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Type of Communication Channels

Type of Channel Properties Applications
Simplex One-way only FM radio, television
Half duplex Two-way, only one at a time Police radio
Full duplex Two-way, bOth:;the same Mobile systems




Duplexing Methods
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Energie I uplink downlink
/ Channel Channel >
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Duplexing
Frequency 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 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 saves
valuable battery power of the MSs.

| (@) (@
§ / & g M A Transmit Receive
Time I uplink downlink Duplexer
/_Channel Channel >
/ « > D@r Modulator Demodulator %»Dm
Duplex distance Frequency

Frequency channel



Time

Duplexing
Time Division Duplex

| @) | @)
1 “unpaired” frequency, shared for g = ;?/
uplink and downlink
Energy I uplink downlink
/ _Channel Channel R
o / Time split Time
* Time slot
A
DL = Uses time instead of frequency to provide forward
and reverse links
UL = Duplex channel consists of a forward and a reverse
L ~ time slot
DL = If time separation between forward and reverse time
. . Frame slots is small, then transmission and reception of
withn TS data appears simultaneous
UL . "
_ p. = Due to the time latency created by TDD, it is not full
frequency * duplex in the truest sense

= TDD allows communication on a single channel and

makes a duplexer superfluous 6



Multiplexing & Medium Access
Basics

Motivation

Task of multiplexing is to assign
space, time, frequency, and code to
each communication channel with a
minimum of interference and a
maximum of medium utilization

Communication channel refers to an
association of sender(s) and
receiver(s) that want to exchange
data

Classification of multiplexing
= Four dimensions:

= Space

= Time

= Frequency

= code

Analogy
= Highways with several lanes
" many users: car drivers

= medium: highway

= nterference: accidents

'\ Space * Time

division division
multiplex multiplex




* In FDMA, the available radio spectrum is divided into
channels of fixed bandwidth, which are then assigned to

different users.

* While a user is assigned a given channel, no one else is
allowed to transmit in that channel.

| | | | | >

»

' ' f, frequency

C1 =channel 1

Total available bandwidth C2 = channel 2
etc.

A 4




Multiplexing & Medium Access
FDMA Example - AMPS

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

= 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
given cell (this avoids inter-cell interference).



Multiplexing & Medium Access
FDMA Example - GSM

'K Downlink 935 — 960 MHz
Y

<Uplink 890 — 915 MHz "

200 kHz
_> <—

890.2 890.6 Uplink

1l213lal e ___ 121|122|123|124

890 890.4 915 F (MH2z)
935.2 935.6 Downlink

A S S I 121|122 (123|124

935 9354 960 F (MHz)

GSM 900 Frequency Allocation
Example: GSM 900

= Uplink: band between 890.2 and 915 MHz — f, =890 MHz + n*0.2 MHz

= Downlink: band between 935 and 960 MHz — f,=f,+45 MHz = 935
MHz+n*0.2 MHz

= Frequencies for up and downlink are allocated by the base station



Multiplexing & Medium Access
Time Division Multiple Access (TDMA)

= |n TDMA, time is divided into intervals
of regular length, and then each
interval is subdivided into slots.

= Each user is assigned a slot number,
and can transmit over the entire
bandwidth during its slot within each
interval.

Interval 1 Interval 2

S1=slot1, S2 =slot 2, etc.

11



Multiplexing & Medium Access
TDMA — Example: GSM

Frame (Count) Frame (Count + 1)

01 2 3 4 5 6 7701 2 3 4 5 6 7

Frame (Count) Frame (Count + 1)

v

v

01 2 3 4 5 6 7701 2 3 4 5 6 7

l UPLINK

MSO

12



Multiplexing & Medium Access
TDMA — Example: D-AMPS

= U.S. Digital Cellular (USDC) (also called 1S-54/1S-136)

30 kHz AMPS channels are subdivided using TDMA
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

o~

Ao~ ~allad MNiaitsl AMD /M AMDQ)
AISV LdllicU vijidl ANVITT \U-ANIFOY)
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Multiplexing & Medium Access
TDMA - Example: DECT

(— <
4708 M s ]
1 2 3‘---/11 12‘13‘14‘15‘--- 23‘24
— — >t
— _/ ~—
Downllnk Uplink

W -

Example: DECT

= 10 carrier frequencies with 24 time slots each, 12 for downlink and 12
for uplink.
= Time slot has a duration of 417 us, frame lasts 10 ms.

