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1 GSM System Overview

1.1 GSM Variants

GSM900 was the original variant developed by ETSI. Since then two further GSM standards have been developed, namely GSM1800 and GSM1900.

GSM1800 (formerly known as DCS1800) was developed in response to the need for a higher capacity version of the standard to address the perceived market for Personal Communications Networks (PCNs) across Europe. The idea was to target the mass-market and be able to offer cellular communications at prices which could compete more readily with wireline services. In essence GSM1800 is simply a re-banded version of 900. Much larger allocations of spectrum were possible in the 1800MHz bands, enabling operators to cope with higher traffic demands.

In the USA the same 1800MHz bands were not available because of other existing services. However, slightly higher in the 1900MHz region spectrum was available. Hence the development of GSM1900 to compete as a technology for the new US Personal Communication Systems (PCSs). GSM1900 is very similar to GSM900 & 1800 with a few very minor modifications.

Standard
Downlink Band
(BTS to MS)
MHz
Uplink Band
(MS to BTS)
MHz

GSM900
935 – 960
890 - 915

GSM1800
1805 – 1880
1710 – 1785

GSM1900
1930 – 1990
1850 - 1910

1.2 Network Elements

The generic architecture of a GSM network is shown in the following figure:
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A network of radio base stations is designed to provide contiguous signal coverage across the service area of the GSM network. Each cell is to be served by a Base Transceiver Station (BTS) which utilises an associated set of radio channels to effectively connect to any Mobile Station (MS) located in the cell. 

Traffic channels are used to provide a link for speech or data transmissions between the network and the MS. Control channels are used to transfer call set-up and supervisory signalling data.

Each Base Transceiver Station (BTS) is connected to a Base Station Controller (BSC). This link is usually via a conventional landline PCM system or a microwave link. The BSC is responsible for management and control of all BTS parented on the BSC. In general, this BSC functionality includes aspects such as:

· RF channel configuration management

· Frequency hopping management

· Scheduling of paging messages and handover control

The combined functionality of the BTS and BSC network elements relate primarily to the radio air interface aspects of the system and, consequently, these units are collectively referred to as the Base Station System (BSS).

BSS equipment is connected to a Mobile Switching Centre (MSC). In general terms, the MSC effectively constitutes the interface between the radio system and other mobile and fixed telecommunication networks. An MSC controls system network and switching functions which include; call set-up (signalling, control and switching), call routing, call termination and collection of billing information. In order to support mobile subscribers, an MSC must provide mobility management utilities that are over and above those for a fixed network switch. To achieve this added functionality each MSC has an associated Home Location Register (HLR), Visitor Location Register (VLR), Authentication Centre (AuC) and an Equipment Identity Register (EIR).

In broad terms the network functions can be summarised as follows:

Base Station Sub-System (BSS) - This manages and controls radio channel management, transmission functions, radio link control and quality/signal assessment, processing and preparation for handover.

Network and Switching Sub-System (NSS) - This manages and controls mobility management, interworking with other networks, call control and encryption of user data and signalling information.

These sub-systems are discussed in more detail in the following sections.

2 Base Station Sub-System

2.1 General

The GSM Base Station Sub-System (BSS) comprises the infrastructure elements which are responsible for the radio cellular aspects of the network, namely the Base Transceiver Station (BTS) and the Base Station Controller (BSC).

In essence the BSS’s function is to “connect” the Network and Switching Sub-System (NSS) to the Mobile Station (MS). In addition the BSS has connections to the Operations and Maintenance Sub-System (OSS) for configuration management and fault/performance reporting purposes.

2.2 Base Transceiver Station (BTS)

The BTS is comprised of a GSM radio transmitter and receiver together with signal processing and control equipment relating to the air interface. In addition there will be a number of antennas connected to the BTS by feeder cables.

The purpose of the Base Transceiver Station is to:

1. provide radio access to the mobile stations - acting as an entry point for the mobile station into the fixed network;

2. manage issues related to the radio access, leaving the remainder of the fixed network to handle the call related issues such as addressing and routing;

While most other elements of the network may be positioned in a convenient location, the position of the BTS will depend on factors that are related to provision of acceptable radio coverage to subscribers. The location of the BTS has a significant impact on the radio coverage mainly due to the propagation conditions in the environment immediately surrounding the BTS and cell site selection is one of the critical issues that must be considered when designing a cellular radio network such as GSM.

2.2.1 Interfaces

The BTS is connected to the BSC via the Abis interface. The original intention for the GSM specification of the Abis interface, was to ensure that base stations from any manufacturer would be interoperable with a BSC from a different vendor. Due to the timing of the specifications and commercial considerations, the Abis interface does not provide this level of interoperability, and generally, base stations from a manufacturer will only work with BSC's from that manufacturer or from a closely associated manufacturer.

2.2.2 Functions

To keep the base station simple, the base station contains only the functions that are necessary to manage and control the radio interface at a cell site. These functions can be grouped into seven categories: 

1. RF Transceiver Control

The RF transceiver control includes all functions related to transmission, reception, link quality measurements, timing measurements, power control, fault detection and link failure.

