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Chapter 2, concerning the architecture, that the basic methodology to 
tackle such issues is "divide and conquer''. Pervasive in the specifications 
of GSM signalling is a split in three functional domains: Radio Resource 
Management, Mobility Management and Communication Management. 
The management of the calls is the upper plane in this organisation, and 
deals with the establishment and the release of end-to-end lransmission 
paths. through the GSM domain and by inLerworking with external 
networks, to suppo,t user to user communications. Communication 
Management. as a functional plane, relies on the Mobility ManagemenL 
functions for dealing with the mobility of the users and wi th security­
related functions. The management of the radio resources groups 
functions specific to the radio interface. 

A major difference between a radio mobile telecommunication 
network and a network with fixed links is the management of the access 
resources. la a t1xed system, a dedicated communication medium exists 
continuously between the user terminal and the infrastructure. ready to be 
used when a call needs lo be established. On the contrary. in a cellular 
system like GSM, a dedicated channel over the radio interface is provided 
to the mobile stations onJy on demand and for tJ,e duration of the call, 
under the control of the infrastructure. This calls for functions which bear 
no equivalent in ISDN For instance. Even if 64 kbit/s channels are 
allocated dynamically in the case of an ISDN multi-tenninal installation, 
this resource management is rather limited compared to the one in a full 
GSM cell. Moreover, in ISDN. a signalling channel is always ready for 
use by any tcnnfoaJ. The matter is quite different in GSM, where the 
signalUng capabilities offered Lo a mobile station in idle mode, that is to 
say when not allocated a radio channel 10 its privale usage. are limited to 
the absolute minimum. The consequence is that a host of new procedures 
are needed. 

Besides dynamic channel allocation. another feature of GSM (or 
cellular sy"items in general) compared with fixed networks is the 
handover. The problem consists in providing a dedicated channel from 
mobile station 10 MSC at every moment during a calJ. despite the 
movements of the user. This calls for a complex measurement and 
decision process to trigger the transfer of the communication at the right 
moment and toward the right cell. Tn a celluJar system, the handover 
process is very important. since it impacts significantly the quality of the 
communications as perceived by the users, as well as the spectral 
efficiency. 

Th.is chapter will be devoted 10 these topics, that is to say lo the 
functions required to co-ordinate Lhe mobile stations and the 
infrastructure so as to provide the sui table transmission means over the 
radio interface, whatever the telecommunication service requires, and 
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whatever the user's movernen1s. These funcrions form a well defined 
area, which we presented in Chapter 2 as the RR (Radio Resource 
management) functional plane. They are spread among four entities in the 
canonical GSM architecture: the mobile station (of course!), the two base 
station sub-system components (BTS and BSC), and a small part in the 
MSC. All the higher layer functions, described in Chapters 7 and 8. are 
basically managed directly between mobile station and MSC. the base 
station sub-system (BSS) acting for these functions as a single complex 
transmission system. The spread of the radio resource management 
functions implies the existence of sjgnalling procedures between the 
involved infrastructure machines: this is the purpose of the signalling 
protocols on the A (BSC-MSC) and Abis (BSC-BTS) in1erfaces, which 
will therefore be described in this chapter. 

The chapter is basically composed of two parts. After preliminary 
architecture considerations needed to introduce some specific concepts. 
the major requirements which drove the design of the RR protocols will 
be looked at. Then. after a section to present the protocoJ architecture. the 
various procedures needed to fulfil these requirements will be developed. 

Preliminary Architecture Co11siderations 

A section in the middle of this chapter will be devoted to the 
architecture 311d the protocols in the Radio Resource management 
domain. However, some basic notions arc necessary for the 
understanding of the first part of the chapter. It concerns mainly the 
notion of anchor MSC. 

The major roles are played in thcs chapter by the components of the 
BSS, the BTS and the BSC. The MSC intervenes a little. to deal with 
handovers between cells managed by different BSCs. Some handovers 
may even transfer the mobile station from a cell within one MSC area to 
a cell in another MSC area, thus involving two MSCs. The roles of the 
two MSCs are different In no case does the MSC in charge of the 
communication relinquish its control to the new MSC. This MSC is 
called the anchor MSC for the connection. This is an important design 
choice of GSM. with numerous consequences on the procedures. Several 
argt1ments justify this choice; a compelling one is the charging problem, 
since toll ticketing is much simpler when one MSC fo llows a caJI from its 
beginniJ,g to its end. 

A consequence of this architectural choice is that after an inter­
MSC linndover. two MSCs (and at most two) may be involved in the 
connection. n,e transmission chain between the mobile station and the 
interworking poinL with external networks is then composed of a BTS. a 
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_Jl-i\- * _ T 
BSC MSC VLR MSC VUI 

Figure 6.1 - The concepl\ of anchor and relay MSC-, 

The transmission chain may involve two {and at most twoJ MSCs: 
the anchor MSC in charge of the communication management and 

the relay MSC in charge or the BSS with which the mobile ~,ation i1> in contact. 

BSC and either lwo MSCs. a r elay MSC and the anchor MSC, or of a 
single MSC (see Figure 6.1 ). To ease the problem of tem1inology, a 
convenienl approach is to consider the notions of relay MSC and of 
anchor MSC as functional. and to admit that when there is only one 
MSC. it is at the same time the relay MSC and the anchor MSC. Thus the 
term relay MSC will be used to refer to the MSC in direct contact with 
the BSC, even if it is also the anchor MSC; and lhe term anchor MSC 
will be used to refer to the MSC in charge of upper layer treatments. even 
if it is also the relay MSC. 

6.1. RR FUNCTIONS 

In 1his first half of this long chapter. we will study the different 
Radio Resource management aspects from the requirement side. While 
implementation issues will often be addressed, in particular for the 
distribution of the tasks between the involved machines, the details of the 
signalling procedure will be entirely in the second part. 

The funcLions covered by Lhe management of radio resources are 
centted on the management of transmission pathc; over the radio interface, 
and more exactJy between the mobile station and the anchor MSC. To 
develop these functions, we will use the concept of RR-session. which 
will be presented first. After a small passage concerning the access and 
the paging. through which things start, we will deal with the handling of 
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the main properties of the transmission chain. such as whether signalling, 
speech or data is Lransported, and whether cjphenng is applied or not. 

The next issue will be on how handovers are decided. The 
handover execution itself wi ll be treated mainly in the procedural section. 
Addressing the handover preparation issue will Lake us deep into 
considerations about Lhe measurements performed by the mobile station 
and the base sllltion. These measurements are the basic information upon 
which handovers can be decided. 

Next, two ancillary functions of the transmission over the radio 
interface will be looked at, the management of the transmission power 
,tnd of the timing advance. 

Finally we will deal with the management of the radio channels on 
the radio interface as a whole set. ll1e two majn facets are the handling or 
the configuration of the radio channels in each cell. and the allocation 
strategy of the dedicated radio channels (TACH/8s and TACH/Fs). 

6.1.1. THE CONCEPT OF RR-SESSION 

Most of the functions in the Radio Resource management plane 
relate to the management of the transmission between the mobile station 
and the anchor MSC. For each mobile station engaged in a 
communication. there exists a transmission path. as well as a signalling 
path. between itself' and Lhe anchor MSC. As seen from a mobile station, 
such a path is set up when it enters the dedicated mode (i.e., when it 
leaves the idle mode), and is released when the mobile station goes back­
to idle mode. In the infrastruclure. a transmission path exists for all this 
period. but can be thoroughly modilied, especially by handovers. We will 
refer to what is managed during this period of time as an RR-session. As 
a minimum, an RR-session must include means 10 transmit signalling 
between the mobi le station and lhe anchor MSC through the BTS, BSC 
and possibly a relay MSC. including a dedicated radio channel. 
references to manage it on both the BTS-BSC interface and the BSC­
MSC interface, and means in the BSS to monitor the radio connection 
and take handover decisions when necessary. This minimum set suffices 
only in the cases where the transfer or circuiHype user data is not 
required, such as for locution updating. short message transfer or 
supplementary service management. When circuit-type user dat~ needs to 
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Figure 6.2 - Contents of un RR-ses-.ion 

An RR-sc:~,ion con1airn, bu1h the ~ignalling re,ouree~ between mobile Mation 
and anchor MSC. including a dedicated channel ()n the rudio path. 

a~ well a, the user dnla circuits if need be. 

be transmitted. then a complete circuit connection between mobile station 
and anchor MSC is also part of the RR-session. as shown in figure 6.2. 
For instance. a speech call requires the use of a signal ling connection as 
well as a speech-carrying connection between mobile station and MSC. 
This lasr connection makes usc of dedicated resources such as the speech 
transcoder Lransforming the GSM-specific speech represemation into the 
64 kbit/s representation used in fixed networks. 

An RR-session has many different characteristics which have to be 
managed by procedural means. First. two different kinds of dedicated 
channels exist on the radio interface; rhey have been referred Lo as 
TACH/8 and TACH/F in Chapter 4 (there will be three when ··half-rate .. 
channels are included: TACH/8, TACH/H and TACH/F). Second. when a 
circuit for user data is present. it can be used according to different 
transmission modes. Finally, some other less irnpo1tant transmission 
peculiarities characterise RR-sessions. An example is whether ciphering 
is applied or not. All these characteristics may change during the lifetime 
of an RR-session. 

In 1he Specifications. the tern, ''RR-connection" referc. to what is 
managed during the period of connection to a given BSC. A change of 
BSC (e.g .. at inter-BSC handover) entails a change of the RR-connection. 
The Specf{icatwns do not have a specific term covering what is managed 
for the whole period where the mobile station is in dedicated mode 
between two periods of idle mode. i.e .. what we call here an RR-session. 
Figure 6.3 illustrates the concepts of RR-connection and RR-sesc;ion. and 
their relationship. The figure also shows that an RR-session can be used 
for several calls in succession or in paralJel. or more generally c;evcral 
CM-tranMtctions (CM for Communicati,on Management). as will be 
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CM transactions 

r:::- 1 

anchor MSC 

relay MSC 

RR-session 

-------------

i t Jnter-MSC handover 

inter-BSC handover _ 

intra-BSC inter-BTS handover 
or change of channel on same BTS 

Figure 6.3 - The concepts of RR-session and RR-connection 
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From the concept of radio connection (bottom line) to the one of RR-~ession (top line). 
different level$ of transition awareness may be defined. 

171e Spedjicatums use the concept of RR-conn.:ction, which corresponds 10 the BSC 
view. 

CM-tJ·ansaction~ may run in parnllel or in tandem during the lifetime 
of an RR-ses~ion, as shown on the top of the ligure. 

described in Chapter 8. The beginnings and ends of CM-transactions 
relate to the usage of the transmission, and are completely independent 
from RR-connections. whose succession relates to the movement of the 
mobHe stations. 

The RR-session is the bond between the two domains or radio 
resource management and communication management. 11 represents the 
views of the mobile station and of the anchor MSC. An RR-session starts 
when the mobile station goe~ to dedicated mode (the access, when the 
initial assignment of dedicated channels il) performed), and disappears 
when the mobile station goes back to idle mode. 

The life of an RR-connection is puncLUated by intra-BSC 
handovers and changes of radio channels. and this defines another 
subdivision in the lifetime of a RR-session. At the lower level, the 
channel connection correspond-. 10 the continuous usage of the same 
radio channel by the same mobile station. A channel connection start~ 
either through an initial assigmnent. a subse4uent assignment (a change 
of channel done, e.g .. because the allocated channel is no more of the 
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Figure 6.4 - Configurations changes for an RR-session 

During its Lifetime. an RR-session may go through different transmission configurations. 
ff 1hc initial configuration i~ for example the h!ft one, ii may be changed 10 

irny one of the others shown. The anchor MSC remains in charge of the upper layers. 

needed type) or an incanting handover of any kind. It disappears either 
through Lhe release of the RR-session, the assignment of another channel 
or an outgoing handover. Channel connections represent lhe view of 
BTSs. By design choice, a BTS considers a change of radio channel 
within the same cell as two independent channel conneclions. When a 
channel conneclion is cleared, the related data is wiped out in Lhe BTS, 
regardless of whether the mobile station is allocated a new channel of the 
same BTS or in another one. 

There are very few stable characteristics of the RR-session beside 
the corresponding contexts in lhe mobile station and in the anchor MSC, 
especially when one recalls that the physical path of the lransmission may 
change thoroughly when a handover occurs. At a given momenl in time. a 
given RR-session is managed by one BTS, one BSC, an anchor MSC and 
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sometimes in addition a relay MSC. as shown in figure 6.4. Each of these 
machines maintains some contexl related to the RR-session. When a 
handover occurs, the configuration changes, some contexts must be 
erased and others must be created in other machines. Based on the 
corresponding configurations, lhe functional architec1ure of GSM 
distinguishes three kinds of handover. ln an intra-SSC handover, only the 
radio channel, the context in the BTS and possibly the BTS are changed. 
In an (intra-MSC) inter-SSC handover, the BSC is changed in addition to 
the radio channel and the BTS. Finally, in an inter-MSC handover, lhe 
relay MSC is either created. replaced or suppressed. In all cases. the 
anchor MSC remains in place throughout all the life of the RR-session. It 
is indeed the only machine sure to be a constant. and the context of the 
RR-session in lhe anchor MSC is indeed the anchorage point of the 
session. 

6.1.2. INITIALISATION 

A mobile station has two widely different operating modes. the idle 
mode. when it is not engaged in a connection with the infrastructure, and 
the dedicated mode, when a fuJl duplex channel enables actual 
communications to take place. The transition from idle to dedicated mode 
is the f usl step of the initialisation of an RR-session, and is called the 
access. As part of an initialisation process. it has many functional aspects. 
and this section will address only some aspects specific to the access 
issue. The full-blown detailed procedure itsel f will be presented much 
later in the chapter, after all the relevant concepts wilJ have been 
introduced. 

Access may be triggered either to fulfil a need expressed first on 
the mobile station side (e.g., a caU originated by the user of the mobile 
station. but also a location updating), or on lhe infrastructure side (e.g .. a 
call toward the GSM subscriber). In aJI cases the access procedure is the 
same. and is initiated by the mobile station. When the network desires the 
establishment of an RR-session, it pages the mobile station which 
constitutes a request for it to access. To this avail, when normal service is 
provided, the mobile station listens in idle mode to a paging sub-channel, 
part of the PAOCH. lf a message on this sub-channel indicates tJ1at its 
subscriber is paged, lhe mobile station starts Lhe access procedure, as it 
does when the user requests it. We will then deal separately with the two 
aspects, the access proper. and the paging. 

6.1.2.1. Access 

The mobile station manifests il'i will to access by sending a 
message on the random uccess channel (RACH), which is answered by an 
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ini1ial assignment message on the paging and access grant channel 
(PAGCH), carrying the description of the allocated dedicated channel. 
The mobile station provides very little information in its access request 
(the message has only 8 bits of contents). In particular the mobile station 
does not give its identity at this moment, nor the detailed reason for the 
access. Another particularity of interest is that the access on the RACH is 
not regulated. The consequence is that cwo mobile stations may send 
access requests simultaneously, which would result most often in neither 
being received by the BTS. Most of the complexity of the access 
procedure (repetition of the attempt, resolution of access to the same 
channel by two mobile stations) comes from fixing these problems. 

The access ends with the alloc,ation of a radio channel for the use 
of the mobile station . This is cal led the initial channel assignment, 
referred lo in the Specificatio11s as immediate assignment. The access 
procedure. U10ugh limited to the means needed for the transition between 
the two modes, makes exclusive use of two specific channels, the 
PAGCH and L11e RACH. 

From a more general point of view. the access function is the 
initiation of an RR session. As such it includes the initialisation of alJ the 
contexts and all the recurrent functions which are part of the RR session. 
The access will therefore be revisited in many of the functional sections, 
such as those dealing with the management of the Liming advance. with 
the transmission power control (which must be started during the access), 
and with U,e channel allocation. The detailed description of the access 
procedure. in the last part of this chapter, will provide the synthesis of 
these different aspects. 

6.1.2.2. Paging and Discontinuous Reception 

Compared to the other f-unctions described in this chapter. paging 
is somewhat particular. because it is not directly linked to an RR-session. 
What is indeed the relationship between paging and radio resource 
management? Since RR-sessions are only established at the initiative of 
U,e mobile station, the network infrastructure needs some means to 
trigger such an establishment; L11is role is indeed fulfilled by the paging 
procedure. But there is no common reference, no clear relationship 
between the paging message and the ensuing RR-session establishment. 
The only clue for the network is U,e indication by U,e mobile station in 
the first dedicated message that the RR-session has been established in 
response to some unspecified paging indication. 

Paging is in some sense closer LO Mobility Management functions 
than to Radio Resources managemerit functions. as il serves to locate a 
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mobile station within a whole location area. The grouping of the paging 
function with RR management. which is also the one folJowed in the 
Specifications. reflects the relationship which exist between paging and a 
number of true RR functions. For instance, paging messages and initial 
assignment messages <.hare the same channel (the PAGCH). This 
approach is also sensible from a pragmatic point of view since the main 
job for paging is done by the BSS. which is olherwise only concerned 
with RR functions. 

How does paging start? When an incoming caU arrives, the 
MSCNLR requests the BSS 10 perform a paging in some of the cells of 
the BSS. The M:::;C provides tJ1e concerned t3SC(s) with the identity of 
the mobile subscriber to be paged and the list of cells in which the paging 
should be issued. The BSC is in charge of managing the PAGCH, i.e .. the 
grouping and scheduling of paging messages as well as initial assignment 
messages. This scheduling may be more or less optimised, depending on 
the manufacturer. The Specificarions describe a framework for such an 
operation, but the operator/manufacturer can choose how often to repeal 
unanswered paging messages. whether to send initial assignment 
messages also on those parts of the PAGCH which correspond to the 
paging sub-channels. etc. 

The split off unctions between BTS and BSC with regard to paging 
also allows some flexibility and is somewhat manufacturer-dependent. 
T ypically. the hjgh-level tasks, such as priority decisions. rest with lhe 
BSC. Sophisticated approaches may take the system load into account for 
the respective priority of paging and initial assignment messages. 

Another aspect of paging also tackled by U1e BSS concerns the 
concept of discontinuous reception. For the sake of battery consumption 
in handbeld mobile stations. it is important to minimise the amount of 
infonnation the mobile station has to receive, demodulate and analyse 
while in idle mode. To this avail. the downlink common control channel 
can be divided into several paging sub-channels. and alJ paging messages 
penaining to a given subscriber are normally sent on the same sub­
channel. The sub-channel organisation can vary on a cell basis, but 
broadcast information allows the mobile stations to determine it. Sucb a 
scheme allows mobile stat.ions to restrict !heir monitoring of paging 
messages to their own paging sub-channel, thereby increasing 
significantly the lifetime of their battery. at the expense of a small 
increase in delay for the setting up of incoming calls. Such a feature is 
refe1Ted to as discontinuous receprion. or DRX, and is not to be confused 
with discontinuous transmission (DTX) with which ii bear<. no 
relationship except the similar names. Mobile subscribers are assigned to 
paging sub-channels in a pre-determined way taking into account the 
three last digits of their international mobile subscriber identity (tJie 
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CMSO, so that the knowledge of the PAGCH configuration is enough for 
each mobile station lo determine which blocks of which CCCH carrier 
uaj1 it should Listen to. 

The PAGCH follows a 51 x 8 BP cycle. where BP denotes a burst 
period. using 9 blocks per cycle for a PAGCH/F (the PAGCH of large 
capacity) and 3 blocks per cycle for a PAGCH(f (the PAGCH of small 
capucily), as described in Chapcer 4. A cerrain (parameter-comrolled) 
number of these blocks belong to some paging sub-channel. the others 
being reserved to initial assignment messages. This number may range 
from 2 to 9 for a PAGCH/F and from I to 3 for a PAGCH(f. A paging 
sub-channel is (almost) cyclic, with a cycle nmging from 2 to 9 times 
5 1 x 8 BP (that is to say from 0.95 second to 4.25 seconds), here again 
under the control of a parameter. Hence, on a given PAGCH/F. there can 
be from 4 to 81 paging sub-channels (2 to 27 for a PAGCH(f). The two 
parameters describe the PAGCH configuration and are broadcast on the 
BCCH. The choice of these parameters is the operator's. The second 
parameter (linked to the cycle of paging sub-channels) corresponds to a 
compromise between the access time and the power consumption of the 
mobile stations. The fust one was introduced solely to enable the 
development of very simple PAGCH scheduling algorithms which do not 
use the possibility to send initial assignment indications on a paging sub­
channel. [n such cases. the choice of the paran1erer is related 10 the ratio 
between the paging load and the initial assignmeDL load. Otherwise, the 
parameter is set so that any PAGCH block belongs to some paging sub­
channel. 

A small dernil is that the interval between two successive paging sub-blod.s of 
the ::.ame sub-group i~ constant. except (in some combinations) once every 3.5 hour:.. 
when the numbering scheme goes through 0. This happens when the paging sub-channel~ 
"cycle'· Is not a divider of the nwnbering cycle (lasting 2048 x 26 x SI x 8 BP). 1.e .. for 
cycles of 3. 5. 6. 7 or 9 times 51 x 8 BP. 

Procedural Requirements for Paging 

The procedural requfrements for paging management include 
means for the MSC to require a given subscriber lo be paged, a 
mechanism for U,e BSC 10 control the sending of this paging message (or 
alternatively to provide the BTS with the relevant data to build and 
schedule the paging messages) and a way to indicate the PAGCH 
configuration to all mobile stations. In addition, some means to configure 
the PAGCH are required in the operation sub-system (OSS ), as part of the 
more general techniques for controlling the cell configuration. This is 
dealt with in Chapter 9. 
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6.1.3. TRANSMISSION MANAGEMENT 

The life and deeds of the RR-sessions have only been sketched in 
this previous section. We will now see in more detail what constitutes the 
management of the transmission characteristics of an RR-session. These 
characteristics are chosen depending on the service to be provided. They 
are decided by the anchor MSC. but transitions are co-ordinated by the 
BSC. Tbe most obvious area of co-ordination relates to the type of data 
which must be carried. On this depends the existence or not of terrestrial 
circuits, the type of the radio channel and the transmission mode (speech. 
or data with some data rate). Beside these, the BSS bas also to manage 
the cipher mode, as weU as the discontinuous transmission modes. 

We will take each of these aspects in tum. to examine what is to be 
done. 

6.1.3.1. Transmission Mode Management 

We group under the term transmission mode the main 
transmission characteristics. More precisely, the concept of transmission 
mode refers to the way the GSM transmission cb~1in is used for carrying 
circuit user information, from the mobile station to the point of 
interconnection with partner networks. The set of possible transmission 
modes differs depending on the type of channel used on the radio 
interface. The transmission modes have already been described io detail 
in terms of their "physical layer" characteristics in Chapters 3 and 4. 
Table 6. 1 summarises which transmission modes exist on each radio 

TACH/8 TACH/F TACH/H 

signalling only signalling only signalling 011/y 
speech speer// 

data 3.6 kbil/s dmo 3.6 kbirts 
data 6 kbil/s daca 6 khitls. 1ronspare111 

data 12 kbil/s. transparent dat<1 6 kbirls, 11<111-na11spare11t 
data 12 kbit/s. non-transparent 

Table 6. t - Transmission modes used on the r:idio channels 

The only transmission mode on a TACH/8 correspondi, to signalling only, 
whereas the "full-rate'' channels may carry 6 different modes. 

and the ·'half-rate" channels will presumably carry the 5 modes listed. 
The .. transparent" and .. non-transparent'' modes (~et' Chaph:r 3) 

use the ~ame channel coding on the radio path, 
but lead to variations in the transmission functions within the BSS. 
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channel lype. The transmission modes which were defined on half-ra1e 
channels are nOI in the phase I Specfficarions, bu1 arc also shown in this 
table. 

The ••signalling only" mode corresponds to the non-usage of the 
channel Lo carry circuil-type user data. The lTansport of signalling 
information is a capability which exists in all transmission modes. once 
an RR-session has been established. There are even cases where it 
represents the only transmission need: for instance, at lhe beginning of a 
call (before the conversation phase), for transmission of user data other 
than circuit-type (short message transmission), for location updating or 
for supplementary service management. 

The existence of a full transmission path including terrestrial 
circuits between the BTS and the MSC/JWF. and the inclusion in this 
path of a transcoder and rate adaptor unit (TRAU). depend on the mode: 
for instance, 1here are none of these in ·•signalling only" mode. 

In general. the transmission mode is chosen by the MSC. 
depending on the end-to-end service. Wl1en tbe RR-session is initially 
established, the MSC does nor intervene in Lhe process before the poin1 
when it knows exactly the transmission needs to fulfil; up to Lhis poinl, 
the Specifications impose Lhe mode "signalling on ly". The channel can be 
chosen (by the BSC) to be of any type, though it is typically a TACH/8 
(see page 355 for the allocation strategies which can be followed by the 
BSC). Later during the lifetime of the RR-session. the channel type and 
the transmission mode may change; these changes are decided by the 
MSC. in order to adapt the transmission medla to the needs of tJ1e users. 

Although Lhe decision lies with the MSC, it is the BSC which 
chooses the exact channel (of the requested type) and is in charge of co­
ordinating the differem machines, including the mobile station. The only 
exception to this rule is the establishment of the terrestrial circuit 
(between BSC-or TRAU-and MSC), which is always done by the 
MSCs. This except ion stems from no speciric reason but I he weight of 
history. Switches have always been in charge of establishing their 
c;urrountling circuiLc;. This situation actual ly raises some problems in 
phase 2. and it would probably have been a better choice 10 let the BSC in 
total control of lhe whole transmission chain. The management of U1e 
terrestrial circuit will be addressed in a bil more detail in che next section_ 

Procedural Needs for Transmission Mode Management 

The procedural organisaLion of transmission mode management 
has two facets. First Lhe MSC must be able to indicate the need for .a 
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change in the transmission mode at any moment during an RR-session. 
Second. Lhe BSC must have means to co-ordinate the mobile station. the 
STS and the TRAU for fuJfilling the MSC request. This last aspect is 
split into Lwo cases as seen from the BSC and the mobile station, whether 
the type (full rate or eighth rate) or the existing radio channel fits U,e 
requirements or not. A typical case when it does not is at the beginning of 
an RR-session established for the purpose of establishing a call, if the 
existing channel is a TACH/8. In such a case. the radio channel must be 
changed. The procedure to change the radio channel used by an RR­
session without changing the cell is called a subsequent assignment. If 
the type of the existing channel is appropriate. but Lhe transmission mode 
is not, 1he procedure between the mobile station and Lhe BSC is a mode 
modification. 

It should be no1ed Lhat the handover procedure can be used for changing Lhe 
transmission mode. including the type of C'hannel. Rec1procally. an intra-cell change of 
channel is often caJled a handover. if Lriggered by qualit}' considernuons and not by the 
ad11ptation to the needs of Lhe service. A :.mall digression on 1hc 1enns i~ u:;eful at this 
s1age. This las, usage of 1he 1cnn handover as 10 be undenaood from the point of view of 
why it is done. However. from the point of vie~ of ll'hat is done a~ !>een between the BSC 
and tht" mobile s1:uion. 1here is indeed no difference be1ween a subsequent assignment 
and an inlrn-cell "handover". The accep1ed use of the tenn h~ndover thus depends on ihe 
conlext. 

6.1.3.2. Terrestrial Channel Management 

An RR-session may or may not include a full circuit between U,e 
mobile s1a1ion and the MSC 10 carry user information. This circuit is not 
always presem; for instance. if the RR-connection is used for location 
updating. such a circuit is of no use. 

When ii is present. it includes a radio channel (a TACH/F. or in the 
f ulure a T ACH/H). and terrestrial circuits connecting the BTS wi1h the 
anchor MSC via the SSC and a TRA U if applicable. The terrestrial 
circuit from BTS 10 BSC (possibly via the TRAU) is in a one-to-one 
relationship with U,e radio channel, and is then dealt with by the SSC as 
part of the radio channel management. 

On the A interface. the circuit (from the BSC or TRAU to the 
MSC) is allocated to an RR-session by the relay MSC. The indication 
chat a circuit has been allocaced is given ro the BSC through signaJling 
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Figure 6.5 - Channel allocation on the terresLrial interfaces 

When the TRAU is situated on the MSC-side of the BSC, 
the MSC ftrst chooses a circuit towards a TRAU. then a signalling exchange 

takes place on the A interface, and finally the BSC controls the set-up of circuits 
between BTS and TRAU. 

means, enabling the BSC to then connect it to the radio part of the path 
through its switching maLrix (see figure 6.5). 

