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2.1 GSM Services 

GSM is the most successful digital mobile telecommunication system in the world today. It is 

used by over 800 million people in more than 190 countries. GSM permits the integration of 

different voice and data services and the interworking with existing networks. Services 

make a network interesting for customers. GSM has defined three different categories of 

services: Bearer , Tele and Supplementary. 
 
Bearer services: GSM specifies different mechanisms for data transmission, the original 

GSM allowing for data rates of up to 9600 bit/s for non-voice services. Bearer services 

permit transparent and non-transparent, synchronous or asynchronous data transmission. 

Transparent bearer services only use the functions of the physical layer (layer 1) to transmit 

data. Data transmission has a constant delay and throughput if no transmission errors occur. 

Transmission quality can be improved with the use of forward error correction (FEC), which 

codes redundancy into the data stream and helps to reconstruct the original data in case of 

transmission errors. Transparent bearer services do not try to recover lost data in case of, 

for example, shadowing or interruptions due to handover. Non-transparent bearer services 

use protocols of layers two and three to implement error correction and flow control. These 

services use the transparent bearer services, adding a radio link protocol (RLP). This 

protocol comprises mechanisms of high-level data link control (HDLC), and special 

selective-reject mechanisms to trigger retransmission of erroneous data using transparent 

and non-transparent services, GSM specifies several bearer services for interworking with 

PSTN, ISDN, and packet switched public data networks (PSPDN) like X.25, which is available 

worldwide. Data transmission can be full-duplex, synchronous with data rates of 1.2, 2.4, 

4.8, and 9.6 kbit/s or full-duplex, asynchronous from 300 to 9,600 bit/s. 

Tele services: GSM mainly focuses on voice-oriented tele services. These comprise 

encrypted voice transmission, message services, and basic data communication with 

terminals as known from the PSTN or ISDN (e.g., fax). The primary goal of GSM was the 

provision of high-quality digital voice transmission. Special codecs (coder/decoder) are used 

for voice transmission, while other codecs are used for the transmission of analog data for 

communication with traditional computer modems used in, e.g., fax machines. Another 

service offered by GSM is the emergency number (eg 911, 999). This service is mandatory 

for all providers and free of charge. This connection also has the highest priority, possibly 
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pre-empting other connections, and will automatically be set up with the closest emergency 

center. A useful service for very simple message transfer is the short message service (SMS), 

which offers transmission of messages of up to 160 characters. Sending and receiving of 

“M“ is possi le duri g data or oi e tra s issio . It a  e used for serious  appli atio s 
such as displaying road conditions, e-mail headers or stock quotes, but it can also transfer 

logos, ring tones, horoscopes and love letters. 
 
The successor of SMS, the enhanced message service (EMS), offers a larger message size, 

formatted text, and the transmission of animated pictures, small images and ring tones in a 

standardized way. But with MMS, EMS was hardly used. MMS offers the transmission of 

larger pictures (GIF, JPG, and WBMP), short video clips etc. and comes with mobile phones 

that integrate small cameras. Another non-voice tele service is group 3 fax, which is 

available worldwide. In this service, fax data is transmitted as digital data over the analog 

telephone network according to the ITU-T standards T.4 and T.30 using modems. 

 

Supplementary services: In addition to tele and bearer services, GSM providers can offer 

supplementary services. these services offer various enhancements for the standard 

telephony service, and may vary from provider to provider. Typical services are user 

identification, call redirection, or forwarding of ongoing calls, barring of incoming/outgoing 

calls, Advice of Charge (AoC) etc. Standard ISDN features such as closed user groups and 

multiparty communication may be available. 

 

2.2 GSM ARCHITECTURE 

 
Figure 2.1 GSM architecture 

GSM architecture consists of 
following subsystems as shown in 
figure 5.1  

1. Mobile station (MS)  

2. Base station sub system (BSS) 

3. Network and switching 

subsystem (NSS) 

4. Operation subsystem (OSS) 

 

2.2.1 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 

su s ri er related i for atio  is stored i  the “IM. Whe  a su s ri er’s “IM 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 
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Subscriber Identity (IMSI).  

 

2.2.2 Base Station Subsystem:  

The base station subsystem consists of two parts: 

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. 