2. Baseband Processing and Multiplexing

The baseband processing and multiplexing is an associated function to the transmission and reception, it includes all functions related to modulation, equalisation and demodulation, channel coding and decoding, interleaving and deinterleaving, encryption and decryption.

3. Dedicated Channel Functions and Control

The dedicated channel functions are directed by the base station controller, the BTS provides some support functions including channel activation, assigning a channel, encryption start, handover detection.

4. Common Channel Functions and Control

The common channel functions relate to the different common control channels used such as the BCCH  and CCCH. These functions include the scheduling and execution of the paging messages, and the System Information messages.

5. Terrestrial Channel Functions and Control

The main function performed by the BTS is to provide a blocking indication to the BSC.

6. Synchronisation

The BTS is responsible for synchronising the mobile station to the network.

7. Operations and Maintenance Functions

The BTS is linked directly to the Operations and Maintenance Centre, any equipment faults or alarms will be observed immediately by the network operator.

2.2.3 BTS Architecture
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This diagram shows the typical architectural structure for a BTS. The architecture of the BTS from any manufacturer will be different, however, the structure will be similar to the one that is outlined in the following section. The BTS consists of a digital interface unit (DIU), clock generation unit (CGU), baseband processing unit (BBPU), signalling control processor (SCP), frequency hopping unit (FHU), radio transceiver units (RTU), RF combiners (RFC), antenna (ANT) and the operations maintenance and test unit (OMTU).

Digital Interface Unit

The digital interface unit is the terrestrial connection to the fixed network, it is connected to the BSC via the Abis interface. The function of the DIU is to multiplex data to and from the terrestrial data circuit. The data will consist of signalling information, traffic, and the OA&M messages. For information entering the BTS via the Abis interface, the DIU will extract and distribute the information to the appropriate entities within the BTS. 

The structure of the DIU will depend on the network configuration:

With a low capacity configuration(single TRX sites), it is most effective to connect the base stations in a loop as shown in the diagram. This permits an efficient use of the digital transmission connection. 

This scheme will most likely use a drop and insert multiplexer, the exact structure of the BTS network will depend on the estimated traffic requirements when the system is first rolled-out, and as the system grows. 

For high capacity sites, it may be more appropriate to connect the base stations using a star configuration, this will result in the full transmission capacity being made available to a particular cell site as shown in the diagram.

This scheme will most likely use a dedicated submultiplexer, the exact structure of the BTS network will depend on the estimated traffic requirements when the system is first rolled-out, and as the system grows. 

Baseband Processing Unit

The baseband processing unit is part of the radio subsystem, it provides all the signal processing functions that are necessary to meet the GSM radio interface specifications. These BBPU functions include: channel coding/decoding, interleaving/de-interleaving, modulation/demodulation and equalisation, frame multiplexing and encryption. 

In the transmit direction the BBPU will take data from the input interface board, apply channel coding and interleaving as appropriate, format the data into a GSM burst and pass the burst to the next stage in the transmitter. 

In the receive direction, the samples of the received signal are passed to the equalisation and decoding stage, and the demodulated data passed to the digital interface unit (DIU).

For further information on the physical layer issues see the section on the radio interface

Frequency Hopping Unit

Frequency hopping is a technique that is used in GSM to overcome the problems of slow fading and to help average any co-channel interference. As the name implies, frequency hopping results in a carrier which will change frequency. The frequency change will be once per timeslot. 

Frequency hopping is an option for the operator and hence not all BTS will utilise this FH module. In practice, most manufacturers will include a frequency hopping capability within their basic BTS product line.

Receiver

The purpose of the receiver is to amplify the wanted signals that are within the receiver bandwidth, and reject any signals in adjacent bands. 

The receiver changes the frequency of the wanted signal so that it is low enough to be digitised and passed to the baseband processing unit for demodulation and decoding.

Transmitter

The transmitter is made of 4 parts: 

· GMSK Modulator

The GMSK modulator will take the information from the BBPU and convert it into two streams of filtered and modulated digital information which are to be passed to a digital-to-analog converter. 

· Quadrature Up-Converter

A quadrature up-converter is used to translate the two streams of information from the modulator to an appropriate frequency using the output from the synthesiser as the source for the RF frequency. 

· Power Amplifier

The power amplifier amplifies the signal level from the up-converter to an appropriate level for transmission. It is a requirement of the GSM specifications that the output power level be adjustable in 2dB steps.

· Synthesiser

The synthesiser is a type of RF oscillator which obtains frequency stability from a highly stable crystal oscillator. The synthesiser can be used to generate different frequencies within a given frequency band. A synthesiser is used in the up converter of the transmitter, the frequency of the synthesiser controls which GSM frequency channel is used.

RF Combiners

Combiners are used in GSM to connect multiple transmitters and receivers to a single antenna. For the transmitter it is important that the combiners are low loss, and do not introduce intermodulation distortion components into the transmitted signal.