14



Multiplexing & Medium Access
Combination of FDM and TDM

Each channel gets a certain frequency band for a certain

amount of time. Example: GSM
GO X

Advantages:

=  More robust against frequency-
selective interference

= Much greater capacity with time
compression

= Inherent tapping protection

Disadvantages

" Frequency changes
must be coordinated .~

15




Multiplexing & Medium Access
GSM: Combination of FDMA and TDMA

Frequency

A

960 MHz

|—‘ 200 kHz
935 MHz

ARFCN Z

‘ 915 MHz

880 MHz

6 7,012 3 456 7

012345867

01234

.
s
*
.
.
-
K =‘
.
-

TDMA frame N—1 ", TDMA frame N

>

>

s

:

s

34567:01234567:012345670 1

Downlink

Uplink

4.615 ms

Time

16



Multiplexing & Medium Access
Code Division Multiplexing (CDM)

Code Division Multiplexing (CDM)

= All channels use the same frequency
band at the same time

= Separation by codes, guard spaces CDMA
corresponds to the distance between

codes (orthogonal codes) g

= Good protection against interference 8
and tapping (i.e., signals are spread on =
a broad frequency band, and “Me e®

interpretation of a signal is only possible
with matching code)

= High complexity of the receivers

= Precise synchronization between
sender and receiver

= |nitially used in military application

= Designated multiplexing technique for
UMTS/IMT-2000



Summary of Multiple Access Methods

CDMA

18



Spectrum utilization
(GSM as example)

19



Spectrum utilization
Primary GSM (P — GSM)

890 915 935 960 MHz

Downlink

Duplex spacing = 45 MHz

Range of ARFCN:
1-124
Guard Band
100 kHz wide
Guard Band
100 kHz wide

ARFCN: Absolute Radio Channel Numbers (n) (ARFCN)
Frequency Carrier Number. 200 kHz spacing

Uplink frequencies: f,(n)=890+0.2n (1<=n<=124)
Downlink frequencies: 7,(n)=1,(n)+ 45

20



Spectrum utilization

AandAadA QN /E_CAAN
LCTIUTU DOIVI L7\ OVIVI)
880 915 925 960 MHz

Range of ARFCN:
1-124
975-1023

Guard Band
100 kHz wide

Guard Band

100 kHz wide

ARFCN: Absolute Radio Channel Num_bers (n) (ARFCN)
Frequency Carrier Number. 200 kHz spacing

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

f,(n)=890 + 0.2(n - 1024) (975<=n<=1023)
Downlink frequencies: 7,(n)=1,(n)+ 45

21



0,

478.8

Guard Band
100 kHz wide

A n IDP:MI'\F\I 9 E\I‘I'I'\V'\A
- “~ U\rll Ia y(.XE LCliu
486  488.8 496 MHz
Downlink
Duplex spacing = 10 MHz
Guard Band
100 kHz wide

Channel Numbers (n) (ARFCN)
200 kHz spacing

Extended

450.4 4576 4604 467.6 MHz
Downlink
Duplex spacing = 10 MHz
Guard Band
100 KHz wide
Guard Band
100 kHz wide

Channel Numbers (n) (ARFCN)
200 kHz spacing

Primary

22
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=
2

1710 1785 1805 1880 MHz

Downlink

Duplex spacing = 95 MHz

Range of ARFCN:
512 - 885

Guard Band

100 kHz wide
Guard Band

100 kHz wide

ARFCN: Absolute Radio
Frequency Carrier Number.

Uplink frequencies: f,(n)=1710.2+0.2 (n-512)  (512<=n <=885)
Downlink frequencies: 7,(n)=1,(n)+ 95

Channel Numbers (n) (ARFCN)
200 kHz spacing
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thﬁf\nf\l 'aY22Ya o)l Ihlf\f\"‘lf\n Q\lﬁ‘l‘f\m IDr\Q 4nnn\
I cliovlial Ul noaduvull OyolTlll \I' vo — 1JUV)
1850 1910 1930 1990 MHz

Downlink

Duplex spacing = 80 MHz

Range of ARFCN:
512 - 810

Guard Band

Guard Band 100 kHz wide

100 kHz wide

Channel Numbers (n) (ARFCN)
200 kHz spacing

ARFCN: Absolute Radio
Frequency Carrier Number.

Uplink frequencies: f,(n)=1850.2 + 0.2 (n-512) (512 <=n<=810)
Downlink frequencies: 7,(n)=1,(n)+ 80

24



System
T-GSM 380

T-GSM 410

GSM 450
GSM 480
GSM 710
GSM 750

T-GSM 810
GSM 850
P-GSM 900

E-GSM 900
R-GSM 900

T-GSM 900

DCS 1800
PCS 1900

Band

380

410

450
480
710
750

810
850
900

900

900

900

1800
1900

GSM Frequency Bands

Uplink (MHZz)

380.2 - 389.8

410.2-419.8

450.4 - 457.6
478.8 - 486.0
698.0 - 716.0
747.0-762.0

806.0 - 821.0
824.0 - 849.0

890.0-915.0

880.0-915.0

876.0-915.0

870.4 -876.0

1710.0- 1785.0
1850.0 - 1910.0

Downlink (MHz)

390.2 - 399.8

420.2 - 429.8

460.4 - 467.6
488.8 - 496.0
728.0-746.0
777.0-792.0

851.0 - 866.0
869.0 - 894.0

935.0-960.0

925.0 - 960.0

921.0-960.0

915.4-921.0

1805.0 - 1880.0
1930.0 - 1990.0

Channel Number
Dynamic
Dynamic
259 - 293
306 - 340
Dynamic

438 - 511
Dynamic
128 - 251
1-124
975 - 1023, 0-124

955 - 1023, 0-124

Dynamic
512 - 885
512 - 810

25



GSM Frequency Calculations

Frequency

Band

P-GSM 900

E-GSM 900

DCS 1800

PCS 1900

R-GSM 900

GSM 450

GSM 480

GSM 850

GSM 750

ARFCN Range

1..124

0..124
975..1023

512..885

512..810

0..124
955..1023

259..293

306..340

128..251

438..511

Uplink Frequency
(MH2z)

