ANswer ~ Answer —
18
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Direction of Communication

_ Downlink
I;Jplmk Link ﬁ @ Forward link
everse Lin Network transmit
Mobile transmit .Q
Qo’/
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GSM Common Channels

FCCH: Frequency correction ﬂ

SCH: Synchronization

BCCH: Broadcast controﬂ

PCH: Paging ﬂ

AGCH: Access grant ﬂ

CBCH Cell Broadcast
RACH: Random access

L e %
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Common Channels:usage

FCCH

and SCH: allow mobiles to

synchronise to network (SCH also provides a
basic cell identity: the BSIC)

BCCH: operational network cell information
PCH: Alerts mobiles on incoming calls

RACH
AGCH

CBCH

. Mobiles request access
. Access granted
. network cell information for users *

21
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GSM Dedicated Channels

Traffic channels:
— Full (TCH/F) rate speech (13kbps) or data
— Half (TCH/H) rate speech (6.5kbps) or data

SDCCH: Stand-alone dedicated
control:principal signalling channel

SACCH: Slow associated control: radio
measurements et alia, during call

FACCH: Fast associated control: “in band”
signalling for handover et alia, during call *

22
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u
Paris Sud

GSM Channel Classification

GSM Channels
|

|
Traffic Channels Signalling Channels

I I I
halfrate fullrate broadcast channels common control channels dedicated control channels
I I
| ) [ [ [ I
Dowr}llnk Downlink Uplink Slow Fast

T 1 [ T
— 1 |

TCH/H TCH/F BCCH FCCH SCH PCH AGCH RACH SACCH SDCCH FACCH
Net bit rate: 13 kb/s 782 bls 782 b/s 782Dbls 34 bls 382 0r391b/s 782 b/s 9200 b/s
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Radio Channel Multiplex-1

< 120 ms >

N O I oy ¢74-)

I (8)
N

<— > 15/26 ms
BP

Source: Mouly & Pautet

The Burst Period (BP) is derived from a 26-frame multiplex
of a 120ms frame; synchronises with core network transmissioT*
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école d'ingénleur

01 2 3 4 5 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25

Source: Mouly & Pautgt
Traffic channels use a cycle of 26x8 slots (120ms) y *
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TCH/H

8 BP cycle pss

o 1 z 3 + s 6 7 8 9 o 11 12 13 1 15 & 17 18 15 20 21 2 3 2¢ 25

T S TCH/H and associated SACCH for sub-TN 0

BBl TCH/H and associated SACCH for sub-TN 1
Source: Mouly & Pautet
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Stealing Flags

The user bits in a burst are divided into two
57-bit “half-burst” groups

To each half burst is added a “stealing flag” SF
SF=0 indicates user traffic (voice/data)

SF=1 indicates the half-burst has been “stolen”
from user traffic for signalling (FACCH)

Note: Half bursts are handled separately (see

Interleaving) *

Stealing Flags

26 Training
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Time Duplex

8 BPs =60/13 ms

Reception Transmission

Reception _jonpaser| [ [ | 111 IMI]1]
|

Transmission ’ ’ ‘0‘1 H3456‘7’ ’ H 1 \ H ‘ Source: Mouly&Paui't

GSM mobiles always offset reception and transmission

28
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Common Channel

Organisation
"T‘?J — 1 FccH [ BCCH
2 8 BP cycle time W mscH BB PAcCHIF
1

Typical only; allocations vary according to traffic needs
Note: PAGCH= PCH+AGCH,; /F= full rate traffic 29
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w————————— Paris Sud

Multiframe stucture

< hyperframe = 2048 supesframes
3h 28mn 53s 760ms

e e I = ] ) [

"  Superframe = 26 x 51 muttiframes 5

P (612s)

!
"26 multiframe" "51 muttiframe"

< wmsy > < (#235 ms) »
q 1 2 24 P 9 ) 2 3 LQ o =

TDMA frame

< (4 615 ms) > Source: Mouly & Pautgt
E | *
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Structure of radio interface:
EP3 Solution