 

2.2.3 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. 

2.2.4 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) 
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3. Mobile equipment management.  

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

implemented in any existing network. 

 

2.3 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.  

 

2.4  GSM Protocols 

The signaling protocol in GSM is structured into three general layers depending on the 

interface, as shown below. Layer 1 is the physical layer that handles all radio-specific 

functions. This includes the creation of bursts according to the five different formats, 

multiplexing of bursts into a TDMA frame, synchronization with the BTS, detection of idle 

channels, and measurement of the channel quality on the downlink. The physical layer at 

Um uses GMSK for digital modulation and performs encryption/decryption of data, i.e., 

encryption is not performed end-to-end, but only between MS and BSS over the air 

interface. 

 

 

 

 

 

 

 

 

 

            Figure   2.2  Protocol architecture for Signalling 
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The main tasks of the physical layer comprise channel coding and error 

detection/correction, which is directly combined with the coding mechanisms. Channel 

coding makes extensive use of different forward error correction (FEC) schemes. Signaling 

between entities in a GSM network requires higher layers. For this purpose, the LAPDm 

protocol has been defined at the Um interface for layer two. LAPDm has been derived from 

link access procedure for the D-channel (LAPD) in ISDN systems, which is a version of HDLC. 

LAPDm is a lightweight LAPD because it does not need synchronization flags or check 

summing for error detection. LAPDm offers reliable data transfer over connections, re-

sequencing of data frames, and flow control. 

The network layer in GSM, layer three, comprises several sublayers. The lowest sublayer is 

the radio resour e a age e t RR . O ly a part of this layer, RR’, is i ple e ted i  the 
BT“, the re ai der is situated i  the B“C. The fu tio s of RR’ are supported y the BSC via 

the BTS management (BTSM). The main tasks of RR are setup, maintenance, and release of 

radio channels. Mobility management (MM) contains functions for registration, 

authentication, identification, location updating, and the provision of atemporary mobile 

subscriber identity (TMSI). 

Finally, the call management (CM) layer contains three entities: call control (CC), short 

message service (SMS), and supplementary service (SS). SMS allows for message transfer 

using the control channels SDCCH and SACCH, while SS offers the services like user 

identification, call redirection, or forwarding of ongoing calls. CC provides a point-to-point 

connection between two terminals and is used by higher layers for call establishment, call 

clearing and change of call parameters. This layer also provides functions to send in-band 

tones, called dual tone multiple frequency (DTMF), over the GSM network. These tones are 

used, e.g., for the remote control of answering machines or the entry of PINs in electronic 

banking and are, also used for dialing in traditional analog telephone systems. 
 
Additional protocols are used at the Abis and A interfaces. Data transmission at the physical 

layer typically uses pulse code modulation (PCM) systems. LAPD is used for layer two at 

Abis, BTSM for BTS management. Signaling system No. 7 (SS7) is used for signaling between 

an MSC and a BSC. This protocol also transfers all management information between MSCs, 

HLR, VLRs, AuC, EIR, and OMC. An MSC can also control a BSS via a BSS application part 

(BSSAP). 

 

2.5 Localization and Calling 
The fundamental feature of the GSM system is the automatic, worldwide localization of 

users for which, the system performs periodic location updates. The HLR always contains 

information about the current location and the VLR currently responsible for the MS 

informs the HLR about the location changes. Changing VLRs with uninterrupted availability 

is called roaming. Roaming can take place within a network of one provider, between two 

providers in a country and also between different providers in different countries. To locate 

and address an MS, several numbers are needed: 

Downloaded from  be.rgpvnotes.in

Page no: 6 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Mobile station international ISDN number (MSISDN):- The only important number for a 
user of GSM is the phone number. This number consists of the country code (CC), the 
national destination code (NDC) and the subscriber number (SN). 

International mobile subscriber identity (IMSI): GSM uses the IMSI for internal unique 

identification of a subscriber. IMSI consists of a mobile country code (MCC), the mobile 

network code (MNC), and finally the mobile subscriber identification number (MSIN). 

Temporary mobile subscriber identity (TMSI): To hide the IMSI, which would give away the 
exact identity of the user signalling over the air interface, GSM uses the 4 byte TMSI for 
local subscriber identification. 

