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Some references for discussed 
subjects during the coursesubjects during the course

 2. Teletraffic Engineering

 3. Radio Propagation and Propagation Path-Loss 
Models

 4 An Overview of Digital Communication and 4. An Overview of Digital Communication and 
Transmission

 5. Fundamentals of Cellular Communications

 6. Multiple Access Techniques

 7. Architecture of a Wireless Wide-Area Network 
(WWAN)(WWAN)

 8. Speech Coding and Channel Coding

 11. Spread Spectrum (SS) and CDMA Systems

 12. Mobility Management in Wireless Networks

 17. Planning and Design of Wide-Area Wireless 
NetworksNetworks
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D l i &Duplexing &
Multiple Access Methods
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Type of Communication ChannelsType of Communication Channels

ApplicationsPropertiesType of Channel pppyp

FM radio, televisionOne-way onlySimplex

Police radioTwo-way, only one at a timeHalf duplex

Mobile systemsTwo-way, both at the same 
timeFull duplex ytimep
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Duplexing MethodsDuplexing Methods
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Duplexing
Frequency Division DuplexFrequency Division Duplex

 Two simplex channels

 Forward/downlink channel (frequency band) for BS to mobile communication

 Reverse/uplink channel (frequency band) for mobile to BS communication

 Forward and reverse channels separated to keep interference between transmission and 
reception to a minimum

 Requires either 2 antennas or a duplexer to enable device to use both frequencyRequires either 2 antennas or a duplexer to enable device to use both frequency 
channels with single antenna

 Because it requires less power to transmit a lower frequency over a given distance, uplink 
frequencies in mobile systems are always the lower band of frequencies – this savesfrequencies in mobile systems are always the lower band of frequencies this saves 
valuable battery power of the MSs.

uplink
Channel

downlink
Channel

Time
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Duplexing
Time Division DuplexTime Division Duplex

1 “unpaired” frequency, shared for 
uplink and downlink

uplink
Channel

downlink
Channel

Energy

Time split Time

Time slot

e



 Uses time instead of frequency to provide forward 
and reverse links

 Duplex channel consists of a forward and a reverse

Ti
m

e

UL

DL

 Duplex channel consists of a forward and a reverse 
time slot

 If time separation between forward and reverse time 
slots is small then transmission and reception of

DL

UL

Frame slots is small, then transmission and reception of 
data appears simultaneous

 Due to the time latency created by TDD, it is not full 
duplex in the truest sense

UL

Frame
with n TS
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duplex in the truest sense

 TDD allows communication on a single channel and 
makes a duplexer superfluous

frequency



Multiplexing & Medium Access 
BasicsBasics

Motivation AnalogyMotivation

 Task of multiplexing is to assign 
space, time, frequency, and code to 

Analogy

 Highways with several lanes

 many users: car driverseach communication channel with a 
minimum of interference and a 
maximum of medium utilization

 many users: car drivers

 medium: highway

 interference: accidents
 Communication channel refers to an 

association of sender(s) and 
receiver(s) that want to exchange

 interference: accidents

receiver(s) that want to exchange 
data

 Classification of multiplexing
 Four dimensions:

 Space
 Time
 Frequency
 code
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Multiplexing & Medium Access
Frequency Division Multiplexing Access (FDMA)Frequency Division Multiplexing Access (FDMA)

 In FDMA, the available radio spectrum is divided into
channels of fixed bandwidth, which are then assigned to
different usersdifferent users.

 While a user is assigned a given channel, no one else is
ll d t t it i th t h lallowed to transmit in that channel.

FDMA

f,  frequency
C1                    C3  

C2

po
w

er

Total available bandwidth
C1 = channel 1
C2 = channel 2

etc.
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Multiplexing & Medium Access 
FDMA Example - AMPSFDMA Example - AMPS

Advanced Mobile Phone Service (AMPS) -Advanced Mobile Phone Service (AMPS) -
U.S. Analog Cellular:

50 MH f t t l b d idth i il bl 50 MHz of total bandwidth is available

 869 - 894 MHz for the “forward” (base to mobile) link
 824 - 849 MHz for the “reverse” (mobile to base) link

 These are divided into 30 KHz-wide (FM voice)( )
channels.

 Only a subset of the channels are used in any Only a subset of the channels are used in any
given cell (this avoids inter-cell interference).
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Multiplexing & Medium Access 
FDMA Example - GSMFDMA Example - GSM

Downlink 935 – 960 MHz

Uplink 890 – 915 MHz

Uplink890.2 890.6
200 kHz

p

F (MHz)915890

Uplink
1 2 3 4 121 122 123 124

890.4

1 121

F (MHz)

Downlink

960935

1 2 3 4 121 122 123 124

935.2

935.4

935.6

1 121

GSM 900 Frequency Allocation



Multiplexing & Medium Access 
Time Division Multiple Access (TDMA)Time Division Multiple Access (TDMA)

 In TDMA, time is divided into intervals
of regular length, and then each
interval is subdivided into slots.

TDMA

w
erinterval is subdivided into slots.

 Each user is assigned a slot number,
and can transmit over the entire

po
w

and can transmit over the entire
bandwidth during its slot within each
interval.

tS2 S2 t
S1                    S3    …. ..  

S2

Interval 1

S1                    S3    …. ..  
S2

Interval 2
……..
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Interval 1

S1 = slot 1, S2 = slot 2,  etc.

Interval 2



Multiplexing & Medium Access 
TDMA – Example: GSMTDMA – Example: GSM

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

Frame (Count) Frame (Count + 1) 

DOWNLINK

Frame (Count) Frame (Count + 1) 

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

UPLINK

MS7MS1

BS
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Multiplexing & Medium Access 
TDMA – Example: D-AMPSTDMA – Example: D-AMPS

 U.S. Digital Cellular (USDC) (also called IS-54/IS-136)
 30 kHz AMPS channels are subdivided using TDMA
 6 sub channels (for 4 kbps digital voices) 6 sub-channels (for 4 kbps digital voices)
 DQPSC modulation is used
 Time intervals are about 1/4 millisecond (10-3 second)
 Time slots are about 1/24 ms
 Can also give 2 slots/user for 8 kbps voice
 Also called Digital AMP (D AMPS) Also called Digital AMP (D-AMPS)
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Multiplexing & Medium Access 
TDMA - Example: DECTTDMA - Example: DECT

Example: DECT

 10 carrier frequencies with 24 time slots each, 12 for downlink and 12 

14

q
for uplink.