Finally, the circuit between the anchor MSC and the relay MSC. if 
they are different, is established in the canonical architecture using 
standard PSTN or ISDN methods. The establishment is initiated by the 
anchor MSC, using the same procedural means it would use Lo estabLisb a 
call. 

The existence of a remote transcoder and rate adaptation unit along 
the BTS to relay MSC path makes this picture somewhat more complex. 
If no BSC-controUed switching matrix exists between the TRAU and the 
MSC, then a one-to-one relationship should exist between a specific 
transmission resource in the TRAU and an MSC-TRAU circuit. Thus, it 
is in that case the MSC which implicitly chooses the transcoding device 
by choosing the terrestrial circuit. TI1is situation bears no consequence if 
the TRAU devices are all equivalent; otherwise, a potential problem 
exists. since it is the BSS which is in charge of Lhe TRAU, and of Lhe 
consistency between what the TRAU does and what is done on the radio 
interface. Thus. the TRAU is in some way managed both by the MSC and 
the BSS, and in practice, the architectural choices of GSM make it 
difficult to have distinct types ofTRAU. 

Procedural Needs for Terrestrial Channel Management 

The terrestrial part or the transmission path of an RR-session is 
established when a TCH/F is requested by the anchor MSC. This is a part 
of the subsequent assignment procedure. [t is obviously modified at each 
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handover, and is in particular entirely changed for an inter-MSC 
handover. The establishment of the new path, and the release of the 
previous one are part of the handover execution procedure. 

6.1.3.3. Cipher Mode Management 

The transmission over the radio path has a few characteristics 
which must be managed independently from the type of transported data. 
The first one is the cipher mode: the transmission may be ciphered or not, 
as desired by the MSC, according to some criteria which depend on the 
operator. 

An RR-session is always started in "signalling only" mode, and 
always in clear text (i.e., not enciphered). The latter is a necessary 
requirement, since the RR-session setup is perfom1ed without the 
network knowing the subscriber identity, and therefore ciphering with a 
user-related key cannot be applied. Means for transition from clear text to 
ciphered transmission on an existing RR-session are therefore required. 
The Specifications do not provide explicitly for the reverse transition. i.e., 
from ciphered mode to non-ciphered mode. No need was identified for 
such a transition. Similarly, the Specifications do not cater for the change 
of ciphering key while in ciphered mode. However, the existing 
procedures could be used in the future to support these transitions, shou ld 
the need arise. 

Similarly to the transmission mode management case, the 
transition from clear text transmission to ciphered mode is decided upon 
by the MSC, the BSC being in charge of co-ordinating the actual change. 
Cipher mode management impacts the mobile station and BTS. 

Procedural needs include the means for the MSC to provide the 
ciphering parameters (the mode, and the user ciphering key Kc if needed) 
to the BSC for an incoming handover, the means for the MSC to require a 
change of the current mode from non-ciphered to ciphered, and the means 
for the BSC to co-ordinate the transition in the BTS and the mobile 
station. This last aspect is of primary importance, since messages sent in 
one mode will not be understood by the peer entity if this entity is set in 
lhe other mode, resulting in an unrecoverable loss of connection. The 
way to synchronise mobile station and BTS wiU be described in the 
procedural section. 

6.1.3.4. Discontinuous Transmission 

Discontinuous transmission (DTX) has been described in Chapters 
3 and 4. When discontinuous transmission is appJied, actuaJ transmission 
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Figure 6.6 - Procedural needs for discontinuous transmission management 

The u~e or not of discontinuous transmission necdi; only be no1ilied 
to the trunsmining end; the receiving unit docs not need to know beforehand. 

on the radio path is reduced to a minimum when il is detected that the 
user data does not contain meaningful information (during speech 
silences for instance). This feature is optional and must therefore be 
managed. Moreover, discontinuous transmission may be applied 
independently to each direction, so that the control of disconLinuous 
transmission must take into account two components: the uplink mode 
and the downlink mode. 

Discontinuous transmission is only re levant Lo some of the 
transmission modes, speech and non-transparent data, simply because in 
the other cases it is diflicult to assess when user data transmission can be 
suspended without degrading the service. The discontinuous transmission 
mode affects the operation of the mobile station and of the TRAU. The 
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BTS is obviously concerned. buL derives iLs behaviour dynamically from 
data coming from the mobile station (uplink) and from the TRAU (where 
it exists) and MSC/IWF (downlink). Whether discontinuous transmission 
should be applied or nol is, there again, decided upon by the MSC, and 
the execution is controlled by the BSC. A GSM BSS must indeed be able 
to cope with discontinuous transmission. whatever the strategy of the 
corresponding MSC. 

The choice of the strategy for applying discontinuous transmission 
is one of the many configuration parameters on which operators may play 
to optimise their network. Several considerations must be talen into 
account in this strategy. For instance. GSM mobile lo mobile calls suffer 
·a loss in quality when discontinuous transmission is applied to both ractio 
segments: ex.perts refer to thrs phenomenon as ·'double clipping". The 
operalor may therefore well choose nol to apply downlink discontinuous 
transmission for such MS-10-MS calls. if they can be identified. 

The downlink discontinuous transmission mode can be changed 
when the transmission mode changes; these are indeed the only insLants at 
which the Specifica1io11s allow a change in the discontinuous 
transmission mode. since no other needs were identified. 

For Lhe uplink discontinuous transmission mode. Lhe network can 
al any moment cilher force the mobile stations in communication to use 
iL. forbid them to do so or leave Lhe choice open. 

Procedural needs for discontinuous transmission management 
include the means for the MSC to indicate whether discontinuous 
transmission should be applied for uplink and for downlink. and means 
for the BSC to configure the mobile station and the TRAU via the BTS 
(see figure 6.6). 

6.1.4. HANDOVER PREPARATION 

The possibility to change the cell during an RR-session is a very 
important function in a cellular system. and the major source of 
complexi ty in the Radio Resource management plane. We have already 
touched upon some of the aspects related to the e.tecutio11 of a handover. 
i.e .. what has Lo be modified when a handover occurs. However. this 
represents but the tip of the iceberg. The process which precedes it, the 
handover preparation, may be tJ1ought of as a "behjnd lhe scenes·· 
activity, yet iL is Lhe most important topic, which conditions both spectral 
efficiency and tJ1e quality of service as perceived by the users. 

The decision to trigger a handover, and the choice of target cell. arc 
based on a number of parameters. and various reasons may trigger this 
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decision. These reasons will be studied first, then a description of the 
parameters affecting the choice will follow. Among these parameters. 
radio measur~mems performed by the mobile station and by the BTS are 
of foremost importance, and wilJ be looked at in detail. The functional 
distribution of functions will be addressed lasl. 

6.1.4.1. Handover Purposes 

At first sight, the aim of handovers is to avoid loosing a call in 
progress when lhe mobile station leaves the radio coverage area of the 
cell in charge. Such cut-offs are very badly perceived by the users. and 
have an imponant weight in the overall perception of the quality of 
service by the subscribers. We shall call this type of handover "rescue 
handover'', where a high probability exists thac the call will be lost if the 
cell is not changed. An excreme form of the rescue handover is the call re­
establishmem. which is an attempt for lhe mobile station to salvage the 
connection after an effective loss of communication with the serving cell. 

[n other cases. it may be or interest to change the serving cell of a 
given mobile station even ir the transmission quality is still adequate. 
This may happen when the global interference level would be 
significantly improved if the mobile slation would be in contact wiLh 
another cell. Computations and simulations show indeed thal Lhere is 
usually a "best cell" from the pojm of view of interference. This 
statement is especially trne when power control is being used, since the 
cell corresponding to the minimum path loss will minimise the mobile 
station transmission power (ordered by the BTS). thereby statistically 
minimising the overall interference level. A handover triggered with the 
goal to optimise the interference level and not for the sake of the ongoing 
communication shall be referred 10 here as a "confinement handover". 
Such handovers result in a "confinement'' in optimal geographical areas 
of the mobile stations which have a connection in a given cell. prevenring 
them from wandering out of the optimal cellular coverage even if their 
connections are still of adequare quality. Confinement handovers may 
potenlially connict with local oplimisation of the transmission quality. 
and should not be performed toward cells for which transmission quality 
is not correct. 

A third kind of handover is referred to as the "traffic handover". 
h may happen that a cell is congested whereas neighbour cells are not. 
Such a situation happens typically when specific events lead 10 a very 
local geographical peak: rairs, sport events, and so on. Because the actual 
coverage of neighbour cells often overlap a lot, handing over some caJ ls 
from one ceU to a less congested one could temporarily improve 
congested situations. This kind of handover must be handled with great 
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care. since it is obviously in conflict with the confinement criteria. Traffic 
handovers will necessarily perturb cell planning and increase the level of 
interference in the surrounding area. 

The Specijicatio11s handle the traffic handover in a different way 
from the other types of handover. The concepts of rescue handover and 
confmemem handover, on the other hu.nd, are not developed in the 
Specijicarions. but the foUowing paragraphs will show how much this 
distinction can help operators and manufacturers when developing smart 
handover ~tlgo1ithms. 

6.1.4.2. Handover Criteria 

Depending on the purpose for handover. 1he criteria to be taken 
into accoun1 differ, but they always include some information to predict 
what will happen with and without handover. according to the destination 
cell. 

The main criterion for rescue handover is the quality of 
transmission for the ongoing connection. both uplink and downlink. The 
best information would be an assessmen1 of the transmission quality as 
perceived by bOLh users. With digital transmission, the transmission error 
rate is a good quaUry indicator. The propagation path loss incurred by 
radio transmission is also of interest. Another piece of information. 
although of more marginal application, is 1he propagation delay. 
Transmission on the GSM radio interface cannot usually support a high 
propagation delay, and a connection can be cut if it becomes too big. The 
case may only arise in large rural cells. 1o GSM. aU these measurements 
are available to the handover decision process. Both the mobile station 
and 1he BTS measure regularly the transmission quaJity and the reception 
level, from which the path loss can be inferred. The mobile station 
transmits its measurements to the BTS, al the rate of once to twice per 
second. 

The key criteria for a confinement handover are the uplink and 
downlink transmission quality corresponding to each neighbour cell, 
were the mobile station lo be in connection with that cell. Since this 
information is quite difficult to get (it may depend on the would-be 
allocated channel for instance). 1he handover process in GSM has LO 

make do with only the path los~ between the mobile ~talion and a number 
of neighbouring cells. In reality. only downlink values are measured. by 
1he mobile sta1ion. and the assumption is made Lhat the palh loss is 
equivalent in both directions. 

The decision process for traffic handovers requires information on 
the load of each BTS, and this information is known by the MSCs and 
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BSCs. Traffic handovers differ quite a lot from the rescue and 
confinement handovers, because traffic reasons dictate the number of 
mobile s1ations to be handed over, in a given cell. but do not indicate 
which of these should be. The choice of the favoured (?) ones usually 
starts with those which are closer to be handed over for other reasons. 
Hence, the traffic handover relies on the other criteria and the 
corresponding measurements. 

The algorithms for the handover decision and the choice of the 
targe1 cell are not imposed by the Specifications. An example of such an 
algorithm is given as an annex to TS GSM 05.08, bu1 opera1ors and 
manufacturers have complete freedom to implement more (or less) 
sophisLicated algorithms based on available parameters. ln order to 
summarise, a list of the parameters to be taken into account in the 
h,mdovcr decision process, is given hereafter: 

• some static data, such as the maximum transmission power of: 

⇒ the mobile station 
⇒ the serving BTS 
⇒ the BTSs of neighbour cells: 

• real 1ime measurements performed by the mobile station: 

⇒ the downlink transmission quality (raw bil error rate) 

~ the downlink reception level on the current channel 
⇒ the downlink receplion levels from neighbour cells: 

• real time measurements performed by the BTS: 
⇒ the uplink transmission quality (raw bit error rate) 
⇒ the uplink reception level on Lhe current channel 
⇒ tJ1e timing advance: 

• traffic considerations, cell capacity and load, ... 

Some of these parameters raise technical questions, for instance 
how does the mobile station reports its measurements, and how can a 
mobile station make measurements concerning neighbour cells with 
which it does not have a dedicated connection? 

6.1.4.3. Measurements 

Various aspects of the measurement process in GSM merit some 
explanations. One of them is how the measurements done by the mobile 
station and the base station must be transferred to a single point for 
treatment. This will be the first poim we will look at. Another point is 
how the mobile sta1ion manages lo make measurement<; concerning 
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neighbouring base stations. Finally. some of lhe difficulties of the 
specifications of what is measured will be addressed. 

Measurement Reporting 

In order to make efficient handovers. Lhe rate at which 
measurements are refreshed should be as high as possible. Jn GSM. Lhe 
minimum rale of reporting is once per second. The mobile station must 
report measuremems, not only for the serving cell, but ttlso for as many 
neighbour cells as possible which might be candidate target cells. This is 
true in particular for confinement handovers. since Lhe mobile station 
does not have enough knowledge or the cell planning aspects to 
determine in all certainty which neighbour cell would be the best target 
cell. Such a choice depends not only on the path loss. but also on 
max.imum transmission power. cell size. etc. Ln GSM, the mobile station 
can report on up to 6 neighbour cells in addition to the measurements 
relative to the serving cell. 

The measurement reporting activity of the mobile station 
represents a rate of roughly 130 bit/s at least. This reporting is carried by 
messages on the small signalling channel associated with each TCH and 
caUed the SACCH, whose maximum capacity equals twice this rnte. 
Hence, the refreshing rate may go up to two reports per second. if che 
SACCH is not used for other purposes in parallel. And here lies one 
reason why it was chosen Lo have a channel separated from the main 
channel. If the TACH (TACH = TCH + SACCH) multiplexing had not 
been done on a burst ba!>i'>, but through a sharing of bursts (a few bit!s for 
tbe SACCH. the remaining bits for the TCH). then discontinuous 
transmission would have been useless because of the constant 
requirement for measurement reporting. 

Neighbour Cells Measure111e11ts 

The requirement for a mobile station to measure the reception level 
of neighbour cells. while carrying a call in a given cell. raises a number 
or technical issues. 

A first issue is simply when can a mobile station perform these 
measurements. In GSM. it b possible for the mobile station lo make these 
measurements while maintaining a connection. and without requesting 
the mobile stations to have two receivers. thanks to the TOMA scheme. 
The mobile station indeed measures the characteristics of the neighbour 
cells during the interval belwcen the transmission of an uplink burst and 
the reception of a downlink burst These intervals arc of various lengths. 
depending on the dedicated channel type. The worst case corresponds to 
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Figure 6.7 - Measurement intervals available at Lhe mobile stati()n 
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A TACH/F schedule leaves the mobile station wi1h 26 very shon intervals 
(2 BP-£.# I ms). 24 "small" intervals (4 BP+£,# 2 ms) and 

one ··1ong" imerval ( 12 BP+£.# 6 ms) every 120 m~. 

the T ACH/F. The intervals, for each 120 ms period. are shown in figure 
6. 7 and arc as follows: 

• from end of reception to start of transmission: 

26 intervals of 2 IBP -£, where a BP (burst period) last1, for 

577 µs and where E represents the timing advance: 

these intervals are too short to be used for measlU'ement. 

• from end of transmission to start of reception: 

24 "small" intervals of 4 BP+£ and 

one ·'tong" interval of 12 BP + E. This interval exists thanks to 
the unused slot in the 26 slot cycle. 

From these values, it b obvious lhal any efficient mea~uremcnt 
scheme requires the mobile station to make measurements, not only 
during the long interval. but also during the small intervals. The 
measurement must be done on a frequency which i~ different from the 
one used for the preceding trcillsmission burst or the next reception bursl. 
This leads Lo a constraint on the frequency synthesis capability of the 
mobile station: either ii is ,1ble to switch the reception/trnnsmis!:>ion 
frequency in less than I ms (thus leaving 300 µs for a measurement), or 
else it must have two frequency synthesisers. It can be seen rhaL the 
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requirement for a multi-frequency synthesis capability of the mobi le 
station does not derive from the frequency hopping alone. 

Another technical difficulty emerges from the preceding 
discussion, concerning the infrastructure. As explained above. the 
schedule of the mobile station is very tight indeed; as a consequence, the 
mobile stations cannot be overburdened with the requirement of Listening 
to a specific channel in neighbour ceJls, which in GSM would mean r md 
one specific burst among eight in addition to switching to the right 
frequency. This has led to one of the most troublesome specifications (for 
BTS manufacturers!) of GSM. The chosen solution requires each BTS to 
emit continuously (i .e., in every burst period) on one frequency. 
moreover at a constant power level. This must be done regardless of the 
status of the corresponding slots, i.e., whether they are used by some 
active channel or idle, and necessarily without applying discontinuous 
transmission or power control. This continuity of the transmission allows 
the mobile stations in neighbour cells to make reliable measuremems 
whenever lhey can. without any other constraint than lheir own 
scheduling.. 

The next problem which arises ii. how does the mobile station 
determine which frequencies it must measure? Firsl. i1 is necessary for 
the mobile station 10 distinguish those frequencies which are used as 
beacon frequencies in other cells from other potentially interfering 
frequende~. in order to make sure which cell Lo measure. Second, it is 
more efficient ror the mobile l)lation to limit measurements to the beacon 
frequencies of neighbour cells. The latter point is solved by sending to 
the mobiles stations a list of frequencies lo be measured. The first point is 
somewhat more tricky. IL requires the mobile station to do a bit more than 
just measuring a received level. 

The beacon frequency is the one carrying the synchroni sation and 
frequency correction channels (SCH and FCCH) of the cell. A way for 
the mobile station 10 check that the channel it receives is actually a 
beacon channel (and not another channel of another cell transmitting on 
the same frequency) i:, to find if thi~ frequency carries a FCCH. This 
checking helps in fact ro meet another requirement as well: the pre­
synchronisation. Because synchronic;ation is necessary before 
transmission, as explajncd in Chapter 4, a mobile station must get some 
synchronisation information from the cell it will be handed over to, at the 
latest during handover execution. Since handover optimisation was fell 
very important by those who drafled the Spec(ficatio11s. iL was decided 
that mobile stations should acquire synchronisation wi th al.I cells on 
which U1ey report measurement<;. Hence. a mobile station is constantly 
pre-synchronised with all cells to which it may potentially be handed 
over. 
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Pre-synchronisation requires that the mobile station decodes not 
only the FCCH. but also the SCH or the beacon channel. When can the 
mobile srntion perfonn these tasks? How can it be assured to find the 
FCCH given the short time it is able LO spend for its measurements'? This 
is where the "long" interval comes in. The reader wi ll recall that, in the 
case of a TACH/F. there is one such .. long'' interval (lasting about 6 ms) 
every 120 ms. and more of them in the case of T ACH/8s. As far as the 
T ACH/F is concerned. the "idle slot'' corresponding Lo this '·Jong·· 
interval, and which happens once in every 26 slot cycle, is indeed of 
critical importance for the pre-synchronisation process. This idle slo, is 
indeed a misnomer. since the mobile station is anything but idle during 
this period. Looking for a FCCH requires indeed the possibility Lo listen 
to the potential beacon channel through a sufficiently long window: the 
FCCH cycle recurs with a period of 51 x 8 BP, whereas the idle slot 
recurs every 26 x 2 x 8 BP. 

10 X 8 BP 

10 x 8 BP 

11 x 8 BP 

- measurement window of a T ACH/F 
(represented w,lh constant angle) 

Figure 6.8 - Sliding mea\uremen1 cycle 

Tilc interval between 1wo succcs,ivc FCCH bursts (includmg one of them) 
is al mo~t 88 BP. and lal>tS most often 80 BP. 

Since in 11 ,uccessive long 1n1crval1, the mobile ~ta1ion will have been able 10 read 
morl' lhan 88 successive bursts, 

it must have encountered an FCCH burst if 1he channel it monnors 1:; a beacon clrnnncl. 
The avernge time 10 encounter ~uch a burst i, roughly half of this value. i.e .. 0.6 second. 
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This is wbere 1he arithmetic properties of the numbers 26 and 5 J 
intervene: since these 1wo numbers have no common divider. the two 
cycles are shifted in such a way as lime passes that the idle slot has 100% 
chance of being aligned wilh the FCCH within 11 cycles. Figure 6.8 
(previous page) shows that Lhe FCCH cycle is shifted 8 BPs compared to 
the TACH/F cycle between two successive idle slo1s. Since a long 
interval lasts for about 12 BPs and therefore ennbles recep1ion during 
about 9 BPs (the rest being used for frequency setting). 11 successive 
long intervals (i.e .. about 1.2 seconds) are enough to ensure the mobile 
station with some opportunity to find an FCCH burst, as shown in the 
diagram. It is up to mobile stations to make good use of this opportunity! 

ln the case of the TACH/8. things are a bit different. because its 
recun-ing period is the same as the one of the FCCH. But the phasing 
between Lhe two cycles can be any1hing. Figure 6.9 shows that there is 

only once 
every other cycle 

time available, for measurements 
between T ACH/8 bursts 

-FCCH burst 

Figure 6.9 - TACH/8 cycle vs. FCCll cycle 

Wh.itever 1he re~pec1ive pol>ition of the TACH/8 and FCCH cycies. 
represented on 1he inner and outer circlcl>. there b alway, an oppon.uni1y 
for an FCCH bun.I to fall into a measurement window of the T ACH/8. 

The representation of the TACI 1/Ss in this figure correspond to the scheduling 
ofTACH/8s grouped by 8. The otherca~e (TACH/8s grouped by 4) 

results ma slightly different but similar pattern. 



336 TIIE GSM SYSTEM 

necessarily a moment at which one of the 5 FCCH bursts in the 51 x 8 
BP cycle can be listened to. The figure sbows the case of T ACH/8s not 
associated with the control channels. but the same reasoning applies for 
the TACH/8s associuted with control channels. 

Aootllcr question to be answered is which neighbour cell 
measurements does the mobile station report to the BTS among those 
cells measured, and how is this information packed into a small message? 
A measurement message can include up to 6 mea!iurement result£. 
penaining to neighbour cells. However. the mobile station may pre­
synchronise with more than 6 neighbour celJs. lf this is the case, then 
only those measurements corresponding to the 6 cells it receives best are 
reported to the BTS. 

Of course, thi, introduces a bi:b in the ml:!asurement~ collected by the nerworls. 
against the celh which are 1101 among the first one~ on the list Their measurements are 
1ransn1111ed only \\hen they are among the 6 bc~L ones. anll in con~equcncc the ordering a~ 
e~tabli:.hed by Lhe BTS by averaging ,even.ii measuremcnti, may differ somewhat from 
the corresponding ordering by lhe mobile station. The measurement analysis process in 
the BSS ought to take into account the poss1bil11y of missing mcm,uremems: however, 
thi,; potcmial error should not touch the be~t cells. which are of most interest. 

TheBSIC 

lt has been explained above how the mobile station is able lo 
recognise that the frequency it monitors does correspond to a beacon 
channel. But there could be configuration~ where the mobile station is 
able to capture more than one beacon channel using a given frequency. 
This may happen when frequency planning. must be done with very few 
frequencies. or al 11ational boundaries. ln order for the mobik: station LO 

be able to discriminate between the cells transmitting their beacon 
channels on the same frequency. a mechanism based on the BSIC (Base 
Station Identity Code. one of the major misnomers in GSM) has been 
introduced and warrants a derailed explanation. 

The BSIC (Base Station rdemity Code), which applies more 
properly to a ceJI , is 1101 an unambiguous identification of a base station. 
Many cells bear the same BSIC, and moreover the normal practice is to 
allocate the same BSIC to neighbouring cells. So what is it? The BSIC Is 
in fuel a .. colour code·· (by reference to map colouring}, aJlowing mobile 
stations co distinguish cells which transmit their beacon channel on the 
same frequency (see figure 6. 10). For instance. when Lhe radio speccrum 
available to a given operator is l1miled to. say, 2 MHz. frequency 
planning must cope with at most IO frequencies. The best beacon 
frequency allocation scheme may not be able to avoid overlapping 
coverage in this Ca!ie, and a mobile station will in some cases receive two 
beacon channels with the same frequency. A simi lar situation is also 
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Figure 6.10 - Choice of 1he BSJC 

The BSIC i~ a "colour code'· allO\\ ing !he mobile <,lat ions 10 tlis1inguish cells 
which shnrc the ~ame beacon frequency (a). 

When n regular reuse pattern i:, used for beacon frequcncie;,. 
this pauem can be used a~ a typical basis for BSIC alloc!llion (b). 
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frequent along national boundaries. Whereas inside a counlry the 
frequency allocation of different operators are disjoint, two public land 
mobile network (PLMN) operators on each side of the border will have 
some frequencmes in common. Frequency usage co-ordination between 
operators helps, but cannot be enforced. In most cases a mobile station 
will still be in a position to receive the same beacon frequency 
transmitted by two base stations of different PLMNs. For all these 
reasons, a scheme allowing to distinguish cells using the same beacon 
frequency was deemed necessary. This is the role of the BSlC. a 6-biI 
code word broadcast on Ihe SC'H of every cell. 

The BSJC intervenes in different cases, aJI related 10 the distinction 
between cells using the same beacon frequency: 

• in order to perform neighbour cells measurements. the mobile 
station is provided with the list of frequencies to monitor. ln the 
reporting message, the mobile station is required to indicate the 
BSlC for each beacon frequency on which it reports 
measurements. This implic~ that the mobile station has decoded 
Lhe SCH or the beacon channels it measures, but this is nol an 
additional constraint, since it musI already be done for pre­
synchronisacion. The availability of the BSTCs for measurement 
processing al the BSS enables il to check which cell has 
effectiveJy been measured in the case of ambiguities. 
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• to prevent measurement reporting for cells toward which 
handover is precluded. a mechanism allows the network to 
indicate a subset of BSICs for which reporting should not be 
done. This screening mechanism is explained later. 

• when a mobile station sends an access burst on the RACH of a 
cell , there is a risk that this random access be received by 
another cell than the one it was aimed at, if these cells use the 
same RACH frequencies and if their TOMA synchronisation do 
not fall Loo far apart. In order to avoid such spurious receptions. 
the RACH coded burst is '·exclusive-ored"' wirh the BSIC, so 
that only the right cell has a chance of decoding the burst 
successfully. based on the redundancy added to useful bits for 
checking correct decoding. 

• when a mobile station in idle mode monitors neighbour cells, it 
regularly reads their BSICs: this provides the mobile station 
with a quick way to check whether the monitored cell is still the 
same or not. Such a check could also be achieved by decoding 
the broadcast messages containing the full cell identity, but at a 
greater cost. 

The whole issue of BSlC planning consists in allocating differenl 
BSICs to cells using the same beacon frequency and belween which 
overlapping coverage areas may exis1. Inside a PLMN. BSIC planning is 
fair ly easy; the matter is different at borders. when some co-ordination is 
necessary. In order to help this co-ordinal ion. a tentative allocation of the 
first three bits of the BSIC has been introduced on a country basis, as 
shown in figw·e 6.1 l. This three-bit part has been named the "PLMN 
colour code·• (or NCC, for Network Colour Code). a term which has been 
widely misunderstood. Its value is 1101 a definite attribute of a PLMN. but 
a possibility for use near boundaries, and which can be overruled by 
bilateral or multi-lateral agreements between the concerned PLMNs. 
lndeed. nothing prevents all 64 vaJucs of the BSJC (including all 8 values 
of the "PLMN colour code") being used inside a PLMN when far away 
from any international boundary. Moreover, two PLMNs in the same 
country usually have disjoint frequency alloca1ions, and can use without 
risk the same BSLCs (and the same "PLMN colour codes'"!). 

The first 3-bit part of the BSJC is also the basis for screening 
measurement repo11ing. When two cells of different PLMNs using the 
same beacon frequency may potentially overlap near a border, it is 
normally best fo r a BSS lo indicate to mobile stations that they shou ld not 
report measurements concerning cells of the other PLMN. since these 
measurements would be worthless (since inrer-PLMN handover is usually 
not performed), and might prevent the measurements of some celJs in the 
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Figure 6. 1 I - A European PLMN code map 

o or 4 
1 or 5 
2 or6 
3 or 7 

This tentative allocation of !he ''PLMN code" by counrry 
is propo:,ed 10 ease allocation of the BS[C near international lx1undaries; 

but it does not represent a requirement. 
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right PLMN to be reported, since the number of reported measurements is 
Jimited 10 6 neighbour cells. To that end, lhe information broadcast by 
each BTS includes an 8-bit screening indication. with one bit indicating 
for each of the 8 possible tbree-bil patterns whether cell s with a BSlC 
starting with this patlern must be reported on. This screening indication is 
the PLMN PERM{ITED indication. 

