Channel Concepts

—— Chapter 4 ——

This chapter is designed to provide the student with an overview of
the air interface, including physica and logica channds. It addresses
ar interface components, their functions, features, and required
specifications.

OBJECTIVES:
Upon completion of this chapter the student will be able to:

Understand the difference between aphysical channd and a
logicd channel

Name 3 logical channds

Ligt one important piece of information sent on each of 3
different logicd channd

Briefly describe the idea of mapping
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INTRODUCTION TO PHYSICAL AND LOGICAL CHANNELS

Each timedot on a TDMA frameis caled aphysica channd.
Therefore, there are 8 physica channels per carrier frequency in

GSM.
Physica channels can be used to transmit speech, data or signaling
information.
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Figure 4-1 The TDMA channel concept

A physicad channel may carry different messages, depending on the
information that is to be sent. These messages are called logical
channels. For example, on one of the physical channels used for
traffic, the traffic itsdf is tranamitted using a Traffic CHannel (TCH)
message, while a handover ingtruction is transmitted usng a Fast
Associated Control Channel (FACCH) message.
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LOGICAL CHANNELS

Many types of logical channels exists (see Figure 4-2), each designed
to carry adifferent message to or from an MS.

All information to and from an MS must be formatted correctly, so
that the receiving device can understand the meaning of different bits
in the message. For example, as seen previoudly, in the burst used to
carry traffic, some bits represent the speech or data itsdf, while
others are used as a training sequence.

There are severd types of burst. The relationship between bursts and
logicd channdsis shown in the figure below.

Logical Channels
Control Channels Traffic Channels

BCH and CCCH
Use TS-00on CO
SDCCH
usestimeslot 1 of Co
Full Rate
Half Rate and EFR

SACCH and FACCH are mapped
/ onDCCH and TCH inUL & DL

TS-0of COon

While each timeslot is

greme ' ALWAY S 156.25 hit times

" L.
Freguency Synchronization Normal i Dummy Access long, the burst length may vary.
Correction Burst Burst S I Burst 3 Burgt The Access burst is 88 bit times
Burst i : long. All other bursts are 148

H 3 bit times long.

Figure 4-2 Logical channels and bursts
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When an MSis switched on, it searchesfor aBTS to connect to.
The M S scans the entire frequency band, or, optiondly, usesalist
containing the allocated carrier frequencies for this operator. When
the M S finds the strongest carrier, it must then determineif itisa
control channd. It does so by searching for a particular logical
channdl called Broadcast Control CHannel (BCCH).

A frequency carrying BCCH contains important information for an
MS, including eg. the current LA identity, synchronization
information and network identity. Without such informeation, an MS
cannot work with anetwork. Thisinformation is broadcast at regular
intervals, leading to the term Broadcast CHannel (BCH) information.

Broadcast CHannels (BCH's)

Logical Channel | Direction BTS MS
Frequency Downlink, Transmitsacarrier Identifies BCCH carrier by the
Correction point to frequency. carier frequency and
CHannel (FCCH) | multipoint synchronizes with the frequency.
Synchronization Downlink, Tranamits information about Synchronizes with the frame
CHannd (SCH) point to the TDMA frame structurein | structure within a particular cell,
multipoint acdl (eg. frame number) and ensures that the chosen BTS
and iIsaGSM BTS- BSIC can only
the BTS identity (Base be decoded by an MSif the BTS
Station Identity Code belongsto a GSM network.
(BSIC)).
Broadcast Downlink, Broadcasts some generd cell | Recelves LAI and will Sgnd to
Control CHannd point to information such as the network as part of the
(BCCH) multipoint L ocation Area I dentity Locetion Updati ng procedure if
(LA, the LAI |sd|fferenj[ totheone
dready stored onitsSIM. MS
-Maximum output power sets its output power level based
dlowed inthe cell and on the information received on the
-the identity of BCCH BCCH. The MS stores the list of
cariersfor neighboring cells. | BCCH carrier frequencies on
which Rx. level measurement is
done for Handover decison.

