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In mobile or cellular communication systems, it is often desirable to allow the subscriber to send information 
simultaneously from the mobile station to the base station while receiving information from the base station to the 
mobile station. 
A cellular system divides any given area into cells where a mobile unit in each cell communicates with a base station. 
The main aim in the cellular system design is to be able to increase the capacity of the channel, i.e., to handle as many 
calls as possible in a given bandwidth with a sufficient level of quality of service. 
There are several different ways to allow access to the channel. These include mainly the following − 

 Frequency division multiple-access (FDMA) 
 Time division multiple-access (TDMA) 

Depending on how the available bandwidth is allocated to the users, these techniques can be classified 
as narrowband and wideband systems. 
Narrowband Systems: 
Systems operating with channels substantially narrower than the coherence bandwidth are called as Narrow band 
systems. Narrow band TDMA allows users to use the same channel but allocates a unique time slot to each user on 
the channel, thus separating a small number of users in time on a single channel. 
Wideband Systems: 
In wideband systems, the transmission bandwidth of a single channel is much larger than the coherence bandwidth of 
the channel. Thus, multipath fading doesn’t greatly affect the received signal within a wideband channel, and 
frequency selective fades occur only in a small fraction of the signal bandwidth. 
Frequency Division Multiple Access (FDMA): 
FDMA is the basic technology for advanced mobile phone services. The features of FDMA are as follows. 

 FDMA allots a different sub-band of frequency to each different user to access the network. 
 If FDMA is not in use, the channel is left idle instead of allotting to the other users. 
 FDMA is implemented in Narrowband systems and it is less complex than TDMA. 
 Tight filtering is done here to reduce adjacent channel interference. 
 The base station BS and mobile station MS, transmit and receive simultaneously and continuously in FDMA. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Time Division Multiple Access (TDMA): 
In the cases where continuous transmission is not required, there TDMA is used instead of FDMA. The features of 
TDMA include the following. 
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 TDMA shares a single carrier frequency with several users where each users makes use of non-overlapping time 
slots. 

 Data transmission in TDMA is not continuous, but occurs in bursts. Hence hands-off process is simpler. 
 TDMA uses different time slots for transmission and reception thus duplexers are not required. 
 TDMA has an advantage that is possible to allocate different numbers of time slots per frame to different users. 
 Bandwidth can be supplied on demand to different users by concatenating or reassigning time slot based on 

priority. 
 
 
 
 
 
 
 
 
 

Global System for Mobile: System Architecture 

The first global system for mobile (GSM) TDMA system was developed by CEPT, a European group in 1982. GSM 

technique is most widely used for digital cellular radio. A GSM system has maximum 200 full duplex channel per cell. 

Each cell has different uplink and downlink frequency. It uses digital modulation and network level architectures. GSM 

is a second generation (2G) cellular system. GSM can handle voice and data traffic, the voice waveform being digitally 

encoded before transmission. GSM transmission is done within frequency bands of 900 MHz, 1800 MHz and 1900 

MHz.  

 

 GSM ARCHITECTURE 

 
Figure  GSM architecture 

GSM architecture consists of following subsystems as 
shown in figure:  

1. Mobile station (MS)  
2. Base station sub system (BSS) 
3. Network and switching subsystem (NSS) 
4. Operation subsystem (OSS) 

  

 Mobile Station (MS):  

The mobile station consists of mobile equipment and a subscriber identity module (SIM). Mobile equipment does not 

need to be personally assigned to one subscriber. All the subscriber related information is stored in the SIM. When a 

subscriber’s SIM card is inserted into mobile equipment of any MS, and that MS belongs to the particular subscriber 

and the call is delivered to that MS. The mobile equipment is not associated with a called number, but it is linked to 

the SIM. The International Mobile Equipment Identity (IMEI) is assign to mobile equipment for unique identification 

and SIM card contain International Mobile Subscriber Identity (IMSI).  

 

 Base Station Subsystem:  

The base station subsystem consists of two parts: 
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1. Base transceiver station (BTS) 

2. Base station controller (BSC) 

BSS connects to the MS through a radio interface and also connects to the network and switching subsystem (NSS). 

The BTS contains reception equipment and radio transmission similar to the ME in an MS. BTS contains a trans-coder 

rate adaption unit (TRAU) that perform encoding and speech decoding and rate adaptation for transmitting data. The 

TRAU may be sited away from the BTS, usually at the MSC as a subpart of the BTS. BSC manages the radio resources 

for one or more BTS. 

 

Network and Switching Subsystem:  

The central component of network subsystem is the mobile service switching center (MSC). NSS in GSM uses an 

intelligent network (IN). A signaling NSS consists of main switching functions of GSM. NSS control the communication 

between GSM users and other telecommunications users. NSS management includes of:  

 Mobile service switching center (MSC): MSC coordinates the call set-up to and from GSM users. Single MSC 
controls many BSCs. 

 Interworking function (IWF): IWF plays the role of a gateway for MSC to interface with external networks for 
communication with users which are outside GSM, like circuit-switched public data network (CSPDN) or packet-
switched public data network (PSPDN).The role of the IWF depends on the type network to which it interfaces and 
user data. 