Mobile station roaming number (MSRN): Another temporary address that hides the 

identity and location of a subscriber is MSRN. The VLR generates this address on request 

from the MSC, and the address is also stored in the HLR. MSRN contains the current visitor 

country code (VCC), the visitor national destination code (VNDC), the identification of the 

current MSC together with the subscriber number. The MSRN helps the HLR to find a 

subscriber for an incoming call. 

For a mobile terminated call (MTC), the following figure shows the different steps that take 

place: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                          Figure 2.3 Mobile Terminated Call (MTC) 
 
 
step 1: User dials the phone number of a GSM subscriber. 
 
step 2: The fixed network (PSTN) identifies the number belongs to a user in GSM network 

and forwards the call setup to the Gateway MSC (GMSC). 
 
step 3: The GMSC identifies the HLR for the subscriber and signals the call setup to HLR 
 
step 4: The HLR checks for number existence and its subscribed services and requests an 

MSRN from the current VLR. 
 
step 5: VLR sends the MSRN to HLR 
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step 6: Upon receiving MSRN, the HLR determines the MSC responsible for MS and 

forwards the information to the GMSC 
 
step 7: The GMSC can now forward the call setup request to the MSC indicated 
 
step 8: The MSC requests the VLR for the current status of the MS 
 
step 9: VLR sends the requested information 
 
step 10: If MS is available, the MSC initiates paging in all cells it is responsible for. 
 
step 11: The BTSs of all BSSs transmit the paging signal to the MS 
 
step 12: Step 13: If MS answers, VLR performs security checks 
 
step 15: Till step 17: Then the VLR signals to the MSC to setup a connection to the MS 
 
For a mobile originated call (MOC), the following steps take place:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

              Figure 2.4 Mobile Originated Call (MOC) 

step 1: The MS transmits a request for a new connection 
 
step 2: The BSS forwards this request to the MSC 
 
step 3: The MSC then checks if this user is allowed to set up a call with the requested and 

checks the availability of resources through the GSM network and into the PSTN. If all 

resources are available, the MSC sets up a connection between the MS and the fixed 

network. 

2.6 Handover 

Cellular systems require handover procedures, as single cells do not cover the whole service 

area. However, a handover should not cause a cut-off, also called call drop. GSM aims at 

maximum handover duration of 60 ms. There are two basic reasons for a handover: 

1.The mobile station moves out of the range of a BTS, decreasing the received signal level 

increasing the error rate thereby diminishing the quality of the radio link. 
 
2. Handover may be due to load balancing, when an MSC/BSC decides the traffic is too high 

in one cell and shifts some MS to other cells with a lower load. 
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The four possible handover scenarios of GSM are shown below:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.5 Intra-Inter Handover 

 
1.Intra-cell handover: Within a cell, narrow-band interference could make transmission at a 
certain frequency impossible. The BSC could then decide to change the carrier frequency 
(scenario 1).

  

2.Inter-cell, intra-BSC handover: This is a typical handover scenario. The mobile station 

moves from one cell to another, but stays within the control of the same BSC. The BSC then 

performs a handover, assigns a new radio channel in the new cell and releases the old one 

(scenario 2).
  

3.Inter-BSC, intra-MSC handover: As a BSC only controls a limited number of cells; GSM also 
has to perform handovers between cells controlled by different BSCs. This handover then 
has to be controlled by the MSC (scenario 3).

  

4.Inter MSC handover: A handover could be required between two cells belonging to 
different MSCs. Now both MSCs perform the handover together (scenario 4).

 

 

2.7 Security 

 

GSM offers several security services using confidential information stored in the AuC and in 

the individual SIM. The SIM stores personal, secret data and is protected with a PIN against 

unauthorized use. Three algorithms have been specified to provide security services in 

GSM. Algorithm A3 is used for authentication, A5 for encryption, and A8 for the 

generation of a cipher key. The various security services offered by GSM are: 

1.Access control and authentication: The first step includes the authentication of a valid 

user for the SIM. The user needs a secret PIN to access the SIM. The next step is the 

subscriber authentication. This step is based on a challenge-response scheme as shown 

below: 
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Figure 2.6 Authentication 

 
Authentication is based on the SIM, which stores the individual authentication key Ki, the 

user identification IMSI, and the algorithm used for authentication A3. The AuC performs 

the basic generation of random values RAND, signed responses SRES, and cipher keys Kc for 

each IMSI, and then forwards this information to the HLR. The current VLR requests the 

appropriate values for RAND, SRES, and Kc from the HLR. For authentication, the VLR sends 

the random value RAND to the SIM. Both sides, network and subscriber module, perform 

the same operation with RAND and the key Ki, called A3. The MS sends back the SRES 

generated by the SIM; the VLR can now compare both values. If they are the same, the VLR 

accepts the subscriber, otherwise the subscriber is rejected. 