 Time slot has a duration of 417 μs, frame lasts 10 ms.



Multiplexing & Medium Access 
Combination of FDM and TDMCombination of FDM and TDM

Each channel gets a certain frequency band for a certainEach channel gets a certain frequency band for a certain 
amount of time.  Example: GSM

Advantages:

c

C2 C3 C4 C5 C6C1
Advantages:
 More robust against frequency-

selective interference

f Much greater capacity with time 
compression

 Inherent tapping protection

t

Inherent tapping protection

Disadvantages
 Frequency changes t Frequency changes

must be coordinated
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Multiplexing & Medium Access 
GSM: Combination of FDMA and TDMAGSM: Combination of FDMA and TDMA

ARFCN Z
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Multiplexing & Medium Access 
Code Division Multiplexing (CDM)Code Division Multiplexing (CDM)

Code Division Multiplexing (CDM)
 All channels use the same frequency 

band at the same time
 Separation by codes guard spaces CDMASeparation by codes, guard spaces 

corresponds to the distance between 
codes (orthogonal codes)

 Good protection against interference

CDMA

po
w

er

 Good protection against interference 
and tapping (i.e., signals are spread on 
a broad frequency band, and 
interpretation of a signal is only possible

p

interpretation of a signal is only possible 
with matching code)

 High complexity of the receivers
 Precise synchronization between 

sender and receiver
 Initially used in military application
 Designated multiplexing technique for 

UMTS/IMT-2000
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Summary of Multiple Access MethodsSummary of Multiple Access Methods

TDMA

er
po

w

FDMA

er

CDMA

er

po
w

po
w

e
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S t tili tiSpectrum utilization 
(GSM as example)
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Spectrum utilization
Primary GSM (P – GSM)Primary GSM (P – GSM)

ARFCN: Absolute RadioARFCN: Absolute Radio 
Frequency Carrier Number.
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Uplink frequencies: fu (n) = 890 + 0.2 n       (1<=n <=124)
Downlink frequencies: fd (n) = fu (n) + 45



Spectrum utilization 
Extended GSM (E GSM)Extended GSM (E-GSM)

ARFCN: Absolute Radio

Uplink frequencies: fu (n) = 890 + 0.2 n (0 <= n <= 124)

ARFCN: Absolute Radio 
Frequency Carrier Number.
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p q u ( ) ( )
fu (n) = 890 + 0.2(n - 1024)  (975<=n<=1023)

Downlink frequencies: fd (n) = fu (n) + 45



Spectrum utilization
GSM 450 (Primary & Extended)GSM – 450 (Primary & Extended)

Extended Primary
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Spectrum utilization 
Digital Communication System (DCS 1800)Digital Communication System (DCS – 1800)

ARFCN: Absolute RadioARFCN: Absolute Radio 
Frequency Carrier Number.
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Uplink frequencies: fu (n) = 1710.2 + 0.2 (n -512)       (512<=n <=885)
Downlink frequencies: fd (n) = fu (n) + 95



Spectrum utilization 
Personal Communication System (PCS 1900)Personal Communication System (PCS – 1900)

ARFCN: Absolute RadioARFCN: Absolute Radio 
Frequency Carrier Number.
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Uplink frequencies: fu (n) = 1850.2 + 0.2 (n – 512)   (512 <= n <= 810)
Downlink frequencies: fd (n) = fu (n) + 80



GSM Frequency BandsGSM Frequency Bands

System Band Uplink (MHz) Downlink (MHz) Channel Numbery p ( ) ( )

T-GSM 380 380 380.2 - 389.8 390.2 - 399.8 Dynamic

T-GSM 410 410 410.2 - 419.8 420.2 - 429.8 Dynamic

GSM 450 450 450.4 - 457.6 460.4 - 467.6 259 - 293

GSM 480 480 478.8 - 486.0 488.8 - 496.0 306 - 340

GSM 710 710 698.0 - 716.0 728.0 - 746.0 Dynamic

GSM 750 750 747.0 - 762.0 777.0 - 792.0 438 - 511

T-GSM 810 810 806.0 - 821.0 851.0 - 866.0 Dynamic

GSM 850 850 824.0 - 849.0 869.0 - 894.0 128 - 251

P-GSM 900 900 890.0 - 915.0 935.0 - 960.0 1 - 124

E-GSM 900 900 880.0 - 915.0 925.0 - 960.0 975 - 1023, 0-124

R-GSM 900 900 876.0 - 915.0 921.0 - 960.0 955 - 1023, 0-124

T-GSM 900 900 870.4 - 876.0 915.4 - 921.0 Dynamic

DCS 1800 1800 1710 0 1785 0 1805 0 1880 0 512 885DCS 1800 1800 1710.0 - 1785.0 1805.0 - 1880.0 512 - 885

PCS 1900 1900 1850.0 - 1910.0 1930.0 - 1990.0 512 - 810
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GSM Frequency CalculationsGSM Frequency Calculations

Frequency ARFCN Range Uplink Frequency
( )

Downlink Frequency
( )Band ARFCN Range (MHz) (MHz)

P-GSM 900 1..124 890+0.2*ARFCN 935+0.2*ARFCN

E-GSM 900 0..124
975..1023

890+0.2*ARFCN
890+0.2*(ARFCN-1024)

935+0.2*ARFCN
935+0.2*(ARFCN-1024)

DCS 1800 512 885 1710 2+0 2*(ARFCN-512) 1805 2+0 2*(ARFCN-512)DCS 1800 512..885 1710.2+0.2 (ARFCN-512) 1805.2+0.2 (ARFCN-512) 

PCS 1900 512..810 1850.2+0.2*(ARFCN-512) 1930.2+0.2*(ARFCN-512) 

0 124 890+0 2*ARFCN 935+0 2*ARFCNR-GSM 900 0..124
955..1023

890+0.2*ARFCN
890+0.2*(ARFCN-1024)

935+0.2*ARFCN
935+0.2*(ARFCN-1024)

GSM 450 259..293 450.6+0.2*(ARFCN-259) 460.6+0.2*(ARFCN-259) 

GSM 480 306..340 479+0.2*(ARFCN-306) 489+0.2*(ARFCN-306) 

GSM 850 128..251 824.2+0.2*(ARFCN-128) 869.2+0.2*(ARFCN-128) 

GSM 750 438..511 747.2+0.2*(ARFCN-438) 777.2+0.2*(ARFCN-438) 
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Spectrum assignment to operators
Example: AustriaExample: Austria

 The figure below shows the current utilization of the GSM 
1800 frequency band in Austria 

27



Radio Interface details
Logical & Physical channels
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Functions of the Radio InterfaceFunctions of the Radio Interface

Th di i t f i ibl The radio interface is responsible 
for maintaining communication 
between the fixed part of the 
network and mobile subscribers.network and mobile subscribers.