890+0.2*ARFCN

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

1710.2+0.2*(ARFCN-512)

1850.2+0.2*(ARFCN-512)

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

450.6+0.2*(ARFCN-259)
479+0.2*(ARFCN-306)
824.2+0.2*(ARFCN-128)

747.2+0.2*(ARFCN-438)

Downlink Frequency
(MHz)

935+0.2*ARFCN

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

1805.2+0.2*(ARFCN-512)

1930.2+0.2*(ARFCN-512)

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

460.6+0.2*(ARFCN-259)
489+0.2*(ARFCN-306)
869.2+0.2*(ARFCN-128)

777.2+0.2*(ARFCN-438)

26



Spectrum assignment to operators
Example: Austria

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

TMA

-I:'.I'.'
Y

1,2 738743 r~| I{A

1,2 745750 IR

234  752-868 I
Kandle Schutzk.

rm = g rd =

=

", 3 § 3 3“?% 5 B &

o § = -§hg~i =

A A 5 ©B B85 = =
= ™ £ = oL B B = - sl =]
™ E wa| ™ LM o G o I o T s Y o . -
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Radio Interface detalls
Logical & Physical channels
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Functions of the Radio Interface

= The radio interface is responsible - Speech and user's data CaD
for maintaining communication « Signaling ) K
between the fixed part of the R
network and mobile subscribers. Sub> /" Jub *lers
» The radio interface serves three @J t:\ ,:: y
major functions: % N /:r 17
= To transport user \\\ }(\/
information, both speech and STS- g b
data. _—

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

*  Signaling by preemption over The transmission resource used to fulfill
the existing communication these radio needs is the channel
(Signaling over a dedicated
channel).

29



Concept of Physical and Logical Channels

User data

Comprises all information the users of the
system explicitly transmit or receive in the
context of a service offered by the system

Examples:
=  Speech
=  SMS messages
=  Fax

=  WAP requests and responses

Control or signaling information

Implicitly transmitted between mobile station
and base station apart from

user data in order to control and manage the
system and its services

Examples:
= Location update
= Paging

» Measurement data for handover
= Set up and release of calls

Logical Channels

A great variety of data must be passed
between the BTS and the MS (i.e. user
data, signaling).

Resources of the GSM air interface
(time and frequency) must be
structured by channels in order to
realize the transmission of user data
and control information (of various
users) in a coordinated way.

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

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

30




Concept of Physical and Logical Channels

Physical Channels

= [Loqgical 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).

of time slots (predefined pattern) depending on the type of logical channel.

= A physical channel may carry one or several logical channels.

= Logical channels are mapped on physical channels according to a predefined sequence

31




Frame n+1

Frame n

Formation of a physical channel
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GSM:
TDMA-Frame and Physical Channel

Time-slot TDMA frame TDMA frame
\ AL A
\ Y \
\\ TS TS TS TS TS TS TS TS TS TS TS TS TS TS TS TS
o1 2
: llll
N (frames repeat continuously)
* t HIENE
| >
| | Time
0 4.615 ms 9.23 ms

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

A physical channel
IS made of the
recurrence of the

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

same Time Slot
= ATS, has a duration of 15/26 ms or 0.576923 ms. taken from

successive frames.
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GSM:
Traffic and Control Channels

Time-slot TDMA frame TDMA frame
\ AL A
\ Y \
\\ TS TS TS TS TS TS TS TS TS TS TS TS TS TS TS TS
o1 2
: llll
N (frames repeat continuously)
* t RN
| >
| | Time
0 4.615 ms 9.23 ms

Voice transmitted over the physical channel #2 defines a

logical traffic channel The specific type of
information carried
on a physical
Information (e.g. to set up a call) transmitted over the channel is known

physical channel #3 defines a logical control channel

as a logical channel.

34



Logical Channel Types

= 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 Common Dedicated Traffic/
Control Control Control Control
mobile
specific
Shared among multiple MS Dedicated to single MS

| {1 {1 1 S

35



GSM: Overview of Logical Channels

Traffic channel | = Traffic channel TCH/F Full rate TCH MS < BSS

(TCR) (TCH) TCH/H Half rate TCH MS < BSS

Control Broadcast BCCH Broadcast control 'MS < BSS
channel channel '

(CH) (BCH) FCCH Frequency correction MS «- BSS

SCH Synchronization MS « BSS

Common control { RACH Random access MS — BSS

channel (CCCH) AGCH Access grant MS « BSS

PCH Paging MS « BSS

NCH Notification MS « BSS

' Dedicated ' SDCCH Stand-alone dedicated control | | MS <> BSS

gﬁg:ﬁ; (DCCH) | .SACCH Slow associated control | | MS <> BSS

! ‘ FACCH Fast associated control ' MS < BSS

Signaling
outside a
call

Signaling
associated
with a call

36



GSM: Control Channels

= 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 control
(channel assignment) and system broadcast information (access parameters and system
identification).

