
Ovewiew Of The GSM System 
and Protocol Architecture 
We can use GSM as a basic framework to define and develop 
the standards for handling the mobility-specific functions of 
next-generation PCNs. 

Moe Rahnema 

lobal system for mobile telecom- 
munication (GSM) comprises the 
CEFT-defined standardization of 
the services, functional/subsystem 
interfaces, and protocol archi- 
tecture,  based on  the  use of 

worldwide standards produced by CCI7T and CCIR, 
for a pan-European digital land mobile system 
primarily intended to serve users in motor vehi- 
cles. The digital mobile radio networks, for which 
GSM represents the European standards, pro- 
vide powerful message signaling capabilities that 
facilitate and enhance roaming,compared to the first 
generation analogue systems, through automatic 
network location detection and registration. 

GSM provides terminal mobility, with person- 
al mobility provided through tbe insertion of a 
subscriber identity module (SIM) into the GSM net- 
work (mobile station). The SIM carries the personal 
number assigned to the mobile user. The GSM-based 
cellular mobile networks are currently in widespread 
use in Europe. At the present time, the next gen- 
eration of personal communication services 
(PCS) beyond GSM is also being considered. 
These third generation systems, known as univer- 
sal personal communication networks (PCN) will be 
using lower power handsets to provide personal 
mobility to pedestrians, aswell. The PCS low-power 
handsets are expected to eliminate the need to 
have different handsets for wide-area (cellular) 
and local (cordless) applications. The universal PCS 
will also provide a higher quality of personal-service 
mobility across the boundaries of many different net- 
works (mobile and fixed, wide- and local-area). 

Many network capabilities, however, such as 
mobility management, user security protection, and 
resource allocation, addressed in GSM, are also some 
of the critical requirements and issues in UPC net- 
works of the future. GSM is expected to play a 
major role in the specification of the standards 
for UPC. In the United Kingdom, PCN is already 
being designed and deployed with close adher- 
ence to the GSM standards other than the differ- 
ent operating frequencies (GSM operates at 900 
MHz and the United Kingdom PCN operates at 1800 
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MHz). Generally, GSM may be viewed as a frame- 
work for studying the functions and issues that 
are specific to cellular type personal communication 
networks, whatever the means of implementation 
might be. 

In applying and extending GSM to the next gen- 
eration personal communication networks, how- 
ever, one should be careful in differentiating some 
of the implementation specifics unique to the GSM 
network architecture and application from the func- 
tions and issues that would be more or less gener- 
ally applicable and relevant to cellular networking. 
It is with this point in mind that the reader should 
view GSM as a framework or platform on which 
to build his or her vision of how GSM may be used 
as a guide to design and build the next generation 
networks. In that regard, a good understanding of 
the GSM standards and network functions is 
essential for the professional working on the next 
generation personal communication networks. This 
article is intended to assist with this objective. 

The Cellular Concept 
ellular mobile communication is based on the C concept of frequency reuse. That is, the limit- 

ed spectrum allocated to the service is partitioned 
into, for example, N non-overlapping channel 
sets, which are then assigned in a regular repeat- 
ed pattern to a hexagonal cell grid. The hexagon 
is just a convenient idealization that approximates 
the shape of a circle (the constant signal level 
contour from an omnidirectional antenna placed 
at the center) but forms a grid with no gaps or 
overlaps. The choice ofN is dependent on many trade- 
offs involving the local propagation environment, 
traffic distribution, and costs. The propagation envi- 
ronment determines the interference received from 
neighboring co-channel cells which in turn gov- 
e rns  the reuse distance, tha t  is, the distance 
allowed between co-channel cells (cells using the 
same set of frequency channels). 

The cell size determination is usually based on 
the local traffic distribution and demand. The more 
the concentration of traffic demand in the area, 

92 0163-6804/93/$03.00 19930 IEEE IEEE Communications Magazine April 1993 

- __ . 