 The radio interface serves three 
major functions:
 To transport user To transport user 

information, both speech and 
data.

 To exchange signaling 
messages between the 
mobile station and the 
network (e.g. call in progress 
indication and preparationindication and preparation 
and execution of handovers).

 Signaling by preemption over 
the existing communication 

The transmission resource used to fulfill 
these radio needs is the channelg

(Signaling over a dedicated 
channel).

29

these radio needs is the channel



Concept of Physical and Logical ChannelsConcept of Physical and Logical Channels

Logical ChannelsUser data Logical Channels
 A great variety of data must be passed 

between the BTS and the MS  (i.e. user 
data signaling)

 Comprises all information the users of the 
system explicitly transmit or receive in the 
context of a service offered by the system data, signaling). 

 Resources of the GSM air interface 
(time and frequency) must be 
structured by channels in order to

 Examples: 
 Speech
 SMS messages
 Fax structured by channels in order to 

realize the transmission of user data 
and control information (of various 
users) in a coordinated way.

 Fax
 WAP requests and responses

Control or signaling information

 Depending what type of information we 
need to transmit, we refer to different 
logical channels.

 Implicitly transmitted between mobile station 
and base station apart from
user data in order to control and manage the 
system and its services g

 There are two types of logical 
channels: Control Channels, and 
Traffic Channels.

 Examples:
 Location update
 Paging

Measurement data for handover

30

 Measurement data for handover
 Set up and release of calls



Concept of Physical and Logical ChannelsConcept of Physical and Logical Channels

Physical  Channels

 Logical channels are carried on physical channels.

 A physical channel is made up of the recurrence of the same TS taken from 
successive frames (on the same frequency).

L i l h l d h i l h l di t d fi d Logical channels are mapped on physical channels according to a predefined sequence 
of time slots (predefined  pattern) depending on the type of logical channel.

 A physical channel may carry one or several logical channels.A physical channel may carry one or several logical channels.
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Formation of a physical channelFormation of a physical channel

Frame n Frame n+1

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3

Frame n Frame n 1

1 1 1 1 1

0
1

0
1

TS 0 0
1

0
1

0
1

0
1

0
1

0
1 = physical channel1

2
3
4

1
2
3
4

1
2
3
4

1
2
3
4

1
2
3
4

1
2
3
4

1
2
3
4

1
2
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4
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4
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4
5
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4
5
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GSM:
TDMA-Frame and Physical ChannelTDMA-Frame and Physical Channel

A physical channel 
f

Physical channel #2 = recurrence of time-slot #2

 A frame (TDMA), 8 successive Time-Slots (TS), has a duration of 
60/13 ms or 4.615385 ms.

A TS h d ti f 15/26 0 576923

is made of the 
recurrence of the 
same Time Slot 
t k f

33

 A TS, has a duration of 15/26 ms or 0.576923 ms. taken from 
successive frames.



GSM:
Traffic and Control ChannelsTraffic and Control Channels

The specific type of 
f

Voice transmitted over the physical channel #2 defines a 
logical traffic channel

information carried 
on a physical 
channel  is  known 

l i l h l
Information (e.g. to set up a call) transmitted over the 
physical channel #3 defines a logical control channel

34

as a logical channel.physical channel #3 defines a logical control channel



Logical Channel TypesLogical Channel Types

 Control Channels carry signaling information used to establish traffic channels Control Channels carry signaling information used to establish traffic channels, 
synchronization, and location updates.

 There are three types of control channels:
 Broadcast(B) - All MS( )
 Common(C) - Shared between MS
 Dedicated(D) - for each MS

Broadcast
Control

Common
Control

Dedicated
Control

Traffic/
Control

mobile
specific

Shared among multiple MS Dedicated to single MS

35

uplink /
downlink



GSM: Overview of Logical ChannelsGSM: Overview of Logical Channels

G Ch l F ti Direction

MS  BSSFull rate TCHTCH/F

MS  BSSHalf rate TCHTCH/H

Traffic channel
(TCH)

Traffic channel
(TCH)

Group Channel Function Direction

MS  BSSBroadcast controlBCCH

MS  BSSFrequency correctionFCCH

Broadcast 
channel
(BCH)

Control 
channel
(CH)

MS  BSSSynchronizationSCH

A t MS  BSSAGCH

Random access MS  BSSRACHCommon control
channel (CCCH)

Signaling 
outside a 
call

Signaling 
outside a 
call

Access grant MS  BSSAGCH

Paging MS  BSSPCH

Notification MS  BSSNCH

( )

MS  BSSStand-alone dedicated controlSDCCH

MS  BSSSlow associated controlSACCH

Dedicated 
control
channel (DCCH)

Signaling 
associated 
with a call

36

MS  BSSFast associated controlFACCH



GSM: Control ChannelsGSM: Control Channels

C t l h l i ti h l d i t ( h di Control channels - are communication channels used in a system (such as a radio 
control channel), which are dedicated to the sending and/or receiving of command 
messages between devices (such as a base station and a mobile radio). On the GSM 
system, the control channel sends messages that include paging (alerting), access controlsystem, the control channel sends messages that include paging (alerting), access control 
(channel assignment) and system broadcast information (access parameters and system 
identification).

 Broadcast (Beacon) Channels (BCH) - are used to transfer system information such asBroadcast (Beacon) Channels (BCH) are used to transfer system information such as 
timing references and synchronization information. The broadcast channel provides 
system information, system configuration information (such a paging channel sleep 
groups), and lists of neighboring radio channels to all mobile devices operating within its 

di ( BCCH i d t l i ll b t h it iradio coverage area (e.g. BCCH is measured not only in one cell, but everywhere it is 
received).

 Common Control Channels (CCCH) - are communication channels that are used to 
coordinate the control of mobile devices operating within its cell radio coverage area. GSM 
control channels include the random access channel (RACH), paging channel (PCH), and 
access grant channel (AGCH).