» Broadcast (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
radio 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.

37



GSM: Control Channels

~ +t ""hannal
U L |

DV‘ ~ 7\
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O
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= 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
acts as a beacon and allows MS to fine tune to the downlink frequency and
time-synchronise.

= 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.

38



The 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

nartiniilar ~all
PC" tivuial uoll.

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 to
measure the signal strength and quality of the surrounding cells and report this information to the base
station controller.

39



» 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
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.

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

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

= NCH: Notification Channel used for GSM Phase Il voice services such as
Voice Broadcast Service (VBS) or Voice Group Calling Service (VGCS).

40



DCCH comprise the following bi-directional (uplink / downlink) point to point

control channels:

SDCCH: Standalone Dedicated Channel is used for call set up, location
updating and also SMS

SACCH: Slow Associated Control Channel is used for link measurements
and 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
acknowledgement when a TCH is assigned

41



Radio Interface detalls
Frame & Burst detalls
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GSM:
Frame Hierarchy

= To organize the information - s Beraali B
transmitted on each carrier,
GSM defines several time
intervals ranging from 0.9 us
(exactly the time duration of a
quarter of one bit) to a

hyperframe interval of more than  superrame: [RNRNIN IO -2 ook atirames (= 6129

three hOUI‘S (GSM t|me) \\\ ”""_,--‘ 51 TCH Multiframes (= 6.12s)

* Thecycle of amultiframe and  rypervame: [N cmens
superframe is different for
speech and control channels.

7| 1frame = 8 timeslots = 4615 ms

— =26 TCH Frames (=120 ms)
or

51 BCCH Frames (= 235ms)

= 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
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.

43



GSM:
Frame Hierarchy

- 1 timeslot = 0.577 ms

0.2 31415167 1 frame = 8 timeslots = 4.615 ms

= or
TTe~l L _7 51 BCCH Frames (= 235ms)
Superframe: - - = 26 BCCH Multiframes (= 6.12s)
_______ or
AN -7 51 TCH Multiframes (= 6.12s)

= 2048 Superframes
(=3 hr 28 min 53.76 s)

The synchronisation channel (SCH) transmits a frame number (FN) which enables a mobile fo
synchronise with the base station. The FN is a 22 bit number which resets after each

hyperframe, i.e. affer 2048 x 26 x 51 = 2715648 frames.




GSM:

Frame Hierarchy

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

0 2046 2047

| ! ! I I ! 48! 49! SOI

Control multiframe (235ms)
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GSM: Burst Types

A

TDMA — Frame =4.615 ms

\ 4

_ ._ Guard Period
Each time slot of a TDMA frame LT TTeell
lasts 0,577 ms, which = — SThe
corresponds to the duration of 3| 57 Data bits 2682';;;?]';':9 57 Databits  |3| 8.25 !
156.25 bit periods Normal Burst Tt
156.25 bits are assigned Samns
according to a well-defined 3 142 Fixed Bits 3 8.25 |
structure known as a data burst. Frequency Correction Burst
GSM defines five different kinds 29 Data bi ._. 29 Data bi B
of data bursts used for different 3 ata bits 64 Bit Training Sequence arabis 13 8251
purposes: Synchronisation Burst
= Normalburst | V777" """
S Tt [ 58 Bit 26 Bit Training 58 Bit :
= Synchronization u_rs 3 (Mixed Bits) Sequence (Mixed Bits) 3 825 .
= Frequency Correction Burst Dummy Burst
- AccessBurst |
= Dummy Burst 41 Bit Training . . :
8 Sequence S8 1R A1 - N (38_%5_ _B I_t _____ :
Access Burst

156.25 Bits = 0.577 ms




GSM: Normal Burst (1/2)

Tail bits Stealing

3 57 Data bits

flag Stealing flag

26 Bit Trainings
sequence

57 Data bits 3

A normal burst carries user data and

most of the control information

Tail bits

Indicate the start and end of each burst

Three “0” bits are added to the start and end
of the burst. These are used to guard the

Stealing flags

» Indicate whether the corresponding block of
data bits contains user data or whether it is
“stolen” for urgent control information

corner information bits during the ramp up = Ifsetto “1” then the even bits of the traffic
and ramp down of transmission power of channel are stolen, if set to “0”, then the odd

modulated signal.

Data bits

Represent the actual information content.

bits are stolen.

114 bits of encrypted and error- protected

user data or control information.



GSM: Normal Burst (2/2)

Tail bits Stealing flag Stealing flag

26 Bit Trainings
sequence

3 57 Data bits 57 Data bits 3

A normal burst carries user data and

most of the control information

Training sequence Guard bits
= A set of well defined sequences, whose = Used to avoid overlapping with the subsequent
precise value is known by the receiver. time slot (may happen due to different

=  Used to adapt the parameters of the receiver propagation delays)

to the current path propagation

characteristics and to select the strongest ; ; )
signal in case of multipath propagation 114 bits are inadequate for carrying

. L user information, typically four
= By determining how the known training

sequence is modified by multipath fading, the
rest of the signal is processed to compensate
for these effects

normal bursts are used to carry a
message. This set of four bursts is
referred to as a “block”




Frequency Synchronization

=  Owing to the 0.3-GMSK modulation
procedure used in GSM, a data %
sequence of logical ‘0’ generates a pure ° Sl
sine wave signal, i.e. broadcasting of the 3
FB corresponds to an unmodulated 3 Y seimin
carrier (frequency channel) with a T§ !
frequency shift of 1625/24 kHz (= 67.7 @
kHz) above the nominal carrier ]
frequency. oL e
= In this way, the MS can keep exactly ' .
synchronized by periodically monitoring 630.8 MHz 040.2 MHz 040.6 MHz frequency

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 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.