2.Confidentiality: All user-related data is encrypted. After authentication, BTS and MS 
apply encryption to voice, data, and signalling as shown below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2.7 Confidentiality 
To ensure privacy, all messages containing user-related information are encrypted in GSM 

over the air interface. After authentication, MS and BSS can start using encryption by 

applying the cipher key Kc, which is generated using the individual key Ki and a random 
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value by applying the algorithm A8. Note that the SIM in the MS and the network both 

calculate the same Kc based on the random value RAND. The key Kc itself is not transmitted 

over the air interface. MS and BTS can now encrypt and decrypt data using the algorithm A5 

and the cipher key Kc. 

3.Anonymity: To provide user anonymity, all data is encrypted before transmission, and 
user identifiers are not used over the air. Instead, GSM transmits a temporary identifier 
(TMSI), which is newly assigned by the VLR after each location update. Additionally, the 
VLR can change the TMSI at any time. 

 

2.8 HSCSD( High speed circuit switched data) 
A straightfor ard i pro e e t of G“M’s data tra s issio  apa ilities is high speed circuit 

switched data (HSCSD) in which higher data rates are achieved by bundling several TCHs. An 

MS requests one or more TCHs from the GSM network, i.e., it allocates several TDMA slots 

within a TDMA frame. This allocation can be asymmetrical, i.e. more slots can be allocated 

on the downlink than on the uplink, which fits the typical user behavior of downloading 

more data compared to uploading. A major disadvantage of HSCD is that it still uses the 

connection-oriented mechanisms of GSM, which is not efficient for computer data traffic. 

2.9 GPRS(General packet radio service) 

The next step toward more flexible and powerful data transmission avoids the problems of 

HSCSD by being fully packet-oriented. The general packet radio service (GPRS) provides 

packet mode transfer for applications that exhibit traffic patterns such as frequent 

transmission of small volumes (e.g., typical web requests) or infrequent transmissions of 

small or medium volumes (e.g., typical web responses) according to the requirement 

specification. For the new GPRS radio channels, the GSM system can allocate between one 

and eight time slots within a TDMA frame. Time slots are not allocated in a fixed, pre-

determined manner but on demand. All time slots can be shared by the active users; up- 

and downlink are allocated separately. Allocation of the slots is based on current load and 

operator preferences. The GPRS concept is independent of channel characteristics and of 

the type of channel (traditional GSM traffic or control channel), and does not limit the 

maximum data rate (only the GSM transport system limits the rate). All GPRS services can 

be used in parallel to conventional services. GPRS includes several security services such as 

authentication, access control, user identity confidentiality, and user information 

confidentiality. 
 
The GPRS architecture introduces two new network elements, which are called GPRS 

support nodes (GSN) and are in fact routers. All GSNs are integrated into the standard GSM 

architecture, and many new interfaces have been defined. The gateway GPRS support node 

(GGSN) is the interworking unit between the GPRS network and external packet data 

networks (PDN). This node contains routing information for GPRS users, performs address 

conversion, and tunnels data to a user via encapsulation. The GGSN is connected to external 
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networks (e.g., IP or X.25) via the Gi interface and transfers packets to the SGSN via an IP-

based GPRS backbone network (Gn interface). The other new element is the serving GPRS 

support node (SGSN) which supports the MS via the Gb interface. The SGSN, for example, 

requests user addresses from the GPRS register (GR), keeps tra k of the i di idual M“s’ 
location, is responsible for collecting billing information (e.g., counting bytes), and performs 

several security functions such as access control. The SGSN is connected to a BSC via frame 

relay and is basically on the same hierarchy level as an MSC. The GR, which is typically a part 

of the HLR, stores all GPRS-relevant data.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                     Figure2.8 GPRS Architecture Reference Model 
 