The PL.NIN PERMITI'ED infom1ation happens LO be broadcast on the 
BCCH. A cun-ent misunderstanding is that it influences cell selection (its 
name seems 10 carry such information indeed). This is not so: this 
infonnation impacts only the measurement reporting and nothing else. 

The Measurement Period 

We wi ll now look in some details to the measurement process 
itself. The various characteristics lo be measured (reception level or 
reception quality) arc continuous by nature. and affected by a significant 
level of •·noise··, thaL is to say statistical variations due 10 thermal or 
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industrial noise, Rayleigh fading, interference. and also due to the change 
of frequency introduced by frequency bopping. To be usable for decision­
making, the measurements need to be filtered (e.g., averaged). The first 
step of the fillering is done in the mobile station. It is quite simple: it 
consists in taking the average value of each measured parameter for lhe 
duration of lhe reporting period. which will be described in the following 
paragraphs. The other point worth noting is that what is averaged is the 
raw bil error rate for qualjty measurements. and the logarithm of the 
reception level, or. in other tem1s, the reception level expressed in 
decibels. 

A measurement report pertains to a given measurement period. that 
is to say the period during which the measurements were done. The 
duration of the measurement period is always equal to the periodicity of 
message transmission on d1e SACCH (i.e., 480 ms on the TACH/F, and 
around 471 ms for the TACH/8). On the TACH/F, the start of the 
measurement period starts a fixed time before lhe start of Lransmission. 
But on me TACH/8. things are different. The absolute position of the 
measurement period is the same for all T ACH/8s of the same TN 
(Limeslot number, indicating the position in the 8 BP cycle). Its relation to 
Lhe lime of transmission of SACCH messages therefore varies, depending 
on lhe TN. In addition, lhe position of the measuremenl period is 
diff eient for TACH/8s combined wilh common channels and for those 
which are not. In all cases however, lhe upJink and downlink 
measurement periods are simultaneous. 

A small subtlety in the definition of the measuremenl period comes 
from the quality measurement. With the interleaving scheme for speech, 
&here is one speech block spread over two successive measurement 
periods in the case of a TACH/F. Quality measurements for this block 
belong to the second period. This problem should not have arisen for me 
T ACH/8, where lhe aim was to design me measurement period carefully 
so thut blocks are all entirely witnin a measurement period. However, 
there is one exception to this rule, since the third TACH/8 of TN 4 does 
not comply with this aim. 

A simultaneity problem arises between the measurements done by 
Lhe mobile station and those done by the BTS. The second ones are 
know11 by the BTS shortly after the end of the measurement period. 
whereas rhe measurement report from the mobile station for the same 
period is delayed by the message lrnnsrnission delay, which amounts to 
roughly half a second on a TACH/F. In order to provide the BSC with 
reports which malch. the BTS must then buffer its measurements until it 
has received lhe message from the mobile st.arion. As seen by the BSC, 
measurements are received roughly one second after the start of the 
measurement period in the case of a TACH/F, and between a hit more 
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than half a second and close to one second for the TACH/8, depending on 
their posiLion in Lhe I 02 BP cycle. The shorter delay in Lhe case of a 
TACH/8 comes from Lhe fact thaL each SACCH message is sent over 4 
consecutive bursts. and not spread as for the T ACH/F. 

The l11teractio,1 with Discontinuous Transmission 

The accuracy of measurements concerning the ongoing connec1ion 
raises two problems, one in relation to discontinuous transmission, the 
other linked wi th power control and frequency hopping when using the 
beacon frequency. 

When discontinuous transmission is applied, some slots belonging 
to a channel may not be used for effecLive transmission. This is indeed 
the goal of discontinuous transmission. But then measurements on these 
slots will obviously report a low reception level. and a bad quality. Even 
more annoying. one could imagine a measurement period, or a succession 
of periods. with no tr.ansmission at all, hence some difficulties for the 
processes which rely on these measurements. To circumvent these 
problems. Lhe Specijicatio11s impose that at least 12 bursts are sent witllin 
each reporting period. These bursts amount lO the systematic use of the 
SACCH for effective transmission (4 bursts constituting a coding block). 
and 8 bursts on the TCH itself. On a TCH/8, which corresponds to 
exactly 8 bursts per measurement period. this leads to rhe consequence 
that discontinuous transmission is not applied. On a TCH/F. this means 
that at least one block per measw-ement period must be sent (a block 
being interleaved over 8 haU'-bursts). For speech, Lhis block contains a 
silence descriptor frame (SID frame) refreshing the comfort noise 
characteristics. 

In addition to this minimum transmission rule. the Specifications 
require the BTS and the mobile station ro report 1wo sets of 
measuremencs concerning the connection: "full"' measuremenrs, done on 
all slots which may be used for transmission in the reporting period, and 
"sub"' measurements, done only on the mandatorily sent bursts and 
Mocks. On a T ACH/f, the ~econd set is less accurate than the first one 
when discontinuous transmission is not used. because averaging is done 
on a smaJler set (for instance reception level is averaged on I 2 bursts 
instead of 100 bursts). On a TACH/8, the two measuremems are 
evidently identical, but are nevertheless bolb sent for uniformity. Finally, 
both the BTS and mobile station report for each measurement period 
whether discontinuous transmission was effectively used or not (or in 
another Lerms. whether all bursts were effectively transmitted), thus 
enabling the processes using the measurement to discard the "full'" 
measuremenls provided by the other end when applicable. 
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The PW RC Indication 

Another problem with measurements (and tbe last point on the 
topic) is in fact a consequence or a combination of different independent 
details of the Speciflcwions. First. it is allowed thal a frequency hopping 
TACH uses the beacon frequency as one of its frequencies (of course, not 
on TN 0). Second. power control can be applied on the downlink TACH. 
Third. the beacon frequency must be transmilted with a constant 
transmission power. because of the measurements performed by mobile 
stations of neighbour cells. The result for the channels under 
consideration is that power control applies only to a subset of the bursts. 
whereas other bursts (those using the beacon frequency) are sem with a 
fixed 1ransmission power. This leads to inaccurate reception level 
measurements. 1n order to alleviate this problem. the mobile station is 
requested in such cases 1101 10 take into account the slots falling on the 
beacon frequency in the reception level estimation. This is controlled by 
an indicator, the PWRC indicator (originally called power control 
indicator. a misnomer). sent on a connection basis to the mobile station. 
This indicator should be seL if the following conditions are all met: l11e 
channel hops on al least two different frequencies, one of those 
frequencies is the beacon frequency. and downlink transmission power 
comrol is i.n use. 

6.1.5. POWER CONTROL AND TIMING ADVANCE 

Most of rhe functions needed for cransmission over the radio 
inLerracc correspond to transformations of the signals representing the 
darn to transmit. They were the object of Chapter 4. Two f'unc1ions. the 
management of the transmission power and of the timing advance. lie 
somewhere between Lhese pure transmii.;sion functions, and transmission 
management functions. As the transmission functions. they are perfom1ed 
continuously and relate heavily to physicaJ features, but they share the 
use of signalling means with the transmission management functions. 
They are swdied here. because of Lhi.s usage of signalling means. and also 
because they are. as we will see. deeply entangled with the procedures 
managing RR-sessions. This comes from the initialisation of these 
processes, which must take place any time the channel is changed. 

6.1.5.1. Power Control 

Power control refers to the possibility to modify within some range 
the transmission power on the radio. both (but independently) for the 
mobile station and the base sration. Power control shares a common goal 
with discontinuous tnmsmission: improving spectral efficiency and, 
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although to a lesser extenl. battery life for the mobile station. When one 
side is received too well by the other. it becomes advantageous to reduce 
its transmission power by such an amount as to keep a similar quality 
level on tl1e communication. while decreasing the interference caused on 
other caUs in surrounding areas. In a system such as GSM. Lhe full gain in 
specLral efficiency can be obtained with a small power range. and Lhe 
20 dB minimum case specified by the Spec(ficatio11s is more than 
sufficient for Ihis purpose. 

In GSM. both uplink and downlink power control may be applied 
independently one from the other; furthermore they are applied 
independently with each mobile station. The range specified by the 
Specificatinns for uplink power control lies between 20 and 30 dB. by 
steps of 2 dB. depending on the mobile station power class. An example 
is given in figure 6.12. The range used for downlink power conrrol is 
manufacturer dependent and may be up to 30 dB. also by steps of 2 dB. 
The control of the transmission power i s a network option, i.e., the 
operator may choose to apply it or nol. in one direction or in boIh. All 
mobile stations, though, must support the feature, thereby allowing power 
control to be really efficient when utilised. 

Power control on hoth directions is managed by the BSS. The 
transmission power of the mobile station is cho:;en by the BSS. and 
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Figure 6.12 - Po\,er control \tep!> for a cla~ 2 GSM900 mobile s1a1ion 

Power can be controJJed by steps of 2 dB on a range going from 
0,2 W ( 13 dBm) to the maximum MS power (here SW= 39 dBm). 
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commands to regu late it are issued Lo the mobile station. The BSS 
compute~ the required MS transmission power through reception level 
measurements performed by the BTS. taking into account the MS 
maximum transmission power as well as quality measurements done by 
the BTS; this last parameter helps to ensure that transmission quality i~\ 
kept above some acceptance threshold. For Lhe downlink direction. the 
BTS transmission power is also computed by the BSS for each 
connection. based on the measurements performed by the mobile station 
and reported regularly to Lhe BTS. 

Inside the BSS. the split between BTS and BSC is ba~ically an 
option for the manufacturer. The specification of the Abis interface as 
found in the Specificmions is basically adapted to the implementation of 
power cont.rot in the BSC. but implementation in the BTS is possible. The 
detailed procedural means for the latter case are not specified in the 
Specifications. but a number of •'place-holders·• in the BTS-BSC protocol 
allow manufacturers to specify and implement pan or all of the power 
control management in Lhe BTS. 

At the stmt of a connection. the initial value or the transmission 
power (both for mobile sta11on and for BTS) is chosen by the BSC. In the 
case of an initial assignment, the information available 10 choose this 
power is at best very smaJI: it consists in the reception level of a single 
access burst. which is necessarily of limited accuracy. Therefore. in 
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commands: 19 dBm 17dBm 37dBm 35dBm 

Figure 6. U - Transm1i.s1011 power adaptatmn 

The tran,mb,mn power b adju~tcd by steps of 2 dB, 
rccumng 1101 more often tha.n every 60 mi,. 

\ high jump in the power control command, will therefore be an,wcred gr:1dut1ll} . 
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GSM. the initial power level Lo be used by a mobile station for the first 
messages senl on the new dedicaLed channel is fixed on a cell-per-cell 
basis. and i"l lhe same level as used for sending random access bursts. The 
value of this level is broadcast on the BCCH, to be known by all mobile 
stations before any access auempt. A mobile station whose maximum 
power level is below the broadcast value shall simply use its maximum 
power level instead. For subsequent channel connections. the MS 
transmission power lo be used when accessing the new channel is 
specilied by the BSC, either using a defaull cell value (typically the case 
for an incoming handover between different BSCs) or based on the 
knowledge concerning the previous connection (this capabiliLy could be 
used, e.g .. at subsequent assignment). 

Except at the start of a channel connection. a command to change 
the transmission power does not trigger an immediale transition to the 
ordered value in the mobile statfon. The maximum variation speed is of 
2 dB each 60 ms (see Figure 6.13). This means in particular that a high 
jump (more than 12 dB) will not be terminated when the next command 
arrives. 

The basic procedural requiremenLS for power control. as shown in 
figure 6.14. include the following: 

initial 
values 

I -

change 
of values 

-- - ----
measurements 

Figure 6.14 Procedural needs for power control 

Mechanisms 10 report radio mcai.uremcnts, to set-up the initial power value. 
and to control power by steps are included on the Abis and the radio interfaces. 
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• some means for Lhe mobile station to transmit measurements 
(the same SACCH procedures are used for handover 
preparation) up 10 the BSC, even though some measurements 
may stop their journey at the BTS Lo be "pre-processed .. ; 

• some means for the BSC to command MS and possibly BTS 
transmission power; 

• some means for U1e BSC to indicate to the mobile station the 
initial power level value to be used at initial assignment, as well 
as at each subsequent channel transition; 

• some means for the BSC to indicate to the BTS the initial 
power level value when a channel connection is initialised. 

6.1.5.2. Timing Advance 

The time division multiplexing scheme used on the radio path of 
GSM is such Uiat the BTS must receive signals coming from different 
mobile stations very close lo each other. In order to reach this goal 
despite the propagation delay incurred by the return trip from BTS to 
mobile station, and taking into account Uiat guard times between bursts 
have been chosen very small for spectral efficiency, a mechanism to 
compensate for the propagation delay is necessary. To this avail, tJ1e 
mobile station advances its transmission time relative to its basic 
schedule, which is derived from Uie reception of bursts, by a time 
indicated by the infrastructure, the Liming advance. 

Once a dedicated connection has been established, the BTS 
continuously measures lhe time offset between its own burst schedule and 
the reception schedule of mobile station bursLS. Based on 1hese 
measurement$, it is able 10 provide the mobile station wi1h Uie required 
timing advance and does tJ1at on the SACCH at the rate of twice per 
second. 

The timing advance can take values from O to 233 µs, which is 
enough ro cope with cells having a radius of up to 35 km without any 
other specia l scheme and given the speed of light. This limit comes from 
codfog considerations (Uie Liming advance is coded between O and 63, 
with the bi1 period as the uni t, hence 233 µs), but there are more 
important hidden limitations. A fi.rst point is the guard linle for access 
bursts, which in practice limits to about 220 µs Uie possibility for the 
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initial propagation time measurement. The other point is that some 
minimum time is needed between the end of the reception of a downlink 
burst and the begjnning of the transmissfon of the next uplink burst. in 
order to allow the implementation of mobile stations with the same 
frequency symhesiser for emission and reception. 

Even in rural or low-density areas, good coverage quality will in 
practice require cell radii smaller than 35 km. However. there are cases 
when larger cells would be useful. This holds in particular for the 
coverage of inshore coastal areas, where high antennas (e.g.. on 
lighthouses) could be in sight of boats more than 35 km away on sea. 
Such uses are indeed possible, at the expense of the number of channels 
per MHz. The trick consists in obtaining a huge g11ard lime (more than 
580 µs) by using only every second burst. In such cases, only the 
channels of even TNs can be used (since TN O must be used for the 
BCCH, odd TNs will not do). This feature requires a specific reception 
processing in the BTSs. 

Upon establishment of a new dedicated connection. the timing 
advance control process must be initialised. This happens at each initial 
assignment. subsequent assignment or handover. Depending on the case, 
the mobile station and the infrastructure do not always have the same 
amount of information to assess the new timing advance, and the 
initialisation method varies accordingly. Tbe different cases will now be 
examined one by one. 

a) Both Mobile Station and Network can assess the Timing 
Advance Beforehand 

This situation happens upon subsequent assignment. The mobile 
station simply uses on the new channel the old vaJue of the timing 
advance which was ordered by the BTS on the previous channel. On the 
infrastructure side. the BTS device in charge of the old channel is aware 
of the last ordered timing advance, bul there is no communication means 
between BTSs. The BTS is indeed not aware that the old and the new 
channel connection concern the same mobile station. The BSC is kept 
informed of lhe last ordered timing advance value, and it is therefore able 
Lo transmit it lo the new BTS device when activating it. The liming 
advance control process just resumes on the new channel with the same 
values as on the previous channel. 

There exists another case where both mobile station and network 
are able lo assess the timing advance beforehand. This happens at 



34R THE GSM SYSTEM 

handover between synchronised cells which are collocated. However, Lhe 
Specifications treal this case as if the cells were synchronised, bul not 
coJlocated (see next paragraph). A more efficient scheme could have been 
to give an indication to the mobile station that the old and new cells are 
collocated, and such an improvement may indeed be made in the future. 

b) Only the Mobile Station can assess the New Timing 
Advance Beforehand 

This case arises when handover is performed between two 
synchronised cells which are not necessarily at the same location. The 
mobile station is then able to measure the difference between arrival 
times of bursts coming from U1e two BTSs. II must i11deed do so for pre­
synchronisation requirements (see page 333). This arrival time offset is a 
combination of the transmission time offset between the two BTSs 
(which does not depend on the location of the mobile station). and of the 
two propagation times, as shown in figure 6.15. Therefore, if the mobile 
station is given the transmission time offset between the two BTSs 
(whkh is zero, by definition, for synchronised cells), it is able to derive 
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I J time difference experienced by MS 
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Figure 6. 15 - Time offset between two BTSs 

As seen by the mobile station, the arrival time difference between bursts 
coming from two BTSs is made up by tl1e difference of the propagation times, 

plus the offset between clock~ or the two BTS~. 
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the difference in propagation times, and therefore to calculate the new 
timing advance to be applied. 

The indication that two ceUs are synchronised is therefore enough 
for the mobile station to assess the new timing advttnce. as follows (based 
on the notations of figure 6.15): 

TA2 =TAI - 2 (prop I - prop2) 

On the infrastructure side, the new timing advance cannot be 
computed, except in lhe case of collocated and synchronised cells. A 
possjbility would have been to wait for the mobile station to indicate this 
value (we will see later that lhe mobile station indicates back the value of 
the timing advance i.t uses. at least once per second). Nevertheless, to 
allow for a possible slightly faster initialisation on the new channel, the 
handover procedure between synchronised cells includes the means for 
the new BTS to assess the propagation time with the mobile station. To 
this avail. the mobile station starts transmission on the new channel with 
a few access bursts sent with a null timing advance, before switching to 
normal transmission. 

c) Neirher Mobile Station nor Nern•ork are able 10 assess the 
New Timing Advance Beforehand 

At initial assignment, or at handover between two cells which are 
not synchronised. no information can be used by either side to predict the 
timing advance. Signalling messages are different. but the timing advance 
injtialjsation process is very similar in both ca.c;es. The mobile station is 
forbidden to transmit nonnal bursts until it knows the new timing 
advance to apply. Because the BTS (which is the entity which decides on 
the timing advance) must receive something from the mobile station in 
order to assess the propagation time, the mobile station is required to 
send access bursts to the BTS with a null timing advance. When the BTS 
receives such a burst. the reception instant is a measure of the double 
propagation time and the BTS can derive the value of the timing advance, 
which it sends Lo the mobile station in a signalling message. From the 
moment it receives 1J1is message, the mobile station is able to start 
correctly transmitting normaJ bursts. This exchange lengthens the 
duralion of the handover procedure between asynchronous cells 
compared LO the synchronised case described earlier. Moreover, the 
"asynchronous•· handover leads to a longer communication interruption 
than its "synchronous'' parent. 
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6.1.6. RADIO CHANNEL MANAGEMENT 

So far, we have seen bow individual RR-sessions arc managed. 
Though RR-sessions are independent, lhey share the same pool of 
resources. in particular lhc radio channels. ln this section we will look at 
lhe management of the radio channels in a cell as a whole, dealing with 
such problems as lhe configuration of the channels and the channel 
allocation strategy. 

The management of the set of channels to be used in each cell 
includes two main aspects. On one side. the set of channels of each cell 
must be deten11ined and the machines need 10 be configured accordingly. 
This "long-term'· aspect is 1he cell channel configuratJon management. 
On the olher side. the channels go through allocation/release cycles 
following the communication needs of the mobile stations. This "short­
term" aspect is the dedicated channel allocation mnnagement. Both 
channel configuration management and channel allocation are the 
responsibility of the BSC. The MSC only intervenes to indicate which 
type of channel a given communication requires, whereas the BTS 
executes different related tasks. but always under control of the BSC. 
Both areas have strong impact on the procedures used over the radio 
interface and the Abis interface and wi ll be described here. 

6.1.6.1. Cell Channel Configuration 

The channel configuration of a cell is Lhe list of channels defined at 
a given time to be used in the cell. A typical cell configuration includes a 
set of common channels to support mobile stations in idle mode and 
initial mobile station access (a BCCH, a PAGCH and a RACH) and a set 
ol Lrafnc channels (T ACHs of various rates. including what the 
Spcdficutions call TCH/F. TCH/H and SDCCH) for carrying signalling 
and user data. The channel configuration of a cell may change in time. 
These changes may have various degrees of impact on traffic 
management, i.e .. on the allocation and release of channels used for 
specific communications. 

On one side. some modilications are related to the evolution of the 
whole network, for instance a capacity extension to cope with an 
increasing traffic density. Such changes are clearly within the scope of 
network operation. However, because network operators appreciate the 
possibili1y to handle such changes without disturbing the existing 
ongoing communications, mechanisms have been introduced in rhe 1raffic 
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management area for this purpose; these mechanisms will be described 
here. 

Configuration of the Access Channels 

Depending on the full spectrum capacity of the cell. usually 
estimated in te1ms of number of frequency sloL<.;, the capacity requirement 
for access channels (RACH. PAGCH) will vary. The Specificmions cater 
for five different access channel capacities for a given eel I, which are 
summarised in table 6.2. These access channel capacities correspond in 
terms of radio consumption 10 a range from the equivalent of a half-race 
traffic channel to the equivalent of 4 fu II rate traffic channels. 

Since the mobile stations are assumed to be able to listen to only 
one unit of spectrum usage (the equivalent of a TACH/F, i.e .. one slot 
every 8 time slors) at a given moment, they must be distributed among l 
to 4 population groups. depending on the capacity of the access channel 
structure. Mobile stations find the information about the applicable 
structure in the messages broadcast on lhe BCCH. These messages are 
sent on every carrier unit used for common control channels (of TN 0. 2, 
.i. am.I 6 as applicable). 

The access channel configuration may change in time. and detailed 
procedure~ are provided in the Specifications to cope with such dynamic 
changes and ensure that the transition period between two stable 
configuration:-. is as limited as possible. This impacts mainly the listening 
to the PAGCH in idle mode. 

CCCH number or RACH PAGCFrl 
capacity MS groups buri.t r ate message rnte 

(equiv. ,n (bUN<IS (IOC'>'>ll!;c:1' 

TAC II/Fl persecondl per ,ecoru.l 1 

1/2 ( I I 114.7 12.7 

J I 216.7 38.2 

2 :? 433.4 76.5 

3 3 6.50 114.7 

4 4 866.7 152.9 

Table 6.2 - Access channel capactlics 

O<.!pcnding on the capacll) to be offered by a given cell, 
the accc~s channels can be conligured in ,evcral different size~. 

r•1 the other hair can he used only for 4 TACH/8. 
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The corresponding procedural aspects wiJJ be covered m the 
section dealing with paging procedures. 

Organisation of the PAGCH 

On each CCCI-I .. unit" to which the mobile stations are able to 
listen. the downLink paging and access grant channel is organised in two 
parts: 

• several ·'paging sub-channels". in a one-lo-one relationship with 
sub-populations of mobile stations. on which initial assignment 
messages can also be sent. 

• possibly a sub-channel reserved exclusively for assignment 
messages: 

This PAGCH configuration is indicated to the mobile stations in 
messages broadcast on the BCCH, in order for mobile stations to 
determine where to listen for their own paging messages. The PAGCH 
configuration may change dynamically. and a mechanism is defined in 
the Specifications 10 enable such a change while avoiding the risk for 
mobile stations to lose paging messages during such changes. Bolh the 
corresponding contents of the broadcast messages and the allocation of 
paging messages 10 sub-channels are controlled by the SSC. 

These procedural aspects will be described respeccively in the 
sections dealing with general inl'om,ation broadcasting and with paging 
procedures. 

Traffic Channels Co,~figuration 

Another point in the area of cell channel configuration 
management is Lhe possibi1ily to modify dynamicaJly the set of traffic 
channels to meet the demand more closely. For example, the resource 
used at a given rnomenL in time for a TACH/F can aJso be used for 8 
TACI--V8 at some other lime. This kind of choice can be under control of 
the operation and maintenance sub-system (as a result of medium or long­
lern1 traffic analyses), or alternatively may be fully implemented in the 
BSC, so that Lhe allocation process of the BSC would perform the 
conversion when needed. For instance. if a T ACH/8 is needed when none 
is free but if a T ACH/F is available, the latter could be converted into a 
pool of 8 T ACH/8s instead of rejecting the request. The Specifications 
leave complete freedom to the operator/manufacturer 10 choose the 
implementation anywhere between these two extremes. 
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These functions do not impact direcLly lhe communkalions in 
progress. and are totally internal to the BSC. Hence lhey are not visible 
on the connection management protocols. 

Changes in the Frequency Configuration 

The previous paragraphs have dealt with changes in the functional 
configuration of channels, within a given pool of time/frequency 
resources. But that is not the end of the story; the frequency slots 
allocated to a cell may change dynamically in time, even though this is 
presumably not a very fre4uent event 

In the case when only single-frequency channels are used. a change 
irn the frequency allocation of Lhe cell will impact the communications 
making use of any suppressed frequencies. but each such communication 
can be handled independently from the otbcrs. However, when frequency 
hopping is employed, a frequency is used in a very tightly co-ordinated 
way by several connections in the cell at the same time. Any change in 
frequency affecting a given connection mrust be precisely coupled with 
similar changes to other connections in order to keep the non-interfering 
properties of the channels. These changes must happen in a synchronous 
way. With this objective, specific mechanisms have been introduced in 
the Specifications to enable the synchionised modification of Lhe 
frequency allocation of many channels. 

These mechanisms include the possibility Lo order a precisely 
Limed change of the frequency parameters to the mobile stations and to 
1he BTS for all impacted connections, as well as lo have precisely timed 
channel assignments (whether initiaJ assignments, subsequent 
assignments or handovcrs). The indication of the instant of change relics 
on the cyclic numbering scheme of TDMA slots, which has a period of 
about 3 and a half hours and allows an accuracy of microseconds. 

As seen from the mobile station. these changes appear simply as 
changes of channels to be performed at a defined instant. On the BSS 
side, the matter is somewhat more complex_ The ajm is lo synchronise the 
behaviour of several mobile stations and of Lhe BTS, using signalling 
means which are by nature asynchronous and subject to l osses due to 
transmission errors. The operation must be perfom1ed in several steps. 

First, the generaJ decision 10 perform a frequency change comes 
from the operation and maintenance sub-system, for such reasons as the 
setting up of new hardware, or Lhe need for removing some for 
maintenance. or due to observations of unplanned interference. The 
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decision 10 modify the frequency organisation of u cell is notified to the 
BSC, which is then in charge of co-ordinating mobile sLations and BTSs 
to reach the new coherent configuration. 

The firsL step for the BSC is Lhen to determine the transition 
instant. This instant must not be too far away. to avoid introducing 
ambiguities from the cyclic numbering scheme. However. it must not be 
too close, in order lo ensure that all concerned mobile stations have either 
received the command or have had their ongoing connection released. 
The concerned mobi le stations are those engaged in transmission on a 
channel whose frequency parameters are affected by 1he change. i.e .. 
those to which such a channel has been allocated before the acrual 
transition time: a limed transition order must be sent to them. 

There remains the case of d1e new allocation of channels before the 
actual transition time: such procedures are ~tarted, but with an indication 
that the mobile station will go on the new channel only at me transition 
t1me. Thus. all mobile stations involved in a connection on one of the 
impacted channels. as well as the BTS, perform the transition when the 
transition time occurs, and a normal situation is restored. 

To summarise. the change of frequency configuration impacts all 
the assignment procedures. and require a specific procedure to deal with 
existing connections. called the frequency redajinithm procedure. The 
corresponding details will be found in the sections dealing with each of 
these procedures. 

6.1.6.2. Dedicated Channel Allocation 

The second component of tbe management or the radio channels 
seen as a -;et is how the dedicmed channels (T ACH/8 and TACH/F) are 
chosen when allocated Lo an RR-session. As seen by the infrastructure. 
dedicated channels are at a given moment either allocated to 1he use of a 
mobile station. or part of a pool or idle channels from which a channel is 
drawn when a new need appears. To summarise the previous sections. 
such a new need may appear in three different conditions: 

• al initial channel assignment. when a mobile station in idle 
mode has some communication need<;, for instance because the 
user wants 10 set up a call, or because location updating must be 
performed: 

• al subsequent assignment, when what the communication needs 
does not correspond any more Lo Lhe type of channel it is 
allocated. for im,lance when a TACH/8 was allocaLed at initial 
assignment and a speech call needs to be connected: 
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• at handover. when the movements of the user or Lhe variations 
of the interfering level result in a situation where the connection 
would be beller on another channel, often through another cell. 

Allocation Strategies 

From Lhe mobile station point of view. these various kinds of 
channel assignments are simply orders to slarl transmission and reception 
on specified channels. From the infrastructure point of view, the 
al location of a dedicated radio channel involves two steps, first the choice 
of the channel to use. second the actual transition. The choice of tlrle 
allocated channel l ies entirely within the responsibility of the BSC. 
Sophisticated algorithms can be designed to try maximising the total 
amount of traffic which can be served with a given amount of resources, 
while maintaining a reasonable fairness level in Lhe granting of requests. 