49



Time Synchronization

For the time synchronization, TDMA frames in GSM are cyclically
numbered modulo (2715648), (2715648 = 26 x 51 x 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 TDMA
frame. This enables each MS to be time-synchronized with the base
station.
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Tail bits Data bits

j 142 fixed bits

Frequency Correction Burst

Used for the frequency synchronization of -
a mobile station

Tail and data bits are all set to 0.

Results in a pure sine signal (using
GMSK modulation), facilitating frequency
correction.

=

Burst is periodically transmitted by the
base station

Depending on the stability of its own clock,
mobile can periodically resynchronize with
the base station
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64 bit training sequence

3 39 Data bits .
(synchronization sequence)

Synchronization burst

= Time wise synchronization between
mobile and base station enabled by a
long training sequence

_____________

39 Data bits 3 8.25

Contains TDMA frame number and Base
Station Identification Code (BSIC)
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GSM:
Dummy Burst

sequence

26 bit training |

Dummy Burst

= 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)



GSM:
Access Burst

Tail bits Synchronization bits Data bits

8 41 bit training 36 data bits
\ sequence

3

Access Burst

Initial signal sent by the mobile station .

(MS first time access)

A longer tail eases the decoding

process as the BTS does not have .

much information about the mobile
(adaptive frame alignment could not
have been established yet).

Synchronization bits (training
sequence) carry a fixed and specified
value.

Merely 36 bits allow very little information
to be sent in the access burst (Coded Data
- channel or handover access request).

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

Mapping of Logical Channels onto Bursts

FecH || scH | BceH ||ten || spccHl| FaceH| | saceH| | aceh || pen || neH || RacH |
| Freq. Cor. Burst ” Synchr. Burst | Normal Burst | Access Burst | Dummy Burst
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Mapping of Channels
In the time domain
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GSM:

Frame Hierarchy

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

0 2046 2047

| ! ! I I ! 48! 49! SOI

Control multiframe (235ms)
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Mapping of Logical Channels onto
Physical Channels (Time Slots)

» The radio resources are considered as the most expensive part of a mobile network, so
the usage of radio channels should be optimized.

= |t will not be suitable to dedicate one physical time slot to each logical channel.

» |nstead 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 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.

The channel combinations are
defined for the BS operation (not

/— the MS).

= For example, one slot per frame could be used for:

1 (TCH/F plus associated SACCH) / a

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

(1 SCH + 1 FCCH + 1 BCCH + 1 PAGCH/F) on the downlink ] o
+ 1 RACH/F on the uplink Signaling channel

I o
(1 BCCH + 1 PAGCH/F) on the downlink compinations
+ 1 RACH/F on the uplink

1 BCCH + 1 PAGCH/T on the downlink |
+ 1 RACH/H on the uplink - gi"t‘;ﬁﬁ'c and
+ 4 (TCH/8 plus associated SACCH) using both uplink and downlink. anaiing
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GSM: Typical Channel Combinations

» 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)
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 subchannels.
This means that in the case of SDCCH/4 there are four SDCCHSs on a physical channel, each of which
/s 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 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 Configuration

» The simplest mapping is the full-rate
traffic channel (TCH/F) and its SACCH.
When combined these channels fit
exactly into one physical channel.

= 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
and full-rate AGCH.

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

» The uplink (on TS 0) is entirely
dedicated to a full-rate RACH.

CCCH= PCH & AGCH

Small cell : 1 TRX = 8 timeslots

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

TCH + FACCH + SACCH

A
4 N
Ol112|3|4|5|6]|7
Downlink
> RACH Uplink
TCH + FACCH + SACCH
PN
4 A

011]2]|13|4|5]|6]7

The uplink part is part of the combination




GSM Channel combination:
CNALld ol DL O N A NMaAavarmxlinl, TON AF AN
rovurll, oull, DULUIT G Uuull Ul OWILTITT I OV VUl LU
FRAME 0 time FRAME 51 >
TDMA
Frames
The channel combinations
~ are defined for the BS
e e e e A R e e e I e A R R I I I I AR - operation (not the MS).
This means the content is
shown as interpreted by
TSO the BS.
VVV*
Flg|B/B /BB C|CICICIF|o|C|C|CIC|C|CIC CIFI4|CICIC CIC|C|CICIF|g/C|C|CICIC|CICIC|F|4C/CICICICICICIC I
€/a|C|C|C|C|CIC|CICICIA(C|C|C|C|CICIC|CICI5IC|C|C C|CICIC|C|C|5/C|C CICICICICIC|C|5/C|C|CIC|CIC/CICID
ClglcjciciciciciciclelgiciC|C|C|CIC|C|CC| IC|C|C|C|C|C|C|C|C|7IC|C|CIC|C|CIC|C|CaIC|CIC|C|CICIC|C|L
H{"' |H/H|/HHH/HHHMH |HHHHHHHHH HHHHHHHHH |HHHHHHHHH " HHHHHHHHE
This sequence repeats itself over and over again
Downlink F=FCCH S=SCH I=lIdle