Authorized licensed use limited to: QUEENSLAND UNIVERSITY OF TECHNOLOGY Amirkabir University of Technology Trial User. Downloaded on January 17, 2009 at 11:33 from IEEE
Xplore.  Restrictions apply.



the smaller the cell has to be sized in order to avail 
the frequency set to a smaller number of roaming 
subscribers and thus limit the call blocking proba- 
bility within the  cell. O n  the  o ther  hand, the  
smaller the cell is sized, the more equipment will 
be needed in the system as each cell requires the nec- 
essary transceiver and  switching equipment,  
known as the  base station subsystem (BSS), 
through which the mobile users access the net- 
work over radio links. The degree to  which the 
allocated frequency spectrum is reused over the cel- 
lular service area, however, determines the spectrum 
efficiency in cellular systems. That means the 
smaller the cell size, and the smaller the number 
of cells in the reuse geometry, the higher will be 
the spectrum usage efficiency. Since digital mod- 
ulation systems can operate with a smaller signal 
to noise (i.e., signal to interference) ratio for the 
same service quality, they, in one respect, would allow 
smaller reuse distance and thus provide higher spec- 
trum efficiency. This is one advantage the digital cel- 
lular provides over the older analogue cellular radio 
communication systems. The interested reader may 
refer to [1,2] for the details on spectrum efficien- 
cy analysis in cellular network. 

It isworthmentioning that thedigitalsystems have 
commonly used sectored cells with 120-degree or 
smaller directional antennas to further lower the 
effective reuse distance. This allows a smaller 
number of cel!s in the reuse pattern and makes a 
larger fraction of the total frequency spectrum avail- 
able within each cell. Currently, research is being 
done on implementing other enhancements such 
as the use of dynamic channel assignment strate- 
gies for raising the spectrum efficiency in certain 
cases, such as high uneven traffic distribution 
over cells. 

The Network Infrastructure 
he cellular concept of networking is based on the T superposition of a distributed star type net- 

work architecture on the existing fixed landline tele- 
phony communication infrastructure. The basic 
network architecture is illustratedin Fig. 1. The tele- 
phony network is used to  provide not only the 
communication links between a mobile user and 
a fixed landline user, but also to provide the con- 
nectivity between the mobile users roaming in remote- 
ly located cells or in the domain of mobile networks 
operated by different service providers. The  
BSSs, provide management of the radio resources, 
and the switching between the radio channels and 
the  TDM slots on  their  connections with the  
mobile switching center (MSC). MSCs link groups 
of neighboring BSSs through point-to-point land- 
line or  microwave-based E l  trunks. The MSC 
acts as the nerve center of the system. It controls 
call signaling and processing, and coordinates the 
handover of the  mobile connection f rom one  
base station t o  another  as the  mobile roams 
around. Each MSC is in turn connected to  the 
local public switched telephony network (PSTN, 
or ISDN) to provide the connectivity between the 
mobile and the fixed telephony users, as well as the 
necessary global connectivity among the MSCs of 
the cellular mobile network. This is intended to make 
it possible for any mobile user to  communicate 
with any other mobile or fixed telephony user in 
the world. Thus, the global connectivity provided 

Figure 1. Cellular network infrastructure. 

by the existing landline telephony infrastructure 
is used to link up the cellular mobile subscribers 
throughout the world. 

Direct links between certain “local” MSCs 
may also be provided to allow the communication 
between two mobile users to bypass the telepho- 
ny network when there is considerable traffic 
flow between the mobile users roaming in the 
areas under the coverage of those MSCs. Thus, 
the communication path between any two mobile 
users roaming under the coverage of two “local” 
MSCsmayormaynot switch throughthepublictele- 
phony network. It depends on the connectivity 
provided between the two MSCs. The MSC may also 
connect to  public data networks (PDN), such as 
the packet-switched networks, to provide the mobiles 
with access to data services. 

