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1 Introduction

Railway companies have a lot of different communication requirements for operation and maintenance of their railroad networks. These communication requirements are accomplished today by different technical system solutions deriving from the special railway requirements for each of the railway services needing either voice or data transmission. Furthermore, some of the systems in use have been installed decades ago, are outdated and need to be replaced by state of the art technology.

Modern railway operators have the need for a future oriented digital radio standard which fulfills existing requirements (as today in operation with analogue trunked and non-trunked radio systems or wired applications) as well as new requirements evolving from boarder crossing train connections, cost effectiveness and quality of service, as there are:

· International (european) standard with a minimum of modifications for railway 


applications

· Proven in operation in public mobile networks

· Cost effective and economic in realisation and operation

· Standardised transmission system components as for the public market (no railway


specific implementation to minimize investment)

· Railway specific services and the radio transmission systems today in use

· General requirements for a future railway mobile communication system

· Integration of all railway services into one communication network


· High reliability and availability, transmission quality for up to 500 km/h

· Ability of smooth integration of new services defined in future

At an early stage UIC (Union International des Chemins de fer) identified that a common frequency band is the key element for effectiv international (boarder crossing) operation of a railway communication system. In the 450/460 MHz band designated for and used by most current railway communication systems no further frequencies are available to accomodate the envisaged future radio applications. Even worse, part of the frequencies now in use can only be reused after a considerable migration period.

The 900 MHz mobile services band proved to be the most suitable frequency band for a number of reasons such as radio propagation and availability of systems

Consequently, the specification task force EIRENE (European Integrated Railway Radio Enhanced Network) was established by UIC. This taskforce evaluated upcoming systems like GSM and TETRA for their functionality. In 1995 UIC selected GSM as the most suitable technology to meet the railway requirements. Since that time GSM as well as other systems have made considerable steps towards the needed functionality. But, as a matter of fact, GSM today has  more than 180 networks worldwide in about 100 countries with about 70 million mobile subscribers growing at a yearly rate of approximately 50 %. To no question it is the leading mobile telephone system worldwide for the near future.

In 1995 ETSI reserved the two frequency bands 876-880 MHz (MS, uplink) and 921-925 MHz (BS, downlink) internationally for EIRENE systems (furtheron called GSM-R-Band) in TR 25-09. Thus the key requirement for boarder crossing traffic is resolved. In figure 1 the allocation of these frequencies in the 900  MHz Band is shown. 
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Figure 1
Frequency allocation in 900 MHz-Band

UIC also created several new service requests for the GSM-system as work items for ETSI SMG to fulfil the railways requirements for the mobile radio system. These service requests have been standardized within GSM Phase 2+.

In 1997 UIC EIRENE has established an Memorandum of Understanding (MoU) to introduce GSM-R in the undersigned organisations at least for border crossing traffic. This MoU has been signed up to now by more than 30 UIC members. The introduction of GSM-R in these countries and railways is a matter of fact and is taking place starting from 1998.

Todays railway communication systems

Today, most railway telecommunication networks are using different systems for the various types of applications needed and users connected. These systems typically belong to an earlier generation of communication systems. Each application normally utilizes a dedicated communication system for either voice or data communication.

The systems listed below represent the most commonly used systems (UIC) only. There may be much more systems in individual countries and non UIC countries existing.

Application
Communication system in use

Train Controller – Driver Communication
Trunked radio system working at 460 MHz (in England also 200 MHz), e.g. UIC 751-3, BR 1845 (BR 1609)

Automatic train control


Railroad based cable (radio transmission at 36/56 Khz), e.g. LZB 80

Shunting teams


80 MHz and 450 MHz radio with walkie talkie functionality

Emergency Communication within an area
Trunked radio system working at 460 MHz (in addition radio systems as used by the local emergency services)

Trackside Maintenance
Analog wired telephone, trackside installed (dependent on the coverage sometimes PLMN-GSM-mobiles)

Train Support Communication
Different systems dependent on type and importance of the support, often no communication equipment

Wide Area Communication
ISDN or analog networks for voice communication, X.25- and/or LAN for data communication

Passenger Services
Analog mobile radio system, where available. Often no service at all

Local Communication at Station and Depots

PABX networks, analog 160 MHz radio systems

Figure 2
Railway application and the typical used system

In most cases these system are using analogue technology and individual frequency ranges and communication protocols. Most of the time, these systems are not interoperable. The  consequences are:

· limited applications

· inefficient use of ressources (radio frequencies, cabling ...)