 Dedicated Control Channels - are communication channels that transfer signaling 
messages to specific devices.
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GSM: Control Channels
Broadcast ChannelsBroadcast Channels

BCH h l ll d li k d ll t d t ti l t BCH h l BCH channels are all downlink and are allocated to timeslot zero. BCH channels 
include:

 FCCH: Frequency control channel sends the MS a burst of all ‘0’ bits which CC eque cy co o c a e se ds e S a bu s o a 0 b s c
acts as a beacon and allows MS to fine tune to the downlink frequency and 
time-synchronise.

SCH: Synchronization channel enables TDMA Frame number SCH: Synchronization channel enables TDMA-Frame number 
synchronization by sending the absolute value of the frame number (FN), 
together with the BTS’s BSIC.

 BCCH: Broadcast Control Channel sends network-specific information such 
as radio resource management and control messages, Location Area Code 
etc.
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GSM: Control Channels 
Broadcast Control Channel (BCCH)Broadcast Control Channel (BCCH) 

Th BCCH t i d t il d t k d ll ifi i f ti hThe BCCH contains detailed network and cell specific information such as: 

 Frequencies used in the particular cell and neighbouring cells. 

 Frequency hopping sequence. This is designed to reduce the negative effects of the air interface, which 
sometimes results in the loss of transmitted information; the mobile station may transmit information on 
different frequencies within one cell. The order in which the mobile station should change the 
frequencies is called the "frequency hopping sequence". (However, implementing frequency hopping in 
a cell is optional.) 

 Channel combination. As we mentioned previously, there are a total of twelve logical channels. All the 
logical channels except traffic channels are mapped into timeslot 0 or timeslot 1 of the broadcasting 
TRX. The channel combination informs the mobile station about the mapping method used in the 
particular cellparticular cell. 

 Paging groups. Normally there is more than one paging channel in one cell (describer later). To prevent 
a mobile from listening to all the paging channels for a paging message, the paging channels are 
divided in such a way that only a group of mobile stations listens to a particular paging channel. These 
are referred to as paging groups. 

 Information on surrounding cells. A mobile station has to know what the cells surrounding the present 
cell are and what frequencies are being broadcast on them. This is necessary if, for example, the user 
initiates a conversation in the current cell and then decides to move on The mobile station has toinitiates a conversation in the current cell, and then decides to move on. The mobile station has to 
measure the signal strength and quality of the surrounding cells and report this information to the base 
station controller. 
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GSM: Control Channels 
Common Control ChannelsCommon Control Channels

CCCH t i ll i t t lti i t d li k h l (BTS t l MS ) CCCH contains all point to multi-point downlink channels (BTS to several MSs) 
and the uplink Random Access Channel:

 RACH: Random Access Channel is sent by the MS to request a resources C a do ccess C a e s se by e S o eques a esou ces
from the network e.g. an SDCCH channel for call setup.

 AGCH: Access Grant Channel is used to allocate a dedicated channel 
(SDCCH) to the mobile(SDCCH) to the mobile.

 PCH: Paging Channel sends paging signal to inform mobile of a call.

CBCH: Cell Broadcast Channel is an optional GSM Phase II CBCH: Cell Broadcast Channel is an optional GSM Phase II 
implementations for SMS broadcast messages, for example road traffic 
reports or network engineering messages.

 NCH: Notification Channel used for GSM Phase II voice services such as 
Voice Broadcast Service (VBS) or Voice Group Calling Service (VGCS).
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GSM: Control Channels 
Dedicated Control ChannelsDedicated Control Channels

DCCH i th f ll i bi di ti l ( li k / d li k) i t t i t DCCH comprise the following bi-directional (uplink / downlink) point to point 
control channels:

 SDCCH: Standalone Dedicated Channel is used for call set up, location S CC S a da o e ed ca ed C a e s used o ca se up, oca o
updating and also SMS

 SACCH: Slow Associated Control Channel is used for link measurements 
and signaling during a calland signaling during a call

 FACCH: Fast Associated Control Channel is used (when needed) for 
signaling during a call, mainly for delivering handover messages and for g g g y g g
acknowledgement when a TCH is assigned
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Radio Interface details
Frame & Burst details
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GSM:
Frame HierarchyFrame Hierarchy

 To organize the information To organize the information 
transmitted on each carrier, 
GSM defines several time 
intervals ranging from 0.9 μsg g μ
(exactly the time duration of a 
quarter of one bit) to a 
hyperframe interval of more than 
three hours (GSM time)three hours (GSM time).

 The cycle of a multiframe and 
superframe is different for 
speech and control channels

 This arrangement enables a receiver to decode all the control channels along with the 
traffic channel (TCHs) because of the timing of the traffic multiframe always moving in 

l ti t th t l h l lti f

speech and control channels.

relation to the control channel multi frame. 

 Otherwise, if two multiframes were exact multiples of each other, the control channel time 
slot would be permanently masked by the TCH time slot activities.
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GSM:
Frame HierarchyFrame Hierarchy

The synchronisation channel (SCH) transmits a frame number (FN) which enables a mobile to

44

The synchronisation channel (SCH) transmits a frame number (FN) which enables a mobile to 
synchronise with the base station. The FN is a 22 bit number which resets after each  
hyperframe, i.e. after 2048 x 26 x 51 = 2715648 frames.



GSM:
Frame HierarchyFrame Hierarchy

Hyperframe (3h 28min 53s 750ms)

0            1                                                                                                                            2046       2047

Hyperframe (3h, 28min, 53s, 750ms)

S f (6 12 )
0      1      2                                                                                                 48    49  50

0 1 24 25

Superframe (6,12s)

0             1                                                                                        24            25

0      1      2      3                                       23    24    25 0      1      2      3                                         48    49    50

Traffic multiframe (120ms) Control multiframe (235ms)

0      1     2       3      4      5        6     7 TDMA frame (4,61ms)1 6

45

FCCH, SCH, BCCH, RACH, AGCH, 
PCH, SDCCH, CBCH, SACCHTCH, SACCH, FACCH



GSM: Burst TypesGSM: Burst Types

TDMA – Frame = 4.615 ms

Guard Period
E h ti l t f TDMA f

Normal Burst
3 3 8.2557 Data bits 57 Data bits

26 Bit Training
Sequence

 Each time slot of a TDMA frame 
lasts 0,577 ms, which 
corresponds to the duration of 
156.25 bit periods

Frequency Correction Burst
3 3 8.25142 Fixed Bits

 156.25 bits are assigned 
according to a well-defined 
structure known as a data burst.