Antenna

The antenna is the interface between the RF signal from the transmitter, and the radio channel signal that traverses to the mobile station.

In cellular systems, it is often necessary to divide the coverage from a given cell site into sectors. To achieve this it is necessary to use antennas that are not omni-directional, but that have a finite "beamwidth". Dividing the cell site into three sectors would require three antennas each with a 120 degree beamwidth.

Signalling Control Processor

The signalling control processor is an adjunct to the baseband processing unit and it acts as the control centre for each TRX. 

The SCP controls all layer 2 messages for the radio interface, the Abis interface and the operations and maintenance interface. The SCP will process all layer 3 messages that are transit through the TRX.

The SCP is responsible for, amongst other things, radio channel management, power control, quality measurements, paging and maintenance.

Clock Generation Unit

The clock generation unit generates all time bases within the BTS. The master clock in the CGU is either generated internally from a very stable ovenised crystal, or derived from the terrestrial digital circuit input into the BTS.

The advantage of deriving the frequency source from the terrestrial circuit, is that this clock can also be used by adjacent base stations improving the speed of the handover process.

The stability of the clock in the base station has to be better than 0.05ppm. 

The time base signals in GSM were arranged such that all clocks can be derived from a single 13MHz reference.

Operations, Maintenance and Test Unit

The operations, maintenance and test unit is a control processor which interfaces with all of the functions in the base station. 

The OMTU is responsible for monitoring and testing the performance of the BTS. Any faults or drops in performance will be signalled back to BSC via the Abis interface and then on to the operations and maintenance centre.

2.3 Base Station Controller (BSC)

The base station controller manages and controls base transceiver stations (BTS). The BSC was introduced into the GSM network to reduce the load on the MSC, and simplify the BTSs. Removing most of the radio control functions from the MSC allows the MSC to focus on call control and mobility management, the two main functions that the MSC is responsible for.

2.3.1 Terrestrial Channel Management

The BSC is responsible for allocating the terrestrial channels on the Abis interface from the BSC to the BTS. There is a 1-to-1 relationship between the terrestrial traffic channels on the Abis interface, and the traffic channels on the radio interface. 

When the BSC assigns a mobile station to a specific radio channel it is also assigning a specific terrestrial circuit. The MSC is responsible for allocating channels on the A interface from the MSC to the BSC.

In the event of a fault on the A interface it is the responsibility of the BSC to order the blocking of that circuit to the MSC. For the Abis interface, it is the responsibility of the BTS to order the blocking of the circuit if a fault is detected.

2.3.2 Traffic Concentration

To understand how the BSC performs traffic concentration, consider the following example: 

A BSC is controlling 10 TRX's at 10 sites with 1 TRX per site. 

Five of the sites are daisy chained using a 2.048Mb/s digital circuit, and the other 5 using a second daisy chain. 

At each of these sites there are 7 traffic channels available, with the 8th channel used for broadcast control functions. 

If the loading on each of these sites is low such that only 2 of the seven channels are used to carry traffic, the total traffic arriving at the BSC will be 10 channels on the first digital circuit, and 10 channels on the other digital circuit. 

The BSC will concentrate this traffic, placing it on a single digital circuit back to the MSC thereby making the most efficient use of terrestrial network.

2.3.3 Channel Configuration Management

The channel configuration defines the use of the different physical and logical channels at a site. It is set by the operations and maintenance center (OMC) and controlled by the BSC. The OMC will download the current configuration to the BSC which will then control and be responsible for assigning the radio channels.

2.3.4 Traffic and Dedicated Control Channel Management

There are three functions included here:

· Frequency Hopping Management

The frequency hopping information is transferred from the OMC to the BSC. It is the responsibility of the BSC to transfer this information to each BTS, and to ensure that the correct information is transmitted to the mobile station via the BCCH carrier.

· Channel Management

To allow the BSC to select a channel for a mobile station, the BTS provides information related to channel blocking and interference levels on the idle channels. 

When assigning a channel, the BSC will download relevant parameters to the BTS such as channel type, channel coding type, rate adaption and starting time.

· Power Control

The mobile station receives the power control setting in the header of the SACCH frames on the downlink, and returns the actual power control setting in the header on the uplink.

Power control is regulated by the BSC, it is optional whether the power control is performed by the BTS or the BSC, however, the BSC is responsible for the power control algorithm employed

2.3.5 Random Access

The BTS is responsible for detecting the random access attempts by mobile stations. 

The timing advance information and the 8-bit channel request message received by the BTS is sent to the BSC over the Abis interface. 

The BSC will include this information in the immediate assign message sent to the mobile station via the BTS.

2.3.6 Channel Coding/Decoding

The BTS is responsible for the implementation of the channel coding and decoding, however, the BSC will inform the BTS of the required parameters for a particular call (interleaving scheme, coding scheme etc)

2.3.7 Timing Advance

The timing advance process is controlled by the BTS, however, the BSC needs to know the timing advance from a mobile station making a random access so that information can be included in the message from the BSC.