· high procurement cost (several different systems, no big market for suppliers)

· high operational cost (power supply, leased line cost ...)

· high maintenance cost (service organisation and logistics for each of the systems)

· technical evolution almost impossible

2 The railways requirements for present and future communication systems

2.1 GSM-R, the solution preferred, validated and specified by UIC
The choice of GSM-R by the railway community was motivated by its strong potential to: 

· support numerous applications due to the ISDN character of the network

· achieve interoperability between railway networks

· efficient use of ressources (radio frequencies, cabling ...)

· reduce procurement cost (only one system, additional market for GSM suppliers)

· reduce maintenance cost (service organisation and logistics for only one system)

· open for technical evolution (state-of-the-art technology)

The definition and standardisation of requirements derived from applications and according to GSM Phase 2 and Phase 2+ standard, which defines GSM-R, involves railway organisations, railway entities, ETSI and industrial partners.
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Figure 3
Specification and validation bodies for GSM-R

Task of the railway operators in EIRENE is to define the GSM-R system requirements and the functional requirements guaranteeing the interoperability between the railway networks.

MORANE (MObile RAdio for Railways Networks in Europe) is a consortium of railway operators, GSM manufacturers and research organisations. The objective of the MORANE project and its trial sites is to specify, develop, test and validate prototypes of a GSM-R network to ensure that global requirements of the railways are met. Validation period will be completed by the end of 1999.

Both EIRENE and MORANE are producing a set of specifications to allow individual railways the procurement of fully operational and validated GSM-R products.

General

The functional needs of railways for communication systems can be divided into two sections

· EIRENE requirements commonly defined by European railways

· Country- or operator specific requirements deriving from an railway operators need

A main goal of UIC is the usage of GSM-R band to realise boarder crossing international high speed trains without change of equipment at the national boarders. To achieve this each individual railway has to negotiate with the countries telecommunication regulator to get this frequency band reserved.

Nevertheless, frequency bands free for use by GSM-railway may differ in individual countries (especially in non UIC contries) due to national regulations (e.g. GSMR-band occupied by military, national security ...) and have to be agreed. If the frequencies will be outside GSM-R band, GSM-R applications are still possible but boarder crossing traffic may be not functional due to different frequency ranges.

2.2 GSM-R applications commonly defined by EIRENE

This subset of communication requirements was studied and identified by representatives of the European railway operators and shows all applications which allow economic operation of Railway communication today and in future. The figure below shall give a short overview.
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Figure 4
GSM-R applications as identified by EIRENE

2.2.1 Railway signalling requirements

3.3.1.1
Automatic train control ATC

Train Control Systems in use or installation today are either only on signalling level 

· Optical signals


· Electromagnetic (inductive) signals

· Mechanical signals

or, as introduced in many UIC countries, signalling and train control via railroad based cable (e.g. DB AG ( LZB 80), sometimes in combination with passive radio balises.

These systems have several restrictions

· they are fixed installed alongside the track

· each system needs separate cabling

· they are not international interoperable

· they do not allow high velocity trains with more than 300 km/h

· high procurement and operational cost

With ERTMS the railways specified together with Siemens and other mayor suppliers a new four level automatic train control system called ETCS (European Train Control System). 

makes use of EUROBALISE system (telepowering from antenna to balise at 27,095 MHz, data transmission from balise to vehicle at 

4 MHz/500 kBit/s). Works as an overlay ATP to traditional systems.

radio-based Fixed Block System using GSM-R, traditional signals like axle counters, electronic interlocking, lineside signals still in operation

radio-based Moving Block System using GSM-R, no other signals in operation

radio-based Signalling System (Signals will be operated from the train)

ETCS level 2/3 will be used on high speed tracks which allow a train speed of 350 km/h and above. Therefore GSM-R as the communication channel needs the following characteristics

· bidirectional data flow between fixed ATC-center and the ATC-computers on 


the trains over a transparent data channel

· continous data links for ETCS level 2/3 with burst transmission of data (HDLC-


protected).