H BCCH CCCH E CCCH CCCH H jododed, | CCCH H CCCH CCCH H CCCH CCCH
1 2-5 6-9

0 10 11 12-15 16-19 20 21 22-25 26-29 30 3 32-35 36-39 40 41 42-45 46-49 50




AU An llAlinl TQN AFfF AN
M\l 1 Ul Uit 1 OV Ul LU
FRAME 0 time FRAME 51>
TDMA ~
Frames g1 |- |-|-|-|-|7/|0o[1|-|-|-/-|-|7[]|0f1]-|-|-]|-]-]|7|]0]1
~
VV¢
TS0 R/R| R/ RIR|R/ R/ RIR[R/R|R R|R/R R RIRRR/RRRRRR/RRRRIRRRRRRRRRRRRRRRRRRRRR
ink | A[A/A[ATAAIAIAIAIAIAAIAIAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
upfiin c/c|c|clclc|c clc|c|c|clclc|c|clclc|c|ciclc|c|c clclc|c|c|c|c|c|ciclcic|c clc|c|c clclc|c|clclc|c|cc
H| H| H| H| H| H| H| H| H[ H| H| H| H| H| H| H| H| H| H| H| H| H[ H| H| H| H|H H| H H|H H H H H B H H A H]H HHH]H H ] HHH

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 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 Configuration

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

________________

0| BCCH+FCCH+sCH+CCCH | | 0 0 A
1| sSbccHis | 1 :
2| 2 2
> O o >ICI::XCCH
4] > TCH+FACCH+sAccH | | 4] %] | | *SACCH
5 |5 5
6 6 6
7 | 7 7
_ : )

________________

@
o
Q
@,
N



Typical Large Cell Channel Configuration

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

o =

, <
0 | BCCH+FCCH+SCH+CCCH /|0 0 0"
1| SDCCH/8 L] L 1]
2 | BCCH+CCCH 2] |2 2|
3 | SDCCH/8 13| |3 3| | | TCH

- : o . >+FACCH
4 | 4 4 4| . + SACCH
° | LTCH+FACCH+SACCH | [ °] |° > |
6 6] |6 6| !
7 7|7 7

= _/

o e e e e e -



Channel combination
SDCCH/8 on Timeslot 1

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
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)

= Time slot 1 on the lowest carrier frequency is 0 BCCH+FCCH+SCH+CCCH
reserved for dedicated control channels SDCCH and : SDCCH/S
SACCH. —
2
= |tis possible to have 8 SDCCH channels and 8
SACCH channels mapped onto time slot 1 as the bit 3
rate needed during call setup, location update or 4
sending timing advance is quite low. L TCH + FACCH + SACCH
5
» The mapping is performed in the following manner: -

1. Subscriber signaling on an SDCCH requires
fArir nancarniitivia hiirete e timae clat 1 1n
frames number 1 up to 4 will be used to send
the SDCCH for one subscriber (Do). Thus we co
can have 8 SDCCH channels from Do to D7 by
using time slot 1 in the first 32 frames.

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

2. Signaling on SACCH requires also four 0 BCCH+FCCH+SCH+CCCH
consecutive bursts. Time slot 1 in the next 16 : SDCCH/S
frames is used to obtain 4 SACCH channels _
from AO to A3. 2
3. Three idle channels are sent on time slot 1 in 3
the next three frames to complete half a multi
frame (The multi-frame in this case consists of 4 L TCH + FACCH + SACCH
102 TDMA frames). 5
4. In the other half of the multi frame, we will have
8 SDCCH channels, from DO to D7 again and 4 6
SACCH channels from A4 to A7. 7| |

5. It should be noted from the structure of this
multi-frame that eight subscribers in each cell co
can simultaneously make their signaling for call
setup or location update, and also eight
subscribers can simultaneously receive their
timing advance as well as power control signals
when they are in conversation.
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This sequence repeats itself over and over again
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On 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 On

Power on. The mobile searches TS0 . S B | -

for BCCH - carriers, finds the
strongest one and synchronizes
to it by reading the FCCH.

To find the identity of the BTS

and to synchronize to the TDMA TS0 | ||  ------ F ‘ B | ------
- frame number, the mobile =

reads the SCH

General system information
must be known before any call

processing can occur, (neighbor

cell descriptions, frequencies TS0 . """ F|S ‘a"a"a"a)
used in the current cell, power,

mnc, mcc, etc..). The mobile

listens to the BCCH to acquire

this information.