2.3.8 Radio Resource Indication

The BTS reports on the interference and blocking that is present on idle channels. This information is used by the BSC when a channel is allocated.

2.3.9 Measurements

The mobile station collects measurement information relating to the received signal power from serving and neighbour cells. This information is passed by the mobile station to the BTS and then on to the BSC.

2.3.10 Paging

Paging is initiated by the MSC. The BSC will determine which Paging Group the mobile station is in based on the IMSI of the mobile station.

2.3.11 Handover

The handover is controlled by the BSC when the handover required is intra BSC (within the area controlled by the BSC), and by the MSC when the handover is between controlled by different BSCs.

2.3.12 Encryption

Encryption is performed at the BTS site, however, the encryption information (RAND, SRES) is stored at the Home MSC location and passed to the BTS via the BSC.

3 The Network & Switching Sub-System

3.1 General

The Network and Switching Sub-System (NSS) sits between the BSS and other telecommunications networks (eg the PSTN). The functions of the NSS are to manage communications between subscribers connected to different BSCs, to locate and track mobiles in the GSM network for call-routing purposes and to provide connectivity to other networks, in particular the PSTN.

Key elements of the NSS include:

· The Mobile Switching Centre (MSC) – incorporating the Visitor Location Register (VLR)

· The Home Location Register (HLR)

· The Authentication Centre (AuC)

In practice a separate MSC called the Gateway MSC (GMSC) provides connection to external networks such as the PSTN. The various parts of a GSM NSS are connected using Signalling system Number 7 (SS7).

3.2 MSC/VLR

The mobile switching centre (MSC) functions as an ISDN digital exchange with some additional features to manage the mobility associated with the GSM cellular system. A typical MSC has the following features and functions:

3.2.1 Call Control and Routing

The MSC is based on an ISDN digital exchange, all the call control procedures and messages closely follow those defined for ISDN switching equipment.

The MSC is responsible for the establishment and release of all connections and for providing call routing via the gateway MSC. 

3.2.2 MSC Interfaces

The MSC interfaces to the PSTN, ISDN, PSPDN as well as the internal GSM interfaces to the BSS, the OMC, the location registers and the interworking function.

The internal interfaces are further defined in the system architecture diagram in this section.

3.2.3 Subscriber Information and VLR

3.2.4 Mobility Management Functions

The MSC is responsible for mobility management,  Mobility management is the functions that are necessary because the mobile station moves through the radio network and even roams into other networks.

3.2.5 Radio Resource Management

The MSC is also involved in radio resource functions such as handover and paging. When a mobile reaches the edge of coverage, and the adjacent cell is controlled from a different BSC, then the MSC will become involved in the handover process.

3.2.6 Billing Information

The MSC will collect billing information and traffic statistics for the PLMN.

3.3 HLR

The purpose of the HLR is to provide a store for all subscribers of the particular network operator. As the subscriber moves across the network, or even into other networks, it is necessary for the MSC that is serving the subscriber at that time to be able to check their validity and service profile.

3.4 AuC

This section outlines the basic features and functions of the Authentication centre.

The authentication centre (AuC) is linked to the HLR, it stores the identity key of the mobile subscribers that are registered on the HLR.

By specifying a separate unit to hold the secret keys (Ki), the protection for that unit can be enhanced ensuring the security and integrity of the system.

The secret key that is kept in the authentication centre is used to authenticate the validity of a subscriber to use the network, and also to generate a cipher key used in the ciphering process when encryption is enabled.

3.5 GMSC

A Gateway mobile switching centre (GMSC) is a device which routes traffic entering a mobile network to the correct destination. 

The GMSC accesses the network HLR's to find the location of a mobile subscriber. It does not operate as an MSC, however an MSC can be assigned to act as a GMSC. The selection of the MSC which performs this routing function is up to the operator. The operator could decide to designate more than one MSC as a GMSC.

3.6 SS7

SS7 is a common channel signalling system designed for use between public exchanges. The standard was first introduced in around 1980 and has been evolving ever since.

SS7 operates over digital signalling channels and provides facilities for transferring information even when there is no associated call connection

4 GSM Services

4.1 Introduction

There are two categories of communications service in a GSM network:

· Teleservices, and

· Bearer Services.
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Many different telephony and bearer services are fully supported by GSM networks. Each teleservice allows communication between two users according to standardised protocols. Data rates of up to 9600bits/sec are supported.

Each bearer service provides the capability to transmit information between two (or more) user network interfaces. The terminals connected to these interfaces are standardised with regard to their interface features. Bearer services provide advanced security features, authentication, encryption and a high quality of service. Tele and bearer services are further enhanced by a range of supplementary services.

4.2 Teleservices

A Teleservice is a telecommunication service that is completely defined including the terminal equipment functions. GSM specifies the following 3 types of teleservices:

· Telephony Services.