· discontinous data transmission for ETCS level 4

· mobile speed up to 500 km/h, minimized handover gaps and end-to-end data transfer delay

With ETCS level 2/3 the ATC computer onboard the train will transmit its position, speed, number of cabs and more train-borne information to the radio block center (RBC). The RBC network compares data of all trains in the respective area and in turn computes and transmits the necessary speed profile to each individual train. This and the absence of wired signals finally allows railways to operate their trains not more with the traditional fixed block structure but with moving block structure. This will reduce the average necessary distance between trains on a single track. The expected result will be optimised usage of the track and minimised train delays.

3.3.1.2 Remote Control

The remote control application area comprises rather different applications (from remote control of shunting locomotives over remote control of cranes and gantries to remote train preparation). Therefore the requirements diverge depending on the application. 

In general highly safety-critical actions can be executed and therefore the system is to check continuously (or at frequent intervals) that the communication link is still established. If a link loss is detected then this is to be immediately signalled to the equipment being controlled so that appropriate action can be taken. Also mechanisms are to be provided to ensure that a radio used for remote control does not affect the operation of equipment other than that which it is intended to control. Because of these aspects appropriate levels of priority must be installed.  During the remote control of a locomotive or other heavy equipment, the call set-up time between a command being issued and the command being received by the equipment being controlled is to be as short as possible, and at most 1 second, and can be up to 5 seconds for operations of lower levels of priority.

The communications are to be almost exclusively point to point and coverage is only required over a relatively small area (1-2 km) primarily in stations, yards and depots and only for the period while the remote control operation is in progress. Nevertheless the quality of coverage and the availability has to be high. Interfaces are needed that assure the traction of shunting locomotives and the correct control of the devices being controlled remotely.

2.2.2 Operational voice communication

Train radio covers the wide field of railways operational communication which is characterised by typical functions as available from trunked radio systems. These functions shall be available in a future system (maybe modified or enhanced) as well as new functions shall be introduced.

2.2.2.1 Train Controller – Driver Operational Communication

The main function of train radio is the communication of a train controller station with the train drivers and vice versa. There are the following requirements:

1.
Bidirectional links for data and voice transmission between train controller stations connected to a fixed railway network and the personnel onboard of trains.

2.
Call Setup should be possible as mobile terminated call MTC and mobile originated call MOC.

3.
For MOC and MTC different addressing modes are required for the call setup:

· MTC (call from a train controller terminal to a train):

The call setup should be possible by dialling a (temporary) train running number and a function code. An address translation function from actual train running, engine or coach number and functional identity to real PLMN subscriber number has to be realised. Furthermore it should be possible to address different functions on board the train.

· MOC (call from a train to a train controller terminal):

The actual responsible train controller may change during the journey of a train. The call setup should be possible by pressing a function key or dialling a shortnumber on the mobile station and establishing a connection to the actual responsible train controller dependend on the location of the user.

4.
Multidirectional links for voice transmission from 

· one train to multiple mobile and fixed network subscribers 

· a train controller station to multiple trains

This requirement means a broadcast function (point to multipoint) to inform  e.g. all trains in a defined area or all trains travelling in one direction. These calls could be setup in standard or in emergency case. In an emergency case a fast call setup in about one second is required and the call should be established immediately even if the mobile station is already in use (occupied).

2.2.2.2 Emergency Area Broadcast

Railway organisations have the need to reach ín case of emergency all trains, dedicated funtions on train and other dedicated railway functions within a predefined area. Today, emergency call will be established as a broadcast call over analog trunked radio system with push to talk button functionality for speaker change.

A railway emergency call will be established either by train functional personnel or train controller. It is allways a voice broadcast into a number of cell forming the predefined area. Users entering the emergency area shall join the call while users leaving the emergency area will also leave the call.