Synchronisation Burst

3 3 8.2539 Data bits 39 Data bits64 Bit Training Sequence

26 Bit Training58 Bit 58 Bit

 GSM defines five different kinds 
of data bursts used for different 
purposes:
 Normal burst

Dummy Burst
3 3

8

8.25

68.25 Bit

26 Bit Training
Sequence

41 Bit Training
S 36 Data bits 3

58 Bit
(Mixed Bits)

58 Bit
(Mixed Bits) Synchronization burst

 Frequency Correction Burst
 Access Burst
 Dummy Burst

46

Access Burst

8 Sequence 36 Data bits 3

156.25 Bits = 0.577 ms



GSM: Normal Burst (1/2)GSM: Normal Burst (1/2)
Stealing flagStealing flagTail bits

357 Data bits 57 Data bits26 Bit Trainings 
sequence3

A normal burst carries user data and 
most of the control information

Tail bits
 Indicate the start and end of each burst

Stealing flags
 Indicate whether the corresponding block of 

data bits contains user data or whether it is
 Three “0” bits are added to the start and end 

of the burst. These are used to guard the 
corner information bits during the ramp up 
and ramp down of transmission power of 

data bits contains user data or whether it is 
“stolen” for urgent control information

 If set to “1” then  the even bits of the traffic 
channel are stolen, if set to “0”, then the odd 

modulated signal.

Data bits
 Represent the actual information content

bits are stolen. 

 Represent the actual information content.

 114 bits of encrypted and error- protected 
user data or control information.



GSM: Normal Burst (2/2)GSM: Normal Burst (2/2)
Stealing flagStealing flagTail bits

357 Data bits 57 Data bits26 Bit Trainings 
sequence3

A normal burst carries user data and 
most of the control information

Training sequence
 A set of well defined sequences, whose 

i l i k b th i

Guard bits
 Used to avoid overlapping with the subsequent 

precise value is known by the receiver.

 Used to adapt the parameters of the receiver 
to the current path propagation 
characteristics and to select the strongest

time slot (may happen due to different 
propagation delays)

characteristics and to select the strongest 
signal in case of multipath propagation

 By determining how the known training 
sequence is modified by multipath fading, the 

114 bits are inadequate  for carrying 
user information, typically four 
normal bursts are used to carry a 
message This set of four bursts isrest of the signal is processed to compensate 

for these effects

message. This set of four bursts is 
referred to as  a “block”



Frequency SynchronizationFrequency Synchronization

O i t th 0 3 GMSK d l ti Owing to the 0.3-GMSK modulation 
procedure used in GSM, a data 
sequence of logical ‘0’ generates a pure 
sine wave signal, i.e. broadcasting of the 
FB d t d l t dFB corresponds to an unmodulated
carrier (frequency channel) with a 
frequency shift of 1625/24 kHz (≈ 67.7 
kHz) above the nominal carrier 
ffrequency.

 In this way, the MS can keep exactly 
synchronized by periodically monitoring 
the FCCH.the FCCH. 

 If the frequency of the BCCH is still unknown, the MS can search for the channel with the highest 
signal level. 

 This channel is with all likelihood a BCCH channel because DBs must be transmitted on allThis channel is with all likelihood a BCCH channel, because DBs must be transmitted on all 
unused time slots in this channel, whereas not all time slots are always used on other carrier 
frequencies. Using the FCCH sine wave signal allows identification of a BCCH and 
synchronization of a MSs oscillator.
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Time SynchronizationTime Synchronization

F h i h i i TDMA f i GSM li ll For the time synchronization, TDMA frames in GSM are cyclically 
numbered modulo (2715648),  (2715648 = 26 × 51 × 2048) with the 
Frame Number (FN). 

 One cycle generates the so-called hyperframe structure which 
comprises 2 715 648 TDMA frames. 

 Each base station BTS periodically transmits the RFN (Reduced TDAM 
Frame Number) on the SCH. With each SB (Synchronization Burst) the 
mobiles thus receive information about the number of the current TDMAmobiles thus receive information about the number of the current TDMA 
frame. This enables each MS to be time-synchronized with the base 
station.
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GSM:
Frequency Correction BurstFrequency Correction Burst

D t bitTail bits

3142 fixed bits3 8.25

Data bitsTail bits

Frequency Correction Burst
 Used for the frequency synchronization of 

a mobile station

 Burst is periodically transmitted by the 
base stationa mobile station

 Tail and data bits are all set to 0.

 Results in a pure sine signal (using 

 Depending on the stability of its own clock, 
mobile can periodically resynchronize with 
the base station

GMSK modulation), facilitating frequency 
correction.

51



GSM:
Synchronization BurstSynchronization Burst

339 Data bits 39 Data bits64 bit training sequence 
(synchronization sequence)3 8.25

Synchronization burstSynchronization burst
 Time wise synchronization between 

mobile and base station enabled by a 
long training sequence

 Contains TDMA frame number and Base 
Station Identification Code (BSIC)

long training sequence
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GSM:
Dummy BurstDummy Burst

326 bit training 
sequence

3 8.25

Dummy Burst

sequence

 Transmitted on one frequency of the cell 
allocation, when no other bursts are to be 
transmitted

 Enables the mobile station to perform 
signal power measurements (quality 
monitoring)
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GSM:
Access BurstAccess Burst

D t bitTail bits S h i ti bit

336 data bits41 bit training 
sequence8 68.25

Data bitsTail bits Synchronization  bits

Access Burst

q

Access Burst
 Initial signal sent by the mobile station 

(MS first time access)
 Merely 36 bits allow very little information 

to be sent in the access burst (Coded Data 
h l h d t)

 A longer tail eases the decoding 
process as the BTS does not have 
much information about the mobile 
( f

- channel or handover access request).

 Long guard duration of the guard period 
compensates propagation delay if a mobile 

(adaptive frame alignment could not 
have been established yet).