SM defines anumber of networkdatabases that G are used in performing the functions of mobil- 
ity management and call control in a public land 
mobile network (PLMN). These elements include 
the location registers consisting of the home loca- 
tion register (HLR), and the visiting location reg- 
ister (JXR), the equipment identity register (EIR), 
and the authentication center (AC). The HLR main- 
tains and updates the mobile subscriber’s loca- 
tion and his or  her service profile information. 
The VLR maintains the same information local- 
ly, where the subscriber is roaming. The VLR is 
defined as a stand-alone function (see followingpara- 
graph), but is usually viewed by vendors as part of 
the MSC. These registers are called service con- 
trol points (SCP) in the terminology used in intel- 
ligent networking (IN). The EIR is used to  list 
the subscribers’ equipment identities, which are used 
for identification of unauthorized subscriber equip- 
ment, and hence denial of service by the network. 
The  A C  provides the keys and  algorithm for 
maintaining the security of subscriber identities, and 
for encrypting information passed over the air inter- 
face. The MSC is equipped with a service switch- 
ing point (SSP) module which is used to  query 
the databases such as a location register to identi- 
fy where a mobile subscriber is located and what 
his or  her service profile is, for the routing, and 
processing of calls to (or by) the subscriber. 

The GSM specifications have defined logically 
separate functions and standard interfaces for each 
of the databases, to allow each function to be imple- 
mented on a physically separate network compo- 
nent. The interfaces are specified via the mobile 
application part (MAP) that uses the transaction 
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capability applicationspart (TCAP) of (SS7). These 
are all elements of an IN. GSM is considered an 
IN application and GSM providers are consider- 
ing the GSM implementation as experience in 
intelligent networking. 

Numbering Plan 
he numberingconsistsof at least one international T ISDN number allocated to either the mobile sub- 

scriber, if the mobile is card operated, or to the mobile 
station, otherwise. The mobile station ISDN (MSIS- 
DN) conforms to the CCI lT  E.164 recommenda- 
tion, and should, in each country, comply to that 
country’s ISDN numbering plan. The MSISDN num- 
ber basically consists of a country code (CC), a 
“national destination code (NDC), which speci- 
fies a PLMN within that country, and a subscriber 
number (SN). This structure is shown in Fig. 2. 

The MSISDN number is used for dialing by a 
calling subscriber from the PSTN/ISDN, and is used 
toroute thecall to thegateway MSCofthe GSMnet- 
work. The GSM MSC then uses the MSISDN to inter- 
rogate the appropriate HLR for the re-routing 
information required to extend the call to the mobile’s 
visiting MSC. 

The rerouting information is specified by the 
mobile station roaming number (MSRN) which is 
obtained from the HLR and is used to progress the 
call to the called mobile. The MSRN is a tempo- 
rary number, allocated by the VLR (associated with 
the mobile’s visiting MSC) and sent to the mobile’s 
HLR either on location update (discussed in a 
later section) or  on a per call basis. The MSRN 
has the same structure as the MSISDN numbers 
in the visiting location area where it is allocated. 

For provision of mobile packet data service; a 
mobile international data number conforming to 
CCITT recommendation X. 121 may be specified. 
GSM recommendation 03.70 discusses the require- 
ments for the numbering intenvorking functions 
required in this case. 

b 

Addressing and Call Routing 
The MSISDN number is used for the routing of 
calls within the PSTNIISDN networks. The details 
of call routing requirements a re  discussed in 
GSM recommendation 03.04. T h e  following 
paragraphs provide a summary discussion of pos- 
sible scenarios involved in call routing. 

National Calls from the Fixed Network 
A local or transit exchange, when receiving a call 
destined for a mobile, recognizes the NDC, and 
routes the call to a gateway MSC. The gateway 
MSC performs the HLR query for the MSRN, 
which it then uses to reroute the call. 

International Calls from the 
Fixed Network 
When a local or transit exchange receives an inter- 
national call and recognizes the international pre- 
fix, it routes the call to the nearest ISC. The ISC 
recognizes that the NDC indicates a PLMN. If it can 
support HLR query (i.e., if it has TCAP signaling 
connectivity to the HLR) it queries the HLR and 
receives the called subscriber’s roaming number and 
routes the call to the visiting MSC. If not, it routes 
the  call t o  the  ISC of the  home PLMN of the  
called subscriber. 

NDC SN 
I I I /  

I I 

SN NDC 

W Figure 2. The structure for the GSM MSISDN. 