Typically, either a railway function on train or a controller will establish the railway emergency call (called dispatcher).  All other participants will listen to the call. If one of the other participants want to talk he will press the push to talk button thus requiring a duplex connection. Second speaker shall get the talk function on a first come/first serve base. There is only one second speaker at one time.

2.2.2.3 Shunting Communication

Today, shunting teams use analog radio system in the 80 MHz and 450 MHz frequency range with push to talk button for communication. Typically, shunting teams are groups of at most 10 members.

These members should be able to communicate to each other by pressing a push-to-talk button at the mobile station (like a walkie talkie). For each member it should be possible to belong to different groups at the same time (a call is only possible within one group at a moment).

The mobile station itself has to be ruggedised to withstand the existing environmental conditions and modified to allow simplified use.

Shunting team members shall be able to communicate with other members of the team as well as with fixed control centers. Typically, a duplex connection is only required for point-to-point calls, wereas group communication is using simplex mode. Talking time of each talker is quite short since only few words will be exchanged.

A international definition of shunting communication to the extend needed in Europe is still ongoing in UIC EIRENE.

2.2.2.4 Driver-Driver operational communication

Onboard trains there is a need of the leading driver to communicate with other drivers or to connect the other driver as a third party into a communication. This may be either established directly via GSM-R as a Multi Party Call or by using the on-board wired system, as applicable for the individual railway.

2.2.2.5 Trackside Maintenance Communication

Trackside maintenance personnel today either uses walkie talkies or trackside installed telephones connected via railroad based cables. This includes a large number of different terminals which are increasing investment on operation and maintenance.

Trackside maintenance personnel shall use GSM-R handhelds. This may be in an initial step GSM-R or GSM handhelds today available which will be added up with ruggedised versions for difficult operation conditions. Trackside installed telephones, as far as still needed, shall be based on GSM-R and be solar powered to reduce installation and maintenance cost.  As a fallback solution both handhelds and trackside installed telephones may have both GSM-R and public GSM frequency band.

Since this is not a decided EIRENE functionality it is up to the railway operator to make use of this options.

2.2.2.6 Train Support Communication

Onboard the train there is Operations Support, who need to talk with the leading driver and other drivers. In addition the fixed network installed Customer Support System need to communicate with leading driver, other drivers and Operations Support.

This type of communication typically is distributed between GSM-R, onboard and fixed network wired systems and may be established as multi party call dependend on the railway individual application.

2.2.3 Local and wide area (non operational) voice and data communication

2.2.3.1 Local Communication at Stations and Depots

Local communication at stations and depots generally takes place today via railway PABX networks. To improve functionality and reachability these PABX may be connected directly or remote to GSM-R MSC/VLR.

2.2.3.2 Wide Area Communication

Wide Area Communication in a modern railway organisation is typically communication between railway organisational bodies. Today mobility requirements for this type of communication do only exist to a certain extend.

Therefore, Wide Area Communication may be regarded as communication with low or no mobility aspects and will not use GSM-R to save capacities for operational purposes. Nevertheless, dependend on the concept of the individual railway, these subscribers may be connected in a Virtual Private Network using SSS an IN capacity deriving from GSM-R.

2.2.4 Passenger oriented communication

2.2.4.1 Passenger Services

Today, a passenger will not get any information or help from the train personnel if he needs typical travel assistance.

In future, information for follow-on connections shall be accessible via radio. Furthermore it shall be possible to book , change reservation or cancel a flight. Taxi reservation, plans of other integrated traffic partners like buses or regional traffic systems and hotel reservation service shall be accessible as well.

Actual daily information for business travellers like fax newspaper shall be transmitted via radio to the train.

2.3 Country and operator specific GSM-R applications

This subset shows applications typical for a modern railway but not defined by EIRENE. The table below may be extended by additional applications or shortened for those not needed in the individual country/organisation.  








Figure 5
Additional GSM-R applications

2.3.1 Operational voice communication

2.3.1.1 Tunnel Communication

Tunnel communication systems need to be used not only by railway staff but also by emergency services. This implies that the tunnel installed radio communication system is the same the emergency services are requiring. This means that tunnel communication cannot be specified by EIRENE but will defined for the specific project in the individual railway organisation and area. 