 Synchronization bits (training 

station sends an access burst from the 
boundary of a cell of 70 km diameter (long 
period since time advance is not yet 
defined)
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sequence)  carry a fixed and specified 
value.

defined)



GSM:
Mapping of Logical Channels onto BurstsMapping of Logical Channels onto Bursts

BCCH TCHSCHFCCH NCHPCHAGCH RACHSDCCH FACCH SACCHBCCH TCHSCHFCCH NCHPCHAGCH RACHSDCCH FACCH SACCH

Normal Burst Access Burst Dummy BurstFreq. Cor. Burst Synchr. Burst
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Mapping of ChannelsMapping of Channels 
in the time domain
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GSM:
Frame HierarchyFrame Hierarchy

Hyperframe (3h 28min 53s 750ms)

0            1                                                                                                                            2046       2047

Hyperframe (3h, 28min, 53s, 750ms)

S f (6 12 )
0      1      2                                                                                                 48    49  50

0 1 24 25

Superframe (6,12s)

0             1                                                                                        24            25

0      1      2      3                                       23    24    25 0      1      2      3                                         48    49    50

Traffic multiframe (120ms) Control multiframe (235ms)

0      1     2       3      4      5        6     7 TDMA frame (4,61ms)1 6
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FCCH, SCH, BCCH, RACH, AGCH, 
PCH, SDCCH, CBCH, SACCHTCH, SACCH, FACCH



Mapping of Logical Channels onto
Physical Channels (Time Slots)Physical Channels (Time Slots)

Th di id d th t i t f bil t k The radio resources are considered as the most expensive part of a mobile network, so 
the usage of radio channels should be optimized.

 It will not be suitable to dedicate one physical time slot to each logical channel.

 Instead of that, the logical channels are organized into groups (time-multiplexed 
combinations) and occupy  (share) the same physical time slot alternatively, for example a 
BCCH is sent on time slot 0 in one TDMA frame and a PCH (of the same combination) will 
be sent on the same time slot in the next frame.

 Logical channels can occupy a complete physical channel or just a part of a physical 
channel.

 This concept is called “Multi-framing or Mapping of logical channels”.

 A multi-frame is a repeating combination of logical channels.

 In other words, multi-frames allow one timeslot allocation (physical channel) to be used for 
a variety of purposes (logical channels) by multiplexing the logical channels onto the 
timeslot.
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GSM Logical Channel combinationsGSM Logical Channel combinations

 GSM uses certain predefined pattern of channel combinations.GSM uses certain predefined pattern of channel combinations.

 Each individual transceiver (TRX) can offer eight channel combinations in each time slot. 

 On the bases of anticipated traffic load of a cell, the network operator establishes a 
channel configuration that must adhere the rules of the channel combinations, that can be 
multiplexed onto one Timeslot.

 For example, one slot per frame could be used for: The channel combinations are 
defined for the BS operation (notp p

1 (TCH/F plus associated SACCH)
Traffic channel 
combinations

defined for the BS operation (not
the MS). 

2 (TCH/F plus associated SACCH)

(1 SCH + 1 FCCH + 1 BCCH + 1 PAGCH/F) on the downlink
+ 1 RACH/F on the uplink

combinations

Signaling  channel 
combinations

(1 BCCH + 1 PAGCH/F) on the downlink
+ 1 RACH/F on the uplink
1 BCCH + 1 PAGCH/T on the downlink
+ 1 RACH/H on the uplink

combinations

Both traffic and 
Si li
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p
+ 4 (TCH/8 plus associated SACCH) using both uplink and downlink. Signaling



GSM: Typical Channel CombinationsGSM: Typical Channel Combinations

Th f ll i li t i t f d h l bi ti (CC) t d b th i ltif The following list is a set of approved channel combinations (CC) represented by their multiframes:
– CC1: TCH/F + FACCH/F + SACCH/TF
– CC2: TCH/H(0,1) + FACCH/H(0,1) + SACCH/TH(0,1)
– CC3: TCH/H(0) + FACCH/H(0) + SACCH/TH(0) + TCH/H(1)– CC3: TCH/H(0) + FACCH/H(0) + SACCH/TH(0) + TCH/H(1)
– CC4: FCCH + SCH + BCCH + CCCH
– CC5: FCCH + SCH + BCCH + CCCH +
– SDCCH/4(0,1,2,3) + SACCH/C4(0,1,2,3)( , , , ) ( , , , )
– CC6: BCCH + CCCH
– CC7: SDCCH/8 + SACCH/8

 NOTE: The numbers in brackets after the logical channels give the numbers of the logical subchannelsNOTE: The numbers in brackets after the logical channels give the numbers of the logical subchannels. 
This means that in the case of SDCCH/4 there are four SDCCHs on a physical channel, each of which 
is used by one MS. A physical channel contains exactly one of these combinations. The shared use of a 
physical channel by several logical channel types does not mean that all these channels can be used at 
the same time. Although the mapping of combinations of logical channels onto a physical channel maythe same time. Although the mapping of combinations of logical channels onto a physical channel may 
mean that several logical channels can appear on one physical channel, they occur sequentially at 
intervals of at least one TDMA frame length. GSM 05.02 specifies the multiplexing on the GSM radio 
interface.
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Typical Small Cell Channel ConfigurationTypical Small Cell Channel Configuration

Small cell : 1 TRX = 8 timeslots The simplest mapping is the full-rate Small cell : 1 TRX = 8 timeslots

Combined BCCH+FCCH+SCH+CCCH+SDCCH/4

traffic channel (TCH/F) and its SACCH. 
When combined these channels fit 
exactly into one physical channel.

1 2 3 4 5 6 70

TCH + FACCH + SACCH The basic broadcast and common 
control channel combination consists of 
a single FCCH, SCH and BCCH on the 
downlink, along with a full-rate PCH 

1 2 3 4 5 6 70and full-rate  AGCH.

 This control channel combination may 
only occur on time slot zero of a carrier. 

Downlink

The carrier that supports these 
channels at a BTS is called the BCCH 
carrier and it will be unique to a cell or 
sector; i.e. each BTS will only have one 

RACH

TCH + FACCH + SACCH

Uplink

BCCH carrier.

 The uplink (on TS 0) is entirely 
dedicated to a full-rate RACH. 1 2 3 4 5 6 70

TCH + FACCH + SACCH

The uplink part is part of the combinationCCCH= PCH & AGCH



GSM Channel combination:
FCCH SCH BCCH & CCCH on Downlink TS0 of c0FCCH, SCH, BCCH & CCCH on Downlink TS0 of c0

tiFRAME 0 FRAME 51timeFRAME 0 FRAME 51

TDMA
Frames

The channel combinations

0 1 - - - - - 7 0 1 - - - - - 7 0 1 - - - - - 7 0
~
~

1

The channel combinations 
are defined for the BS 
operation (not the MS). 
This means the content is 
shown as interpreted by 
the BS
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This sequence repeats itself over and over again



Channel combination: 
RACH on Uplink TS0 of c0RACH on Uplink TS0 of c0

timeFRAME 0 FRAME 51

0 1 - - - - - 7 0 1 - - - - - 7 0 1 - - - - - 7

timeFRAME 0 FRAME 51

TDMA
Frames

~
0 10 1 - - - - - 7 0 1 - - - - - 7 0 1 - - - - - 7 ~0 1

TS 0
uplink
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This sequence repeats itself over and over again

The channel combinations are defined for the BS operation (not the MS) This means the content is shownThe channel combinations are defined for the BS operation (not the MS). This means the content is shown 
as interpreted by the BS. 
So any information received by the BS on time slot 0 on the beacon frequency is for the RACH (the BS only 
listens to MSs on this time slot).