Allocation optimisation includes several aspects. A tin,t one is 
related Lo the relevance of the type of channel which is allocated for the 
effective need. This leads lo a real problem in the case of initial 
assignment, since very little information is available at the BSC to choose 
the type of channel (the mobile station gives only a rough description for 
its reason to access in the initial access request message). A typical 
example concerns the setting up of a call: a TACH/F will be required to 
transmit user data. but a TACH/8 using 8 limes less resources would lbe 
enough until the correspondents have begun conversing. Several 
strategies can be chosen, which can be grouped under the three following 
categories. as also shown in figure 6.16: 

• Very Early Assignment consists in allocating a TACl-1/F at 
initial ao;;signment. when it is probable that the requested 
connection will need such a channel; 

• Early Assignment consists in allocating a TACH/8 imLially. 
then subsequently allocating a TACH/F as soon as it is known 
for sure I hat this type of channel wilJ be required; 

• Off Air Call Set Up (OACSU) consh.ts in allocating a TACH/8 
initially. then waiting until the called party has answered before 
allempting the subsequent ass1gnrnerH of a T ACH/F. 

These different methods each have their pros and cons. which 
fomented many debates over the specification years of GSM. OACSU 
differs from the two other methods in that it provides Lhe users with a 
different grade of service. The correct channel may he allocHtecl a 
noticeable amount or time after the called party has answered. depending 
on the availability or channels at this instant. OACSU therefore requires 
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Figure 6.16 - Assignment strategies at call set-up 
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and Off-Air Call Set Up (OACSU) represent Lhree different allocation sLraregies. 
beLwcen which operators may choose. 

some announcemenl to lhe called party, who may otherwise wonder why 
the phone rang al all! The grade of service which resuJts is considered by 
many operators as unacceptable, lhough opinions diverge on the issue. 
On the olher hand, OACSU is certainly the most efficient of the three 
schemes in Lerms of resource usage. The di.lemma lies (as often) between 
efficiency and user comfort. 

The main drawback of early assignmenL compared Lo very early 
assignmenl consists in an increased call set-up time, with no real gain in 
terms of channel usage in the case when a TACH/F is actually needed (it 
should be remembered that a measure of channel usage must take into 
account, not only lhe channel size (spectrum consumplion), but aJso the 
usage duration, and that signalling exchanges are quicker on a TACH/F 
than on a TACH/8). On the other hand, very early assignmenl is very 
inefficient if a TACH/F is allocated when not necessary, e.g., for location 
updating. In this case. the amount of time during which the connection 
must be kept is mainly determined by lhe duration of signalling 
exchanges between infrastructure entities. and one cannot expect a 
significant reduct ion by using a larger channel. Therefore, very early 
assignment is of interest only if enough information on the use of the 
required connection is available to the network before initial assignment 
(which is not the case in the phase I version of GSM). 
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Whatever the allocation strategy. there are cases where no adequate 
resource i.s available when needed. The network may then apply one of 
two strategies: either the request is rejected, relying on its originator to 
possibly retry later. or the request is put aside Lo be served when a 
suitable channel becomes free. The latter strategy is referred to as 
'"queuing". although there is not necessarily a queue in the strictest sense 
of lhe word. 

Queuillg 

The interest of queuing varies with the conditions in which 1t 1s 
applied. At initial assignment. the repetition scheme pu1 in place to cope 
with losses due to collisions or bad propagation conditions reduces the 
interest of queuing to nothing. Using queuing at initial as~ignment could 
even have adverse effects, since a request which is not answered in a 
short time will be repeated by the mobile station (the nom1al reason for 
no answer being transmission loss), and this could lead to very inefficient 
mulLiple assignments. 

Queuing could of course have been made possible nl inltinl assignment, by 
introducing a ''please wait" acknowledgemen1 to the mobile station request, bu1 1his has 
nol been introduced for simplicity reason.~. The WAIT INDICATION ele,nenl appearing in a 
message answering a request for access should not be mistaken for such a scheme; ii is in 
fac1 a temporary rejec1ion preventing the mobile siation from mak.ing new attemp1s for 
some time. 

The major interesL of queuing is indeed found in the case of 
subsequent assig11ments. The only resulting drawback is the lengthening 
of the call set-up time (this is perceived by the calling party when early 
assignment is used, and by both parties when OACSU is used). However, 
this is lo be balanced with a rejection of the caJI. probably more ill­
perceived by the subscribers! 

For handover. the picture is not so clear. ff the handover is decided 
lo salvage a rapidly degrading situation, queuing cannot help much since 
the connection will most probably be lost if the channel cannot be 
allocated righ1 away; but if 1he connection is not in immediate jeopardy, 
and the handover decision just stems from general optimisation reasons. 
queuing can be a source of improvemenl. Thus. a correct use of queuing 
at handover requires that the handover process distinguishes several 
cases. 

Fairness between the treatment of requests is to be sought when 
applying queuing. When no other consideration intervenes. the order of 
service is usually first-come. first-served: there we have the classic queue. 
More sophisticated schemes can aJso be devised, granting requests on the 
basis of their estimated priorities; handovers may be considered of higher 
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priority Lhan re-assignments, and emergency calls are considered more 
important than other communicalions. 

Even without queuing, there are ways to bias the granting of 
channel requests in congesLed situations. For instance. depending on the 
state of channel congestion. it could be worth rejecting the channel 
requests for outgoing cal ls to privilege those for incoming calls (a mobile 
user is more likely LO answer than a fixed one if the mobile station is 
switched on, and the end-to-end circuit is almost entirely established 
al.ready in the case of an incoming call). An even more drastic approach 
consists in forcefully 1enninating a connection estimated of a low 
in1portance, in order to reuse the resource for some needs deemed more 
important. This approach is referred to as pre-emption, and should be 
used with great care. given the negative impact on the preempted user. 

For all the above reasons. some mechani.4-ms have been introduced 
in the Specifications to enable priority strategies for radio channel 
allocation in the BSC. These mechanisms <.:onsist in conveying category, 
priority and pre-emption indicators, which can be used to influence the 
aUocalion decisions in cases of congeslion. The Specifications do not 
describe how to use these indications. since the allocation schemes ar•e 
left to the operators or manufacLUrers. Only their transport on interfaces is 
specified, and their actual use is indeed a source of difference between 
the products of different manufacturers. 

Minimum indications relative 10 the purpose of Lhe access are 
provided by rhe mobile sracion LO the BSC at the beginning of the access 
procedure, to allow some priority mechanism for the initial allocation. 
Similarly, the MSC may provide some information when it requesLs a 
change of channel type (subsequent assignment procedure). In the case of 
handover lhe requesting BSC can also provide the MSC with some 
information about the reason for handover. and this reason can be carried 
up Lo the target BSC. 

To summarise. a fe"v things here and there in the procedures allow 
sophisticated allocation algorithms, wiU1 queuing. priorilies ..... but no 
constraints are put by the Specifications on the infrastructure equipmeut 
in this area. fl is up lo the manufactw·ers to include such functions, or for 
operators to request 1hem. 

Interference Considerations 

The actual channel 10 be allocated may also be chosen with the 
optimisat ion of the transmission perfom1ance in mind. Thh. requires the 
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BSC to have some knowledge beforehand about the perfom,ance of a 
connection for each of the free channels. Perf om1ance depends on many 
factors, most of them difficult to assess before the effective usage of the 
channel. However, there is one which is accessible: the level of 
interference rn the uplink direction. When a channel is not allocated to 
any connection, the level received on the channel gives an idea of the 
level of interference and noise. GSM opens the possibility for the BTS to 
measure this reception level on all unallocated channels, and to transmit 
them regularly to the BSC. The BSC can then take this information into 
account in order to allocate a free channel of minimum uplink 
interference level, or to decide on an intra-cell handover if it is noticed 
that an active channel suffers a higher level of uplink interference level 
than the free one. 

It should be noted that this feature is in most cases of secondary 
interest. The concern of an operator is to obtain a system able to support a 
maximum capacity: thus the situation to optimise is congestion. Jf aJI the 
channels of a cell are used at congestion (and this is the usual 
assumption), the allocation of the channels starting wilh the less 
interfered changes nothing to the eventual congestion situation. The only 
gain is Ihe improvement of the average performance when far from the 
congestion state. 

However, the assumption that all the channels are used al 
congestion does not always hold. One can imagine a cellular planning 
where the number of channels allocated to a cell is too high, in the sense 
that if all channels are used in aU cells the overall quality of the 
connections is not accepH1ble. With such an approach congestion happens 
before all channels are allocated. A first consequence is that the BSCs 
must take care not to start additional connections when the congestion 
slate is reached, even if channels are available. Another consequence is 
that taking uplink interference levels into account is then meaningful. 
What is obtained is a kind of automatic channel planning between the 
cells: the use of a channel in a cell will result in some interference level in 
other cells, thus preventing the latter to use imerfered (and then 
interfering) channels. This is essentially a dynamic channel allocation 
metl1od; it can be eru;ily shown by taking U1e extreme assumption that all 
the channels are allocated to all cell!-.. Without going to this extreme. a 
smaU over-dimensioning of the cell capacity plus this dynamic channel 
allocation melhod can be useful 10 cope with an abnormal distribution of 
Lhe Lraffic bet-.veen cells. lf a cell is overloaded, but if Lhe cells using 
interfering channels are not. the congested cell can with this approach use 
more channels than if all cells were equally overloaded. 
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Radio Channel Description 

A side issue related to channel allocation is the way radio channels 
are described. The problem lies with frequency hopping. As explained in 
detail in Chapter 4. channel characteristics include time and frequency 
parameters. The time characteristics are not problematic; in the time 
domain. chere are only 8 types of TACH/F and 68 types of T ACH/8. 
depending on the type of channel and the offset relatively to the reference 
clock. One octet is therefore enough to code which of these 76 families of 
channels is being referenced (92 if half-rate channels were included). 

In the frequency domain, things are somewhat more complicated. 
ln the case of single-frequency channels, the number of diff erenl cases is 
124 for GSM900 and 374 for DCS 1800. In order to cope with some 
evolution, this frequency is coded on IO bits. leading to a total of 18 bits 
to encode any single-frequency channel. However, when frequency 
hopping is being used, the number of combinations explodes. For 
GSM900 alone, a rough assessment shows that there are about 

66.141,633,339 ,297 .631,280,564,218, 199,442,383 .724.544 

different possible hopping sequences compliant with the Specifications 
(including single frequency cases). This value needs 135 bii.s to be 
wriuen in binary format. The mailer is exponentially worse for DCS1800. 
This causes a problem because of the size of signalling messages, which 
is particularly critical on the PAGCH on which all initial assignment 
messages are sent. Some kind of reduction was therefore desirable. But 
which reduction'? 

Firs1. what is needed 10 describe a bopping channel? The lis1 of 
frequencies used by the channel. obviously. This frequency list, called the 
MOBILE ALLOCATION in the Specifications. is evidently the ma.in source of 
length. The description also contains two other parameters used for the 
computation of the hopping sequence: 

• the Mobile Allocation Index Offset (MAIO). of which there are 
as many possible values as there are frequencies in the list, 
hence its name since it describes the starting point for the 
hopping recurrence funclion; and 

• the Hopping Sequence Number (HSN). which can assume 64 
different values. 

These 1wo parameters fit on at most 13 bits. 

The real coding problem lies with the coding of the frequency list. 
A first simplification consists in noting that only a set (i.e., an unordered 
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list) of frequencies is needed to define a channel. The hopping sequence 
generation algorithm refers to a list of frequencies, but tbe ordering is 
implicitly defined based on the respective value of tbe frequencies in 
Hertz. Therefore only sets are required, reducing the coding requirement 
to 124 bits. This is still Loo much compared witb the constraints of the 
PAGCH. 

Two approaches were possible: either restrict the number or 
possibilities. or design an efficient and sophisticated signalling scheme. 
Restricting the number of possibWties was inescapable for DCS 1800. 
The maximum number of frequencies used by any given channel varies 
from 32 to 64 depending on the frequency range in which the channels 
are spread. But there is still with this limitation more frequency 
sequences in DCS1800 than in GSM900. 

There remains the sophisticated signalling approach. AU channels 
in a given cell use only those frequencies which are allocated to Lhe cell 
by cellular planning. lf this usually rather short list can be broadcast to 
mobile stations independently from any allocation. the description of a 
given channel in a known cell needs only Lo indicate which of these cell 
fn.:quencies are being used. This ·'two-step'' mechanism (see 11gure 6.17) 
leads to the concept of cell allocation. or cell channel description, which 
are the terms used in the Speciflcc1tio11s to designate the set of aJI 
frequencies which are used in a given cell. (ln fact. the main use of the 
cell allocation is for Lhe initial assignment, so U1e cell allocation can be 
limited Lo the set of the frequencies used by channels that may be 
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allocated as initial channels.) The coding of the cell allocation uses l6 
oclets in GSM900 (where iL includes a bit map for all 124 frequencies) 
and up to twice as much in DCS 1800 (where the coding algorithm is 
much more sophisticated). This cell alJocalion is broadcast regularly on 
the BCCH. When the BSC sends a channel allocation message to the 
mobile station (whether at initial assignment subsequent assignment or 
handover). it is able to encode efficiently the channel frequency list as a 
subset of Lhe cell frequency Jisl. If the latter includes n frequencies, the 
encod ing of aJI possible subsets needs theoretically only n bits. The ceH 
alJocation in GSM900 is limited to less than 64 frequencies (since the bit 
map in the mobile allocation is limited to 64 bits). This is not really a 
constrainl. since all frequencies cannot be used in all cells. 

In the vast majority of cases. the cell allocation will not contain 
more than 32 frequencies: indeed, the gain brought by frequency hopping 
increases very liule with higher numbers. Some encoding schemes have 
been introduced in the Specifications to encode efficiently the frequency 
set when the cell allocation consists in such a small number of 
frequencies. For historical reasons. two such schemes can be found: one 
for GSM900. one for DCS 1800. The first scheme is reflected in what is 
called the FREQUENCY CHANNEL SEQUENCE element in the Speciftcarfons. 
This clement allows to bypass Lhe two-step approach described above. 
and is used at handover. Afterwards, another scheme was designed to 
cope with more frequencies. whilst maintaining compa1ibility with the 
first one. The latter scheme is indeed able 10 cope with I 024 different 
frequencies. leaving some room for extensions in the futw·e of GSM­
related systems ... 

6.2. ARCHITECTURE AND PROTOCOLS 

The radio resource management funcLions are m:tinJy dealt with by 
the BSS. and in particular by the BSC which acts as the orchestra 
conduc1or for these functions. Jt directs the mobile station as well as the 
infrastructure machines involved, which are more or less slave (in the RR 
lield), i.e .. the BTS (and TRAU) on one side, and the MSCs on the other. 
The BTS and the TRA U are indeed the main performers in the 
transmission chain, and they must as such be controlled by the Radio 
Resource functions, in fact by the BSC. The BSC ii; little involved in the 
tram,m1ss1on functions. but takes care of the consistency of the 
transmission chain, whether for its different properties (transmission 
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mode, cipher mode .... ) or for the quality of transmission (handover 
preparation and execution co-ordination). 

If it is the anchor MSC which decides which properties of the 
transmission chain are desirable to fulfil the service. rhe role of the MSC 
for radio resow·ce management is limited 10 some of tbe handover 
aspects. The anchor MSC is in charge or performing subsequent inter­
MSC handovers when so decided by the serving BSC. The relay MSC is 
in charge of the handovers when between two cells of different BSCs 
under its control, and of the circuits between itself and its BSCs. For all 
other functions, the relay MSC acts as a transit node for signalling 
exchanges between the anchor MSC and the BSC or the mobile station. 
Functionally the relay MSC functions are all within the Radio Resource 
management realm. 

This general description of the roles of the different nodes has to 
be refined for lhe handover function. Handover preparation mak~s use of 
a number of pieces of information. described in the above sections, and 
which originate from different sources. The BTS is the infrastructure 
entry point for aU measurement information (both for reports from the 
mobile stations and for its own measurements). The BSC is the warden of 
all frequency planning and cell layouL data. Information about traffic is 
spread between the BSC and the MS Cs. Thus. whatever functional split is 
chosen. some real-time information transfer is needed between these 
entities in order to obtain a coherent handover strategy. 

The basic spLit lies between the BSS (BSC + BTS) and the MSCs. 
The general rule puts the BSS in charge of the management of radio 
resources and of the decision 10 perfom1 a handover on a given RR­
sess,on. The split was not clear from the start in the standardising 
process, and triggered many a discussion. The main problem between the 
MSCs and the BSS is taking traffic into account (either to influence cell 
choice, or for traffic handover). One could distinguish two approaches: 
either to have the MSCs indicate to its BSCs the level of traffic of 
surrounding BSCs. or lo let the MSCs intervene in the handover 
algorithm to ponder radio criteria coming from the BSS with traffic 
considerations. The second approach was finally the one chosen, even 
though it may not be the simplest one. The intervention of the MSCs in 
the handover process blurs somewhat the funclional border between SSC 
and MSCs, and their respective role is not easy to describe. especially for 
traffic handovers. This is nevertheless what we will attempt\Lo do now. 

First of all, when a BSC decides that an outgoing handover is 
necessary, it will indicate to the relay MSC one or more target cells, 
possibly managed by different BSCs and MSCs. Rescue handovers might 
call for several target cells, whereas confinement handovers obviously 
call for a <;ingle choice. If several targets arc proposed. the relay MSC 
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may just try them one after the other. in rhe indicated order. Or it may 
choose among these ranked possibilities. taking into accoum its own 
traffic data. For a cell controlled by another MSC. the relay MSC 
forwards the request to the anchor MSC; at Lh.is level only one target cell 
is proposed at a time. The choice between several targets is then a 
function of the relay MSC not of the anchor MSC. 

Another possibility for traffic handovers also exists in the 
Specifications. aJlowing the relay MSC to force the BSC to hand over a 
portion of the traffic from a cell, with the BSC being in charge of 
choosing which connections to hand over and to wl1ich cells: this is called 
the "candidate enquiry procedure•·. There also this possibility is not open 
to tile .:tnchor MSC. 

ln all cases, the conflict between confinement criteria and traffic 
criteria is obvious. and is not solved s ince data related to these criteria are 
under the control of separate nodes. In fact, there exists in the 
Specifications a means to group nil data in a single place. It consists in 
transporting up to the relay MSC all the raw measurements coming from 
the mobile station and the BTS. and leave everything to the relay MSC 
for decision and choice. However, th.is possibility is nol implemented by 
any manufacturer, and will disappear in phase 2, since the incurred load 
on signalling links and on the MSC processors would be formidabJe. 

The functional split inside Lhe BSS was also an area of long 
debates. The split can. there again. be done in different ways. One of the 
options is to group all the processing in the BSC, with all measurements 
being lransmitted by the BTS without it performing any computation on 
them. The advantage of this solution is the centralisation of all data. so 
that handover decisions are taken based on the best data avai lable. The 
drawbacks are the high signalling load on the Abis interface. since the 
incurred load of 2 messages per connection and per second repre~ents by 
far the dominant traffic on th.is interface, and also an important 
requiremenc for high computational power in the BSCs. Another 
approach, referred to as "pre-processing'' in the Specifications, consists in 
letling the BTS do an important part of the job. thereby relieving the A bis 
interface from rhe major part of its traffic and decentralising, the 
computing load. Pre-processing is an accepted alternative in the 
Specificc1tio11s, but the exact functional split belween BTS and BSC in 
this case is not specified. Messages and infonnation elements exist ro 
cater for this function. but their semantics are left open 10 operators and 
manufacturers. 

Pre-processing is often thought of as a way to reduce load on the 
Abis interface simply by mal<lng the BTS perform some averaging on the 
measurements. Such a simple approach could slow down the haodovc_r 
decision process significantly. which can be a source of inefficiency. in 
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particular in a small-cell environment. A correct usage of pre-processing 
introduces sophisticated algorithms in the BTS. including some part of 
the decision-making process. This is the main reason why details are not 
specjfied. IL would indeed require too great a workload before a scheme 
could be shown and accepted by the specification committees. 

All these different options related to the split of handover 
preparation functions within Lhe infrastructure are taken into account in 
the Specifications. More details about the relevant procedures can be 
found in the SACCH procedural section, as well as in the handover 
execution section. 

Protocols 

lndependently of che infrastructure architecture, the 
implementation of the RR functions requires some kind of protocol 
between the mobile station and the network. On the network side, the 
interlocutor (or peer entity) of the mobile station for this protocol is the 

RR 
--~ L3-RR 

RSM 

------

8SC 

relay MSC 

A ., 
MSCVLR 

anchor MSC 

MSCVLR 

LAPDm LAPD 

SCCP 

MTP 

I 

Figure 6.18 - RR protocol architecture 

Protocols for RR managemem are needed on many interfaces, 
including the A interface (BSSMAP), A bis interface {RSM) 

and the MSC-MSC interface (MAP/E). 
The main co-ordinator is the BSC, 

which is also in relaLion with the mobile station (RIL3-RR) 
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BSC (in fact. a small parl of the signalling is also handled by the BTS for 
efficiency reasons). This protocol will be denoLed RlL3-RR. 

The functional distribution between infrastructure entities calls for 
other protocols on terrestrial links: one between BTS and BSC, one 
between BSC and reluy MSC, and one between relay MSC and anchor 
MSC. The first one, on the Abis intetiace. is used for the BSC to 
configure the transmission path and for the BTS to report measurements 
to tbe BSC. ll has no official name in the Specifications (experts refer 
simply to the 08.58 protocol. from the number of the corresponding 
Technical Specification). and will be here referred to as RSM (Radio 
Subsystem Management). 

The protocol between BSC and relay MSC. on the A interface, is 
used to carry the requests for initial connection establishment. as welJ as 
for any change in the connection attributes according to upper layer 
requirements. Lt is used also for handling handover,; between the relay 
MSC and the BSC. This BSC-MSC protocol is called the BSSMAP 
protocol (BSS Management Application Part). 

The last protocol, between two MSCs of adjacent coverage areas 
and supporting the exchanges between relay MSC and anchor MSC. is 
part of the MAP and will be referenced MAP/E protocol. Figure 6. 18 
shows the machines involved in radio resource management and the 
protocols between them. 

6.3. RR PROCEDURES 

In Lhe first part of this chapter. we looked at the different tasks 
needed for the management of the radio resources from an '"object" point 
of view. We have studied how for instance the channels are managed, or 
how timing advance is controlled, but alJ these topics were seen rather 
independently. In this second part. we will look at the dctaih of what 
happem at different moments, combining all these independent aspects. 
Most procedures in the RR area are concerned with several functional 
aspects simultaneously. and involve, or may involve, all machines 
between the mobile station and the MSC. We will then revisit a number 
of the topics we have seen in the previous sections, but with stress on the 
temporal relationships. 

We will start at the beginning, that is to say with the access 
procedure. where the RR session is created. This wil l be the occasion 10 

look in detail at the use of the RACH for the initial contact from the 
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mobile staLion. Nexl we will presem the paging procedure, which 
precedes Lhe access when the requirement for a connection comes from 
Lhe infrastructure side. The following sections will be devoted to what 
happens during Lhe life of an RR session. One aspect concerns the change 
of some characterisLics such as the type of channel or tho ciphering mode. 
when requested by the anchor MSC. Anotl1er aspect discussed is the 
execuLion of a handover. with all its variants. including call re­
establ ishmem. presented here as a last-reso11 kind of handover. The study 
of the main adventures of an RR-session will end witl1 the releao;;e 
procedure. 

We wiU then discuss a number or ill-assorted procedures. such as 
the procedural handling of the signul measurements, the Liming advance 
anti the Lransmhsion power control, which is done on the SACCH: the 
frequency redefinition procedures. which are rather complex mechanisms 
to cope with a change in the aJlocated frequencies in a cell when 
frequency hopping is used: and finally the broadcasting of various 
information on the BCCH. 

ln all cases. in this chapter and the following ones. what normally 
happens wi ll be presented with some details, without going. however, 
into the internal structures of the signaUing messages. The rarer cases, 
involving failures or collisions between events. will al best be hinted at. 
though they are maybe 1he most impom1nt aspects Lo have in mind when 
designing signalling protocols. But even a minimum attempt to correctly 
c;over this i,ubject would need a far larger text than can be included here. 

6.3.l. INITIAL PROCEDURES: ACCESS AND INITIAL 

ASSIGNMENT 

The purpose of this section is 10 describe the procedures enabling 
the transition between the two major states of a mobile station, i.e., .. idte·· 
mode {where the mobile station is everything but idle, buL refrains from 
any active transmission towards the infrastructure). to "dedicated .. mode 
where the mobile station is actively LransmiLting on a channel allocated 
for its. own use. The transition corresponds to the estabLishment of an RR­
session (see page 313). 

The initial assigrnment procedure is always triggered upon the 
request of the mobile station, for one of three major reasons: 

• to perform location updating: 

• to answer LO a paging: or 
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PAGCH 

The transition rrom ''idle" to "dedicated'" mode is always triggered by the MS, 
through an R1L3-RR CHANNEL REQt>ES1" message sent on the random access channel. 
011ly when the signalling. lin" layer has been estabfahed ,tnd an "ini1jal message"' 
sent on the new dedicated channel does the network know the identity or the MS. 

• as a result of a user's request. i.e., for an outgoing call. a 
supplementary service management request. or the sending of a 
short message. 

In all cases, the access procedure is the same (see figure 6.19) In 
broad lenns, this procedure starts with an RIL3-RR CHANNEL REQUEST 
message sent on the RACH: the answer from the network is conveyed in 
an RJL3-RR lMMEDlATE ASSJGNMENT (or RIL3-RR IMMEDIATE 
ASSIGNMENT EXTENDED) message sent on the Paging and Access Grant 
Channel (PAGCH), conveying the description of the channel aUocated to 
the mobile station; finally, the mobile station establishes the link layer for 
the Lransfer of ::.ignalling on the newly allocated channel, and sends a first 
signalling message on this channel (the "initial message''), conveying the 
subscriber's identity and the reason why iL requests a connecLion. This 
basic canvas appears very simple at first view; but each of the 
con-esponding steps reveals some complexity when studied more closely. 

6.3.1.1. Random Access 

Tbe channel request message is a curious animal indeed, and 
deserves some attention. The network has no method of knowing when 

~ 



RADIO RESOURCE:. MANAGEMENT 369 

mobile Slations will need Lo communicate. and lherefore this fffSt 

message from the mobile station cannot be scheduled 10 avoid 1he 
simultaneous transmission of more than one mobile station (a collision). 
This is the major problem of random access schemes, and the channel 
name (Random Access CHanoel , or RACH) indeed expresses the fact 
that mobile stations transmit independently from one another. 

Of course, mobHe stat:ions do not rransmit al any time. but follow 
the slotting of Lime imposed by the TDMA scheme (a RACH/F uses only 
one slot every 8 burst periods). Collisions may therefore be studied slot 
by slot. When two mobile stations transmit during the same slot, two 
things may happen: either one of the bursLs is received by the BTS at a 
level significantly higher than the other one. allowing its correct decoding 
(this is called a '"capture''), or none is received co1Tectly. Collisions are 
therefore a source of message loss. which increase with traffic. In order to 
provide a satisfy ing rate of success for access attempts, repetitions must 
be used. The repetition scheme cannot be too simple. otherwise its effect 
on the throughput in a high load situation can be disastrous, and may 
indeed lead to a complete deadlock situation. This kind of problem has 
been thoroughly studied in the field or random access techniques, an area 
of interest for many networks using shared resources (Local Area 
Networks, Packet Radio, ... ). GSM offers an example of one of the best­
known (and simplest) random access schemes. with the RACH being an 
application of the so-called "slotted Aloha·· protocol. 

When a request has noL been answered. the mobile station will 
repeat ii. If two mobile stations whose attempts have colJided would 
choose to repeal them c;ome given constant time afterwards, their requests 
would collide again. Repetitions on the RACH are therefore performed 
after a .. random·· interval to avoid this phenomenon. As in all AJoha 
protocols. this re-transmission s1rategy is not enough Lo escape from 
collapse when the traftic goes over a given threshold. Tn practice. rhe 
offered load (in terms of number of re4uests. which can lead to one or 
more messages sent) on the RACH should not exceed about a quarter of 
the total sending opportunities (number of :,Jots on the channel). In order 
to control this load. GSM uses three different means. corresponding to 
three different kinds of overload. 