Table 4-1 Broadcast channels

When the M S has finished andlyzing the information on aBCH, it
then has dl the information required to work with a network.
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However, if the MS roams to another cell, it must repeet the process
of reading FCCH, SCH and BCCH in the new cell.

If the mobile subscriber then wishes to make or receive acdl, the
Common Control CHannels (CCCH) must be used.

Common Control Channels (CCCH)

Logical Channel Direction BTS MS
Paging CHannel Downlink, Tranamits a paging message At certain timeintervasthe MS
(PCH) point to to indicate an incoming cal ligensto the PCH. If it identifies
multi-point or short message. The paging | its own mobile subscriber identity
message containsthe identity | number on the PCH, it will
number of the mobile respond.
subscriber that the network
wishes to contact.
Random Access Uplink, Receives access-request Answers paging message on the
CHannd (RACH) | pointto from MSfor cal setup/ loc. RACH by requesting asignding
point update/ SMS channd.
Access Grant Downlink, Assgnsaggnding channd Recalves sgnding channd
CHanndl point to (SDCCH) to the MS. assignment (SDCCH).
(AGCH) point
Table 4-2 Common Control Channels
At this stage the MS and BSS are ready to begin cal set-up
procedures. For thisthe MS and BSS use Dedicated Control
CHannels (DCCH's).
—78- EN/LZT 123 3321 R4A
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Dedicated Control Channels (DCCH)

Logical Channel | Direction BTS MS
Stand aone Uplinkand | The BTS switchesto the The MS switches to the assigned
Dedicated downlink, assigned SDCCH, used for SDCCH. Cdll st-upis
Control CHannel point to cal sst-up Sgnding. TCH is performed. The MSreceivesa
(SDCCH) point assigned on SDCCH. TCH assgnment information
(SDCCH isaso used for (carrier and time dot).
SM S messagesto MS).
Cell Broadcast DL,pointto | Usesthislogica channd to MS receives cdll broadcast
CHannd (CBCH) | multi point, | transmit short message Messages.
mapped on | service cell broadcast.
SDCCH
Slow Associated Uplinkand | Ingructsthe MS on the Sends averaged measurements on
Control CHanndl downlink, alowed transmitter power itsown BTS (9gnd strength and
(SACCH) point to and parametersfor time qudity) and neighboring BTS's
point advance. (sgnd drength). The MS
SAACH is used for SMS continues to use SACCH for this
during acall. purpose during acdl.
Fast Associated Uplink and | Trangmits handover Transmits necessary handover
Control CHannel downlink, information. information in access burst
(FACCH) point to
point

Table 4-3 Dedicated Control Channels

TRAFFIC CHANNELS

Once call set-up procedures have been completed on the control
physica channel, the MStunesto atraffic physical channd. It uses
the Traffic CHannd (TCH) logica channd. There are two types of
TCH:

%~ Did you know?

Enhanced Full Rate
(EFR) speech coders
improve the speech
quality offered across
one full rate TCH, but
still use a full rate TCH
logical channel.

Full rate (TCH): transmits full rate speech (13 kbitg/s). A full rate
TCH occupies one physica channd.

Hdf rate (TCH/2): tranamits hdf rate speech (6.5 kbits's). Two
haf rate TCH's can share one physical channd, thus doubling the
capacity of acel.
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BURSTS
BURST TYPES
There are five burst types. (Seein Table 4-4 and Figure 4-3.)
Burg Type Purpose Used by Contents
Normal Used to carry information on BCCH, Two blocks of 57 bits each for traffic
traffic and control channels 'I:‘C(:;I-éH Training sequence (26 bits)
SDCCH. Sted flags (1 bit each) to indicate that
CBCH, FACCH has temporarily stolen 57
SACCH, bits
FACCH, Tail bits (always 000)
TCH
Guard period: 8.25 bit durations
Frequency Used for frequency FCCH 142 frequency correction bits
Correction synchronization of the mobile Tail bits
Guard period: 8.25 bit durations
Synchronization | Used for frame synchronization | SCH Two blocks of 39 bitsfor TDMA
of the mobile frame gtructure information
64 synchronization bits
Tal bits
Guard period: 8.25 bit durations
Access Used for random and handover | RACH 41 synchronization bits
access FACCH 36 bits of access information
Tal bits
Guard period: 68.25 bit durations. A
longer GP is used becauseit isthe first
trangmisson from the mobile - no
timing advance information is avalable
Dummy Used when no other channel All free TS Pettern conssts of Training sequence
requiresaburstobesentand | on CO. (1- and amixed bit pattern.
carries no information 7)