As shown above, packet data is transmitted from a PDN, via the GGSN and SGSN directly to 

the BSS and finally to the MS. The MSC, which is responsible for data transport in the 

traditional circuit-switched GSM, is only used for signalling in the GPRS scenario. Before 

sending any data over the GPRS network, an MS must attach to it, following the procedures 

of the mobility management. The attachment procedure includes assigning a temporal 

identifier, called a temporary logical link identity (TLLI), and a ciphering key sequence 

number (CKSN) for data encryption. For each MS, a GPRS context is set up and stored in the 

MS and in the corresponding SGSN. Besides attaching and detaching, mobility management 

also comprises functions for authentication, location management, and ciphering. 
 
The following figure shows the protocol architecture of the transmission plane for GPRS. All 

data within the GPRS backbone, i.e., between the GSNs, is transferred using the GPRS 

tunnelling protocol (GTP). GTP can use two different transport protocols, either the reliable 

TCP (needed for reliable transfer of X.25 packets) or the non-reliable UDP (used for IP 

packets). The network protocol for the GPRS backbone is IP (using any lower layers). To 
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adapt to the different characteristics of the underlying networks, the subnetwork 

dependent convergence protocol (SNDCP) is used between an SGSN and the MS. On top of 

SNDCP and GTP, user packet data is tunneled from the MS to the GGSN and vice versa. To 

achieve a high reliability of packet transfer between SGSN and MS, a special LLC is used, 

which comprises ARQ and FEC mechanisms for PTP (and later PTM) services. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                            Figure 2.9 GPRS transmission plane protocol reference model  
 
A base station subsystem GPRS protocol (BSSGP) is used to convey routing and QoS-related 

information between the BSS and SGSN. BSSGP does not perform error correction and 

works on top of a frame relay (FR) network. Finally, radio link dependent protocols are 

needed to transfer data over the Um interface. The radio link protocol (RLC) provides a 

reliable link, while the MAC controls access with signaling procedures for the radio channel 

and the mapping of LLC frames onto the GSM physical channels. The radio interface at Um 

needed for GPRS does not require fundamental changes compared to standard GSM. 

2.10 DECT (Digital Enhanced Cordless System) 

Unlike the analog cordless phones you may have in your home, DECT (Digital Enhanced 

Cordless Telecommunications) is a digital wireless telephone technology that is expected to 

make cordless phones much more common in both businesses and homes in the future. 

Formerly called the Digital European Cordless Telecommunications standard because it was 

developed by European companies, DECT's present name reflects its global acceptance. Like 

another important wireless standard, Global System for Mobile communication (GSM), 

DECT uses time division multiple access (TDMA) to transmit radio signals to phones. 

Whereas GSM is optimized for mobile travel over large areas, DECT is designed especially for 

a smaller area with a large number of users, such as in cities and corporate complexes. A 
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user can have a telephone equipped for both GSM and DECT (this is known as a dual-

modephone) and they can operate seamlessly. 

DECT has five major applications: 

1) The "cordless private branch exchange." A company can connect to a wired telephone 

company and redistribute signals by radio antenna to a large number of telephone users 

within the company, each with their own number. A cordless PBX would be especially useful 

and save costs in a company with a number of mobile employees such as those in a large 

warehouse. 

2) Wireless Local Loop (WLL): Users in a neighbourhood typically served by a telephone 

company wired local loop can be connected instead by a cordless phone that exchanges 

signals with a neighbourhood antenna. A standard telephone (or any device containing a 

telephone such as a computer modem or fax machine) is simply plugged into a fixed access 

unit (FAU), which contains a transceiver. The Wireless Local Loop can be installed in an 

urban area where many users share the same antenna. 

3) Cordless Terminal Mobility: The arrangement used by businesses for a cordless PBX can 

also be used by a service that provided cordless phone numbers for individual subscribers. 

In general, the mobility would be less than that available for GSM users. 

4) Home cordless phones: A homeowner could install a single-cell antenna within the home 

and use it for a number of cordless phones throughout the home and garden. 