· Short Message Services.

· Fax Services.

4.2.1 Telephony Services

There are two telephony services offered by GSM:

Speech telephony is the main GSM telephony service. It defines an end-to-end speech transmission path between mobile and fixed users, and mobile to mobile users.

· The speech telephony service provides the transmission of speech information and fixed network signalling tones. 

· The transmission can be mobile originated as well as mobile terminated. 

· The transmission of mobile originated DTMF tones is also provided.

· Within the GSM system, all speech information is transported as a digital signal. This is a 64kbps PCM signal in the fixed network, and a 13kbps RPE-LTP signal across the radio interface.

Emergency call is the second GSM speech telephony service provided. The emergency call provides a standardised access to the emergency services irrespective of the country that service is used in.

· The Emergency call service is mandatory in GSM networks. They may be initiated from a mobile without a SIM, however, it is an option for the network operator whether to accept these calls.

· Emergency calls can override any lock state that the phone may be in.

· A standardised access to the emergency call (112) is used in addition to the national emergency call code for that country is used. If the national emergency code is used the SIM must be present as this is not part of the emergency call teleservice.

4.2.2 Short Message Services

Short message service (SMS) is similar to a paging service, alpha-numeric messages can be sent from a short message service centre to mobile stations. Some types of SMS messages can be sent from the mobile station to the SMS service centre.

4.2.3 Fax Services

GSM provides two types of FAX teleservice:

· Speech and FAX: This service permits the user to switch between speech and FAX services during a call. 

· Automatic FAX: supports a Group3 FAX in Autocalling/Autoanswering mode only. 

4.3 Bearer Services

Bearer services are the second type of basic service offered by GSM. The bearer service differs from the teleservices described previously in that it only provides a basic transmission capability, the protocols and functions that occur in the data terminal equipment are not defined. The bearer services provide a range of different types of data transmission. 

4.3.1 Bearer Services 21 - 26 Asynchronous Data

GSM provides 6 asynchronous bearer services with the following data rates:

· Bearer service 21 - 300 bps

· Bearer service 22 - 1200 bps

· Bearer service 23 - 1200/75 bps

· Bearer service 24 - 2.4 kbps

· Bearer service 25 - 4.8 kbps

· Bearer service 26 - 9.6 kbps

4.3.2 Bearer Services 31 - 34 Synchronous Data

GSM provides 4 synchronous bearer services with the following data rates:

· Bearer service 31 - 1.2 kbps

· Bearer service 32 - 2.4 kbps

· Bearer service 33 - 4.8 kbps

· Bearer service 34 - 9.6 kbps

4.3.3 Bearer Services 41 - 46 PAD Access

GSM provides 6 PAD access bearer services with the following data rates (all of the services are based on an asynchronous access method):

· Bearer service 41 - 300 bps

· Bearer service 42 - 1.2 kbps

· Bearer service 43 - 1200/75 bps

· Bearer service 44 - 2.4 kbps

· Bearer service 45 - 4.8 kbps

· Bearer service 46 - 9.6 kbps

4.3.4 Bearer Service 51 - 53 Packet Access

GSM provides 3 packet access bearer services with the following data rates (all of the services are based on a synchronous access method.):

· Bearer service 51 - 2.4 kbps

· Bearer service 52 - 4.8 kbps

· Bearer service 53 - 9.6 kbps

4.3.5 Alternate Speech and Data

Using this service, users will be able to alternate between speech and data transmission. The data transmission part can be the same as that provided by bearer services 21 to 34.

4.3.6 12kbps Unrestricted Data

This service will allow the user access a synchronous 12kbps data channel. The service will include basic error correction, but no flow control.

4.3.7 Speech Followed by Data

This service provides the user with a speech connection, and at some point later while the call is still in progress, the user can switch to a data connection. It is not possible to return to the speech connection after the data part of the call.

4.3.8 Unrestricted Digital Information

This attribute indicates that the service is capable of transmitting unrestricted digital information both within and outside the GSM network.

4.3.9 3.1kHz External to the PLMN

This attribute is used to select an audio interworking modem form the modem pool in the interworking function attached to the MSC. 

External indicates that the "audio service" is used external to the network, within the GSM network all the information is digital.

4.3.10 Transparent Transmission

There are two basic types of transmission through the GSM network for data calls, transparent and non-transparent.

As the name implies the transparent service passes transparently through the network with no flow control or error detection other than that provided by the physical layer.

The transparent service results in a connection with low delay but a variable error rate is delivered to the end user.

4.3.11 Non-Transparent Transmission

Non-transparent transmission is the alternative technique for passing data across the GSM network. 

Non-transparent transmission introduces a variable delay, but results in a very reliable connection. 

Non-transparent transmission uses a special data link protocol to enhance the basic error protection scheme provided by layer 1.