The collapsing tlu-eshold depends on the number of repetitions and 
the average Lime between them: one way to make the RACH robust to a 
higher load is to spread Lhese repetitions further apart, and/or to reduce 
the number of repetit ions. Of course, this may be detrimental to lhe 
4uality of service. respectively jn terms of delay or in terms or success 
probability. Such methods cannot be pushed very far and are not 
sufficient to control very high load'). lt is nevertheless useful in cases of 
small and Lemporary overload. ln GSM. both the number of repetitions 
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parameter resulting nlue 

T.\ INTEGER random ,chcduling of each auempt over".\ 10 50 slot~ 

\tA\' Nii.I RAN.'i up 10 I, 2, ~ or 7 repetitions allowed 

Table 6.3 - RACH rcpe1i11ons comrol parameter\ 

Both Lhe time interval hetween re transmissions or a random reque~t 
and the maximum number of such l'l'p(!tttions ure controlled by parameters. 

and the intervab between them are controlled through parameters 
broadcast regularly on the BCCH on a celJ-per-cell basis. Since it is 
imponant Lo have a short delay between the moment when the BSC 
decides 10 change these parameters and the moment when the mobile 
stations act on them. it has been decided to send them in all BCCH 
messages, i.e .. 4 times per second. The scheme is controlled by two 
broadcast parameters. the average time between repetitions (TX-INTEGER), 
and the maximum number of allowed repetitions (MAX Rl:.TRANS, see 
table 6.3). 

These parameters should be controlled through a feedback loop 
taking into account the observed throughput. 11 should be noted that 
Aloha control is in fact not absolutely necessary: the values can be set to 
a constant choice representing some compromise between throughput and 
delay without jeopardising the system. As already mentioned, this mode 
of control can only cope with brief (in the order of one second) traffic 
peaks or su<,tained marginal overload. 

Before .studying further the other means to control the load on the 
RACH, it is worth noticing that this channel constitutes only the first link 
in a chain of resources, and is not necessarily the bot1leneck of the system 
in congested situations. There are indeed 0Iher candidates for such a role: 
the PAGCH, which offers a limited capacity for carrying both initial 
assignment and paging messages. is one of them. Channel allocation is 
another, since the pool of available channels is also limited jo each cell. 
An efficient overload control takes all these factors into account and tries 
to cut the traffic at the source (i.e., on the RACH) in cases of congestion. ' 
This means that overload control mechanisms musI not necessarily try to 
maximise the RACH throughput. but must limit it to the maximum traffic 
the whole chain can swallow. 

Having said that. the ,;econd way of "controlling" the load on the 
RACH consists of rejecting the requests with a message forbidding the 
mobile station to access the channel for some specified length of time. 
This mechanism prevents any further repetitions by the mobile station, 
either through irs automatic repetition scheme (controlled as explained 
above), or through repeated user requests, a natural tendency of users 
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upon failure. Obviously. this mechanism should only be used when 
overload threatens the overall throughput, since it significantly increases 
the service Lime. Besides, iL requires the sending of a reject message (the 
RIL3-RR I.MMEOIATE ASSIGNMENT REJECT message) from the BSC to the 
requesting mobile station, and is therefore inappropriate when congestion 
impacts the Abis interface or the PAGCH. 

Last of all, a third (and most robul,t) line of defence exists and 
makes use of the concept of access class. Basicall y. it consists in 
forbidding whole populations of mobile stations to access the cell. 
through an indication on the BCCH. This scheme is very efficient. since 
it enables a cut-down in the traffic at the very source, without incurring 
any additional traffic LOwards mobile stations. ln order to achieve this, 
subscribers are split into IO balanced sub-populations, through a random 
allocation controlled by their home PLMN operator. The access class to 
which a given subscriber belongs is stored in the SIM and is therefore 
available to the mobile Malian. ln normal load situations. all classes are 
allowed access. When traffic must be cut down. the BSC can decide to 
block I. 2 or any number of these access classes, reducing statistically Lhe 
amount of 1rarfic by l 0%. 20% .... Mobile stations belonging to the 
forbidden classes refrain from accessing the network. except in specific 
cases (e.g .. emergency calls. which are controlJed by a spccilic indicator). 
ln order to be fair. if the overload period lasts for a fairly long time, the 
BSC must take care to change the set of au1horised classes regularly 
(though thjs must be handled wilh care. as for instance all rhe mobile 
stations wai ting for a location updating will try to access at the very 
moment their class is authorised). 

To avoid blocking special categories of users in Cl'>ngested 
situations. five more classes are defined. for ''Very Important GSM 
Subscribers··. as sbown in table 6.4. Access for these classes is also 
controlled through indicators broadcast on the BCCH. The corresponding 

" 'ipecial" accc-ss class subsc-riber category 

11 lefl OJ)(:n lo the PL.MN operator 

12 sl.!Curll) services 

13 public utilith.h 

14 emergency services 

15 PLMN Slaff 

Table 6.4 - Accc~s clas,c,; for ·•very lmpunan1 GSM Suhscribers" 

In addilion lo lhe "s1andard"" r.indorn -,ub~crihcr cla~scs (0 10 9), 
the SIM,; ot ,pecific u~er, may rcu1ure one of lhc above "privileged" cla~se~. 
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"privileged" subscribers belong both to ,one of the IO standard c lasses and 
to one (or several! ) of the special classes. and may access the network 
when at least one of their classes is allowed. 

One reason for access escapes this class-dependent mechanism: 
emergency calls. In order to be able LO control this source of traffic, the 
BCCH indicates instead whether emergency caJJs are allowed or not, and 
this is applied to all subscribers. 

In a situation of congestion, one may wonder whether a mobile 
station whose access is either unauthorised or rejected in a given cell, 
should be alJowed to try to access through other cells. There are pros and 
cons in this approach. When traffic is spread unevenly in an area. the 
overload situation of a ceU can be improved if part of the traffic is 
redirected to neighbour cells. However, as explained in the section 
dealing with handover preparation. there exists one best cell for each 
mobile starfon for optimising the genera] interference level. and the 
choice of another cell contributes to a degradation in terms of specrral 
efficiency, and such a strategy will spread the congestion. But if the 
congestion situation is general. to allow the mobile station to try 
elsewhere would simply tend to group the mobile stations of given access 
clas::.es in given cells, which would dmminish if not negate the control 
effect. and would not be the best for interference, to say the least. 

The Specificatio11s distinguish different cases for this issue. When 
the mobile stalion has tried to access and has failed, it is allowed Lo select 
another cell and is indeed forbidden to choose ils previously serving cell 
for at least 5 seconds. This enables the mobile station to auempt an access 
on lhe second best cell (at least if lhe user so wishes. or automaticaJJy). 
Because of this mechanism, some of the traffic will be diverted to 
neighbour cells in situations of local congestion or when the number of 
repetitions is reduced. In other cases, i.e .. upon explicit access rejection 
or when the relevant access class is barred, the Specifications require the 
mobile station to stay in or leave the serving cell in lhe normal way. 
preventing an increase in congestion. This is at the expense of a "no 
service .. period for some mobile stations. but the average service per 
mohile station is in fact increased through such a "drastic" mechanism. 
As. already mentioned. fairness can be obtained by rotating the blocked 
clusses. 

6.3.1.2. The Contents of the RIL3-RR CHANNEL REQUEST 
Message 

The RIL3-RJ< Cl IANNEL REQUEST message, sent on the RACH, is 
very sho1t indeed. It!. useful signalling information consists of just 8 bits! 
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• • • 
establishment 

cause 

answer to paging 
emergency call 
call re-establishment 
user request 

random discriminator 

X X X X X 

Figure 6.20 - Useful contents of an acces~ burst on the RACH 

Only 8 bits are available in d1is shon 1ype of bur~t. 
Three of them indicate the reason for access. and the remaining five 

serve as a random discriminator. 
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This capacity is obviously insufficien1 to carry all the infonnation the 
mobile station would want 10 transmit. such as the subscriber's identity, 
the reason for requesting a channel, the characteristics of the mobile 
equipment, ... All of lhis information is in fact included in the '•initial 
message'' which will be 1he first information transmitted on the dedicated 
channel, once allocated. 

Bui the most critical usage of a discrimination between random 
access attempts is not Lo provide information to the network. A given 
mobile station must be able to correlate an initial assignment from the 
network with its own request, with as little ambiguity a.scan be achieved. 
For this purpose, 5 bils among the total of 8 are chose11 randomly by the 
mobile station. reducing drastically the probability that two mobile 
siations send identical messages during the same slot, which may in case 
of capture lead to an ambiguity as to which of Lhe two requests is being 
gran1ed. 

Three bits remain, which are used as shown in figure 6.20 to 
provide a minimum indication of 1he reason for accessing the network. 
This first rough indication may be useful for discriminating rejections in 
case of congestion. and also to choose the best type of channel to 
allocate. 
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6.3.1.3. The Initial Channel Assignment 

After the BTS has correctly decoded a channel request, it indicates 
it to the BSC Uuough an RSM CHANNEL REQUIRED message. with one 
important piece of additional infonnmion: an estimate of the transmission 
delay (tllis indication is critical 10 initialise the timing advance control). A 
field of unspecified content (PIIYS/C;\L INFORMATION) allows the 
manufacturer to add more information, such as the reception level. 

In normal load situations. the BSC then chooses a free channel 
(TACH/8 or T ACH/F). activates it in the BTS, and. when the BTS has 
acknowledged this activation, builds an initial assignment message to be 
sent on the PAGCH. 

B 
T 
s 

- CHANNEL REQUEST ► 

(frame 
number) 

IMMEDIATE ASSIGNMENT 

CHANNEL REQUIRED) 

frame number 
delay 

channel activation 
► 

< < 
(or IMMEDIATE ASSIGNMENT EXTENDED) 

frame number 

Figure 6.21 - Initial assignment procedure 

A1tcr the acuvation handshake on the Abi~ interface. the BSC prepare~ 
an ini1i:1J a'l>1gnmcnt indicauon containing the 8 bit dbcriminator 

a~ received in the correctly decoded RtL3-RR CIIANNEL REQL!r,sr message. 
us well a~ the Imme number in which it was received. 

Tim enables 1hc mobile ~mtion to check whether it is concerned 
with the message or not. 
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The activation process requires the BTS to prepare for the access 
of the mobile station on the newly allocated channel. The timing advance 
is initialised based on the transmisc:ion delay estimate which the BSC 
indicates (back! ) to the BTS. Even though this estimate has been initially 
calculated by the BTS, this going back and fonh between BTS and BSC 
is necessary, since the BTS has no means lo correlate the messages 
received on the RACH with corresponding channel assignments. 

The initial assignment indication sent lo the mobile station on the 
PAGCH contains the description of the aUocated channel. the initial 
timing advance to be applied, the initial maximum transmission power. as 
well as a reference allowing nil the mobile stations expecting such a 
message to know whether they are being addressed or not. This last point 
is worth some more explanation. 

Addressing is done by including in the initial assignment indication 
the exact contents of the RIL3-RR CHANNEL REQUEST message which is 
being answered, plus the time reference of the slot in which il was 
received (such a Lime reference exists thanks lo TOMA). This allows 
mobile stations to check whether they are aclually concerned by each 
initial assignment. by comparing these values with lhe ones they have 
stored when sencUng the RIL3-RR Cl IANNEL REQUEST message. as shown 
in 11gw·e 6.21. 

Besides. answers to RIL3-RR CHANNEL REQUEST messages can be 
sent in any block of the PAGCH. even on the paging sub-channels. As a 
consequence. once a mobile station has made an access attempt. it should 
monitor the whole PAGCH (of rhe same Timeslot Number as the RACH 
it used for access) for an answer from the network. Furthermore. the 
BCCH messages must be decoded continuously during this period, in 
order for the mobile slat ion 10 set the RACH control parameter values in 
real-time. This phase is very constraining for mobile stations in Lerms of 
reception (40 bursts every 51 x 8 burst periods). almost comparable 10 

T ACH/F reception. 

Let us examine \Orne ,ide 1s~ues. It may happen that U1e rei1c11on of the 
infmstruc1ure to an RJL3-RR CHAN1'EL REQLEST messa_gc is coo slow to avoid a repetition 
from the mobile station. In ~uch inefficient s11uation,; a given mobile station may be 
allocated a channel twice (Or even morl! time~). ,ince the infras1ruc1ure hah no mean!> of 
knowing whether an Rll.3-RR CHA'l'IEL REQLEST is the repetition of a previous one or not. 
The mobile Malion wil l use the ~·h:mnel allocated in lhc first initial t1.ssignmenr me~sage ii 
decodes, and 1he other oneh will have ~en block.et! t'or a few ,econds in vain. 
Nevert11ele!<s, 1he Spt•cificatin11.1 require Uutt rhc mobile station be able to 11ccep1 the 
network answe1 10 any of ils la~r three Rll .3-RR C'HAN'lf.L REQUl!ST mes<iages, in order Lo 
get "crvice from such not-so-efficient BSS equipment. 

In congested situations. when no channel i~ free for alloca1ion, 1he BSC may 
choose not to answer lO an RIL.3-RR CJIAN1'EL REQUEST message, or to send back a 
rejection indication. Thi! first choice i~ not very cflicient, since the mobile sia1ion will 
repeat ilS attcmpl. F.xp[icit rejcc1iun is done through un Rll3-RR IMMEDl,\Th ASSIGNMENT 
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REJECT mei.~age, containing u time indication during which the mobile :mnion b 
fortiiddcn to make any more attempts on Lhe RAC! I (the 11,11r INDJC'\TION parameter). If 
the overload situa11on does 001 concern 1hc RACH, the value of the HM/ INIJICATION can 
be nun, otherv.risc ii ,~ ,1 useful mechanism 10 help reduce RACII load (see page 370). 

The PAGCl I 1s an impor1an1 potcnIial bouleneck of the system. In order to 
improve its efficiency. boih iniual assignment indications nnd channel request rejection 
indications can he grouped togcdu:r to form messages. There are two m,signmems in an 
Rll.3-RR IMMEOtAT!i. ASSIGNr.lF.NT F\71::.NOEO mcs~age. and up to four rejections in an RIL3-
RR tMMCOIATE ASSIGNMLN1 REJ£CT mcs~age. Though this point is unclear in the 
Specijicatio11s, Ihe original intention was for the BTS to perform the grouping on the basis 
of the individual indication:. provided by the BSC. The BSC has the possibility 10 provide 
the BTS with 1mrnedia1c assignment mdications whith arc not ready-to-send messages 
(using the RSM tM!\IEOIATE ASSIGN COM\IANO message). The BTS must then build Lhe 
corresponding RIL3-RR mes\ages The fact is 1hnt the BSC can also perfonn the grouping 
and build the messages, and can provide ready-to-send mes~ag-cs 10 the BTS {thi~ is, by 
U1e way. the only p<>ss1bihty for assignment reJec1ion messages). However, nothing reall) 
precludes the BTS 10 un-build rhl.'l>e me1>sage:. and 10 build othc~ grouping the requests 
differently. The same debate i:x_ists for the paging indications. 

In no case does the BSC schedule the transmis~ion of the assignment indications: 
tJ1is i~ much easier for the BTS. The coun1erpan is th111. despite grouping, congestion may 
happen. Thi!. is resolved simply by the BTS. which drop~ mess~es which are in excess of 
the achievable throughput. While this resolve\ 1he BTS co11gcsiion problem. for the BSC 
it results in TACl-b allocaLed but 1101 "as!tigned". To avoid a won.ening of the conges1ion 
situauon through Lhts effect. the BTS 1:an indicate the non-sending of a message with an 
RS\1 DEi.ET!: l~DJCATtON message. A -1econd cffecL of Lhe message i~ 10 indicate the 
overload to the BSC. 

6.3.l.4. The Initial Message 

Once it has received an initial assignment ind1cat1on. the addressed 
mobile station modifies its reception and transmission configuration to 
adapt it to the frequency and lime characteristics or 1he new channeJ. I.n 
phase l, this new channel can be a TACH/8 or a TACH/F. always i.n 
"'signalling only'' mode (see page 321 ). The transmission level is sel Lo a 
value broadcaSL on the BCCH (or to lhe maximum transmis<;ion level of 
the mobile station. whichever the smaller). and the transmission slarts 
with the timing advance vaJue specified by the BSC. 

The first thing the mobile s1ation does on the new channel is to 
tram,mit a link layer SABM frame for SAPI 0, i.e .. the frame used to 
establish in acknowledged mode the link layer conneclion for signalling 
messages. 

ln swndard HDLC protocols, an SABM frame does not carry any 
mfom,ation other than the one necessary for the link layer level. In GSM. 
the SABM frame sent within the initial access procedure contains a 
signalling message, the "initial message". The reasons for departing from 
standard usage are twotold. The first reason is efficiency. though this was 
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0 
0 
leaves 

stays 

Figure 6.22 - Contention resolution at link cs1abli~hment 

In rare cases, more than one mobile station may find itself 
on the same dedicated channel. 

The transfer of a non-ambiguous initial message in the SABM-UA exchange 
allows each mobile 'ltation 10 know whether chc channel 1s for its own use or 1101. 

not Lhe leading cause. The other reason comes from the fact that U1e 
reference used in the initial assignment to address the mobile station is 
not fully unambiguous. It may indeed happen (though this is a rare case, 
around I% in high load situations) that two mobile stations 
simultaneously send RIL3-RR CHANNEL REQUEST messages with exactly 
the same contents, and that one of them is correctly received and 
answered by the BSS. The ensuing channel assignment will be 
understood by both mobile stations as their own, and both mobile stations 
wiU access the "dedicated" channel. Therefore, until the point where 
mobile stations identify themselves in a non-ambiguous way. there is not 
a !00% guarantee that a single mobile station will access the channel. 
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As a consequence of this siLUation, potential collisions must be 
detected as soon as possible on the new channel, and Lhe SABM-UA 
exchange provides Lhis facility by including ("piggybacking'') 
unequivocal infonnation on these link layer frames. Mobile stations 
check the piggybacked contents of the UA frame. If one mobile station 
receives a UA containing something different from the contents of the 
SABM ii sen1, il must leave the channel and start U1e access procedure all 
over again, thereby enabling the ''right'' mobile station to stay 
undisturbed on its own channel (see figure 6.22). 

One obvious way to obtain an unambiguous SABM content is to 
use an identity unique to the mobile station. This would be enough to 
serve the purpose of colJision detection. However, the efficiency criterion 
was nlso taken into account and the SABM includes more than just this 
identity, and includes a full "initial message". 

The .. initial message•· comes in four different brands, depending on 
the reason why the access was triggered (see table 6.5). AU these 
messages contain an identity of the mobile station: the classmark. a field 
indicating some key characteristics of the mobile equipment, including 
the maximum transmission power; and complementary information 
making the reason for access more precise when need be. AlJ but lhe first 
of those messages belong to the RlL3-MM prOLocoJ. and will be 
ex.plained in Chapter 7. The first belongs lo the RIL3-RR protocol, but 
could have as well been put in RlL3-MM. lf there had been enough 
room, these messages would have been properly formatled, with a part 
for the RIL3-RR protocoJ (including the classmark). and the rest in an 
R1L3-MM part. 

Reason for acce<;s initial message 

Response 10 a paging RIL3-RR PAGING RESPONS!' 

Normal location updmmg. RJLl-MM LOCATION UPDATING REQUEST 

periodic locanon updating, 
'"fMSl aunch" 

IMSJ derach RIL3-\IM IMSI DITAC'II 

All other cases R IL.1-MM CM SHRVICE REQUEST 

(call s.it-up. short messug.e transmission, 
supplementary $Crvice management .... ) 

Table 6.5 - Possible initial message.~ 

Four difforent rypes of s,gnalling messagcs may be used ii!> the ·•mitiaJ mesi.age". 
depending on the rca!,on having led 10 a channel requeM. 
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There 1s usually but one choice for this "initial message". One case of collision 
may arise. \vhen. after having sent rm RIL3-RR C'IIAN'iEL REQuEST message. the mobile 
,talion receives a paging indication and then the nni;wer to its RtL3-RR CHANNEL REQ\JEST. 

What should the initial message be in such a case'] Should it be consistent with the reason 
for sending the onginal RIL3-RR CHANNEi REQUEST message, or should it be the RIL3-RR 
PAGING RESP01'SE message? ll would seem fair to choose the RIL3-RR PAO(NO RESPOl\SE 
message if for in~tance the request from the mobile stalion concerned periodic location 
updaltng. but no priority sch~me t~ defined in the Spetificatio11.\·. and the whole matter 1s 

left open for mobile station manufacturers. 

Once an •'initial message" has been received by Lhe BTS (and sent 
back withoul any modiJication inside the UA frame), it is passed to the 
BSC in an RSM ESTABLISH £NDICATION message. At rhis point. the mobile 
slation classmark is stored for further use (e.g .. to choose lhe power 
control loop parameters), and the BSC then sell> up an SCCP connection 
towards the MSC (see Chapter 5). This is done through an SCCP 

CONNECTION REQUEST message, on which the initial message may 
optionally be piggybacked. Only then does the MSC become aware of the 
contact with the mobile station. The initial message, whether 
piggybacked or ,;ent after lhe SCCP connection establishment, is carried 
in a BSSMAP COMPLETE LAYER 3 INFORMATION message. independently 
from its protocol (RR or MM). It contains enough information for the 
MSC to trigger required actions in the upper layers (MM. CC, ... ). but 
this comes out of the scope of the access procedure. 

When 1he access procedure ends. the RR-session is ful ly 
established with a complete signalling patJ1 between the mobile station 
and the MSC. With the establishment of the SCCP connection, the MSC 
takes control of the decisions concerning the transmission characteristics 
of the RR-session. and the BSS is at the ready whilst monitoring the 
transmission and performing handover decisions. 

6.3.1.5. The Mobile Station Classmark 

Mobile c;1arion,; differ by many characteristics, such as their 
maximum transmis:iion power and the services they may suppon. ll is 
important for the infrastructure to be aware of some of these 
characteristics when the mobile station is engaged in a connection. 
Because the equipment of the user may be changed without warning the 
operator (subscription is linked to the SIM. not Lo the mobile equipment). 
this indication must be given nt the beginning of each new connection. 
This is the purpose or the mobile station classmark. The full ~ontents of 
the classmark are shown in table 6.6. 

There ex1~l\ in lact. for clfo:icncy rca:..on~. a subset llf the lull cl,Ls;sn,nrk. called 
"'mobile s1a11on classmark type J" io the Spt•cifica1in11s (the full classmark hcing referred 
10 a~ "mobile ~tatmn cla~,mark type 2"), destined to he ~ent in the RILl-MM l.OCAnON 

til'D,\111\G REQUEST mcs,.1gc. so thu1 this mc.'lsagc Iii~ in a -.ingle bloc!- lscgmcniing i, not 
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parameter contained in the classmark 

revision level 

RF power capabili1y 

encryp1ion algorilhm 

frequency copubihty 

~hort me!;sage capabilily 

Table 6.6 - Full conienb or the mobile station classmark 

The (.'las~mark idcntifie~ those characceri:.tic~ of the mobile equipment 
which are needed by the infr..istructure during a connection. 

used when the message i::, piggy-backed). The shortened classmark is also used in the 
1t11..1-,1M IMSI DETACII message_. for no obvious reasons. 

The revision level is used for upward compatibility handling 
between successive phases of the Specific01io11s. Mobile stations 
developed and type approved according to the phase I Specifications 
should set this value LO 000. In the futu re. other values will be allocated, 
so that the infrastructure will know which level of upgrade is used by 
each mobile station. 

The RF power capability, often referred to as Lhe transmission 
power class, or even as Lhe class, refers lo the maximum power the 
mobile station is able to transmit. This information is used for power 
control nnd handover preparation. Power classes are not delined in the 
same way for GSM900 and DCS 1800, as shown in table 6.7. Mobile 
stations of class I for GSM900 may possibly never be developed; indeed 
the typical classes in GS M900 are class 2 for portable or vehicle-mounted 
equipment, and class 4 for handheld. Class 5 handheld stations will most 
certainly experience strong lhnitations in coverage and will be destined 
for urban areas. The typical class of DCS 1800 mobiles is class I. 

The encryption algorithm indicaces which ciphering algorichm (if 
any) is implemented in the mobi le station. In phase I. there is but one 
choice: all mobile stations must implement the A5 algori lhm specified by 
the GSM MoU. This field will enable the BSC to cope with future mobile 
stations wilh other ciphering capabilities, by being able to choose 
whether to cipher or not. and if yes with which algorithm. 

The frequency capability is also present for future use. It enables 
the network 10 cope with mobile stations having different capabilities in 
terms of frequency bands. A phase l GSM900 mobile station must be 
able lo cope with frequencies anywhere in the 2 x 25 MHz band allocated 
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Class GSM900 DCS1800 

I 20W IW 

2 SW 0.25W 

3 SW -
4 2W -
5 0.8W -

Table 6.7 - Mobile s1a1ion power clnsc;es 

Five classes are defined for GSM900, and two for DCS 1800. 
corresponding 10 1he maximum t.rdllsmission power of the mobile station. 
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from lhe start to GSM. An extension of lhis band co, say, 35 MHz is 
under study, but all mobile stations will not be able to cope with the 
extension. Therefore, the classmark will enable the BSC to distinguish 
the different populations of mobile stations and allocate channels to each 
mobile station according to its own frequency capability. 

Last of all, the short message capability indicates whether the 
mobiJe equipment is able to deal with short messages. Such an indication 
is 1101 strictly necessary in the classmark. since a mobile station not 
equipped to deal with short messages (if any!) can always inform the 
network by rejecting a LAPDm $ABM frame on SAPI 3. But it is more 
efficient to know the capability of the mobile station from lhe start, since 
it enables lhe network 10 eschew the transmission of short messages 
between the short message service centre and the VMSC. 

We have seen that the classmark is sent by the mobile station in Lhe 
initial message, at the beginning of the RR-session. The network does not 
store the classmark between RR-sessions. since the user can change his 
equipment. Now, il may happen that the classmark changes during the 
RR-session. This is not a common evenl, but an example is a mobile 
equipment composed of a handheld part and a vehicle-mounted part 
including an RF transmilter, with the possibility to connect and 
disconnect the two parts during a communication. Then the power class 
changes. and the nev. value must be provided to the network. To achieve 
this, a procedure is included in the RR pJane. The indication from the 
mobile station is carried in an RfL3-RR CLASSMARK CHANGE message and 
the BSC can forward the indication to the relay MSC with a BSSMAP 
CLASSMARK UPDATE message. ff the relay MSC is not the anchor MSC. 
the chain stops there in phase I, since the MAP/E protocol does not 
support this functionality. 
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6.3.2. PAGING PROCEDURES 

A little has to be said on the paging procedures. When a call to a 
subscriber reaches a MSC through which the subscriber is deemed 
reachable, the MSC detemunes the location area where the mobile station 
is registered and sends a BSSMAP PAGING message to all the BSCs 
controlLing cells in this location area. The message contains the 
subscriber identity to page with (it could be a temporary mobile station 
identity, called the TMST or the full international mobile subscriber 
identity. the fMSI). the lMSJ to detennine the paging sub-channel (to 
cope with discontinuous reception), and the list of cells in which the 
paging must be issued. 

The BSC in tum sends an RSM PAGING COMMAND to the BTS 
device in charge of lhe PAGCH of suiiable TN (determined by the BSC. 
from the IMSI and the common channel configuration), for each cell in 
the list This message contains the number of the paging sub-channel. 
which is computed by the BSC. as well as the TN of the PAGCH. 

The BTS in tum possibly packs some paging requests together and 
sends the resulting messages on the correct paging sub-channel. As 
indicated in the functional section, more sophisticated approaches are 
possible. 

Paging me~~ages come in three brand~ (called Rll.3-RR PAGING REQUEST 'rYl'E I , 
rYPE 2 and TYPE J). auapted to the si,e of the identity used for paging. Type I can carry 
two identi1ies of wbkhever sort, wherea~ lype 3 can carry four TMSI~. and type 2 two 
TMSls ancl one identi1:y of whichever sort. 