 Home location register (HLR): HLR consists of a stand-alone computer without switching capabilities, and maintain 
a database which contains subscriber information, and information related to the subscriber's current location, but 
not the actual location of the subscriber. A subdivision of HLR is the authentication center (AUC). The AUC manages 
the security data for subscriber authentication. Another sub-division of HLR is the equipment identity register (EIR) 
which stores the data of mobile equipment (ME) or ME-related data. 

 Visitor location register (VLR): Links to one or more MSCs, temporarily storing subscription data currently served by 
its corresponding MSC, and holding more detailed data than the HLR. For example, the VLR contains more current 
subscriber location information than the location information at the HLR. 

 Gateway MSC (GMSC): To set up a requested call, the call is firstly routed to a gateway MSC, and then GMSS finds 
the correct HLR by identifying the directory number of the GSM user. The GMSC has an interface with the external 
network for gatewaying the signal.  

 Signaling transfer point (STP): STP is an essential requirement of the NSS to function itself as a stand-alone node. 
STP reduces the cost of the signaling transport among MSC/VLR, GMSC, and HLR. 
 

 Operation Subsystem:  
Operation subsystem contains following three areas as shown in figure 5.1  

1. Network operation and maintenance functions 
2. Subscription management (charging and billing) 
3. Mobile equipment management.  

These tasks require interaction between some or all of the infrastructure equipment. OSS is implemented in any 

existing network. 

 

 LAYER MODELING (OSI MODEL) 
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The open system interconnection (OSI) of GSM consists of five layers 
as transmission (TX), radio resource (RR) management, mobility 
management (MM), communication management (CM) and 
operation administrator and maintenance (OAM) as shown in figure . 

 The transmission layer make the connection between MS and BTS 

 The RR Layer manages the transmission over the radio interface 
and provides the stable link between MS and BSC. 

 MM layer manages the subscriber information and authentication 
activity. 

 The CM layer manages call control, supplementary services 
management and short message service(SMS) 

 
Figure : Functional planes of 

GSM 
 

 GSM CHANNEL STRUCTURE:  

GSM has four radio transmission modes a speech mode and three data modes for services offered to users. The radio 

transmission modes use the physical channels. 

 Physical Channels:  
Physical channels are used to carry either digitally encoded user speech or user data in uplink and downlink direction. 

There are three types of physical channels and it is also called traffic channels (TCHs): 

1. TCH/F (full rate): Transmits a speech code of 13 kbps or three data-mode rates, 12, 6, and 3.6 kbps. 
2. TCH/H (half rate): Transmits a speech code of 7 kbps or two data modes, 6 and 3.6 kbps. 
3. TCH/8 (one-eighth rate): Used for low-rate signaling channels, common channels, and data channels. 

 
 Logic channels: 
Logical channels are also known as control channels. Control channels carry signaling and synchronizing commands 
between base station and mobile station. Types of logic channels are as follows: 
 
1. Common channels:  

All the common channels are combined in different traffic channels. All channels are grouped by the same cycle (51 
× 8 BP), where BP is the burst period i.e. time slot. The value of BP is 577 μs. 
 

2. Downlink common channels:  
There are five downlink unidirectional channels, shared or grouped by a TCH.  

 Frequency correction channel (FCCH) repeats once every 51×8 BPs; used to identify a beacon frequency. 

 Synchronization channel (SCH) follows each FCCH slot by 8 BPs. 

 Broadcast control channel (BCCH) is broadcast regularly in each cell and received by all the mobile stations in 
the idle mode. 

 Paging and access grant channel (PAGCH) is used for the incoming call received at the mobile station. The access 
grant channel is answered from the base station and allocates a channel during the access procedure of setting 
up a call. 

 Call broadcast channel (CBCH): Each cell broadcasts a short message for 2s from the network to the mobile 
station in idle mode. Half a downlink TCH/8 is used and special CBCH design constraints exist because of the 
need for sending two channels (CBCH and BCCH) in parallel. 

  
3. Uplink common channels:  
The random-access channel (RACH) is the only one common uplink channel. RACH is the channel that the MS chooses 
to access the calls. There are two rates: RACH/F (full rate, one-time slot every 8 BP), and RACH/H (half rate, using 23-
time slots in the 51 × 8 BP cycle, where 8 BP cycle is 4.615ms). 
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4. Signaling channels:  
All the signaling channels have chosen one of the physical channels, and the logical channels names are based on their 
logical functions. 
 
5. Slow Associated Control Channel (SACCH): 
A slow-rate TCH used for signaling transport and used for non-urgent procedures, mainly handover decisions. It uses 
one-eighth rate. The TCH/F is always allocated with SACCH. This combined TCH and SACCH is denoted TACH/F.SACCH 
occupies 1-time slot (0.577 ms) in every 26 frames (4.615ms × 26). 
 