4.4 Supplementary Services

GSM and DCS network operators are able to offer a wide range of supplementary services to their customers. Many of these supplementary services are fully standardised by the GSM/DCS recommendations, however, network operators are able to distinguish their network from that of the competition, by designing and implementing proprietary supplementary services. Typical examples of proprietary supplementary services relate to localised billing options and the concept of home calling areas.

· Calling Line Identification Presentation

Calling line identification presentation service gives the called party the opportunity to receive the line identity of the calling party at the time the call is received. The line identity includes the subscribers national ISDN number, the MSISDN number and the country code. CLIP is applicable to all telecommunication services except for the Short Message service.

· Calling Line Identification Restriction

The calling line identification restriction service allows the calling party to stop the presentation of its line identity to the called party.

The service can be offered either on a permanent basis, ie CLIR is invoked for all outgoing calls, or on a temporary basis for selected outgoing calls.

CLIR is applicable to all telecommunication services except for the Short Message service.

· Connected Line Identification Presentation

Connected line identification presentation service permits the calling party to receive the called party's line identity. This service is used on occasions when the called party is using a different number to the called number due to eg call forwarding.

This service is available to all telecommunication services except for the short message service.

· Connected Line Identification Restriction 

Connected line identification restriction allows the calling party the facility of preventing presentation of the line to the calling party; and happens automatically, at the call set-up phase for every incoming call. 

It is possible for certain users, such as the police, to override the presentation restriction.

The short message service is the only telecommunication service for which connected line identification restriction is not available.

· Call Forwarding Unconditional

This service allows the user to have incoming calls associated with a specific service forwarded to a national or international number unconditionally.

· Call Forwarding on Mobile Subscriber Busy.

This service allows a user to have incoming calls associated with a specific service forwarded to a national or international number if the mobile subscribers line is busy.

· Call Forwarding on No Reply

This service allows the subscriber to have incoming calls associated with a specific service forwarded if there is no reply within a period set by the subscriber (5 to 30 seconds). 

· Call Forwarding on Mobile Subscriber Not Reachable

This service allows the subscriber to have incoming calls associated with a specific service forwarded if the mobile subscriber is not reachable (either due to congestion or because the mobile station is out of the coverage area).

· Call Waiting

This service permits a user who is engaged in a call to receive notification of an additional incoming call. 

Only one call can be waiting at any one time; it is the user's choice whether or not to answer the waiting call.

· Call Forwarding to Voice Mail

This service allows the subscriber to have incoming calls associated with a specific service forwarded to a Voice Mail platform if the mobile subscriber is not reachable (either due to congestion or because the mobile station is out of the coverage area).

· Call Hold

This service permits a user to put a current call on hold, whilst answering a waiting call or making another call. HOLD may be used to alternate between two calls, either of which may be terminated independently of the other.

It is only possible to hold one call at any one time.

This service is not available for any telecommunication service apart from telephony.

· Conference Calling or Multi-Party Service

This service allows what may be referred to as a conference call, that is a simultaneous connection with more than one party.

Having made a connection with one party, the user may add up to five additional parties to the call.

This service is not available for any telecommunication service apart from telephony, and even then the user must have the Call Hold facility.

· Closed User Group

This service permits communication between individual users in a group, but prevents them from making calls to users outside the group.   Each subscriber may be a member of no more than 10 CUGs.

The service is applicable to all telecommunication services other than dedicated PAD access, dedicated Packet access, SMS, and Emergency Calls, and may be provided with the pre-arrangement of the service provider.

· Advice of Charge - Information

This service provides the mobile station with the information to produce an estimate of the cost of the call or service used. In some circumstances the Advice of Charge service is not available from the network, and therefore, the advice of charge information provided may be inaccurate. 

· Advice of Charge - Charging

This service is similar to the Advice of Charge information, except that the call is prevented if the Advice of Charge information is not available from the network. This feature is intended for situations like hire phones where the exact call charges are needed.

· Barring of All Outgoing Calls

This service allows the subscriber to bar types of outgoing calls associated with either all basic services or specific groups of services.

· Barring of Outgoing International Calls

This service allows the subscriber to bar all outgoing international calls.

· Barring of Outgoing International Calls Except those directed to the Home Network

As the name suggests this service allows the subscriber to bar all outgoing international calls except those directed to the home network.

· Barring of All Incoming Calls

This service allows the subscriber to bar types of incoming calls associated with either all basic services or specific groups of services.

· Barring of Incoming Calls when Roaming Outside the Home Network (BIC-Roam)

This service allows the subscriber to bar all incoming calls when roaming away from the home network.

5 Data Services in GSM

5.1 Introduction

The GSM network is a totally digital system, all voice, data and signalling information is transmitted as a digital message. On the GSM user side the mobile station must be capable of interworking with a multitude of terminal equipment which will include fax hardware and data communication software packages.

In mobile originated data and fax Calls the GSM mobile originates the call to a PSTN based modem. Mobile terminated data and fax calls are received by the GSM mobile and may be originated from the PSTN network or another mobile on a DCS or other network.