National Calls from Within the PLMN 

Whenalocalexchange(MSC)receivesacalldestined 
for a mobile, it queries the mobile’s HLR for the roam- 
ing number of the mobile. On receipt of the MSRN, 
it routes the call to the called mobile’s visiting MSC. 

Addressing Other Components of a 
PLMN 
Other  components of a PLMN, which may be 
addressed for the routing of various signaling 
messages, are the MSCs, and the location regis- 
ter& If these elements are addressed from within 
the same PLMN, the SS7 point codes (PC) can be 
used. Otherwise, for interPLMN routing, global 
titles (GT) derived, for instance, from the mobile 
country code (MCC) and the national destination 
codes (NDC) are used. 

Radio Channel Structure in GSM 
n GSM, the radio channels are based on a TDMA I structure that is implemented on multiple frequency 

subbands (TDMAIFDMA). Each base station is 
equippedwith a certain number of these preassigned 
frequencyhime channels. 

CEPT has made available two frequency bands 
to be used by the GSM system. These are: 890-915 
MHz for the direction mobile to base station, and 
935-960 MHz for the direction base station to 
mobile terminal. These bands are  divided into 
124 pairs of carriers spaced by 200 kHz, startingwith 
the  pair 890.2 MHz. Each cell site has a fixed 
assignment of a certain number of carriers, rang- 
ing from only one to usually not more than 15 
channels.The cell ranges in size from 1 to several km. 

The assigned spectrum of 200 kHz per chan- 
nel is segmented in time by using a fixed alloca- 
tion, time-division multiple access (TDMA) scheme. 
The time axis is divided into eight time slots of 
length 0.577 ms. The slots numbered from time 
slot 0 to 7 form a frame with length 4.615 ms.The 
recurrence of one particular time slot in each 
frame makes up one physical channel. 

The TDMA scheme uses a gross bit rate of about 
270 kb/s (with a Gaussian minimum shift keying 
modulation, GMSK) and requires sophisticated 
adaptive receiver techniques to cope with the trans- 
mission problems caused by multipath fading.The 
TDMA factor of 8 in combination with a carrier 
spacing of 200 kHz would correspond to the earli- 
er analog system using single-channel per-carrier with 
a 25 kHz carrier spacing. The GSM digital system 
allowed operation at lower carrier to interference 
(CII) ratio by using the gains provided by digital voice 
compression along with channel coding (powerful 
error correction). The reduced CII ratio in turn 
allowed the  use of shorter  channel reuse dis- 
tances to achieve spectrum efficiencies competi- 
tive to that achieved by the analog systems. 

The TDMA structure is applied in both the for- 
ward (base station to mobile) and the reverse (mobile 
to base station) directions. The numbering, however, 
is staggered by three time slots, toprevent the mobile 
station from transmitting and receiving at the 
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same time. These time slots are used to  carry 
user, and signaling or control information in 
bursts. The bursts are slightly shorter than the 
slots, namely .546 ms, to allow for burst timing align- 
ment errors, delay dispersion on the propagation 
path, and for smoothswitchon/off ofthe transmitter. 

GSM defines a variety of traffic and signal- 
ing/control channels of different bit rates. These 
channels are assigned to logical channels derived 
from multiframe structuring of the basic eight 
slotted TDMA frames just discussed. For this 
purpose, two multiframe structures have been 
defined: one consisting of 26 time frames (result- 
ing in a recurrence interval of 120 ms), and onecom- 
prising 51 time frames (or 236 ms). 