Table 4-4 Burst types
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THE RELATIONSHIP BETWEEN BURSTS AND FRAMES

The relaionship between burgts and frames is shown in the figure
below. There are two types of multiframe:

26 TDMA frame multiframe: used to carry TCH, SACCH
and FACCH

51 TDMA frame multiframe: used to carry BCCH, CCCH,
SDCCH and SACCH.

1hyperframe = 2048 superframes = 2,715,648 TDMA frames (3 hours 28 minutes 53 seconds 760 milliseconds)
.
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P
Lo +J 2] 3] 4] 5] 6] 7]
- _A-titieslot = 156.25 bit durations (15/26 ~ 0.577 mS)~~_ -
Ll (1 bit duration 48/13 ~ 3.69 micro sec ) TS~
== e
E\IF?rm_al blurst (?B) TB Encrypted bits flag Training sequence | flag Encrypted bits TB | &P} TB: Tailbits
ag is relevant for . :
TCH only) 3 57 1 26 1 57 3 | 825 GP: Guard period
Frequecy correction TB Fixed bits B _G_P_t
burst (FB) 3 142 3 8.25y
Synchronization B Encrypted bits Synchronization sequence Encrypted bits B _G_P_t
burst (SB) 3 39 64 39 3 8.25,
TB | Synchronization sequence Encrypted bits B T T }
Access burst (AB) \
8 41 36 3| 6825 h
Dummy burst (OB) B Mixed bits Training sequence Mixed bits TB ) GP {
3 58 26 58 3 | 8.25

Figure 4-3 Bursts and frames

EN/LZT 123 3321 R4A

—-81 -



GSM System Survey ERICSSON =

MAPPING OF LOGICAL CHANNELS ONTO PHYSICAL
CHANNELS

Logica channds are transmitted on physica channds. The method of
placing logica channds on physca channdsis cdled mapping.
While mogt logical channds take only one time dot to transmit, some
take more. If s0, logicd channd information is carried in the same
physicd channd time dot on consecutive TDMA frames. Because
logical channds are short, severd logica channds can share the same
physica channd, making the use of time dots more efficient.

DCCHonTS1lor TS2?

Asagenerd rule TS-1 had been used for DCCH and today most
operators are using TS-1 for DCCH. However some operators are
using Extended Cdlswith radius longer than 35km (up to 121km) as
described in chapter 3 under heading TIMING ADVANCE. These
extended cellsrequire 2 time dots per channd otherwise the adjacent
TS may experience interference.

When implementing extended range cdlls, the timing advance burst is
the same length as for normd range cdlls. However, the provison of
2 timedots dlows for the possibility of increased dippage due to the
distance traveled. Hence Ericsson recommend TS-2 for DCCH
(note: thisis only arecommendetion, even though TS-1 is used today
al over the world). Thiswould dlow TS-0/1 for BCH/CCCH, and
TS-2/3 for DCCH in extended cells. In thisbook however, TS-1
isused for DCCH in examples and figures. The radio channd
and the time dots for DCCH are defined in the BSC data.

The figure below shows the carrier frequencies for asample cell,
including an additiond alocation of atime dot for DCCH in Carrier
1, Timedot O (due to a high cdl set-up load in the cell).

Time slot
0 1 2 3 4 5 & 7
Carrier cfBelp |1 T [T )1 |1 ]
SO o I O T O I I O I A B O
Legend:
B: BCH 72 e B I S I T I SR OO O O A O B
CCCCH
D: DCCH "
T ToH ST I B I S I O I S N S I S O O I

Figure 4-6 Mapping of control and traffic logical channels to
physical channels
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CARRIER O, TIME SLOT O

Timedot O of the first carrier frequency in acdl isdways reserved
for dgnaing purposes. In thisway, when an MSis determining
whether a carrier frequency isaBCCH carrier, it knows where to
look.