In GSM the speech transmission path includes analogue to digital conversion, digital transmission and digital to analogue conversion. For data the digital information can by-pass the analogue conversion. A direct digital connection can be made with the network.

When a mobile station establishes a fax or data call the GSM network will recognise that the receiving modem will expect to communicate with conventional fax and data modems. 

To achieve this GSM networks use an entity known as an Inter-Working Function to provide the modulation and demodulation of fax and data signals as required by conventional data and fax equipment used within the PSTN. This is shown in the diagram 

The Terminal Adaptation Function on one side and the Inter-Working Function on the other, act as entry points for data/fax services in and out of the GSM network. 

The purpose of these two reference points is to provide a distinct boundary at which the data and fax services are adapted to fit within GSM bearer capabilities

The following subsections examine each of the basic data and fax services defined within the GSM standard, namely:

· Short Message Services

· Fax Services

· Bearer Services

5.2 Short Message Services

Short message service (SMS) allows alpha-numeric messages to be sent from a short message service center to mobile stations. Some types of SMS messages can be sent from the mobile station to the SMS service center.

The three types of SMS service offered by GSM are:

· The short message service point-to-point mobile terminated provides the transmission of short messages from a message handling system (such as the SMS service center) to a mobile station.

SMS-MT transports messages to mobile stations from an entity such as an SMS service center. The maximum length of the SMS message is 160 characters. After the receipt of a message the mobile station will transmit an acknowledgement to the service center. Messages are stored in the service center if the mobile station is not reachable. SMS messages can be received either in or out of a call. The short message service center may be outside of the GSM network A number of SMS service features are provided to enhance this basic SMS service.

· The short message service point-to-point mobile originated provides the transmission of short messages from a mobile station to a message handling system (such as the SMS service center)

SMS-MO transports messages to an entity such as an SMS service center from a mobile station. The maximum length of the SMS message is 160 characters. After the receipt of a message the service center will transmit an acknowledgement to the mobile station. SMS messages can be received either in or out of a call. The mobile station will need either a suitable keypad, or a data terminal equipment such as a PC or palm top to send short messages. The PC or palm top must be fitted with the appropriate protocols. A number of SMS service features are provided to enhance this basic SMS service.

· The short message service cell broadcast provides the transmission of short messages to a group of mobiles.

The SMS cell broadcast service is from a service center to all reachable mobiles in a cell or group of cells. To receive the SMS cell broadcast message, the mobile station must be in idle mode. SMS CB does not have any mechanism to provide an acknowledgement, so there is no guarantee that a specific mobile station received the message. The SMS-CB messages are limited to a maximum length of 93 characters, although up to 15 messages can be concatenated together. No subscription is required to receive cell broadcast messages, and they are not encrypted. An SMS-CB message can carry message identifiers.

5.3 Facsimile

GSM provides two types of fax teleservice: speech and fax, and automatic fax.

· The speech and fax service allows users to switch between a speech and fax service during a call.

· The automatic fax service allows the connection of a Group 3 fax machine to a GSM mobile station.

5.3.1 Teleservice 61 - Alternate Speech and Fax Group 3

This service permits the user to switch between speech and fax services during a call. 

It allows the connection of a group 3 fax to the GSM mobile station. Fax connections can be sent either to or from the mobile station, and to and from fax machines connected to the PSTN, ISDN or other GSM mobile stations.

The user can establish the call as a speech call and later switch to a fax call or vice-versa.

High performance and quality is provided even under poor radio conditions.

The fax is transmitted at speeds up to 9.6kbps.

5.3.2 Teleservice 62 - Automatic Fax Group 3

Automatic fax supports a Group3 fax in Autocalling/Autoanswering mode only. It allows the connection of a group 3 fax to the GSM mobile station. 

Fax connections can be sent either to or from the mobile station, and to and from fax machines connected to the PSTN, ISDN or other GSM mobile stations.

High performance and quality performance is provided even under poor radio conditions.

The fax is transmitted at speeds up o 9.6kbps.

5.4 Bearer Services

Bearer services are the second type of basic service offered by GSM. The bearer service differs from the teleservices described previously in that it only provides a basic transmission capability. The bearer services provide a range of different types of data transmission. The different attributes and capabilities of the bearer service are defined in the diagram.

GSM defines two data transmission modes across the radio interface, which are the transparent mode and the non-transparent mode:

· The transparent transmission mode transfers data transparently across the radio interface without any additional error correction (i.e. only GSM radio channel FEC and interleaving is used).

· With the non-transparent transmission mode additional error protection is provided across the radio interface using a special layer 2 protocol.

5.4.1 Transparent Mode 

The transparent transmission mode ensures a constant and known data transmission speed but the received bit error rate may be high in extreme channel conditions (e.g. low received mean signal level and multipath fading). 

The transit delay for transparent mode communication will be constant with typical examples given in the table

The table provides an indication of the data throughput that can be achieved with transparent mode. The figures are from the GSM specification 05.05 and list the residual error rates that should be expected for a mobile data channel in a typical urban area with frequency hopping. These results demonstrate the performance improvements from increased channel coding bits.