Scenario - Access for a call

= The mobile sends an access
request message on the
RACH

» The system allocates a
SDCCH to the mobile via
AGCH

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

» The call is assigned a TCH




Scenario - Location Update

= The mobile listens to the BCCH to
find the registration request interval

= The mobile sends an channel
request message on the RACH

» The system allocates a SDCCH to
the mobile via AGCH

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

The TMSI and LAl is sent to the
VLR, the VLR access the sub data
and verifies mobile status. The VLR
could forward a new TMSI. The
VLR will send this information onto
the HLR if this is the first time the
MS has location Updated in this
VLR

st [l Jolole)
= BSC sends a clear command and DO DO __ DO

mobile returns to idle mode




GSM Logical Channels summary

during the progress of a call

Channel Direction Application Allocation
TCH TCH/H Allocated by network on
Traffic Channels| TCH/F BTS © MS| User data demand by MS
FCCH Carrier synchronization
BCH
Broadcast SCH | BTS —» MS| Frame synchronisation Permanent
Channels
BCCH General network information
Cell information (present and adjacent)
Request SDCCH for signalling Multiple access with slotted
CCCH RACH | BTS <~ MS Request TCH for handover Alhoa contention between MS
Cg$?§|” AGCH Confirmation of SDCCH or TCH request
ek BTS - MS Permanent
PCH Allert MS to a call originated in the network
Registration / location updating Allocated by network on
SDCCH
DCCH Call control procedures demand
Dedicated Control information between MS and BTS Associated to a specific TCH
Control S| BT i during the progress of a call or call set up or SDCCH
Channels i i+ i i
FACCH Exchange of time critical control information Allocated by network or MS (*)

(*) Fast allocation by setting S bit; bits are stolen from TCH
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GSM Logical Channels summary

: s Bursts / -
Channel Burst type Time-slot Mulitiframe Multitranie Capacity
TCH TCH/H Normal " 26 frames 24 24 x 114/ 120 = 22.8 kbit/s
Traffic Channels| TcH/F | (114 data bits) ny (120 ms) 12 12 x 114/ 120 = 11.4 kbit/s
S| | 5
correction
Beh TS0 - base channel (*)| 51 frames
Broadcast SCH |Synchronisation TSO/TS2TS4/TS6 ()| (235.38 ms) 5
Channels T I
orma _ .
BCCH (114 data bits) 4 4 x 114/ 235.38 = 1.94 kbit/s
RACH Random 27 minimum
CCCH access 51 typical
Common AGCH TSO - base channel (*)| 51 frames
Control Normal TS2/TS4/TS6 () | (235.38 ms) 12 minimum | 12X 114/ 235.38 = 5.81 kbit/s
Channels (114 data bits) minimum
PCH
TS0 - base channel (*) _ :
SDCCH TSO/TS2ITSAITSE (**) 51 frames 4 4 x 114/ 120 = 3.8 kbit/s
DCCH (235.38 ms) .
Dedicated Normal Same TS as SDCCH 2. 2x114/120 = 1.9 kbit/s
SACCH ; .
Control (114 data bits) |  Same TS as TCH 1 1 x 114/ 120 = 0.95 kbit/s
Channels S TS as TCH (bit 26 frames s
ame TS as its{ (120 ms ame as
PAGCH stolen fromTCH). | ° ) TCH sameias TCH
(*) Low capacity cells (*™*) 4 bursts in 2 multiframes

(**) High capacity cells equivalent to 2 bursts/ multiframe



GSM Logical Channels summary

Net data throughput  Block length  Block distance

Channel type (kbit/s) (bits) (ms)
TCH (full-rate speech) 3.0 182 + 78 20
TCH (half-rate speech) 5.6 95+ 17 20
TCH (data, 14.4 kbit/s) 14.5 290 20
TCH (data, 9.6 kbit/s) [2.0 60 5
TCH (data, 4.8 kbit/s) 6.0 60 10
TCH (data, up to 2.4 kbit/s) 3.6 72 10
FACCH full rate 9.2 184 20
FACCH half rate 4.6 184 40
SDCCH 598/765 184 3060/13
SACCH (with TCH) 115/300 168 + 16 480
SACCH (with SDCCH) 299/765 168 + 16 6120/13
BCCH 598/765 184 3060/13
AGCH n x 598/765 184 3060/13
NCH m x 598 /7635 184 3060/13
PCH p X 398/765 184 3060/13
RACH r x 27/765 8 3060/13
CBCH 598/765 184 3060/13
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Information obtained when listening to the
BCCH