Tunnel communication system may be based on either GSM-R or public GSM or (for increased safety) a combination of the available GSM frequency bands. In addition, if emergency services are using analogue or digital trunked radio, the railway operator will have to supply these systems inside the tunnel.

2.3.2 Maintenance data communication

2.3.2.1 Train Diagnostics

Train online diagnostics data are collected on the running train (e.g. supervision of brakes, axles, current consumption). When the train return to it’s home railway station or a depot, offline diagnostics take place and online diagnostic data will be transferred to the maintenance personnel for evaluation and repair to reduce time spent for repair.

Some diagnostic data will be transmitted in future under ETCS so far they are needed for automatic train control. All other diagnostic data shall be collected on the running train and transferred via radio network whenever needed. For the most applications this will be at the home railway station or inside the depot.

As already mentioned, train diagnostics are not a GSM-R specific functionality. Furthermore this application is highly dependend on the trains in operation and the maintenance concept of the specific operator. Both GSM-R and public GSM have the necessary data services to transmit the relevant data today available.

2.3.3 Freight control data communication

2.3.3.1 Cargo Localisation Service (Cargo Tracking)

Cargo railways and their partner very often have the demand to know where the individual freight is traveling just now and when/how it will arrive at the customer. A freight control system shall be established via data services and give information about actual location of the freight. 

2.3.4 Passenger added value communication

Since these functions are not necessary for railway operation but increasing comfort for the train passengers, they are not GSM or GSM-R specific. Furthermore these applications are highly dependend on the concept of the specific operator. Both GSM-R and public GSM have the necessary data services to transmit the relevant data today available.

2.3.4.1 Ticketing Services

Today tickets are either submitted at ticket offices in railway stations, local or foreign traffic bureaus or ticket machines for either credit cards or money. Tickets on train are sold by train personnel via portable ticket machines which will be updated and downloaded at the home railway station. Except at ticket offices no on- or off-line data connection to the ticketing authority or banking interfaces exists.

In future, data services may be used to transfer ticket data like price, upgrade etc. to the individual device. Tariff changes will be transmitted to the portable ticket machine via radio to reduce maintenance personnel cost. Booking shall be made via electronic cash to allow additional benefit due to hot billing of the account. 

New stationary ticket machines shall be connected via radio and may be solar driven. Where applicable, booking shall be made via electronic cash. Thus they can be placed whereever needed without any wired connection and minimum necessary maintenance.

2.3.4.2 Schedule Information

Traditional schedules and scheduling systems are normally based on paper, CD Rom or accessible via e.g. internet. At railway stations delays of trains are displayed, but not the consequences for follow-on connections. In high speed trains like ICE or international trains like EC delays and the follow-on connections will be announced by the train driver to the passengers, normally before proceeding to a railway station. Regional and local connecting trains are awaiting these trains and thus additional delay may be caused.

With ETCS train velocity and arrival times can be calculated more flexible. New scheduling system will take this into accout and transmit resulting follow-on connections via data services to the concerned trains thus granting a minimum of delay and a maximum of service and actuality to the passenger. Furthermore, individual calculations of a passenger for it’s ongoing train journey will be possible provided that equivalent equipment is installed on train.

2.3.4.3 Booking Services (Taxi, Aircraft, Hotel)

Today railways are going to improve services for passengers in offering them complete  travel packets for their journey. This includes prebooking of a taxi at the final destination, early check-in for luggage for the aircraft and hotel vouchers. To increase the value of this services the possibility to change bookings on the ongoing journey is evident.

With GSM-R data services and, further improved, with GPRS the taxi may be booked during the train journey,  no matter, if there was a reservation before. If, for any reason, the train is delayed or the aircraft has been cancelled, a rebooking is possible from train. The passenger doesn’t need to take aktion since railway customer support will do it for him. If he forgot to book a hotel, this also can be organised.