On the downlink, BCH and CCCH information is transmitted. The
only logica channd on the uplink is RACH. By having the uplink free
for RACH only, amobile subscriber caninitiste acdl at any time.

CARRIER O, TIME SLOT 1

&~ Did you know?

SMStext messages are
transmitted on channels|
assigned for DCCH. As
the use of SMS
increases, it is
important for operators
to dimension their
control physical
channels. Ericsson’s
system enables the
automatic
reconfiguration of
physical channelsin
the event of high text
message traffic.

Generdly, time dot 1 of thefirgt carrier frequency in acel isreserved
for Sgnaing purposes. The only exceptions are cells with high or low
traffic load. As can be seen in Figure 4-6, if thereisahigh traffic load
inacdl, itis possble to assgn a second (or more) physical channe
for the purpose of call set-up (usng DCCH). This may be any
physical channd other than time dots 0 and 1 on carrier frequency O.

Smilaly, if thereisalow treffic load in acdl, it is possble to use
physica channel 0 on carrier frequency O for dl sgnding information:
BCH, CCCH and DCCH. By doing so, physical channel 1 can be
gpared for traffic.

Eight SDCCHs and 4 SACCHSs can dl share the same physica
channel. This meansthat 8 calls can be sat-up smultaneoudy on one
physicd channd.

CARRIER O, TIME SLOT 2-7 AND ALL TIME SLOTS ON OTHER
CARRIERS IN THE SAME CELL

All timedotsin acdl other than those assigned for Sgnaling
information are used for traffic, i.e. gpeech or data. Logica channd
TCH isused.

In addition, at regular intervas during acdl, an MS tranamitsto the
BTS measurementsit has made about sgnad strength and qudity.
Logica channe SACCH is used for this, replacing one TCH time
dot a atime.
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S| B|B|B |B | Co|ColCo|Co|lF[S|Ci CiC1/C1|C2C2|C2[C2

F|S |Cs3|C3|C3|C3|C4|C4|C4|Cs|F [S|C 5C5|Cs5[Cs5|Cs/Cs/Cs[Cs
20 24 29 34 39

F| S| G| G|C7|Cr| G| G| Cs| Gl
40 44 49

Figure 4-7 Multiplexing of BCH’'s and CCCHs on TSO

20 24 29 34 39
AL AL |AIATAJATAIA L 1 |1 |1
40 44 49

Next 52 frames contain channels A4,A5,A6,A7 in place of A0,A1,A2,A3

Figure 4-8 Multiplexing of SDCCH’s and SACCH’'s on TS1

SDCCH isdivided into 8 groups DO-D7 so that it can serve 8 MS's
concurrently. AG-A7 are the corresponding SAACH channel groups
which are used for TX Power control and TA correction, if
necessary, while the MSis located in SDCCH.
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SAMPLE TRAFFIC CASE: CALL TO AN MS

The following traffic case describes acal to an MS and highlights the
use of somelogica channds during the call.

MSC/VLR

1
Y
[rre]

Figure 4-9 Call to an MS

1. The MSC/VLR knowswhich LA the MSislocated in. A paging
message is sent to the BSC's controlling the LA.

2. The BSC' s digtribute the paging message to the BTSsin the
desired LA. The BTSstranamit the message over the air interface
usng PCH.

3. When the MS detects a PCH identifying itsdlf, it sends a request
for asgnding channd usng RACH.

4. The BSC uses AGCH to inform the MS of the sgnding channd
(SDCCH and SACCH) to use.

5. SDCCH and SACCH are used for call set-up. A TCH is
dlocated and the SDCCH isreleased.

6. TheMS and BTS switch to the identified TCH frequency and
time dot. The MS generates ring tone. If the subscriber answers,
the connection is established. During the cal, Sgnals can be sent
and received by the MSusing SACCH.
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