A topic of interest is Lhe repetition policy. In other areas, GSM is 
specified so as Lo provide a correct quality of service when lhe 
transmission quality is far from perfect. To be consistent, the paging 
indicaLion should nm be sent only once in each cell. A typica l value (not 
specified) would be to send it three times. No repetition mechanism is 
described in the Specijic01io11s. and this leaves some obscurity as lo 
which machine takes care of the repetition: the MSC, the SSC or the 
BTS? To choose the BTS has some advantages: it can optimise the use or 
the PAGCH. and in particular it may repeat paging requests more than the 
minimum required if the channel has some room left. On the other hand. 
if the MSC is in charge of managing the repetition pTocess. it will wait 
some time before requesting repetitions, thus avoiding useless repetitions 
in many cells in cases of successful mobile station access. Neither the 
BTS nor U,e BSC are capable or ~uch monitoring. since they are not able 
to relate the mobile station answer to the paging, This seems obvious 
when 1he mobile s1a1ion has accessed another cell (the MSC does not 
indicate it back LO the BSCs from which il requested paging. it would be 
too big a procedure), but the same is also true when the mobiJe station 
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accesses through a cell under their control. A sensible scheme seems to 
provide two levels of repetitions, one in the MSC, with a long period, lo 
cope for instance with short reception interruption (such as a change of 
cell, or the mobile station passing through a tunnel); and a short term 
repetition in Lhe BTS, when load allows, coping with mediocre 
propagation conditions. 

The Page Mode 

The PAGCH configuration may change in time to adapt to the 
traffic distribution. Although th is configuration is managed by the BSC. it 
is usually the OSS which decides on such a change, either automaticaUy 
on the basis of traffic observations or through the command of an 
operator. The configuration of the PAGCH in a given cell must be known 
by all mobile stations camped on this cell. and is therefore part of the 
broadcast information. When the configurations changes, 1J1e BSC must 
co-ordinate the change of the broadcast information and rhe scheduling of 
paging messages. It is not possible to control very precisely the time at 
which each mobile station will decode the new broadcast parameter, and 
hence switch to the new configuration. The corresponding transitional 
period may last up to a few seconds. Tn order to avoid the loss of paging 
messages during this "fuzzy·· period, a special feature has been 
incorporated in lhe Spec(ficutions: the page mode. The page mode 
indicales to mobile stations in exactly which part of the PAOCH their 
own paging messages may be sent. 

The three values of lhe page mode are the following: 

• the "normal" page mode corresponds to the basic scheme. 
Paging messages are sent only on the sub-channel as defined by 
the PAGCH conliguration and the lMSI: 

• the "full" page mode has been designed to cope with a dynamic 
change in the PAOCH configuration. When this mode b 
indicated to mobile stations of a sub-group. then it means tha1 
paging messages for the subscribers of this sub-group may be 
sen! anywhere on lhe PAGCH of the same timeslot: 

• The '·next-but-one" page mode has been introduced for 
sophisticated scheduling algorithms. It enables the BSS to send 
additional paging messages for subscribers in a given sub-group 
in another paging sub-channel. This feature may be useful in a 
situation of temporary overload on some or the sub-channels, or 
to free a block to send an initial assignment message. Based on 
the fact that the definition of paging sub-channeb. includes an 
implicit numbering of these sub-channels. the "next-but-one" 
mode indicates that paging messages for mobile stations 
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Figure 6.23 - Different page modes 

In addition to the " nom,al" paging mode, the •'full .. page mode 
and the .. next-but-one'' page mode are u~eful in transition situa1ions. 

or to compcnsace for partial congestion si1ua11oni;. 

nonnally paged in sub-channel n (the sub-channel where the 
page mode indication was sent) will in addition be found in the 
next block of the paging sub-channel n+2, modulo the total 
number of paging sub-channels on the current tirneslot. The 
example of figure 6.23 will help to understand this feature. 

IL is worth noting thac the mobile station is free to listen to more 
than the required minimum. This may indeed represent a simplification 
for vehicle-mounted mobile stations, for which baltery consumption is 
not at stake. In cases where the load on the PAGCH is very low, it might 
even be interesting for the BSS to send the paging messages in more 
blocks than those of the required paging sub-channel. Thi1:, will allow a 
speed-up of their reception for mobile stations which Listen to more than 
just their own paging sub-channel. 
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6.3.3. PROCEDURES FOR TRANSMISSION MODE AND 
CIPHER MODE MANAGEMENT 

Transmission modes, as far as radio resource management is 
concerned, involve 7 different types in phase I and are expected to 
expand to l 2 in phase 2 (see table 6.1, page 32 L). The mode is one of the 
properUes of U1e Lransmission chain. Other variable characteristics of this 
chain include the cipher mode (whether transmission is ciphered or in 
clear text). as well as both uplink and discontinuous transmission modes. 

At initial assignment, the transmission mode is chosen by the BSC. 
lt consists necessarHy of one of lhe "signalling onJy" modes, in clear text. 
The channel may be a TACH/8 or a TACH/F. Afterwards during the 
lifetime of the RR-session. the choice of the transmission mode depends 
on the communication needs and is done by Lhe MSC, which can request 
a change of the transmission mode at any time while a connection is 
established. It does so Urrough an "assignmem" procedure (which does 
not necessarily result in a radio channel assjgnment). The basic procedure 
consists of a BSSMAP ASSIGNMENT REQUEST message, describing the 
transmission characteristics as desired by the MSC. and the 
corresponding BSSMAP ASSIGNMENT COMPLETE acknowledgement, as 
shown in figure 6.25. A negative answer is also possible in case of 
probJems, and is carried in a BSS.MAP ASSIGNMENT FAJLURE message. 

change of 
transmission 

mode 

MSCVLR 

ASSIGNMENT REQUEST 

ASSIGNMENT COMPLETE 

► 

Figure 6.24 - Change of the transmission mode by the MSC 

The MSC may change the transmission mode of an RR-connection at any time. 
by running the ·'assignment .. procedure LOwards Lhe BSC, 

which then takes charge of conu·olling the transmission mode change. 
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Another special case is when the allocation cannot proceed immediately, 
but lhe request is put in a queue: the MSC can be warned of the situation 
by a BSSMAP QUEUING INDICATION message (the compleLiOfll or failure 
indication is eventually sent laLer). The request also includes the identity 
of the newly allocated terrestrial circuit between the BSC andl the MSC, 
when required, i.e., when the mode is changed from "signalling only" to 
another one. 

The action of the BSC when receiving a BSSMAP ASSIGN~IENT 
REQUEST mes~age depemds on the comparison between the existing 
transmission mode and the required one: 

• if both mode~ are the <;arne. the BSC just sends back the 
BSSMAP ASSIGNMENT COMPLETE message back to lhe MSC 
without any other action: 

• if bolh modes differ by lhe type of information 10 be 
transmitted, but use the same type of channel, the BSC perfonns 
a "mode modify'' procedure before acknowledging the MSC 
request: 

• if the new mode requires a channel of a type different from the 
one in use. the BSC performs a subsequent assignment 
procedure, i.e., ii transfers the conneclion lo a channel of the 
required type before acknowledging the MSC request. 

The two last cases wiU now be studied in more detail. 

6.3.3.1. The Mode Modify Procedure 

As for any procedure affecLing the Lransmissi.on mode. the mode 
modify procedure includes two parts: the configura1irn1 of the 
transmission devices on the infraslrucLure side (BTS. TRAU and BSC), 
and lhe configuration of the mobile station. No means are provided Lo 
synchronise these two parts in a precise way. resulting u~ually in a short 
period of time during which the whole configuration is inconsistent. The 
Spec(fications do 1101 specify in which order Lbe two configuration steps 
should be managed. and this choice may have an impacL on the period of 
inconsistency. ln the follov. ing example. it ha.-. been hypothesi1',ed that the 
two las.ks are run in parallel. 

The BSC triggers the reconliguration of the BTS and the TRAU by 
sending an RSM MODE MODIFY REQUEST to the BTS. Following reception 
of this message, the BTS modifies its coding and decoding algorithms 
and changes the in-band mode information in the BTS-TRAU frames. 
The TRAU, in turn. reacts by modifying it') data processing (speech 
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Figure 6.25 The '"mode modify" procedure 

BTS/fRAU 
configuration 

In parallel 

MS 
configuration 

The BSC b in charge of configuring boch Lhc BTS and the mobile station, 
but the order 1n which these steps should be perfonned 1s not specified. 
The TRAU is configured through in-band information from Lhe BTS. 
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coding or data rate adaptation). rr the new mode is speech. then 
synchronisation between TRAU and BTS is needed. When the chain is 
ready (the Specifications do not specify wherher this includes the 
synchronisation with the TRAU or not), the BTS answers the BSC by 
sending back an RSM MODE MODIFY ACKNOWLEDGE message. 

l n parallel. the BSC triggers the reconfiguration of the mobile 
station by sending an RIL3-RR CliANNEL MODE MODIFY message 

containing the new mode lo be applied (see also figure 6.25). When the 
mobile station receives the order. it modifies its channel/source 
coding/decoding according to the new requirements and answers with an 
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RIL3-RR CHANNEL MODE MODrFY ACKNOWLEDGE messngc to the BSC 
via the BTS. It is worth noting that the connection of higher level devices 
(microphone and loudspeaker for speech, or terminal adapter for data) is 
not conu·olled by this procedure, but by a call control procedure (see 
Chapter 8). 

A third action needs to be performed by the BSC: ciJcuit 
switching. It may happen Lhat nothing needs to be done, for _iostanct: 
when a terrestrial circuit is already established and satisfies the needs. 
But if the BSC-MSC terrestrial circuit needs to be reset or altered, the 
BSC must connect ii to the correct BTS-BSC circuit (in correspondence 
wilh the TACH/F). Tbe mosr complex case arises when the TRAU is 
remote, and must be changed to another one. adapted lo the new mode. 
This is in fact only possible when SSC-controlled switching facilities 
exist between both the BTS and TRAU and between the TRAU and BSC. 
In this case, the BSC must switch lhe connections before ordering the 
reconfiguration of the BTS. fn the other cases, BSC switching can be 
done in parallel with the other actions. 

6.3.3.2. The Subsequent Assignment Procedure 

When a change of the radio channel is required in addiLion to the 
above-described ··mode modify•· procedure, the procedure is somewhat 
more complex, because the change of channel implies a break in the 
signalling carrying capability between mobile starion and infrastructure. 
Besides, let us recall that the BTS devices in charge of transmission on a 
given TACH are independent and do not communicate. Therefore. the 
whole control of the operation is cemralised in the BSC, and the 
operation itself is quite sitnilar to a handover. 

A transfer of channel first starts with the setting up of the new path 
in the infrastructure. This includes the allocation of a new radio channel 
(with all the priority and queuing management aspects described on page 
357, to cope with congestion). the activation of the co1Tesponding BTS 
device. and possibly lhe allocation of a TRAU and Lhe switching 
necessary to connect all these terrestrial segments. 

The activation of the BTS is ordered by the SSC through a simple 
request/acknowledgement procedure. as shown in figure 6.26. The RSM 
CHANNEL ACTIVATION message contains all the information specifying 
the transmission mode, including the ba<.ic transmission mode (among 
those listed in table 6. 1 ), the cipher mode and the downlink discontinuous 
transmission mode. An uplink discontinuous u·ansmission mode is also 
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After the ac1iva1ion handshake on the Abis incerface, the BSC orders lhe mobile station 
10 change channel by an RJW-RR 1\SSIGN\1ENT COMMAND message, 

which is in general nOl acknowledged by the mobile station on the old channel. 
The completion of the procedure is done on the new channel 

after establishment of the foll signalling link. 

sent, though one may wonder what it may be used for, and moreover 
what its meaning is, sfoce in some cases lhe network leaves the choice to 
the mobile station. In addition, it contains the information needed by the 
mobile station for access (see the initialisation of the timing advance, 
page 346) and the first power control settings. The BTS, upon reception 
of this message, starts the in-band infom1ation exchanges with the 
TRAU, to set the basic transmission mode and the discontinuous 
transmission modes; this is the point where synchronisation with the 
TRAU starts. 

Once the BTS and the TRAU are activated (more exactly when the 
BSC has received lhe RSM CHANNEL ACTlVATlON ACKNOWLEDGE 
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me~sa.ge). the BSC orders Lhe mobile sration to perform the transfer of 
channel, through an RIL3-RR ASSIGNMENT COMMAND message. The 
previom, path. including the signalling connection, is not released by the 
infrastructure at this moment. This allows the mobile station to go back to 
the previous channel should access fail on the new channel for any 
reason. In the case of a timed assignmeni (see page 353). the mobile 
station stays on the old channel until the jnstant of change indicated by 
t11e infrastructure. Otherwise. the mobile station perfom1s the transfer 
immediately after reception of the RIL3-RR ASSIGNMENT COMMAND 
message. not even acknowledging the corresponding frame at layer 2. 
This lack of acknowledgement results in a repetition of the message by 
the BTS, until it decides that a link layer failure has happened, of which 
the BSC is advised. The BSC docs not act on this indication. since it 
knows that an assignment is in progress. 1n case of return to the old 
channel. the mobile station starts re-1rnnsmining on this channel by 
performing a link establishment. which resets all contexts irrespective of 
what happened in the link layer process in the BTS. The transmission 
mode used after return on the old channel is the one that was used on it, 
not the one asked for in the assignment message. Whether in lhe case of a 
successful procedure or of return to the old channel, the interruption of 
the link layer may result in leaving n message sent by the mobile station 
in a non-acknowledged state. This situation i~ handled by the upper 
layeri.. as will be explained below. 

Once the mobile station has changed its settings to the ones 
corresponding to the new channel. il starts transmission and reception 
according to the transmjssion mode indicated in the RIL3-RR ASSIGNMENT 
COMMAND message. It must also establish a new signalling Link in 
acknowledged mode. The Specifications do not say whether this link 
layer establishment should be done first (before the transmission of any 
user data) or not. Anyway. once t11is link is established. the mobile 1:.tation 
sends an RIL.3-RR ASSIGNMENT cor-.tPLETE message to the BSC before 
any other message. Then, all the messages waiting for transmission can 
be sent: first the ones already sent on the previous channel bul still no1 
acknowledged. then the ones which have arisen during the procedure. 
The -;ame applies in case of return 10 the old channel. except that the f'irc;t 
message is an RrL3-RR i\SSIGNMENT FAILURE. 

A message sent by the mobile ,;talion before link interruption and 
not acknowledged then cannot be lost, but may be duplicated. RIL3-RR 
mess.age" are considered immune to duplication. and therefore no 
mechani::.m ha::, been introduced to cope wi t11 such duplications. This is 
worth remembering when new procedures are added in the ru1ure! The 
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way in which rhe BSC is implemented has also some impact. A "careful" 
BSC will postpone the sending of ru, RIL3-RR ASSIGNMENT COMMAND (or 
an RlL1-RR HANDOVER COMMAND) while it is wailing for the answer lo 
another RR command (e.g., for the start of ciphering!). 

In rhe case of upper layers, e.g., call control or mobility 
management. message duplication could in some cases be ham1ful. ln 
order lo avoid problems. correction is obtained by detection and 
suppression of the duplicated message. Detection is obtained through the 
use of a simple numbering scheme, the 1-bil sequence number referred to 
as N(SD) in the Speciftc01io11s. Thu; number is included in each upper 
layer message, and is changed for each new message. Since messages are 
sent and acknowledged one at a lime (window size I). 1his scheme is 
enough for the infrastructure to detect <.luplication. When it receives two 
successive messages with the same N(SD). it discards the second one. 
This task is performed at the RR level, but not in the SSC. lt is one of the 
task.s of the anchor MSC. which is the destination of upper layer 
messages sent by the mobile station. The reason why ii cannot be 
performed in the BSC is that it must be done at a point which remains 
stable when the transmission chain changes. and the reader will recall that 
the only stable part of an RR-session I im, in the anchor MSC. 

6.3.3.3. The Change of the Cipher Mode 

During the lifetime of an RR-session. the cipher mode may change 
on the radio interface. This procedure is not all that easy. As explained in 
Chapter 4. the cipher mode is applied to all transmitted infonnation, 
including signalling messages. Thus. a change of the cipher mode entai ls 
a signalling break. with a possibility of message loss. 

1n the ca,;e of subsequent assignment and handover. the problem 
raised by Lhe signalling break is solved through a full re-establishment of 
the signalling link. This is full-proof against call loss only because both 
the old and the new channels are available during the critical period. thus 
allowing the return to the old channel in case of problems on the new 
one. In tile case of a cipher mode change. it would be too costly to require 
the BTS ro perform reception in both modes (ciphered and non-ciphered) 
simultaneously, an<.l a different solution was adopted. lt consists of 
d ividing the procedure into three steps instead of two: 

• step 1: the BTS is configured to 1ransmi1 according to the old 
mode. and receive according 10 the new mode; 

• step 2: the mobile station is t:onfigured lo the rull (lransmission 
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Figure 6.27 - Cipher mode change: the 3 steps 

In order 10 cope with an interruption in the signalling link when a change 
of the cipher mode occur:.. the procedure is split into three steps. 

so that only one direction of the iran~miss1on will be in a critical Mate at each transiilon. 
The example shown here represents a transition from clear text to ciphered mode. 

and reception) new mode: 

• step 3: the BTS is configured to the full new mode. 

It can be accepted that steps 1 and 2 be inverted. but this results in 
an increased frame loss probability, since in this case both uplink and 
downlink messages would be lost between step I and step 2. whereas 
only downlink messages are lost in that phase with the given order. 

The critical period is split in two with such a mechanism. From the 
first to the second step. BTS to MS transmissfon functions correctly. but 
not in the other direction. This is sufficient for a downlink message 
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triggering step 2 to be repeated a number or times by the infrastructure. 
until received. Similarly. from step 2 to step 3. only MS to BTS 
transmission is correct. But this is sufficient for the mobile station to 
repeat the uplink acknowledgemen t message required after step 2, lo 
trigger step 3. ln no case does a single message loss jeopardise the whole 
connection . 

The procedure, shown in figure 6.27, rel ies heavily on the link 
layer mechanisms. namely the repetition of messages after a given 
timeout period. in the absence of an acknowledgement from the other 
side. Though not obvious. it can be shown through a careful study that. 
even with a window size greater than I . and/or messages waiting to be 
sent on the mobile station side, Lhe procedure terminates correclly even if 
the radio conditions are not perfect. Yet it should be noted at this point 
that the cipher mode change procedure can by itsel f cause the loss of a 
frame, and transmission is therefore marginally more sensitive to errors at 
the lime of a cipher mode change. 

Because of the strong requirement on the order of Lhe three steps 
listed above. and because ciphering i s implemented by the BTS on the 
infrastructure side, the procedure is not managed by U1e BSC, but by the 
BTS. The BSC transmits a single order Lo the BTS, which then runs the 
procedure, including its own configuration as weU as the one for the 
mobile station. As a matter of fact, the decision to change the cipher 
mode is taken by the MSC, and results in a cascade of messages from 
MSC to BSC, then from BSC to BTS, and lastly from BTS to MS on the 
radio interface. The whole chain is shown in figure 6.28. 

The BSSMAP CIPIIER MODE COMMAND message indicates the new 
requested mode. After having extracted the new parameters from this 
message, the BSC builds up an RIL3-RR CIPHERfNG MODE COMMAND 
message targeted at the mobile station and encapsulates it in an RSM 
6NCRYPTION COMMAND message sent to the BTS. 

The BTS rhen configures its reception ro the new mode and sends 
the encap$iu lated R1L3-RR CIPIJERJNG MODE COMMAND message to the 
mobile station using the old mode. When receiving it, the mobile station 
sets its configuration to the new mode and puts an R1L3-RR CIPI IERJNG 
MODE COMPLETE message in the sending queue. This message is not 
necessarily the first one to be sent in the new mode, as another one may 
be there, and the RTL 3-RR CJPI IERING MODE COMPLETE message has no 
particular priority. The main reason for the existence of 1his 
acknowledging message 1s to ensure that at least one layer 3 message is 
sent at thls moment, in order to u·igger the switching to the new mode in 
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Figure 6.28 - The cipher mode scuing procedure 

The procedure is initiated by lhll MSC. but all the synchronisation management 
is done by the BTS. which is in charge of ciphering/deciphering. 

The grey area corresponds 10 this management, as detailed in figure 6.27. 

Ihe BTS. It is when receiving any correcIJy decoded message (in the new 
mode). which implies Lhal Lhe mobile station has indeed correctly 
switched to the new mode, that the BTS switches fully to the new mode. 
Either then or afterwards. the RJL3-RR CIPHERING MODE COMPLETE 
me~sage is forwarded to the BSC. which translates it into a BSSMAP 
CIPHER MODE COMPLETE message lo indicale LO the MSC thal ils request 
has been fulfilled. 

The case when the MSC requires a new mode which is already the 
one in place has not been deall with. This omission is purposeful, since in 
this case 1he S1?ecificario11s impose that the whole procedure be run 
anyway. This requirement comes from the second meaning of the RIL3-
RR CIPHERING MODE COMMAND message. wllich is used to acknowledge 
an RIL3-MM CM SERVICE REQUEST (this will be explained ia Chapter 7). 
The cipher mode command procedure is then stridly speaking not only 
spread over the RR layer and the link layer, but also on the MM layer. 
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II is not possible 10 change 1he cipher mode when changmg the channel 
(a~signment or handover) for unclear rca!-ons (later phases may indeed remove this 
constraint). A mobile s1a1ion developed according 10 the phase I Specijicatinns must 
apply the same cipher mode on the new channel as was used on the previous one. and Lhis 
~ituation can lead to problem~ in case of collision between a channel transfer and a 
change or Lhe cipher mode. In order to avoid ~uch problems. a sequential approach 
between these two procedures must be sought by the BSC. 

6.3.3.4. Discontinuous Transmission Modes 

The Specifications do not indicate clearly whether it is aJtowed to 
change the discontinuous transmission modes during the lifetime of an 
RR-connection. The need can be identified, at least for the downlink 
discontinuous transmission mode. since this mode may depend on the 
correspondent and a single RR-session can be used for several 
communications in succession. lt should be noted as a preliminary remark 
that there is no need for the receiver to know beforehand whether the 
sender applies discontinuous transmission or not. Therefore, no specific 
procedure is required for the indication of rhe downlink discontinuous 
tTansmission mode Lo the mobile station or of the uplink discontinuous 
transmission mode 10 the infrastructure transmission devices. Means exist 
for the other cases. and will now be described. 

As far as the downlink discontinuous transmission mode is 
concerned. it must be ordered connection by connection by the MSC to 
the BSC. which configures tbe BTS. itself configuring the TRAU. It must 
be recalled at this stage that, on the transmitting side. discontinuous 
transmission does not only result in some frames not being sent. bul it 
also modifies the speech coding algorithm (e.g .. sending of comfort noise 
frames is clone only in discontinuous transmission mode). The initial 
command is issued through a downUnk discontinuous transmission 
indicator included in the messages used for the management of the basic 
transmission mode from the MSC (BSSMAP ASSIGNMENT REQUEST} and 
for channel activation LOward the BTS (RSM CHANNEL ACTIVATION). The 
TRAU. in turn, is configured through an in-band indicator set by the 
BTS. Means to change the downlink discontinuous transmission mode on 
an established RR-connection also exist. since the same indicator is also 
included in the RSM MODE MODIFY REQUEST. Besides. the BSSMAP 
ASSIGNMENT REQUEST message can be used by the MSC to trigger a 
discontinuous transmission mode change on the infrastructure side. As 
already mentioned, the mobile station need not be warned of such a 
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change. and no procedure has been defined on the radio interface for lhis 
purpose. 

The mobile station can be nrdercd ro use 1he discominuous 1ransmission mode in 
lhc uplink direclion as a cell op1ion. This view is consis1en1 with the cons1dern11011 of 
discontinuous transmission as a means 10 improve speclnil efficiency. bul it docs no, take 
in10 uccoum mobile stations or connections ut :in individual level. TI1e cell Opli()n,; are 
regularly broadcasI on the BCCH for mobile ~rations in idle mode. and Ihey a~ .tlso pan 
of 1hc ,general informntion sent 10 mobile station-. on their SACCH when they are in 
dedi,·atcd mode. The uplink di,co111inuous tran,mis~ion mode coultl thu~ at first sight be 
sci on a connection basis by this slow signalling method, and changed in the same way. 
However. the specil"ication of the RSM protocol requirei. 10 !\el 1he general inf,onnation 
message.~ sem on the SACCH on a transmiucr/receiver (TIU() basis. Thi'> ~rote of things 
is evc111 more fuzzy because of the presence of an uplink discontinuous transmission 
indicator {~ides the downlink one) in the CH,\.V.VEL MOOE information element. which h, 
contained in the mes~age!> for the management of the basic tmn~mission mode between 
BSC and BTS. The BTS ha,; no need to know whclhcr uplink discontinuous Ln111smission 
il, used or not; a possible ju,titication for the presence of this indicator would be Lo a~I.. 
the BTS lO modify the RlLl-RR SYSTEM t/1.l'0RMATIO, 6 ii "ends to the concerned mobile 
station. A point again-.1 1h1s in1erpre1:11ion i,; 1h111 the infmmation in the SYSlEM 

l'IFORMATION TYPE 6 mes~a.g:e ha~ three values (DTX mu!tl be applied, must not be applied 
or may be applied), wherea:, lhe information in the CII/\NNFI MODE:, information element is 
two-val u<!<L 

6.3.4. H ANDOVER EXECUTION 

The handover execution procedure enables the network Lo 
command a mobile staLion in dedicated mode to go onto another channel 
in another ceU. The handover execution procedure is very close to lhe 
subsequent assignment procedure. The fundamental djfference is the 
change of cell. The handover execution procedure di ff ere; majnJy from the 
subsequent assignment procedure by the Liming advance management. by 
Lhe need to transmi t some data specific lo !he new cell, and by a few 
limitallions. 

Basically the procedure was designed not to conl>train Lhe type or 
1he mode of the new channel. As for the assignment procedure. the type 
and mode or channel before lhe handover. or the type and mode of the 
channel after the handover can be anything. Or almost... lf the indicmive 
value of timer T3 I 24 (a Limer used on Lht:: mobile station side for 
handover between non-synchronised ceUs) as defined in TS GSM 04.08 
is applied by mobile stations in all cases, handover toward a TACH/8 
does not run properly: it is therefore not pa11 of Lhe test requirements for 
type approval of phase I mobile stations. This w ill be corrected in phase 
2. Yet a handover from a TACH/8 toward a TACH/F is possible. This has 
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some application. When a connection is establi-;hed, the ceU has been 
chosen b) the mobile station. While in connected mode, the cell is chosen 
by the network. The two cell choice algorithms are different. and hence 
may lead to different results in many cases. When this happens, and the 
initial channel is a TACH/8 whereas the needed channel is a TACH/F, a 
handover directly from the TACH/8 to a TACH/F in the right cell is 
quicker than performing a subsequent assignment first, and a handover 
next. This way of proceecting is called a "directed retry" (from the name 
of a similar action in analogue net works), and can be used also for 
congest ion cases. 

The handover procedure can be executed for different reasons, 
explained with.in the scope of the handover preparation function. But in 
all cases, the decision to attempt the handover of a given mobiile station is 
taken by the BSC. Once so done, and once the new cell (or a list of 
candidate new cells) has been chosen, the actual transfer must be co­
ordinated between the mobile station and the machines managing the old 
cell (BTS-old) and the new eel I (BTS-new). 

The handover procedure comes in several varietie~. according to 
two main criteria. 

The first criterion is related to the timing advance issue. and 
impacts only the "incoming .. part of the radio interface procedure, 
between the mobile station and BTS-new. As expressed in the functional 
description of the timing advance management (see page 346), two cases 
can be distinguished: 

• the mobile station is able to compute the new timing advance 
(to be applied with BTS-new). because the old and the new 
cells are synchronised (synchronous handover): 

• the timing advance must be initialised both at the mobile station 
and at BTS-new during the handover procedure (asynchronous 
handover). 

In a way. the subsequent assignment procedure can be considered 
as a third case, in which the timing advance is not changed. 

The second criterion concerns the location of the switching point in 
the infrastructure. This location impacts heavily Lhe procedures to be used 
bet ween infrastructure entities: the procedure on the radio path is not 
impacted by ~uch a consideration, except to distinguis~ the special case 
of intra-cell handover which uses lhe same procedure as for subsequent 
channel assignment. 
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MSCVUI 

, ":;V--

A 

1 BSC : intra-BSC handover 

2 MSC : lnter-BSS, intra-MSC handover 

3 anchor MSC : Inter- MSC handover (when MSC-old= anchor MSC), 
or subsequent inter-MSC handover (otherwise). 

Figure 6.29 - Posi11on of Ihe switching point aI handover 

The ~witching point depend!> on Ihe relative posi1ion in the infrastructure hierarchy 
of the BSCs conIrolling 1J1e two cell~. In all cases. the anchor MSC remain~ involved 

in 1he communication path. and there can be but only one other MSC in the path. 