2.4 Non-GSM-R applications possible on train

Today passenger communication is moving forward from the traditional (analog) networks towards GSM. Communication onboard a train via PLMN and PSTN is possible for GSM subscribers in area’s with very good PLMN coverage via private handheld. Yet this communication is quite poor since public mobile network coverage alongside the tracks is not the best.

Alternatively passengers may use public coin or card telephone installed in some trains mostly still based on analog public mobile networks (like C network in Germany). These solutions are not very satisfying for the subscriber due to bad service quality, only national coverage and the fact that he already owns a private GSM handheld.

Furthermore modern high speed trains very often use metal shielded window glasses. This makes reception of public GSM even more poor due to additional attenuation on the radio path. To improve service quality and to allow the usage of GSM handhelds inside the trains PLMN operators try to improve coverage. It is clear that existing railway locations, cabling, masts, antennas and leaky feeder cables shall allow infrastructure reuse to the extend reasonable.

In addition railway operators (e.g. DB AG) start to install GSM repeaters onto several trains retransmitting via Leaky Feeder Cable to improve the indoor coverage in the equipped carriage. This will not bring direct benefit for the railway operator but give train connections the additional advantage against airlines, that the use of PLMN handhelds is unlimited inside this trains.

Also coin or card telephone based on GSM technology shall be installed in trains whereas the benefit may be divided between the railway organisation and the service provider.

A main criteria to above mentioned applications is, that the national regulators in most European countries do not allow the usage of GSM-R frequencies for passenger communication. This will be regarded as public telephony and thus be handeled under nation licence. 

GSM-R, Siemens` railway communication system for present and future 

2.5 The GSM-R network and its structure
Due to the fact that GSM-R is based on GSM Phase 2 and Phase 2+ recommendations the full feature set and interface descriptions will not be described here. Knowledge of conventional GSM functionality as specified in ETSI SMG for GSM Phase 2/2+ is presumed but may be supplied on demand. The basical structure of a standard PLMN (GSM) network architecture with its interfaces is shown below.
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Figure 6
Full GSM-system architecture

Siemens SSS is based on the worldwide most successful digital switching system EWSD. All register functions like VLR, HLR, EIR and GCR are realised as software implementations on EWSD-platfor,. This gives operators the opportunity to select flexible the structure of a GSM node dependent on network growth and organisational structure. In most cases MSC, VLR, EIR and GCR will be installed in one network element and HLR and AC in a second. Of course, a railway can also select to install a combined MSC/VLR/EIR/GCR/SSP/HLR/AC and to split up into dedicated network elements with further growth of the network. This comprises a very cost effective and maintenance friendly network rollout.

Using components of public mobile communication networks guarantees high system reliability because HW-redundancy and SW-functions for HW- and SW error treatment are included in these. Also these components are widely spread and proven technology which is in use in public networks over years. Maintenance organisations and distributing channels are available and don’t need to be established for railways needs only. This is clearly reducing operation & maintenance effort for the operator.

The typical network structure of a GSM / GSM-R based railway network basically does not differ much from a normal PLMN and its extensions in terms as Network Elements, standardised interfaces and connectivity. Optimised frequency reuse pattern to increase network capacity, microcells in areas with high density (like railway stations) and overlay solutions with speed sensitive handover are under introduction in public GSM and thus may only be slightly modified for railway specific use. Differences exist in the network layout and planning deriving from the critical needs of railway networks.

Special requirements of GSM-R networks are deriving from the following demands of applications using GMS-R:

· Seamless communication up to a speed of 500 km/h

· Efficient usage of a limited number of frequencies (20)

· C/I of 12 dB min (EIRENE requirement 15 dB)

· 95 % Coverage for 95 % of the time in a designated coverage area with a level of above  -90 dBm

· Handover success rate of above 99,5 % even between GSM-R networks

· High availability of both transmission path and network equipment dependent on the applications in use

· Coverage inside tunnels

· Improved coverage in railway stations and shunting areas

· Call setup times as indicated below in 95 % of all cases, remaining 5 % in less than 1.5 times of the described period

Class
Call type
Call setup time

Class I
Railway emergency call
< 1s

Class la
Mobile-to-mobile urgent group call
< 2s

Class II
All operational covered by the above
< 5s

Class III
All low prioriy calls
< 10 s

Figure 7
Call setup times defined by EIRENE

These demands are more or less stringend for the different type of GSM-R application. In addition it is to be considered, wether the railway wants to roll out a countrywide network or just to equip highspeed and international tracks with GSM-R.