Typical Medium Cell Channel ConfigurationTypical Medium Cell Channel Configuration

 Medium cell : 2 to 3 TRXs : up to 24 channels

0 BCCH+FCCH+SCH+CCCH 0 0

1

2

0 BCCH+FCCH+SCH+CCCH
SDCCH/8 1

2

0

1

2

0

3

4 TCH + FACCH + SACCH

3

4

3

4

TCH 
+ FACCH 
+ SACCH

5

6

5

6

5

6

7

C0

7

C1

7

C2



Typical Large Cell Channel ConfigurationTypical Large Cell Channel Configuration

 Large cell : 4 to 6 or more TRXs (>28 channels)

0 BCCH+FCCH+SCH+CCCH 0 00

1

2

0 BCCH+FCCH+SCH+CCCH

SDCCH/8

BCCH+CCCH

1

2

0

1

2

0

1

2

0

3

4

BCCH CCCH
SDCCH/8 3

4

3

4

TCH 
+ FACCH 
+ SACCH

3

4
. . .

5

6
TCH + FACCH + SACCH 5

6

5

6

5

6

7

C0

7

C1

7

Cn

7

C2



Channel combination 
SDCCH/8 on Timeslot 1SDCCH/8 on Timeslot 1

TS 1 i d d di d TS 1 is used to map dedicated 
control channels onto physical 
channels. Since the bit rate 
during call set-up and 
registration is low, it is possible 
to have eight SDCCHs on one g
TS (TS1), using the TS more 
efficiently.

 There are 102 TS in all. The 
length in time is 102 TDMA 
frames.

 Can be implemented on any 
timeslot and any carrier.



Channel combination 
SDCCH/8 on Timeslot 1(Downlink)SDCCH/8 on Timeslot 1(Downlink)

Ti l t 1 th l t i f i 0 Time slot 1 on the lowest carrier frequency is  
reserved for dedicated control channels SDCCH and 
SACCH.

1

2

0 BCCH+FCCH+SCH+CCCH

SDCCH/8

 It is possible to have 8 SDCCH channels and 8 
SACCH channels mapped onto time slot 1 as the bit 
rate needed during call setup, location update or 
sending timing advance is quite low

3

4 TCH + FACCH + SACCHsending timing advance is quite low. 

 The mapping is performed in the following manner:
1. Subscriber signaling on an SDCCH requires 

four consecutive bursts so time slot 1 in

5

6

7four consecutive bursts, so time slot 1 in 
frames number 1 up to 4 will be used to send 
the SDCCH for one subscriber (Do). Thus we 
can have 8 SDCCH channels from Do to D7 by 

7

C0

using time slot 1 in the first 32 frames.   
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Channel combination 
SDCCH/8 on Timeslot 1(Downlink)SDCCH/8 on Timeslot 1(Downlink)

Si li SACCH i l f 02. Signaling on SACCH requires also four 
consecutive bursts. Time slot 1 in the next 16 
frames is used to obtain 4 SACCH channels 
from A0 to A3.

1

2

0 BCCH+FCCH+SCH+CCCH

SDCCH/8

from A0 to A3.
3. Three idle channels are sent on time slot 1 in 

the next three frames to complete half a multi 
frame (The multi-frame in this case consists of 
102 TDMA f )

3

4 TCH + FACCH + SACCH
102 TDMA frames).

4. In the other half of the multi frame, we will have 
8 SDCCH channels, from D0 to D7 again and 4 
SACCH channels from A4 to A7

5

6

7SACCH channels from A4 to A7.
5. It should be noted from the structure of this 

multi-frame that eight subscribers in each cell 
can simultaneously make their signaling for call 

7

C0

setup or location update, and also eight 
subscribers can simultaneously receive their 
timing advance as well as power control signals 
when they are in conversationwhen they are in conversation.
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SDCCH / 8 Downlink on TS 1 any RF Carrier (n)SDCCH / 8 Downlink on TS 1, any RF Carrier (n)

This sequence repeats itself over and over again



SDCCH / 8 Uplink on any TS any RF Carrier (n)SDCCH / 8 Uplink on any TS, any RF Carrier (n)

On time slot 1 in the uplink direction the mobile will reply to the BTS using a multi-frame having theOn time slot 1 in the uplink direction, the mobile will reply to the BTS using a multi-frame having the 
same structure as that used in downlink direction. The mobile needs some time to calculate its answers 
to the signaling sent from the BTS, so the uplink multi frame is delayed by a period equivalent to 15 
TDMA frames.



Scenario - Power OnScenario Power On

P Th bil h TS0 BF S Power on. The mobile searches 
for BCCH - carriers, finds the 
strongest one and synchronizes 
to it b reading the FCCH

TS0 BF S

to it by reading the FCCH.

 To find the identity of the BTS 
and to synchronize to the TDMA TS0 BF Sy
- frame number, the mobile 
reads the SCH

 General system information

BF S

 General system information 
must be known before any call 
processing can occur, (neighbor 
cell descriptions frequencies TS0 BF S B B Bcell descriptions, frequencies 
used in the current cell, power, 
mnc, mcc, etc..). The mobile 
listens to the BCCH to acquirelistens to the BCCH to acquire 
this information.