* Engineering Problem:

— How to organise the communication bandwidth to
and from mobile stations in order to optimally meet
user communication needs?

e Solution:

— Provide a selection of channel types with
structures and capacity appropriate to their use,
harmonised with the spectrum allocated

*

31
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EP 3.1 GSM Speech

Problem:
— Radio Is a scarce resource

— S/N levels mean that simple coding would
give poor quality at edge of cell

— Some speech components need more
protection than others

— Radio channel may contain long bursts of
errors

32
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Discontinuous Transmission
(DTX)

Parties in a conversation speak generally less
than half the time

Voice Activity Detection allows detection of
pauses in speech

In these “silent” pauses, the transmitter sends
a “comfort noise” pattern, then stops sending
(apart from SACCH) until voice restarts

Reduces Iinterference to other users (thus
orovides capacity gain) and saves on mobile
pattery life

33



Speech channel coding
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G EFREI

Class
Very

1a
important bits

Class 1b
Important bits

Class 2

Not-se-important bits

50

132

78

! /] I\ \
i #
I -* / 'IIII
I / | §

50

=
=3
3

132

78

A\

! |
Oclass 1a+ 3 CRC + 132 class Ib+ 4 tail =1 i

! “q = S‘-— 1II|

189 coded with rate 1/2=>2* 189 =378

-

Channel coding for GSM FR speech: 260 bits of the 20ms frame*
are encoded to protect the most important parts.

34



© Paul Simmons 2013

Interleaving: Principle

original message

VoyageAvecUnAneATraversLesCevennes

received message corrupted by 6-bit-long error burst (bits 8-13)

VoyageA%%%%%%neATraversLesCevennes

original message interleaved (shift 5)
VvervoeAseycTLnaUrengnaseeAvCsAnee

received interleaved message corrupted by error burst (bits 8-13)
Vvervoe%%%%%%LnaUrengnaseeAvCsAnee

de-interleaved received message

Vo%ageAve%UnAne%%raver%lesC%vennes

GEFREI

Paris Sud

35
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Interleaving:
GSM TCH speech

For dedicated channels, each 456-bit block of L1 data is divided
bitwise into 8 sub-blocks of 57 data bits

Bits of two sub-blocks are mapped onto odd and even number
bits of a burst

On dedicated signalling channels, each 456-bit block is sent on
4 successive bursts (114 bits each)

On FR speech channels, each burst carries two 57-bit sub-
blocks of data from two different 20ms speech segments, as
even and odd bits

36
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Speech interleaving on TCH/F

20ms speech frame on . Next 20ms speech frame
' 8x57-bit sub-blocks - - >
0 N 6 7 0 1 2 3
8 9 14 15 8 9 10 11
448 | | 449 | e 455 448 449 450 451

0 1 2 3 4 5 6 7 8 9 1011 12 13 141516 17 18 19 20 21 22 23 24 25
<—8 cycles +1 burst—>

37
Bits from each 20ms frame spread over 57 or 65 BP=37.5ms
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Interleaving:
TCH Speech: result

« Even if some bursts are totally lost, most of a speech frame can
usually be recovered

 However, the cost is delay: each speech frame takes 8 bursts
spread over 8 TDMA frames (9 if 1 SACCH) to transmit, 8 x 8+1
burst periods, around 37.5ms.

* S0 a mobile-mobile call suffers four times this (plus other
delays) in one-way delay

*

38
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EP 3.1 Solution: GSM Speech

 Problem:
— Radio Is a scarce resource

— S/N levels mean that simple coding would give
poor quality at edge of cell

— Some speech components need more protection
than others

— Radio channel may contain long bursts of errors
 Solution:
— DTX reduces interference, hence capacity gain *

— Use speech specific codec
— Interleaving 39
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Interleaving on SACCH, SDCCH

« 8x57-bit sub-blocks

=
w
=

- O
=
o1 N
o O

Burst N \ Burst N+1 Burst N+2 Burst N+3 Burst N+4

bits | = 2*(49kmod57)+(kmod8)div4 40
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