In order to describe the different cases, the suffix "old" shall be 
used to refer to all functional entities along 1he communication path 
before the handover, and ·•new" shall be used for the path after handover. 
BTS-old, BSC-old and (transit) MSC-old represent the machines in 
charge of tbe old cell, and BTS-new, BSC-new and (transit) MSC-new 
the machines in charge of the new cell. It may happen that BSC­
old = BSC-new, or MSC-old= MSC-new. Regarding the relay MSC, it 
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must be recalled that Lhe anchor MSC. which originally established the 
RR-session, may be the same as MSC-old or MSC-new, or both. but may 
also be different. If Lhe call already goes through Lwo MSCs. Lhe anchor 
MSC and MSC-old are distinct. If a handover is needed toward a cell of a 
new MSC differenl from MSC-old, the switching point is the anchor 
MSC. Figure 6.29 shows the most complex case, when all entities are 
physically distinct. 

Whether synchronous or asynchronous. whether inter- or int.ra­
MSC, and wheLher inter- or intra-BSC. the execution of handover is 
composed of two main phases: 

• in a first phase. BSC-old triggers a set of events with the 
purpose of establishing the future communication path. Once 
this is done, this phase terminates wilh Lhe sending of a 
handover command to the mobile station; 

• in a second phase. the mobile station accesses the new channel. 
This access triggers the switch of paths in the infrastructure, and 
the release of the old palh. 

6.3.4.1. The Set-Up of the New Path 

Once the decision of handing over a given communication ha& 
been taken by BSC-old. this must be indicated to the switching point. The 
latter must in turn establish Lhe tenesLrial resources, if need be. up Lo 
BSC-new. signal to it to allocate a radio resource and more generally 
provide all impacted machines with the information they need for the 
handover and the future management of the connection. This infom1ation 
includes: 

• the transmission mode, used to choose and configure the 
transmission path in an appropriate way, including the new 
radio channel; 

• the cipher mode; 

• the identity of the origin cell. used LO determine whether the 
handover can be done in a synchronous or an asynchronous 
way: 

• the mobile station classmark, used for future management of the 
connection. 

Once BSC-new is aware of all this information, it is in a position to 
alJocate the new channel, 10 build the RIL3-RR HANDOVER COMMAND 
message and to transmit it to Lhe switching point, whicb in Lum will 
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Figure 6.30 - Handover execution sequence 

Once the handover decision taken. the se1-up of Lhe new path unfolds in four ~teps. 
to prepare for mobile station acces~. 

convey il to the mobile station along the old path, as shown in figure 
6.30. Let us study these steps and the respective variations in detail. 

From BSC-old to the Switching Point 

The purpose of this exchange is the transmission of the information 
that a handover is needed, and toward which cell (or cells). The different 
cases depend on the nature of the switching point (see figure 6.31 ): 

a. BSC-old is the switching point (BSC-old = BSC-new): 

this step is internal and does not raise any problem. 

b. MSC-old is the switching point (BSC-old '# BSC-new. MSC­
old = MSC-new): 

in a!J cases when the target cel l is not under its control. SSC-old 
sends a BSSMAP HANDOVER REQUIRED message LO MSC-old , 
containing the identities of the target cell (s) and of the origin cell. 
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(internal) 

BSSMAP 
HANDOVER 
REQUIRED 

► 
BSSMAP MAP/E PERFORM 

HANDOVER SUBSEQUENT 
REQUIRED 

► 
HANDOVER 

► 

Figure 6.31 - Handover requirement from the serving BSC to 1he switching point 

When applicable (depending on Lhe rela1ive posilion of the switching point). 
the BSSMAP HANDOVER REQUIRED message may be followed by 

a MAP/E PERFORM SU8SEQUE1'1T HANDOVER message. 

c. Anchor MSC is the switching point , and differs from MSC-old: 

the behaviour of BSC-old is the same as in the previous case, 
but the behaviour of MSC-old when receiving Lhe BSSMAP 

HANDOVER REQUTRED message is different. Il translates the 
message in a MAP/E PERFORM SUBSEQUENT I !ANDOVER message 
towards the anchor MSC. Both messages have similar contents. 
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Fro,n the Switching Point to BSC-new 

The purpose of this step is to establish the signalling pathway 
between the switching point and BSC~new, to prepare for the 
establishment of the circuit if need be and to provide the machines along 
the new path with the information they need. The events at this stage 
depend on the relative position of the switching point and BSC-new. as 
shown in figure 6.32: 

a. BSC-new is the switching point (BSC-old = BSC-new): 

this step is internal. The BSC is aware of all the relevant 
information since it already manages the current context of the 
connection. No terrestrial circuit needs to be allocated apart from 
the Abis circuit linked to the new radio channel. 

b. MSC-new is the switching point (BSC-old * BSC-new, MSC­
old = MSC-new): 

when receiving the indication that a handlover is required, MSC­
new establishes an SCCP connection towards BSC-new. This 
connection will be used throughout the life of the new RR­
connection. MSC-new then transmits a BSSMAP HANDOVER 
REQUEST message to BSC-new. including the infonnation on the 
cells (both origin and target cells), the transmission mode (derived 
from the present needs, hence possibly differing from the 
characteristics of the connection established lh.rough U1e old cell). 
the cipher mode (which must be lhe same as in the old cell, since 
the mobile station will assume so). the classmark and finally the 
reference of the terrestrial channel between MSC-new and BSC­
new if need be. 

c. Anchor MSC is the switching poinL. and differs from MSC­
new: 

this corresponds to the most complex case. The tasks of the 
anchor MSC cannot be done in a single step as in the previous 
case, because the new communication path between the anchor 
MSC and BSC-new (through MSC-new) may transit via lhe PSTN 
or the ISDN. Standard inter-switch procedures must therefore be 
used, which are part of TUP or ISUP (or national variams of them). 
These protocols do not provide the means to convey the relevant 
GSM information. They are therefore only used for circuit set-up 
and MAP/E procedures are used for the specific handover 
signalling needs. 



BSC-old 

RADJO ReSOURCE MANAGEMENT 

Switching 
point 

BSC-new 

A handover is required 
➔ 

Start of path 
establishment 

Handover command to 
MS 

End of path est., and 
handover command to 

MS 

anchor 
MSC 

MSC-new BSC-new 

(internal) a) 
BSSMAP 

HANDOVER 
REQUEST ► b) 

MAP/E PERFORM 
HANDOVER 

BSSMAP 
HANDOVER 
REQUEST 

Figure 6.3:? - Start or path esrnblishment al handover 

Tine new path is established stan ing if applicable 
with the channel on the new A interface. 

It is Lriggered by a message coming from Lhe anchor MSC. 

c) 

Only in the next step will the actual circuit between anchor and relay MSC 
(MSC-new) be established ii applicable. 
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The anchor MSC provides the required information to MSC­
new through a MAP/E PERFORM HANDOVER message: when 
receiving it, MSC-new establishes an SCCP connecLion with IBSC­
new. allocates if need be a circuit on the A interface and transmits 
a BSSMAP HANDOVER REQUEST message to BSC-new, containing 
the information received in the MAP/E PERFORM HANDOVER 
message. as explained in case b. 

From BSC-new Back to the Switching Point 

At this point BSC-new must try to al locate the radio channel. This 
procedure results in either a positive or a negative answer. Unless 
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otherwise specified. queuing should not be applied. because other 
machines are waiting for the answer, and timers are running. Negative 
cases will be dealt wit11 further on. As for the .. happy-ending" case, when 
a channel can be activated and the corresponding device in BTS-new is 
ready for mobile station access (an exchange of RSM CHANNEL 
ACTlV A TION and RSM CHANNEL ACTl V ATION ACKNOWLEDGE takes place 
on the (new) Abis interface), BSC-new builds up Lhe RIL3-RR HANDOVER 
COMMAND message and transmits it to the mobile station, via the 
switching point and the old resources. It should be stressed that it is BSC­
new which builds this message (which will be eventually sent by BSC­
old). and thus decides for instance whether the handover will be 
synchronous or asynchronous, chooses the handover reference, and the 
initial MS transmission power. In fact. one may consider that BSC-new is 
in charge of the mobile station from this very moment. 

There again, different cases arise depending on the respective 
positions of BSC-new and the switching point, as shown in figure 6.33. 

a. BSC-new is the switching point: 

at this point in time. both terrestrial paths are set-up. towards 
the old and the new BTSs. 

b. MSC-new is the switching point: 

BSC-new encapsulates the ril1-rr handover command message 
in a bssmap handover request acknowledge message. Nothing else 
needs to be done at this stage. since the terTestrial parh is already 
completely established. 

c. The anchor MSC is the switching point. and differs from MSC­
new: 

BSC-new acts as in case b above. When receiving the BSSMAP 
HANDOVER REQUEST ACKNOWLEDGE message. MSC-new inserts 
the included Rll.3-RR HANDOVER COMMAND message in a new 
envelope. the MAP/E PERFORM HANDOVER RESULT message. This 
message contains a telephony-like number (provided by MSC­
new) to allow the anchor MSC to set up a circuit through nom1al 
!SUP or TUP means. This handover number is allocated solely 
for the anchor MSC to establish the circuit with MSC-new, and 
serves as a reference for MSC-new to link the context with the 
incoming circuit. The same MAP/E exchange {PERFORM 
HANDOVER and its RESVL T) serves both purposes of providing !he 
information needec.l for circuit establishment and carrying the RJL3-
RR HANDOVER COMMAND message back. ready to be sent 10 the 
mobile station along the old path. Upon receipt of the MAP/E 
PERFORM IIANDOVER RESVL T message, the anchor MSC is able to 
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Figure 6.33 - End of path establishment al handover 

Once BSC-new has eslablishec.l the new radio channel 

b) 

c) 

(and corresponding resources in the new BTS and on the new Abis interface), 
it acknowledge!> tile llSSMAP IIANOOVER REQUEST message, 

which then triggers in tum and if applicable the set-up of the circuit 
between the ancltor MSC and the new relay MSC when 

1hc MAP/E PERFORM HANDOVER RESLJLT message hos been received. 
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set-up the communication with MSC-new, through, e.g .. the 1AM 
and ACM messages of ISUP. 

Depending upon implementation choices for the switching 
machine. the paths can be at this stage linked in a two-way conference 
bridge. a one-way conference bridge or not linked at all. In the first two 
cases, downlink user data is transmitted to the mobile station via both 
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MSCV~ 

Ci 
Figure 6.34 - Conference bridge in the BSC for handover 

I hlndover perfonnance can be improved by 1he insenion ai Ille BSC 
of a conference bridge. either one-way (downlink) or Iwo-way, 

so that both paths of an inira-BSC handover 
may be connected in parallel to the same connection t0wards the MSC. 

BTSs. In lhe first case only. the two uplink flows are combined into a 
single one towards the other correspondent (see figure 6.34). IL is feasible 
to insert such a conference bridge only in some cases, for instance when 
the transmission mode is speech and the transcoders on the old and new 
paths are different (i.e., speech is caJTied at 64 kbit/s at the switching 
point). 

From the Switching Point to the Mobile Station 

The last step of the first phase of handover execution consists 
simply in sending the RIL3-RR HANDOVER COMMAND message to the 
mobile station, as shown in figure 6.35. according to the three following 
cases: 

a. BSC-old is the switching point (BSC-old = BSC-new); 

b. MSC-old is the switching point (MSC-old = anchor MSC); 

c. the anchor MSC is the switching point, and differs from MSC­
old. 
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Figure 6.35 - Sending bad., of 1he IIAIIIDOVER COMMAND 

As a last seep in the network before mobile station access on the new channel. 
the RIL3-RR HANDOVER COMMAND message is sen1 to the mobile Station. 
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The RJL3-RR HANDOVER COMMAND message is carried over the 
different interfaces in a variety of differenL envelopes, as shown in Lable 
6.8. which also summarises the transfers already mentioned in the 
previous paragraphs. 

The RJL3-RR HANDOVER COMMAND message identifies the new 
cell only through its beacon frequency and its BSIC. This is sufficient for 
the mobile staLion, and the full cell identity will be read later by the 
mobile station on the SACCH sent by BTS-new. 
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Interface Encapsulating message 

between BSC-new and MSC-new BSS\1AP HANDOVE.R lmQUE.<;T •\C"KNOWIEOGE 

between MSC-new and anchor MSC MAP/E PERFORM HANDOVER RESUL'! 

bt'twccn am.:hur MSC am.I MSC-ult! MAP/E PCRFORM SliBSEQ\IENT HANDOVER 
RESULT 

between MSC-old 11nd BSC-old BSSMAP HANDOVER COMMAP\0 

Table 6.R - The I ransfcr of the RIL.3-RR IIA"lOOVER CO\IMANO message 

The message aimed at the mobile station contains everything 
the mobile s1ation may need to itcccss the new channel. and is carried 

unahered in a variety of encapsulating mes~ages over the terrestrial interfaces. 

Not so Successful Alternatfres 

A number or obstacles may block lhe smooth succession of events 
as described above. The main obstacle is the non-availability of radio or 
terre!.trial resources. In tJ1is case. an unsuccessful indication is carried 
back from BSC-new. Considering the longest path, a BSSMAP HANDOVER 

FATLURE message is transmitted from BSC-new to MSC-new. which in 
turns triggers backward messages as shown in figure 6.36. Alternatively, 
a watchdog timer may expire in BSC-oh.1, resulting in a similar situation. 

Two possibilities ca.n be envisaged. Either a new handover attempt 
cowards the same cell is performed after some lime, or a handover 
towards another cell is attempted. ln the first case, the failure indication 
goes all the way back to BSC-old. which will re-initiate tJ1e handover 
process when it decides so. All resources which have been allocated 
along the new path are released. The second case can also be treated chis 
way. However, an alternative exists in U1e Specifications, whereby BSC­
old may provide MSC-old with an ordered list of suitable target cells (this 
applies as already mentioned mainly in the case of rescue handovers. 
when staying in the old cell is no! going Lo be a good alternative to the 
first target cell). This list is not conveyed to the anchor MSC if MSC-old 
differs from it and is the switching point. The failure indication. when 
reaching MSC-old. will therefore trigger a handover attempt towards the 
next cell in the list Only when all cells have heen tried in vain will BSC­
old be given the railure indication (and the full control of the connection 
back). Thii. possibility of multiple cell choice in the BSSMAP IJANDOVER 

REQUIRED message is an option for the BSC. Speed requirements tend to 
favour the multi-cell approach, whereas the optimisation of cell allocation 
favour!> the single cell approach. since only BSC-old is in a position to 
change the cell list according lo up-to-date measurements. 
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The failure indication goes nil the way back to BSC-old as shown, so that 
the decision to retry or perform another action C<\11 be made. 

Alternatively. MSC-old may attempt handovers toward 01her cells 
if it is in possession of a list of candidate target cells. 

409 

6.3.4.2. Mobile Station Access and the Conclusion of the 
Procedure 

The mobile station is completely unaware of the infrastructure 
processes and decisions until it receives lhe RLL3-RR HANDOVER 
COMMAND message. As aJready mentioned. this message contains aU the 
information characterising transmission on the new channel (except for 
the cipher mode which is assumed to remain the same as on the old 
channel). and Lhe data needed for the access procedure. In particular, it 
indicates to the mobile station whether the synchronous or asynchronous 
handover procedure should be followed. In both cases. thanks to pre­
synchronisation, the mobile station is able lo synchronise itself quickly 
on the new channel and starts reception immediately. fl will actually 
receive speech or data from this point, if applicable and if Lhe switching 
point uses a conference bridge. 
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Figure 6.37 - Access in the case of an asynchronous handover 

Only following reception of RIL3-RR PIIYStt'AL INFORMATtQ", mes~ages 
does the mobile station ~witch to normal transmission mode 

with rhc timing :1dvancc a, indicated. 
nnd sends nn RIL3-RR IIANDOVl'H COMPLETF. message llfter having 

estitblishcd the SAPJ 0 signal ling tin!,.. on rhc new dedicated channel. 

As far a~ transmission from the mobile station is concerned. tJ1e 
Lype of handover intervenes. In tlle case of a synchronow, handover. the 
mobile station first sends a few access bursts (the RIL3-RR IIANDOVER 
ACCF.SS message). then starts normal transmission by applying chc 
computed timing advance. I f the handover is an asynchronous one (see 
figure 6.37). the mobile stalion continues to send access bur-,ts until it has 
received an RIL3-RR PIJYSICAL INFORMATION message from BTS-new, 
conveying the actual timing advance to apply. Only then does it sta11 
normal transmission. In both cases, the RIL3-RR IIANDOVER ACCESS 
message on ly contains an 8-b1t handover reference. This message is the 
only case where short accesi. bursts are used on a dedicated channel. The 
handover reference (not to be confused with the handover number} is part 
of the data transmitted to the mobile station in the RIL3-RR IIANDOVER 
COMMAND message and can be used by BTS-new as an additional ched, 
that the accessing mobile station is indeed the expected one. 
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The RTL3-RR PHYSICAL INFORMATION me~sage is the only case in 
the Specifications where a message above the link layer is sent as an 
autonomous decision by lhe BTS. This departure from the general rule is 
justified by perfomrnnce requirements. For efficiency reasons. the RIL3-
RR PHYSICAL INFORMATION message may be sent several times in a row. 
unlit lhe reception of nom,al bursts from the mobile station makes it clear 
to BTS-new that it has received the message. This would not have been 
so easy if the RIL3-RR PHYSICAL INFORMATION message had been sent by 
the BSC. 

The BTS may as an option indicate to the BSC that it has received 
adequate RIL3-RR HANDOVER ACCESS bursts on the allocated channel, 
through an RSM HANDOVER DETECTION message; BSC-new may in tum 
pass the indication on lo MSC-new through a BSSMAP HANDOVER 
DETECT message. This mechanism allows the switching point (except in 
the case when it is the anchor MSC. because the information is not 
carried by the MAP/E protocol) ro switch the communication path at this 
moment without waiting for the full completion of the procedure. 

When it i-; in normal transmission mode, the mobiJe station sets the 
link layer to acknowledged mode for signalling messages by sending an 
SABM frame answered by a UA frame. The mobile station then sends an 
RlL3-RR HANDOVER COMPLETE message, which will be carried by the 
infrastructure up to the switching point. when applicable Lhrough a 
BSSMAP I IANDOVER COMPLETE message from BSC-new to MSC-new and 
through a MAP/E SEND END SIGNAL from MSC-new to anchor MSC. The 
switching point will release the previous path by sending appropriate 
messages (1IAP/E SEND END SIGNAL RESULT from anchor MSC 10 MSC­
old. and BSSMAP CLEAR COMMAND from MSC-old LO BSC-old), relayecJ 
up 10 SSC-old which releases the previous radio channel held up until 
this point. The release of resources which 1hen takes place on the A 
interface. the Abis interface and at the BTS have no specific differences 
compared 10 an RR-session 1ennination. 

The sending of the handover complete indica1ioa !riggers Lhe 
switching of paths between the old and the new one. if this has no1 
already been done (e.g .. upon access detection on the new channel). The 
ques1ion of the necessity of the handover complete indication can be 
raised at this point: why is there a need of a rwo-srage mechani<;m'? The 
difference beLween the acce<;s and Lhe completion is that only the latter 
triggers the release of the previom, channel. Only when it sends the RIL.3-
RR HANDOVER COMPLETE message docs the mobile station abandon all 
possibility of returning 1.0 the old channel. The first siage was added ro 
,horten 1he inle1Tuption time. 

The return on the ol<.I channel in case of problems is similar lo the 
subsequent assignment case; only the name of the message changes: 



412 TilE GSM SYSTEM 

RIL3-RR ASSIGNMENT FAILURE in one case, RIL3-RR IIANDOVER FAILURE 
in the other. When this unsuccessful outcome arrives, BSC-old is advised 
and transmits the information up to the MSC-old if appHcable, through a 
BSSMAP HANDOVER FAILURE message. The MAP/E protocol introduces 
some limitations. When the anchor MSC is different from MSC-old, there 
is no means of passing on tltis infonnation between MSC-old and the 
anchor MSC. since no message exists on MAP/E !'or thh, purpose. The 
only way for the anchor MSC to react in this case is through timer expiry 
upon non-reception of a message from BSC-new indicating the 
completion of the handover. Whatever the means by which it recognised 
a failure condition, the switching point releases the new path, using 
normal r elea_<;e procedures, anti it is up Lo BSC-old tu decide what aclion 
to perfom,, e.g .. make another handover attempt. 

An intra-BSC handover is usually performed autonomously by Lhe 
BSC. As explained in the handover preparation section, it is a BSS 
implementation option not to involve the MSC (the one in charge of the 
BSC) at all in the decision when the best cell, as seen from the BSC, is 
also under the control of the same BSC. In this tase, the whole handover 
wi ll unfold without any knowledge of the MSC. Jn order to advise it that 
a handover has occurred successfully, a BSSMAP IIANDOVER PERFORMED 
message is sent from the BSC to the relay MSC, possibly relayed by a 
MAP/ENOTE INTERNAL HANDOVER message from the relay MSC to the 
anchor MSC when they differ. This message may also be sent in the case 
of a handover internal to the relay M SC (case when MSC-new = MSC­
old -:;, anchor MSC). The sending or not of thii. MAP/E message depends 
on Operation and Maintenance requirements. 

6.3.5. CALL RE-ESTABLISHMENT 

Jn a radio mobile environment. there is always some risk that a 
connection will be suddenly cul. This may happen because of a brutul 
propagation loss, due to obstacles such as bridges. tunnels, or simply 
buildings in the case of handhelds. But another cell could often be used to 

continue the communication either immediately or after a very short time 
(think about a short tunnel through a hill). 

The handover preparation and execution are a means of limiting 
the occurrences of call loss, but they caru,ot c;uppress them totally. ln the 
fuLUre. when cells become smaller and smaller. the rbks will increase. 
The performance achieved by handover algorithms running on lhe 
network side will then lessen, in prcdic1ion accuracy as well as in reaction 
time. and connection lose:: probabiLi1y wil l increase. The mobile station 
has in fact some ways to detennine that a handover is needed. and may be 
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more efficient in these cases. In some systems crafted for a microceU or 
pico-cell environment. all handovers are triggered by the mobile station 
alone. However. network handover control has many advantages when it 
can be applied: this stems from the obvious fact that tbe network has a 
much better undcrsranding of the general situation than any single mobile 
station. Call re-establishment may then be considered as a kind of mobile 
station triggered handover, but limi ted to Lhe extreme case of rescue 
handover when communication with the current cell is effectiveJy lost. 
One could foresee that the importance of this feature will grow in the 
future. For instance. it can be imagined lhat in some environments the 
procedure will be triggered sooner, so as to improve the system 
performances where network triggered handover wi ll have shown its 
limits. 

Despite these considerations. the call re-establishment procedure is 
a poor relative in the GSM procedure tribe. and has serious Limitations in 
phase I. Let us see what there is of it. 

As a general point, it should be noted that the call re-establishment 
procedure is not a full-blown RR procedure. We will see iJ1 this section 
messages from the RIL3-MM protocol. Only because of its kinship with 
handover do we present the re~establishment procedure in this chapter 
and not in Chapter 7. 

Call re-establishment has two parts. The mobile stat.ion has the 
leadjng role in the first one. which is very close to an access procedure. 
The second pan is the network's, and consists in the recovering of upper 
layer contex ts. 

The closeness of call re-establishment with initial access is quite 
norn,al, because the mobile station has to start from scratch. The 
differences are important, and come mainly from the requirement for 
speed: when a connection is lost, a timer starts ticking in the anchor 
MSC, and at its expiry everything related to the moribund connection is 
erased. As a consequence, any fraction or second lost in the call re­
establ ishment procedure increases the risk of total loss. 

The first issue is to determine the new cell. The speed requirement 
limits the choice to the neighbouring cells already known and with which 
the mobile station is pre-synchronised, because finding new cells and 
getting synchronisation may take seconds. The selection rule is to just 
select the one with the highest signal strength. The parameters to compute 
the different radio criteria (lhe C /' s of the possible cells. which will be 
described in Chapter 7) as for idle-mode cell selection are not known. and 
receiving them takes time. The Specifications nevertheless require the 
mobile station to check the radio criterion for the chosen cell. This 
constraint forces the mobile station lo wai t for the reception of a BCCH 
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message containing the required parameters. and this can take up ro three 
quarters of a second (if the first decoding attempt succeeds!). Another 
fom,ality has to be checked: Lhe chosen cell must not be barred, and call 
re-establishment must be allowed in it. The corresponding indications are 
part of all BCCH messages, so that this checking does not add any more 
delay. 

After having received the required BCCH message, and checked 
the radio criteria and auU1orisations, the mobile station sends an access 
request on U1e RACH. Though not specified in lhe Specifications (as 
many other small details or the procedure), it seems that it is allowed to 
use the RACH on TN 0. even if there are others. The access request 
indicates the reason for access (i.e .. call re-establishment), so that the 
network is aware of the critical nature of the request. The required 
channel is not indicated, but the network can easily play safe and allocate 
a TACH/F. 

The initial message is an RIL3-MM CM RE-ESTABLISHMENT 
REQUEST. Its inforrnatfon contents are minimal: the subscriber identity 
and Lhe classmark. The mobile station docs not volunteer anything else, 
and the network has to use this to fmd out everything about the los1 
connection! Among the conspicuous missing da1a known directly or 
indirectly by the mobile station are the cell with which the connection 
wa~ lost, tJ1e identity of the anchor MSC and the required type and mode 
or the channel. 

1n any case, the only case catered for by phase I protocols is when 
the new cell and the previous ones are managed! by the same MSC. The 
anchor MSC is then implicitly detcm,ined. Moreover. even if the 
previous cell was known, it would be 10 no av:ail since no mechanisms 
have been included to recover the RR-session except when the new MSC 
is the anchor MSC. An inference is that call re-establishment is 
impos~ible when there is a relay MSC. 

The fact that the required type of channel is not given by the 
rnob1lc station hW> no clear explanation. This is a source of dela>, becau~e 
the BSC has to wait for the indication from the MSC to allocare the right 
type of channel. Unless. as already mentioned. if the BSC gambles and 
ini1ially allocates a TACH/F. 

The recovery of the contexts is then entirely an MSC issue, and 
must be <lone with only I.he subscriber identity 10 start with. From thi!) the 
MSC must 11nd the old context (if it still exists-it could have been 
erased after a timer expiry. or simply because the correspondent was not 
paticm enough). Then the MSC performs an assignment procedure and 
possibl) u ciphering start procedure, telling the BSC the type of channel 
required, the mode. and so on, and allocating U1e BSC-MSC terrestrial 
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route when need be. The MSC may even choose to perform an 
authentication despite the incurred delay. The BSC lhen performs the 
needed procedures within lhe BTS and with the mobile station 
(subsequent assignment. ciphering start, mode modification, ... ). Only 
then can an RIL3-M?-.1 CM SERVICE ACCEPT message be sent to the mobile 
station, and the end to end communication resumed. Let us note tha1 
means for the network to reject the request have been foreseen. The RIL3-
MM CM SERVICE REJECT serves this purpose (in particular with the cause 
·'call cannot be identified", which is likely to be used a lot). 

A number of other fuzzy points exist in the Spec~fications. They 
include in particular. the recovery of several CM-transactions and the 
corresponding transaction identifiers (see Chapters 5 and 8). and. more 
important, all 1he cases of collision, when the connection loss happened 
during an ongoing procedure in any layer. Another issue is the release of 
the old path. As far as can be analysed. the anchor MSC can and should 
release it once aware of the re-establishment attempt, even if in the same 
BSC (or the same cell). 

One wonders if call re-establishment will really be used in phase J. 
This is hopefully an area in which the future phases of the Specifications 
will bring improvements. 

6.3.6. RR-SESSION RELEASE 

When all needs for an RR-session have disappeared, for inswnce 
because a location updating procedllre has ended, because a call is 
tenninated. or because of a failure, the mobile station musl go back to 
idle mode and the resources must be released, in order to be free for 
allocation for other needs. This release mechanism is done through a so­
called "normal release" procedure, which is always triggered by the 
anchor MSC. 

If distinct from the relay MSC. the anchor MSC releases the RR­
session by sending a MAP/E SEND END SIGNAL RESULT to the relay MSC 
on one hand, and by releasing the circuit if present. through ISUP release 
procedures. 