The  26 multiframe is used to  define traffic 
channels (TCH), and their slow and fast associat- 
ed control channels (SACCH and FACCH) that 
carry link control information between the mobile 
and the base stations. The TCH have been defined 
to provide six different formsof services, that is, full- 
rate speech or data channels supporting effective bit 
rates of 13 kb/s (for speech), 2.4,4.8, and 9.6 kb/s; 
and the half-rate channels with effective bit-rates 
of 6.5 (for speech) and kb/s, 2.4 kb/s, and 4.8 kb/s 
for data (note that the gross bit rates on these 
channels are higher due to required channel coding, 
22.8 kb/s for full-rate speech).  The  full-rate 
TCHs are implemented on 24 frames of the mul- 
tiframe, with each TCH occupying one time slot from 
each frame: The  SACCH is implemented on  
frame 12 (numberedfromO),providingeight SACCH 
channels, one dedicated to each of the eight TCH 
channels. Frame 25 in the multiframe is currently 
idle and reserved to  implement the additional 
eight SACCH required when half-rate speech chan- 
nels become a reality. The FACCH is obtained 
on demand by stealing from the TCH, and is used 
by either end for signaling the transfer character- 
istics of the physical path, or other purposes such 
as connection handover control messages. The steal- 
ing of a TCH slot for FACCH signaling is indi- 
cated through a flag within the TCH slot. 

The 51-frame multiframe has a more complex 
structure and we will refer the reader to  GSM 
Recommendation 05.0 for the specific positions 
of the various logical channels in the multiframe. 
The 51-frame structure, however, is used to derive 
the following signaling and control channels. 

SDCCH - Stand-alone dedicated control chan- 
nel is used for the transfer of call control signal- 
ing to and from the mobile during call setup. Like 
the TCHs, the SDCCH has its own SACCH and 
is released once call setup is complete. 

BCCH - Broadcast control channel is used in 
the BSS to mobile direction to broadcast system 
information such as the synchronization parame- 
ters, available services, and cell ID. This channel 
is continuously active, with dummy bursts substi- 
tuted when there is no information to transmit, 
because its signal strengths are monitored by mobiles 
for handover determination. 

SCH - Synchronization channel carries informa- 
tion from the BSS for frame synchronization. 

FCCH - Frequency control channel carries infor- 
mation from the BSS for carrier synchronization. 

CCCH - Common control channels are used for 
transferring signaling information between all 
mobiles and the BSS for call origination and call- 
paging functions. There are three common con- 
trol channels: 

PCH: paging channel used to call (page) a mobile 
from the system. 
RACH: random access channel used by the mobiles 
trying to  access the system. The mobiles use 
the slotted Aloha scheme over this channel for 
requesting a DCCH from the system at call ini- 
tiation. 
AGCH: access grant channel used by the sys- 
tem to assign resources to a mobile such as a DCCH 
channel. 
Note that the AGCH and the PCH are never used 

byamobile at the same time, and therefore are imple- 
mented on the same logical channel. All the con- 
trol signaling channels, except the SDCCH, are 
implemented on  time slot 0 in different TDMA 
frames of the 51 multiframes using a dedicated 
R F  carrier frequency assigned on a per cell basis. 
The multiframe structure for the SDCCH and its 
associated slow associated control channel 
(SACC) is implemented on one of the physical chan- 
nels (TDM slots and RFcarriers) selected by the sys- 
tem operator. 

Mobility Management 
obility management is concernedwith the func- M tions of tracking the location of roaming 

mobiles and registering the information in appro- 
priate network elements, and handling connec- 
tion handoffs for users in the communication process. 
These functions q e  discussed in the following 
sections. 

Connection HandoHs 
This may be done between channels in the same 
cell, between channels in different cells under the 
same g S S  coverage, or  between cells under the 
coverage of different BSSs, and even different 
MSCs. In GSM, the BSS may autonomously han- 
dle the connection handoffs in the same cell, or 
between cells under its own coverage. This is called 
internal connection handoffs. The MSC is involved 
in managing connection handoffs that need to 
take place between cells under coverage of two 
different BSSs. These are called external connec- 
tion handoffs. When the BSS indicates that an exter- 
nal handover is required, the decision of when 
and whether an external handover should occur 
is then taken by the MSC. The MSC uses the signal 
quality measurement information reported by the 
mobile stations (MSs) which are pre-processed at 
the BSS for external handover determination. 

The original MSC handling a call will always 
keep control of the call in an external handover 
to a different and even a subsequent MSC. 