6. Fast Associated Control Channel (FACCH):  
Indicates cell establishment, authenticates subscribers, or commands a handover. 
7. Stand-alone Dedicated Control Channel (SDCCH):  
Sometimes the connection between a mobile station and the network is used for passing signaling information only 
and not for calls. This connection may be at the user's demand or for other management operations such as updating 
the unit's location. SDCCH operates at a very low rate and uses a TCH/8 channel. Radio slots are assigned to users only 
when call penetration is required. There are two modes channel modes one is dedicated and another one idle. The use 
of channel mode depends on the uplink and the downlink. In GSM the uplink is the signal transmitted in the opposite 
direction and the downlink is the signal transmitted from the BS to the MS. 
 
8. Voice/data channels:  
Each time slot of a voice channel consists of 260 bits per block. The whole block having 316 bits. Each time slot of a 
data channel having 120 or 240 bits per block.  
 
 GSM CHANNEL MODES 

The different types of GSM channel modes are as follows 

1. Channel modes: Due to the radio spectrum limitation, individual users cannot have their own traffic control 

channel always. 

2. Dedicated mode: In dedicated mode traffic channels are used during call establishment and SACCH to perform 

location updating. TCH and SACCH are dedicated channels for both uplink and downlink channels.  

3. Idle mode: During non-call activities, the five downlink channels are in the idle mode: FCCH; SCH; BCCH, which 

is regularly broadcasting. PAGCH and CBCH, which sends one message in every 2 seconds. During idle channel 

mode of operation the mobile station listens to the common downlink channels, and also uses SDCCH (uplink 

channel) to register a mobile location associated with a particular base station to the network. 

 

GSM frame structure - the basics 

The basic element in the GSM frame structure is the frame itself. This comprises the eight slots, each used for different 
users within the TDMA system. As mentioned in another page of the tutorial, the slots for transmission and reception 
for a given mobile are offset in time so that the mobile does not transmit and receive at the same time. 

 
 
 
 
 
 
 
 
 
GSM slots 
Note: offset between transmit and receive 
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The basic GSM frame defines the structure upon which all the timing and structure of the GSM messaging and 
signaling is based. The fundamental unit of time is called a burst period and it lasts for approximately 0.577 ms (15/26 
ms). Eight of these burst periods are grouped into what is known as a TDMA frame. This lasts for approximately 4.615 
ms (i.e.120/26 ms) and it forms the basic unit for the definition of logical channels. One physical channel is one burst 
period allocated in each TDMA frame. 

In simplified terms the base station transmits two types of channel, namely traffic and control. Accordingly the channel 
structure is organized into two different types of frame, one for the traffic on the main traffic carrier frequency, and 
the other for the control on the beacon frequency. 

GSM multi frame : 

The GSM frames are grouped together to form multiframes and in this way it is possible to establish a time schedule 
for their operation and the network can be synchronized. 

 

 

 

 

 

 

 

GSM Frame Structure: showing the relationship between slots, frames, multiframes, superframes & hyperframes 
 

There are several GSM multi frame structures: 

 Traffic multi frame:   The Traffic Channel frames are organized into multiframes consisting of 26 bursts and taking 
120 ms. In a traffic multi frame, 24 bursts are used for traffic. These are numbered 0 to 11 and 13 to 24. One of the 
remaining bursts is then used to accommodate the SACCH, the remaining frame remaining free. The actual position 
used alternates between position 12 and 25. 

 Control multi frame:   the Control Channel multi frame that comprises 51 bursts and occupies 235.4 ms. This always 
occurs on the beacon frequency in time slot zero and it may also occur within slots 2, 4 and 6 of the beacon 
frequency as well. This multi frame is subdivided into logical channels which are time-scheduled. These logical 
channels and functions include the following: 

 Frequency correction burst   

 Synchronization burst   

 Broadcast channel (BCH)   

 Paging and Access Grant Channel (PACCH)   

 Stand Alone Dedicated Control Channel (SDCCH)   

GSM Super frame: 

Multiframes are then constructed into superframes taking 6.12 seconds. These consist of 51 traffic multiframes or 26 
control multiframes. As the traffic multiframes are 26 bursts long and the control multiframes are 51 bursts long, the 
different number of traffic and control multiframes within the super frame, brings them back into line again taking 
exactly the same interval. 

GSM Hyper frame: 
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Above this 2048 superframes (i.e. 2 to the power 11) are grouped to form one hyper frame which repeats every 3 
hours 28 minutes 53.76 seconds. It is the largest time interval within the GSM frame structure. 

Within the GSM hyper frame there is a counter and every time slot has a unique sequential number comprising the 
frame number and time slot number. This is used to maintain synchronization of the different scheduled operations 
with the GSM frame structure. These include functions such as: 

 Frequency hopping:   Frequency hopping is a feature that is optional within the GSM system. It can help reduce 
interference and fading issues, but for it to work, the transmitter and receiver must be synchronized so they hop to 
the same frequencies at the same time. 

 Encryption:   The encryption process is synchronized over the GSM hyper frame period where a counter is used and 
the encryption process will repeat with each hyper frame. However, it is unlikely that the cell phone conversation 
will be over 3 hours and accordingly it is unlikely that security will be compromised as a result. 

The slots and frames are handled in a very logical manner to enable the system to expect and accept the data that 
needs to be sent. Organizing it in this logical fashion enables it to be handled in the most efficient manner. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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