5.4.2 Non-Transparent Mode

A GSM layer-2 protocol, which is known as the Radio Link Protocol, is used for non-transparent data/fax calls to provide an error-free transmission. 

The protocol uses retransmission mechanisms when errors are detected. 

The actual throughput of user data and the transit delay is determined by the severity of the radio channel. Data re-transmission is performed to eliminate errors. 

The Radio Link Protocol is terminated within the Inter-Working Function and at the Terminal Adaptation Function. 

5.5 New GSM Data Services

This section introduces some new and evolving GSM data services.

These services are not yet standardised, and so this section should only be considered as an indication of how these services will appear when they are fully specified.

Three new services are considered:

· The Generalised Packet Radio Service (GPRS)

· Increase data throughput using data compression.

· High Speed Circuit Switched Data

5.5.1 Generalised Packet Radio Service 

GPRS is a set of new GSM bearer and teleservices that are currently being standardised within ETSI.  

These new services will allow subscribers to send and receive data in an end-to-end packet transfer mode without using network resources in circuit switched mode.

The GPRS mode of operation will permit a very efficient use of network resources for packet mode data applications.

This section outlines some of the basic features of the GPRS service, because it is a new evolving technology, the specifics outlined below may change as the specification process develops.

5.5.2 Data Compression

The basic proposals is to use V.42bis error correction protocol to increase the user data throughput from 9.6kbps to 19.2kbps or even 38.4kbps. V.42bis is a data compression protocol capable of achieving compression rates up to 4:1.  

A standard non-transparent 9.6kbps asynchronous GSM bearer is used for the radio path.  

For the fixed network, the V.42 error correction protocol is used on top of a standard line modem such as V.32 between the far end and the IWF in the GSM network, this ensures a reliable connection across the fixed network for the compressed data.

The data compression algorithm operates end-to-end.  At the PSTN end, a V.32 or higher speed modem operates into a similar modem in the IWF via the PSTN.  

The V.42 protocol is used on top of V.32 to ensure a reliable error-free link.

A non-transparent asynchronous GSM bearer service is used across the radio interface as it provides protection against errors over the radio link.

5.5.3 High Speed Circuit-Switched Data

ETSI is currently considering the issues concerned with high speed circuit switched data (HSCSD). At this stage no definite technology decisions have been made, and so this section will review some of the key issues that are being considered.

The basic proposals for HSCSD are to use multiple timeslots to achieve a higher aggregate data rate. The HSCSD proposals do not advocate significant changes to the air interface, the basic burst structure will remain the same.

A 2 timeslot solution will provide a user data rate of 19.2kbps, and an 8 timeslot solution a data rate of 76.8kbps. 

If these increased data rates are combined with the data compression schemes such as V.42bis, then user data rates approaching 300kbps may be possible.

6 Operations & Maintenance

6.1 General

A GSM network contains a functional element known as the Operation Sub-System (OSS). The OSS performs a variety of tasks and requires interaction with other network elements in the BSS and NSS.

The GSM specifications are not specific regarding operations and maintenance (O&M) provision – much is left up to the individual equipment vendor/operator.

The overall objective of providing O&M functionality (ie the OSS) centrally is to improve the efficiency with which the network can be configured and managed.

There are three key types of O&M functionality provided in a typical GSM network:

· Network Operation and maintenance

· Subscription Management

· Mobile station management

6.2 Network Operations and Maintenance

This functionality is provided in order to enable the operator’s personnel to remotely access each network element (eg MSC, BSC, HLR etc) in order to change configuration settings or report faults. In practice this is achieved by providing computer workstations called Operations and Maintenance Centres (OMCs) linked to the network elements. These OMCs can either be stand-alone machines simply providing O&M functions for a specific element or group of elements or they can be linked and controlled by an integrated network management system.

6.3 Subscription Management

Subscription management comprises two elements:

· Subscriber data management

· Call charging

Subscriber data management requires the HLR and dedicated OSS machines. Customer information and subscription details are usually entered and stored on a dedicated system used by the team responsible for customer management. This system is not covered by the GSM specifications but it must interface with the HLR in order to update the subscription information stored in it (eg which services are allowed for a subscriber etc).

Call charging is also usually handled by a dedicated computer system connected to the GSM network. In some cases the HLR system is used to record this billing information since it is a logical place to store it (see separate section on billing later).

6.4 Mobile Station Management

The Equipment Identity Register (EIR) is a database in the GSM network which stores information about mobile stations. It is important to realise the distinction between the subscriber information stored in the SIM card and the mobile equipment information relating to the physical mobile equipment.

The EIR’s primary duty is to control access to the network by mobiles which have been stolen or are being used without authorisation.

If a mobile is reported stolen the operator may flag it as either “grey-listed” or “black-listed” in the EIR. Black-listed mobiles cannot gain access to the network. Grey-listed mobiles are monitored in order to obtain information which could help track it.
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