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

Parameters obtained from BCCH W TAPIR-G - SIETEIEEE - =101
cr Cell Identifier — serving cel — ncell ||3F ~—\
Chan: Channel number CI: 2C3F 11327 Chan: 92 -E2 dBm | zerving cell 1 atherla riot readable
LA: Location Area Code La: 730D 29453 PLMH: 26201 -40 - SE0E (8 Wl gl
PLMN: ID of serving operator — \N/B/BSIC: 3 7 31
BSIC: Base Station Identity Code MaxPwr : 33 dBw (2,00 Wy || B || T
MaxPwr: Maximum allowed transmit power MinBx1: —102 dBm C1: 40
MinRxl: Minimum received power BxLevr: —-62 dBEm RBRSSI: 45
C1: path-loss criterion Le: 74,8 dBufm || B oM
RxLev/RSSI: Received signal strength EfS: 5,496 n¥W/m 80,19 ni/m2
Le, E/S: Fied strenggp | — 0 = || ___
— ded. made [lazt meazure]
TA: O (0,0 — 0,5 km)
Parameters of last connection | Chnl/TS: 52 / 3 . CHN BS RLEV PLMN LATI N B CL C2
TA: Tlmlng Advance parameter TXPwr: 27 dBEm |:5|:|1 mw] 92 48 -2 26201 730D 3 7 40 40
Chan: Channel number RXQual: 2 [0.57%) 94 36 -74 26201 730D 3 5 28 28
TS! Time Slot number Siingsd  EEEEE, B 102 26 -84 26201 730D 3 0 18 18
TXPwr: Transmitted Power —da... 95 - 42 22 -83 26201 730D 3 6 14 14
RXQual: Received Signal quality select network: Im 2L 2] —80 25201 730D 3 5 142 14
ChType: Channel Type (Speech, En- i 95 21 -89 26201 730D 3 0 13 13
hanced Full Rate) _ tart ” erd
test call g | idle..... 110- R
A\
\

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

LA Location area identifier

N: Network Color Code

B: Base Station Color Code

C1: path-loss criterion

C2: C2 criterion
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Realization of FDD

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

Transmitted and received radio
signals can vary by more than
100 dB

Data in
—-

Transmit Receive

Expensive

- Modulator J |- Demodulator

DNl < module

' Data out
e
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Offset between Downlink & Uplink
TDMA frames

BTS Side

0 1 2 3 4 5 6 7

Downlink TDMA Downlink Frequency
T T T T T T T T F1+ 45MHz
3 4 5 6 7 0 1 2
The start of the uplink , Uplink
TDMA is delayed by th
time_SIIOStS €layed by three » R | R | R ’ R ’ R ‘ R ’ R ‘ R ’ Frequency F1
4 4

MSs Side Downlink Uplink = Between the downlink

channel and uplink channel,
v the time slot numbers are
offset by 3 slots.
’ R ‘ T ‘ ‘ ‘ ‘ = This allows the mobile
telephone to transmit at
different times than it

receives.
| R | ‘ | T | | ‘ | * This allows the design of the

mobile device to be simplified

1 1 by replacing a frequency filter

MS 2 (duplexer) with a more
. i efficient transmit/receive
Fixed trqnsmlt delay of (T/R) switch.
3 time slots
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Offset between Downlink & Uplink
TDMA frames

BTS Side Operation @ Downlink Frequency (Fp) ‘ Operation @ Uplink Frequency (F )

DownlinkTDMA\34‘5’6‘7’0‘1’2‘3‘4‘5’

The start of the uplink
TDMA is delayed by three 3 ‘ 4 ’ 5 ‘ 5 ’ 7 ‘ 0 ’ ’ ‘ 5 | 3 ’ 4 ’
A

time-slots

MS Side Downlink Uplink Downlink Uplink

v v
0‘1‘2‘3’4‘5’6‘7 0\1‘2\3|4‘

s N

_ _ MS switches frequency to receive
Fixed transmit delay of

3 time slots 4 jdle TS or MS switches frequencies to
= The offset is related to the monitor the BCCH of adjacent cells
numbering of the BTS ) .
TDMA s/ots. MS swifches frequency fo transmit
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Timing Advance
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GSM: Guard Times

Slot i Slot i+1 |
>
Guard time

Guard time Problem
= Guard times between time slots = Guard times decrease transmission

avoid co-channel interference capacity, as no data transmission is

resulting from different propagation possible during the guard time

delays:
. Example Example

= Distance between mobile and * GSMslot length: 577us
BS: 35 km » Guard time of 234 us would lower

= Synchronization signal of BS transmission capacity by 40%

arrives at the mobile after
35-10°m
3-10°m/s
= Data signal of the mobile
arrives at the BS after 234 us
= Necessary guard time: 234 us

Solution

=117u8 = Adaptive frame synchronization
based on timing advance
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GSM: Adaptive Frame Synchronization (1)

o Access burst

. . _>
Timing advance value 9_

g Advanced transmission

Measurement of propagation delay
and calculation of timing advance

Adaptive Frame Synchronization

» Measurement of propagation delay in the
uplink by the base station when a
connection is to be established

» Measured delay is reported to the MS

» Transmission time of the mobile is
advanced in proportion to the measured
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 us (GSM)

> value

BTS

Timing Advance
» 64 steps for the timing advance, each
representing one bit time period (3.6 us)

» Step 0: no timing advance, i.e. frames
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
durations, resulting in an uplink delay of
405.75 bit duration with regard to the
downlink

= Maximum distance between mobile and base
station: 35 km
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GSM: Adaptive Frame Synchronization (1)

Base Station | ¢
Propagation delay
— | | | | ! i without timing advance
with timing advance
Collision without timing advance
Mobile y /
Stat|0n > |« ___/ _______________ e g U e e
Propagation : : : : : i without timing advance
delay """ i St mommtemeees '
/ I with timing advance

Timing advance
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