When the BSS performs an internal connec- 
tion handoff, it informs the MSC at the comple- 
tion of the process. The need for a connection handoff 
may be  indicated by the mobile user, through 
messaging on the FACH, for instance, or by the 
BSS as it keeps tracking the quality of the signals 
received. The BSS monitors the quality of the 
radio signal received and  also transmits such 
results to the MSC who keeps a more global view 
on the radio channels belonging to its BSSs. The 
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, 

Figure 3. GSMprotocol architecture, 

Figure 4. LAPDm “addressfield” format. 

MSC may also initiate the need for a connection 
handoff for traffic reasons in an attempt t q  bal- 
ance out the traffic load in the network. 

Handling of Location Information 
Location information is maintained and used by 
the network to locate the user for call routing pur- 
poses. The network registers tQe user’s location 
in a register called the user’s, HLR, which is asso- 
ciated with an MSC located in the PLMN, to which 
the user is subscribed. Each BSS keeps broadcast- 
ing, on a periodic basis, the cell identities on the 
“broadcast control channels” of the cells under its 
coverage. The mobiles within each cell keep mon- 
itoring such information. As changes in location 
are detected (from the last information recorded 
by them), they each report the new location to 
the BSS which routes it to the VLR, of the MSC 
towhichit isconnected.TheVLR,inturn,sendsthe 
location information to the user’s HLR, where it 
is also recorded.  In  the  meantime, the  H L R  
directs the  old VLR to  delete  the old visiting 
location of the mobile from its data base, and also 
sends a copy of the user’s service profile to the 
new VLR. Location updating is performed by the 
mobility management (MM) protocol sublayer 
that will be discussed later in the article. 

Call Routing and Signaling 
call may be initiated by a mobile user to anoth- A er mobile or a fixed landline user, or in reverse, 

by a fixed landline user to amobile. For routing acall 
to a mobile user, however, the network signaling 
needs to first locate the mobile. We will illustrate this 
for thecasewhen acall isinitiatedby alandline user, 

and then comment on the scenario in which the 
call is initiated by a mobile to another mobile. 
When the call is initiated by a mobile to a land- 
line user, the procedure is rather straightforward. 

In the case of a call initiated by a landline user, 
the PSTN may use the mobile station ISDN num- 
ber, MSISDN, to route the call to the closest Gate- 
way MSC within the mobile’s PLMN. The GMSC in 
turn uses the MSISDN to interrogate the mobile’s 
HLRfor the routing information required to extend 
the call to the visiting MSC of the mobile at the 
time.Thisv,isiting MSC (or more specifically the,VLR 
within the local MSC) is identified in the mobile’s 
HLR by the MSRNwhich specifies the visiting MSC. 
The MSRN is a temporary number allocated by 
the VLR and sent to the HLR on location updat- 
ing, or call initiation. The MSRN should have the 
same structure as the MSISDN numbers in the VLR 
area where it is allocated. The VLR then initiates 
the paging procedure and the MSC pages the mobile 
station with a paging broadcast to all BSSs of the 
location area, as the exact base station area of the 
mobile may not be known. After paging response, 
the current BSS is located. The R R  and MM con- 
nect ions a re  established, during which both 
authenticationoftheuser (for accesstothenetwork), 
as well as cipher mode setting a re  performed. 
The VLR then sends the required parameters for 
call setup to the MSC, and may also assign the mobile 
a new TMSI for the call. The MSC sends asetup mes- 
sage to the mobile station. 

The  mobile station, on receiving the set-up 
message performs acompatibility check and returns 
a call-confirmed message to the network, which may 
include the bearer capability of the mobile sta- 
tion. The  BSS may at this point assign a traffic 
channel, TCH, to the call, o r  may assign it at a 
la ter  stage, the latest being on receipt of the  
“connect message” from the mobile station. If 
user alerting is carried out at the MS, an alerting mes- 
sage is sent to the calling subscriber. When, the 
subscriber answers the call, the MS sends a con- 
nect message, which at the network side initiates the 
completion of the traffic channel allocation and 
switch through of the connection. The connect 
message is progressed to the calling subscriber. 
The network also sends an acknowledgement to 
the MS, that enters the active state. 
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