5) GSM/DECT internetworking: Part of the DECT standard describes how it can interact with 

the GSM standard so that users can be free to move with a telephone from the outdoors 

(and GSM signals) into an indoor environment (and a DECT system). It's expected that many 

GSM service providers may want to extend their service to support DECT signals inside 

buildings. A dual-mode phone would automatically search first for a DECT connection, then 

for a GSM connection if DECT is not available. 

2.11 TETRA(Terrestrial Trunked Radio) 

Terrestrial Trunked Radio (TETRA; formerly known as Trans-European Trunked Radio), a 

European standard for a trunked radio system, is a professional mobile radio and two-way 

transceiver specification. TETRA was specifically designed for use by government agencies, 

emergency services, (police forces, fire departments, ambulance) for public safety networks, 

rail transport staff for train radios, transport services and the military. TETRA 

is European version of trunked radio similar to Project 25. TETRA is a European 

Telecommunications Standards Institute (ETSI) standard, first version published 1995; it is 

mentioned by the European Radio communications Committee (ERC) . 

TETRA uses time-division multiple access (TDMA) with four user channels on one 

radio carrier and 25 kHz spacing between carriers. Both point-to-point and point-to-

multipoint transfer can be used. Digital data transmission is also included in the standard 

though at a low data rate. 

TETRA Mobile Stations (MS) can communicate direct-mode operation (DMO) or 

using trunked-mode operation (TMO) using switching and time-division multiple 
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access (TDMA) with four user channels on one radio carrier and 25 kHz spacing between 

carriers. Both point-to-point and point-to-multipoint transfer can be used. Digital data 

transmission is also included in the standard though at a low data rate. 

TETRA Mobile Stations (MS) can communicate direct-mode operation (DMO) or 

using trunked-mode operation (TMO) using switching and management infrastructure 

(SwMI) made of TETRA base stations (TBS). As well as allowing direct communications in 

situations where network coverage is not available, DMO also includes the possibility of 

using a sequence of one or more TETRA terminals as relays. This functionality is called DMO 

gateway (from DMO to TMO) or DMO repeater (from DMO to DMO). In emergency 

situations this feature allows direct communications underground or in areas of bad 

coverage. 

In addition to voice and dispatch services, the TETRA system supports several types of data 

communication. Status messages and short data services (SDS) are provided over the 

system's main control channel, while packet-switched data or circuit-switched data 

communication uses specifically assigned channels. 

2.12 UMTS( Universal Mobile Telecommunications Service) 

UMTS (Universal Mobile Telecommunications Service) is a third-generation 

(3G) broadband, packet-based transmission of text, digitized voice, video, and multimedia at 

data rates up to 2 megabits per second (Mbps). UMTS offers a consistent set of services to 

mobile computer and phone users, no matter where they are located in the world. UMTS is 

based on the Global System for Mobile (GSM) communication standard. It is also endorsed 

by major standards bodies and manufacturers as the planned standard for mobile users 

around the world. Once UMTS is fully available, computer and phone users can be 

constantly attached to the Internet wherever they travel and, as they roam, will have the 

same set of capabilities. Users will have access through a combination of 

terrestrial wireless and satellite transmissions. Until UMTS is fully implemented, users can 

use multi-mode devices that switch to the currently available technology (such as GSM 900 

and 1800) where UMTS is not yet available. 

Previous cellular telephone systems were mainly circuit-switched, meaning connections 

were always dependent on circuit availability. A packet-switched connection uses the 

Internet Protocol (IP), meaning that a virtual connection is always available to any other end 

point in the network. UMTS also makes it possible to provide new services like alternative 

billing methods or calling plans. For instance, users can choose to pay-per-bit, pay-per-

session, flat rate, or asymmetric bandwidth options. The higher bandwidth of UMTS also 

enables other new services like video conferencing or IPTV. UMTS may allow the Virtual 

Home Environment (VHE) to fully develop, where a roaming user can have the same 

services to either at home, in the office or in the field through a combination of transparent 

terrestrial and satellite connections. The electromagnetic radiation spectrum for UMTS has 

been identified as frequency bands 1885-2025 MHz for future IMT-2000 systems, and 1980-

2010 MHz and 2170-2200 MHz for the satellite portion of UMTS systems. 
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