Scenario - Access for a callScenario Access for a call

Th bil d The mobile sends an access 
request  message on the 
RACH

TS0 RR R

 The system allocates a 
SDCCH to the mobile via 
AGCH

TS0 CC C C

 Further set-up info is 
exchanged on the SDCCH. 
Control signaling on the

TS1 D0D0 D0 D0 A0 A0
Control signaling on the 
SDCCH

 The call is assigned a TCH TS 2 - 7 TT T Tg TS 2 7 TT T T



Scenario - Location UpdateScenario Location Update

Th bil li t t th BCCH t TS0 The mobile listens to the BCCH to 
find the registration request interval

 The mobile sends an channel TS0 RR R

TS0 BF S B B B

request  message on the RACH

 The system allocates a SDCCH to 
the mobile via AGCH

S0 RR R

TS0 CC C C

 The MS sends an Location Update 
request message on the SDCCH

 The TMSI and LAI is sent to the

TS1 D0D0 D0 D0

 The TMSI and LAI is sent to the 
VLR, the VLR access the sub data 
and verifies mobile status. The VLR 
could forward a new TMSI. The 

TS1 D0D0 D0 D0

VLR will send this information onto 
the HLR  if this is the first time the 
MS has location Updated in this 
VLRVLR

 BSC sends a clear command and 
mobile returns to idle mode

TS1 D0D0 D0 D0



GSM Logical Channels summaryGSM Logical Channels summary
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GSM Logical Channels summaryGSM Logical Channels summary
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GSM Logical Channels summaryGSM Logical Channels summary
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Information obtained when listening to the 
BCCHBCCH

)Measured signal strengths of neighboring cells (with limits at -50 dBm, -80dBm, -95 dBm)

Parameters obtained from BCCH
CI: Cell Identifier
Chan: Channel number
LA: Location Area Code
PLMN: ID of serving operatorg p
BSIC: Base Station Identity Code
MaxPwr: Maximum allowed transmit power
MinRxl: Minimum received power
C1: path-loss criterion
RxLev/RSSI: Received signal strength
Le E/S: Field strengthLe, E/S: Field strength

Parameters of last connection
TA: Timing Advance parameter
Chan: Channel number
TS: Time Slot numberTS: Time Slot number
TXPwr: Transmitted Power
RXQual: Received Signal quality
ChType: Channel Type (Speech, En-

hanced Full Rate)

Parameters of neighboring cells as 
received from BCCH of current cell:
Chn: Channel number
RS/RLEX: Received signal strength (measured by mobile)
PLMN: ID of serving operator
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PLMN: ID of serving operator
LAI: Location area identifier
N: Network Color Code 
B: Base Station Color Code
C1: path-loss criterion
C2: C2 criterion



Offset

78



Realization of FDDRealization of FDD

 Since transmission and 
reception are undertaken using 
the same antenna, a duplexer 
is needed to separate downlink 
and uplink signals

T it R i
 Transmitted and received radio 

signals can vary by more than 
100 dB

Transmit Receive

Duplexer
Expensive 
module

M d l t D d l t
Data in Data out

Duplexer

Modulator Demodulator
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Offset between Downlink & Uplink 
TDMA framesTDMA frames

BTS Side

10 2 3 4 6 75

TT T T T T TT
Downlink TDMA Downlink Frequency 

F1+ 45MHz

RR R R R R RR
The start of the uplink 
TDMA is delayed by three 
time-slots

Uplink 
Frequency F1

43 5 6 7 1 20

Downlink UplinkMSs Side  Between the downlink 

R T

channel and uplink channel, 
the time slot numbers are 
offset by 3 slots.
 This allows the mobile 

telephone to transmit at

R T

telephone to transmit at 
different times than it 
receives.
 This allows the design of the 

mobile device to be simplified 
b l i f filt

MS 1

80
Fixed transmit delay of 

3 time slots

by replacing a frequency filter 
(duplexer) with a more 
efficient transmit/receive 
(T/R) switch.

MS 2



Offset between Downlink & Uplink 
TDMA framesTDMA frames

BTS Side Operation @ Downlink Frequency (FD) Operation @ Uplink Frequency (Fu)

3 4 5 6 7 0 1 2
Downlink TDMA

3 4 5

3 4 5 6 7 0 1 2
The start of the uplink 
TDMA is delayed by three 
time-slots 3 4

Downlink UplinkMS Side Downlink Uplink

0 2 3 4 5 6 71 0 2 3 41

Fixed transmit delay of 
3 time slots

MS 1

4 idle TS or MS switches frequencies to

MS switches frequency to receive
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3 time slots

MS switches frequency to transmit

4 idle TS or  MS switches frequencies to 
monitor the BCCH of adjacent cells The offset is related to the 

numbering of the BTS 
TDMA slots. 



Timing Advance
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GSM: Guard TimesGSM: Guard Times

Slot i Slot i+1

Guard time Problem

Slot i Slot i+1

Guard time

 Guard times between time slots 
avoid co-channel interference 
resulting from different propagation 
d l

 Guard times decrease transmission 
capacity, as no data transmission is 
possible during the guard time

delays:
 Example

 Distance between mobile and 
BS: 35 km

Example
 GSM slot length: 577s
 Guard time of 234 s would lowerBS: 35 km

 Synchronization signal of BS 
arrives at the mobile after

 Guard time of 234 s would lower 
transmission capacity by 40%

Solution
m1035 3

 Data signal of the mobile 
arrives at the BS after 234 s

 Adaptive frame synchronization
based on timing advance

s
sm

m 117
/103

1035
8 



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arrives at the BS after 234 s
 Necessary guard time: 234 s



GSM: Adaptive Frame Synchronization (I)GSM: Adaptive Frame Synchronization (I)

A b1 Access burst

Measurement of propagation delay
and calculation of timing advance
value

Timing advance value

Advanced transmission

1

4
3 2

Adaptive Frame Synchronization Timing Advance

BTS

Adaptive Frame Synchronization
 Measurement of propagation delay in the 

uplink by the base station when a 
connection is to be established

Timing Advance
 64 steps for the timing advance, each 

representing one bit time period (3.6 s)
 Step 0: no timing advance, i.e. frames 

 Measured delay is reported to the MS
 Transmission time of the mobile is 

advanced in proportion to the measured 
propagation delay (timing advance)

are transmitted with a time shift of 3 slots 
(468.75 bit durations) with regard to the 
downlink

 Step 63: uplink is shifted by 63 bit propagation delay (timing advance)
 Guard time and timing advance depend on 

the maximum cell radius (GSM: 35 km)
 Guard time can be reduced to 30 s (GSM)

p p y
durations, resulting in an uplink delay of 
405.75 bit duration with regard to the 
downlink

 Maximum distance between mobile and base

84

Maximum distance between mobile and base 
station: 35 km



GSM: Adaptive Frame Synchronization (II)GSM: Adaptive Frame Synchronization (II)

Base StationBase Station
Propagation delay

without timing advance

Mobile
Collision without timing advance

with timing advance

Mobile 
Station

Propagation 
delay

without timing advance

Timing advance

with timing advance
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