The next step is the BSSMAP CLEAR COMf\tAND message sent from 
relay MSC to BSC. This message may b4? piggybacked on an SCCP 
RELl:.ASE message releasing the SCCP connection. ln lhis case. the BSC 
acknowledgement (BSSM/\P CLEAR COMPLETE message) must be 
piggybacked on the SCCP Rl:.LEASt::. COMPLETI:: message. The clearing 
actions of the BSC can take place in parallel with the sending of lhe 
BSSMAP CLEAR COMPLETI:. mes!)age. since the Specificatio11s do not 
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CHANNEL RELEASE 

link d1soonnect1on: 
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CLEAR jlGNAL RESULT < COMMAND ~ 

CLEAR 
COMPLETE ► 

Figure 6.38 - The nonnal release procedure of an RR-se:;sion 

Nom1al release i\ always t:rig1,?cred by lhc anchor MSC. but the BSC manages the return 
of the mobile station 10 idle mode before releasing the BSS resources. 

impose any specific order between these two actions. Once the BSC has 
ordered the mobile station to go back to idle mode through an RIL3-RR 
CHANNEL RELEASE message, the mobile station disconnects the signalling 
link, and this event is reported by the BTS to the BSC through the RSM 
RELEASE INDICATION message. The Specifica1io11s include a number of 
timers and repetitions in order to ensure that whatever frame losses may 
occur during this period the mobile station eventually goes back to idle 
mode and stops using tl1e channels. This is of prime importance to avoid 
allocating a channel to a mobile station when another mobile station may 
still transmit on this same channel. Only when the BSC is sure LhaL Lhe 
mobile staLion has lefL will it de-activate Lhe BTS device, Lhrough the RSM 
RF CHANNEL RELEASE / RSM RF CHANNEL RELEASE ACKNOWLEDGE 
exchange. The con-esponding radio channel is then considered as pa11 of 
the pool of free channels by the BSC. The whole procedure is illustrated 
in figure 6.38. 

An RR-session may also be released in other conditions, for 
instance when the infrastructure has lost actual contact with lhc mobile 
station. Such a situation may arise when propagation conditions are bad, 
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or when the interference level is too hjgh. One role of handover is to cope 
with such cases, but this is not always possible. e.g., when the user bas 
gone out of coverage (in an underground car park for instance), or 
switched off his mobile station in the middle of an RR-session. Such 
cases must be detected, in order for the infrastructure to free the 
corresponding resources. 

The mechanism specified in the Specijicarions for this purpose con~ists in havmg 
both the mobile star ion and Ihe BTS monitor the message loss rate on the SACCH. Lei u~ 
recall that messages are sent regularly (about Iwice per seconu) in both directions of Ihe 
SACCH, lhroughou1 1he life of a connection. A powerful error detection mechanism has 
been included in ~ignalling messages. enabling the receiver to estimate message loss. This 
estimation is done through a counter. incremented in case of a correcIly received block 
und decremented in the other case (see figure 6.39). When the counter reaches a 
minimum threshold, che link is considered as broken. On the mobile '>tauon side. chis 
event leads to a return to idle mode (1he mobile srnhon may subsequently allemps a rc­
esrnbltshmenr. !.Ce page 412). The infrastructure ii. able 10 aujust the mobile station 
behaviour, in order to allo\\ line tuning on a cell basis, although it seems unlikely that 11 

will be necessary 10 manage differences between mobile stations. The relevant parameters 
are sent regularly on the SACCH as well ~ on ihe BCCH. Setting them lo satisfying 
valuei. mu'\t be done through field experiments 111 operational networks. On the 
infrastructure ,;ide. the counter is in the BTS and the failure indicalion is given 10 the BSC 
Ill an RSM C'ONNECTION FAILURE INDICATION message. 

radio link counter 

4 RADIO LINK TIMEOUT 

- decoded 
CJ expec1ed, bul not decoded 

fink deemed broken 

Figure 6.39 - SACCI I coumer for link management 

A counter enables each receiver 10 estimate the fmme loss rate on Ihe SACCH 
(downlink for the mobile station, uplink for the infrastructure). 

When this counter reaches O. 
the link is deemed broken and actions are taken to release the resources. 



418 Tl IE GSM SYSTEM 

While the detection of transmission IOS!> simply triggers the mobile 
station to abandon the connection and return to idle mode. things are a 
Litlle bit more complex on the infrastructure side. Since both directions of 
transmission may experience different qualities. reaching the threshold in 
the uplink direction does not necessarily imply that the mobiJe station 
also experiences a break of the link. The infrastructure must nevertheless 
make sure that the mobile station leaves the channel before deeming the 
channel to be [ree. The BSC therefore commands the BTS to stop 
transmission of downlink SACCH frames (by an RSM DEACTrVATE 
SACCH message). so that the mobile station counter will inexorably reach 
the minimum threshold afler some given Lime. The monitoring of the 
uplink channel may take place either in the BTS or in the BSC. ln the 
first case, the BTS may report the loss of the link through an RSM 
CONNECTION FAILURE INDICATION message to the BSC. 

Once the link failure is detected and notified to the relay MSC 
through a BSSMAP CLEAR REQUEST message, the same A interface 
exchange takes place as in the case of normal connection release. i.e., the 
MSC sends a BSSMAP CLEAR COMMAND message, answered as expected 
by a BSSMAP CLEAR COMPLETE message from the BSC. 

6.3. 7. LOAD MANAGEMENT PROCEDURES 

A few procedures in the RR plane allow the MSC and the BSC to 
deal with overload situations. They include means LO exchange 
infom1ation between machines so that each one gets the info1mntion it 
needs about the current load situation: and means to act so as to limit the 
effect of the overload. Procedures dealing with load management appear 
in two main areas: RACH and PAGCH load, and TCH load. 

6.3.7.1. Load on Common Channels 

Some information concerning the load on the RACH and on the 
PAGCH could be inferred by the BSC from the requests iL sends to. or 
receives from. the BTS. Still. the BTS is in a better position to assess the 
exact load on these channeb.. 

A message, RSM CCCII LOAD INDICATION, has thus been introduced 
in the RSM protocol. to enable the BTS to send some infom,ation about 
the RACH and PAGCH loads 10 the BSC. The conditions for sending this 
message are set through the Operation Sub-System~ it can be regularly 
sent, or only when th<.' load on one of the channels b above some 
threshold. The message pertains Lo a single pair RACH/PAGCH. 
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The BSC may use this information to change the RACH load 
control parameters included in the corresponding BCCH. and to modify 
it"i assignment priority rules. 

6.3.7.2. Load on Traffic Channels 

The number of dedicated channels of each sort currently allocated 
in a cell is known by the BSC. This infonnation may also be useful Lo the 
MSC, for instance to balance the traffic between cell s. The number of 
TACH/F (and in phase 2 of TACH/H) currenlly allocated can be 
indicated to the MSC with a BSSMAP RESOURCE INDICATION message. 
The message can be sent in various cases, which are controlled by the 
MSC and indicated wilh a BSSMAP RESOURCE REQUEST message. The 
MSC can ask for one single immediate message: for regular sending; or 
for spontaneous sending when some condi tions are met (these conditions 
are set through the OSS). 

The MSC can do many things to limit useles~ signalling towards 
the BSC. However, the resource indication function was introduced 
mainly co support traffic handovers under the control of the MSC. In case 
of an overload condition local to a cell, handovers can be used to balance 
the traffic between cells. This is the purpose of the " handover candidate 
enquiry" procedure, which is used when the overloaded cell has 
neighbour<; under another BSC. Only the (relay) MSC is in a position to 
know which of the neighbour cells can take over a part of the load. By 
sending a BSSMAP HANDOVER CANDIDATE ENQUIRY message. the MSC 
indicates 10 the BSC that it would be beuer for traffic balance to hand 
over a given number of connections from one cell to other cells in a given 
list. When the BSC is done with the consequences of this message 
(precisely after having sent one BSSMAP HANDOVER REQUIRED message. 
with the appropriate cause. for each of a number of connections). it sends 
a BSSMAP CANDIDATE RESPONSE message. What Lhe BSC must do is not 
specified in detail. As already mentioned. traffic balancing is 
contradictory with the choice of the cell for spectral efficiency reasons, 
and the action of the BSC must be designed with care. to avoid having 
the banded-over connections handed back a few seconds later because of 
radio criteria. lt may be noted that an alternative strategy to solve traffic 
imbalance is co use Lhe OSS to control handovers directly via the BSC. 
This uses the parameter modification procedures discussed in Chapter 9. 
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6.3. 7 .3. General Overload 

In addition to the specialised procedures described above, the 
BSSMAP and the RSM contain a number of procedures to cope with 
overload in general , whether of transmission resources or computation 
capaci ty. The Specijication~ describe lhe messages conveying lhe 
information from MSC to BSC, from BSC to MSC (BSSMAP OVERLOAD 
and from BTS to BSC (RSM OVERLOAD) that the recipient must ''reduce 
the traffic". 

The purpose of overload comrol is to reduce lhe Lrnffic as close to its source as 
possible. Let u~ examine the different case.,: 

• BTS to BSC: IL is not clear how u BTS can be overloaded otherwise than on 
the common channel, (and this is dealt with by specilic procedures), ~ince a 
BTS is nonnally designed to cope wi1h rhe simultaneous usage of all its radio 
channel:,. The only thing it ~ccms the BSC couJd do in answer Lo an RSM 
OVERLOAD me~!iage is 10 con~ider that only a ponion of the channels can be 
used~ 

• BSC to MSC: The only lraftic on 1he A intl!rface established under the control 
of tJ1e MSC concerns 1he mobile terminating calls. A possible reaction of the 
MSC to the BSSMAP OVERLOAD message is then to reject a portion of the 
mobiJc temunating calls rather than to send the paging messages, On lhe other 
hand, this can be done by the BSC, and with a better correlation with 1he 
conge~1ed cells; 

• MSC to BSC: An MSC ov<.'rload indication can be used by the BSC to reduc<.' 
the number of mobile srntion accesse\ i1 accepts. by using one of the various 
means described on page 370. 

6.3.8. SACCH PROCEDURES 

When the mobile station is in dedicated mode, it is always 
alJocated a bi-direclional channel of limited capacity (the SACCH), in 
addilion to the main channel conveying the infom1ation for which lhe 
connection exists. The SACCH is used for a variety of funclions. The 
main item, which justifies lhe existence of the SACCH, concerns the 
continuous monitoring of the connection in a mobile environment: 
transmission power control. timing advance control und measurement 
reporting. The second role of the SACCH is to convey general 
information to the mobile station. 

6.3.8.l. Radio Transmission Control 

In the downlink direction, the SACCH carries lhe commands 
related to power control and timing advance. These command-. from the 
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network are carried in Lhe so-called LI -header. or layer I header, 
meaning that this infoffilation pertains to the physical layer in the radio 
path protocol architecture. and is Lherefore formatted ouLside the scope of 
the link layer, independently from the messages carried inside link layer 
frames. The required power control level and timing advance are then 
sent once per SACCH message, i.e .. about twice per second. ln the uplink 
direction. the same header exists, and contains the corresponding 
"acknowledgement" by the mobile station. It is coded in a simi lar way, 
and includes the values of the two parameters in use aL the end of the 
preceding measurement period. The actual liming advance used should be 
equal LO the one ordered. whereas the actual power level may differ from 
the one ordered because of the maximum variation speed. 

The timing advance is managed autonomously by the BTS. On the 
other hand, the transmission power is basically controlled by the BSC. 
The BSC analyses the measurements. and uses the RSM MS POWER 
CONTROL and RSM BS POWER CONTROL messages to convey the 
requiremenLs to the BTS. 

Measurement reports are sent by the mobile station on the uplink 
SACCH al every possible opportunity. and at least once per second. The 
exact specificaLion requires rhat, among any two successive messages on 
the upLink SACCH. at least one be an RIL3-RR MEASUREMENT REPORT 
message. In a basic schemet the BTS generates a message toward the 
BSC (RSM MEASUREMENT RESULT) al every measurement period (about 
twice per second); this message indicates whether or not a measurement 
message was received from the mobile station, conveys its contents in the 
first case, and includes the result of the measurements performed by Lhe 
BTS. All these data are then processed by the BSC for transmission 
power control and handover preparation. 

The schemes described above are completely defined in the 
Specijicatio11s. However. Lhey present a severe defect: they result in a 
very substantjal signaJling load on the Abis interface. Hooks have been 
introduced in the protocol for a scheme where more processing is 
perfom1ed in the BTS (and less in the BSC). so as to reduce the 
information now in-between. This alternative scheme is only omlined in 
the Specifications. i □asmuch a::, the messages or message elements lhat 
can be used are not completel y specified (RSM PRE-PROCESS CONFIGURE, 
RSM PRE-PROCESSED MEASURBMENT RESULT, RSM PHYSICAL CONTEXT 
REQUEST and RSM PHYSICAL CONTEXT CONFIRM messages. and MS 
POWER CONTROL PARAMETERS and BS POWER CONTROL PARAMETERS 

infom1ation elements). In order for these messages to be used. 
complementary specifications are needed from the operator or Lhe 
manufacturer. Within these constraints, transmission power control can 
be entirely taken in charge by the BTS. possibly with some parameters 
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(e.g .. maximum power) set up and modified by tbe BSC. Handover 
preparation is a more Lricky business. The pre-processing of the 
measurements in lhe BTS can be anything from none (the basic scheme) 
up Lo include lhe decision that Lo trigger a handover is necessary or 
useful, barring load considerations. ln the latter case, the BSC would 
intervene only when necessary. to check the Load and channel availability 
aspects and to trigger effectively the handover. 

6.3.8.2. General Information 

A second use of lhe SACCH is the transmission of general 
infonnation from the network to the mobile station. This information 
includes parameters specific to the radio connection, but not to upper 
layers. and which are not so important as to require the stealing of user 
information. Basically, the Lransmission of these parameters is useful only 
at the beginning of a channel connection (in particular after a handover) 
and when they change. which is very seldom. However. because there is 
no high load on I.he downlink SACCH and because these messages are 
not acknowledged. they are repeated continuously as a background task. 
They bear some relationship with the messages broadcast to all mobile 
stations in a cell on the BCCH (RIL3-RR SYSTEM INFORMATION TYPE l lO 

4 messages). which will be described in a laler section. and their names 
(R[L3-RR SYSTEM lNFORMATJON TYPE 5 and 6) reflects this similarity. 
However, their infom1ation contents arc different; only a part of the 
infonnation broadcast on the BCCH needs to be sent to a mobile station 
in dedicated mode. This infonnation includes: 

• parameters for monitoring the measurement process (list of 
frequencies co monitor. BSIC screening, BCCH frequency 
indication); 

• parameters for controlling the radio link failure d~tection (see 
page 417); 

• requirements for the application of uplink djscontinuous 
transmL.:;sion; and 

• other information which is of no direct relevance in the present 
state of the ~pecificat,ons (fuJI cell identity). 

The bulk of this information concerns the measurement process. It 
must bt: noted that. after a handover. the mobile station must await the 
reception of this infonnation before starting measurement reporting. 

The SACCH is always used in both directions !'or actual 
transmission. Lo aUow the other side to do reliable measurements and to 
detect radio link failures. This is the reason of the continuous sending of 
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■'-------­
L 1 header message: 

_._ J( rreasurement report 
uplio/ or SMS related message 

Figure 6.40 - ComenI~ of an SACCH block 

Except for messages relared to the transfer of short messages. 
lhe ba~ic use of the SACCH concern~ Ihe reporting of mea~urements 

fmrn MS 10 BTS. and the ~ending of general infonna1ion from BTS 10 MS 
(the RIL3-RR SYSTEM IWORMA TIO", TYPE 5 or 6 messages). 
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RIL3-RR SYSTEM INFORMATION messages downlink and RIL3-RR 
MEASUREMENT REPORT messages uplink. when nothing else needs to be 
sent 

A last use of Lhe SACCH consists in carrying short messages when 
the main channel is a TCH/F. This capability aJlows the mobile station Lo 
either send or receive short messages while engaged in a communication 
on the main channel. This situation represents in fact tbe only case in 
phase I where two independent telecommunication services can be 
provided in parallel. 

As far as short messages are concerned. the functions or the BTS 
are Limited Lo the management of the physical layer and of the link layer 
described in Chapter 5. The actual decision 10 send a short message is 
taken by other network entities. For the sending or general information. 
on the other hand, it would not be efficient to ask ::t machine other than 
the BTS to decide on each individual sending of an RIL3-RR SYSTEM 
INFORMATION message. The BTS h then in charge of the repetition or 
these messages on the SACCHs. The BSC only provides infonnation 
regarding these messages when their contents are modified. using for this 
purpose the RSM SACCH FILLING mes~age. The procedure is such that the 
information is not provided on a connection basis. but on a TRX basis. 

Figure 6..40 summarises the different types of information which 
transit on the SACCH. both uplink and downlink, and which are 
scheduled in such a way as 10 achieve I 00% use of the channel. 
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6.3.9. FREQUENCY REDEFINITION 

The frequency redefinition procedure is used to change the 
frequency properties of the frequency-hopping channel used by a mobile 
station in synchronism with other mobile stations, in order to cope with a 
change of the frequencies used in the cell. 

It is a very simple procedure, at first sight. It consists solely in the 
sending of one message to each concerned mobile station, the RIL3-RR 
FREQUENCY REDEFJNlTION message, as well as one message to each 
corresponding BTS device. However, there is no RSM message defined 
for this purpose, and the management of a frequency redefinition between 
BSC and BTS must use a procedw-e Crom U1e operation and maintenance 
BSC-BTS protocol for setting RF parameters in the BTS to command Lhe 
configuration of the BTS. The RIL3-RR FREQUENCY REDEFINlTION 
message includes both a starting time and the new frequency parameters 
(the list of frequencies as well as the MA1O and HSN, as explained on 
page 360), and the starting time can be set in the BTS by the operation 
and maintenance protocol on the Abis interface (the BTS Management 
protocol, BTSM). This state of affairs spoils the functional split between 
the two protocols. as a BTSM message is used for reaJ-time management 
of connect ions. 

6.3.10. GENERAL INFORMATION BROADCASTING 

We have seen in this chapter that some information of a technical 
nature is needed by U1e mobile stations in idle mode. such as the 
configuration of the common channels. More reasons l'or the need of such 
information will be exposed in the next chapter. This data is regularly 
broadcast on the BCCH. It covers items of various nature which are cited 
here and there in this chapter and the next one. This section will act as a 
summary for the description of this informal ion. 

The BCCH is a low capacity channel, able to transmit one 23-octet 
Jong message every 0.235 second. It is therefore a scarce resource. The 
repetition rate for the different information items must be chosen as a 
u·ade-off between the use of the BCCH resource and the resulting time 
for the mobile station to get access to the information. As a consequence. 
several messages have been defined which contain different contents and 
which have different periodicity. 
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The broadcast items will now be listed together with lheir use and 
recurring rate: their order of description is based on lhe mobi le station 
phase in which the information is needeu. 

6.3.10.1. Cell Selection Information 

An important part of the broadcast information is related to lhe cell 
selection process. Some infom1ation of this kind is also directed towards 
mobile stations of neighbouring cells. This information will be addressed 
in Chapter 7. when lhe cell selection criteria wiU be described. IL includes 
the location area identity and various parameters impacting the access 
choice, including the indication whether the cell is barred for access or 
not. The corresponding parameters in the Specifications are called LAI. 
C£ll SELECTION PARAMETERS and (for the CELL_BAR_ACCESS flag) the 
RACII CONTROL PARAMETERS. 

The transmission rate has a direct impact on the time it takes a 
mobile station LO include the cell in it'l comparison list, from the moment 
when lhe BCCH is received correctly by this mobile station. This is not 
such a stringent constraint:- but the infonnation is nevenheless broadcast 
at a high rate: 2 occurrences out of 4. and even more in the case or the 
CELL_ BAR_ ACCESS indication which is part of every single BCCH 
message. It is worth noting that, even when several rime slms are used for 
the common control channels, mobile stations currently located in 
neighbour ceUs only listen to the BCCH on TN 0. Therefore, the rate of 
transmission on other Lime slots need not be so frequent. For sake of 
simplicity, though, the specifications are the same for other time slots as 
tor the prime BCCH. 

Another constraint impacts the information used for cell selection. 
Mobile stations in neighbouring cells must listen to their paging sub­
channel. Since recurrence on the PAGCH is a multiple of 51 x 8 BP, care 
must be cakeo that tbe relative position of a paging sub-channel and of the 
cell selection info1mation in BCCH messagei. never result,; in a 
systematic masking of the latter. This is achieved through two 
mechanisms: 

• the maximum rate of a paging sub-channel is half the rate of a 
BCCH. Therefore, a paging sub-channel may at worst mask half 
of the messages of any BCCH, but never all messages; 
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• the cell selection information is not transmitted in every other 
message, but according to lhe following pattern: 
in, in. out, out. in. in, out, out, ... 

These configurations result in the masking. at worst, of every 
second occurrence of lhe ceU selection information by any paging sub­
channeJ. 

6.3.10.2. Information for Idle Mode Functions 

Information for idle mode functions is used by mobile stations 
once they have selected the cell and are staying there for some lime in 
idle mode. They include the configuration of the common channels, the 
neighbour cells to monitor and the configuration for cell broadcast 
messages. Once settled in the cell, a mobile station will regularly check 
the vaJues for changes; lhis checking is done at a very slow rate and Lhe 
transmission rate therefore only impacts the initial settling time. 

A first need concerns the common channel configuration, i.e., the 
number of time slots used for common channels (this is enough for a 
given mobile station to know which time slots are used and which one to 
listen to), as well as the parameters enabling rhe mobile station to 
calculate where to find its own paging sub-channel. This is found in the 
CONTROL CHANNEL DESCRIPTION parameter. 

Once camped on a cell. the mobile station must aJso know the list 
of beacon frequencies to monitor. This is found in the NEIGHBOUR CELLS 
DESCRIPTION parameter. This elemem is also relevant for dedicated mode, 
but only as a default value during the short time between access and the 
reception of the first SACCH message containing the information. 
Because of this possible usage for measurement reporting in dedicated 
moue, this parameter contains a binary indicator (the BA _IND flag) 
enabling the list of beacon frequencies to be changed while keeping the 
network aware of which one was used by the mobile station in its 
reported measurements. 

Lastly. mobile stations equipped for receiving broadcast short 
messages must know whether the cell provides a Cell Broadcast CHannel 
(CBCH), as well as where to find it when applicable. The CBCH CHANNEL 
DESCRIPTION and, if needed. CBCU "'MOBILE AUOCATION" information 
elements are U1erefore broadcast for this purpose. 

Each of these three types of information is broadcast in every 
fourth message, i.e., roughly once per second. 
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6.3.10.3. Inforn1ation Needed for Access 

Sooner or later, the mobile sta1ion will want to access the cell. i.e .. 
to obtain a bi-d irectional dedicated channel for its transmission needs. 
This may happen at the point of entry into the cell, when location 
updating is required or for a call re-establishment. Critical time 
constraints therefore apply to some of this fofo1mation. 

As explained in the section dealing with random access (see page 
368), some comrol means are available for the SSC to limit access 
attempts, through lhe mechanism of "access classes". The BCCH 
information therefore includes the list of access classes allowed for access 
and the indication whether emergency calls are allowed. Another nag 
indicates whether call re-cs111blishrnent is allowed. The BSC also controls 
the scheduling of access attempts and repetitions, and the corresponding 
parameters are broadcast. All of these parameters are pan of the so-called 
RACH CONTROL PARAMETERS. 

The most critical case of access to this information is call re­
establishment. Any slowing down of the access procedures in this case 
increase the probability of losing the call. For lhis reason, all the access 
control information is broadcast in every BCCH message. i.e .. .i Limes per 
second. 

Once having senl its RJL3-RR CHANNEL REQUEST burst oo the 
RACH, the mobile staLion must decode Lhe corresponding channel 
assignment message sent back by the network. if any. Since such a 
message must fit in a single block. iti, length may be too short in case of 
frequency hopping to send a complete description of the channel 
frequency characteristics. Therefore, as explained on page 36 1, part of the 
chann el description information. applicable to all initial assignments, is 
broadcast regularly (once per second). in !he CELL CHANNEL D£SCRIPTJON 
parameter. In most cases, this information will conespond to the list of all 
frequencies which might be used for dedica1ed channels in the cell, 
although it need only contain the List of aJJ frequencies which might be 
used for initial channel assignment in the cell. 

This list is critical information for access. since Lhc other frequency 
parameters of the allocated channel cannot be understood by the mobile 
sh1Lion without it. However. a mobile station could perfectly start the 
access procedure (i.e .. send an RIL3-RR CHANNEL REQUEST message) 
before decoding the corresponding BCCH block, and therefore wait until 
it has done i,o aft.er having received the network initial assignment, before 
actual ly accessing the dedicated channel. The Specfications are not clear 
on this point, and it seems a good way to improve the performance of c;ilJ 
re-establishment. 
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6.3.10.4. Information for Mobile Stations in Dedicated 
Mode 

Strangely enough, part or the infonnation broadcast on the BCCH 
has no application other than after access. i.e., for mobile stations in 
dedicated mode. This infonnation. given again on the SACCH. includes 
parameters LO control the reporting of measurements, in particular the 
BSIC screening information included in the PLMN PERMITI'ED parameter, 
to which we will come back in Chapter 7. Tt also includes the ·'power 
comrol indicator" which we encountered in rhe section dealing with 
measurements, as well as the indication whether mobile stations are 
obliged. forbidden or pennitted to use uplink discontinuous transmission. 
These three indications are included in a CELL OPTIONS parameter. 

This information bears no real timing constrain~ its absence would 
indeed little affect system perfonnance. [tis sent in every fourth message. 

6.3.10.5. Cell Identity 

The final piece of infom1ati1on found on the BCCH is the complete 
CELL IDENTITY. which is sent in every fourth message. This element has 
no direct usage as far as the contents of the Specifications can be 
analysed, although it seems mandatory because of general radio 
regulations. Beside. it may be useful for networt... teMing purposes. 

6.3.10.6. Message Scheduling and Contents 

The differenl items described above are grouped in four different 
mel)sages for GSM900. bearing the non~informative names of SYSTEM 
INFORMATION TYPE I 10 4. An additional RlL3-RR SYSTEM INFORMA·noN 
TYPE 2BJS has been definetl for DCS 1800. in order to cope with the extra 
length of the list of frequencies coming from the number of available 
frequencies. All these messages are sent according to an 8 x (5 J x 8) BP 
cycle. which includes 8 message occurrences for a duration of about 2 
seconds. The scheduling is performed according to the description of 
table 6.9. RIL3-RR SYSTEM INFORMATION TYPE I and 2 are sent m least 
once every 2 seconds, and TYPE 3 and 4 are sent at least every second. 

The broadcast information is rilled by the BSC. Most of the 
parameters pertain to sycaem configuration, and as such are set by the 
OSS which indicates lhem to the BSC as part of the general configuration 
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Occurrence (modulo 8) possible messages: SYSTEM lNf"ORMATION TYPE 

0 I if sent at all, or 2, 3, 4, or 2bis 

I 2 

2 3 

3 4 

4 I, 2. 3, 4 or 2bis 

5 I, 2. 3, 4 or 2bis 

6 3 

7 4 

Table 6.9 - Scheduling of BCCH messages 

The four types of BCCH messages are broadcast using a period of 8 occurrences, 
con·esponding to a duration of about 2 seconci,;. 

management. Some parameters must be managed dynamically, and their 
values may change as lhe re~uh of local observation. This is lhe case 
mainly for the RACH con1rol parameters. As far as lhe access class is 
concerned. it can be controlled by BSC only, by OSS only or by both; 
this is a choice of implementation . 

SPECIFICATIONS REFERENCE 

The concept of radio resource management as a specific area is 
introduced basically in TS GSM 04.07 and io TS GSM 04.08 (the radio 
interface application protocols speci fication), at the start of section 3. 

Functional descriptions can be found on some topics in the 03 
series. TS GSM 03.09 deals with the handover function (almost only 
from the MSC point of view), and TS GSM 03.13 deals with 
discontinuous reception. 

Power control, measurement reporting and handover preparation 
are described in detail in TS GSM 05.08. Timing advance and 
synchronisation aspects are dea.lt with in TS GSM 05.10, where Lhe 
different kinds of handover are described. 

TS GSM 04.04 describes the contents of lbe LI -header in the 
SACCH messages. 
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The bulk of the specifications is in fact in the interface 
specifications, that is to say in: 

• TS GSM 04.08. section 3. for the RIL3-RR protocol (a part of 
section 4 is also relevant, since call re-establishment is dealt 
with in TS GSM 04.08 as part of the mobility management). 
section 9.5. l for the description of the messages, and sections 
10.5.1 and 10.5.2 for the coding of their infom1ation elements: 

• TS GSM 08.58 for lhe RSM protocol; 

• TS GSM 08.08 for the BSSMAP protocol; and 

• TS GSM 09.02 for the MAP/E protocol. The relevant sections 
are mainly 5.5 (which deals with handover), plus bits in section 
5.7 (operation and maintenance). For those interested in the 
MAP/VLR interface (the ··B" interface. not addressed in this 
chapter), section 5. 15 (paging and search procedures) is also 
relevant. 