The typical GSM-R network is built of several elliptical cells alongside the tracks with directional antennas in track direction. Within railway stations, a higher amount of traffic is required (hot spots), whereas the speed requirements are reduced. Therefore large railway stations typically will have sectorized cells. Less populated areas with low speed tracks and bus connections just need an average voice connection. This cells may radiate as omnidirectional cells (rural areas without ETCS).

To guarantee coverage, availability and access needed at least for ATC, Train radio and group communication, for the main railroads a special radio network with optimized radio coverage for each cell has to be realized along their routes.

Regional railroads and railway buses may either use public GSM or shall be included into the GSM-R network step by step to keep investment at a reasonable level. Therefore frequency planning has to be carefully adjusted to allow both optimized coverage for long haul traffic as well as reduced coverage for regional railroads thus avoiding intercell interference.

2.5.1 Typical GSM-R network structures

As a result of above mentioned criteria GSM-R typical network architecture in both SSS- and BSS uses redundancies as available from the existing GSM technology. In addition some additional concepts will be realised as demonstrated below. Figure 8 and 9 show structures realised with the existing technology and common to public networks, figure 10 shows a suggested structure for very high reliability measures under development at Siemens.


Figure 8
GSM-R architecture for low speed tracks and rural areas

Star connection: The BTS are connected to the BSC in Star connection. This connection applies especially for sectorized BTS with several carriers.

Chain connection: The BTS are connected to the BSC in a Chain connection via multidrop. Whenever a BTS fails or the link interface for the Abis-connection is defect, a relais switches the PCM30 through to the next BTS. The switchover will be seamless for the connection.

Star chain connection: The BTS are connected to the BSC in a Star Chain connection via multidrop. The first two BTS are connected chain, after the second BTS we split up into star chain. The advantage is a better usage of existing railway communication cables. Functionality in case of BTS or link failure is equal to the first prescribed connection types.

For above described cases the critical path is always the cable connecting the BTS’s. Since reliability of either copper wire or fiberoptic cable in combination with the necessary line termination (either NTPM, HDSL-modem or Drop in-Drop out-multiplexer) is not necessarily as high as the one of BTS and BSC, even a very high reliability of BTS will not improve availability of the system.

Therefore, railway applications with high requirements for reliability will make use of the multidrop loop architecture. Furthermore the interleaving of BTS of two different loops will decrease the consequences of a single BTS or BSC failure.













Figure 9
GSM-R architecture for ETCS-lines (low and high redundand)

Loop Multidrop connection: The BTS are connected in a Loop Multidrop. Physically, up to 7 BTS could be connected that way in one loop using one PCM30. For safety reasons, only 4 BTS are connected. If now the forward connection fails, Siemens BTS will switch seamless to the backward connection. That means that ongoing calls will not be dropped by loss of one transmission link.

In the prescribed case, the risk of the cable as the critical path is reduced. The operator may now choose either to connect two dedicated cables even separated by the cable duct (safe solution) or using logical connections on a fiberoptic PDH/SDH ring (economical solution).

Two interleaved BSC with Loop Multidrop: The BTS are connected to two different BSC in Loop Multidrop interleaving each other on a one-by-one scheme.

In the prescribed case, both the risk of a cable failure and a BTS or BSC failure is reduced. With an adequate network planning these interleaving cells may be either planned as an overlay/underlay network using Siemens‘ proven feature ‚Hierarchical Cell Structure (HCS)‘ or just as neighbouring cells. 

All above prescribed cases are unmodified connection types possible with GSM Phase 2. To receive a even higher reliability without a single point of failure within the GSM-R the following architecture shall be suggested:















Suggested full redundand GSM-R architecture (if required)

Figure 10
Fully duplicated network structure with overlayed radio cells

The suggested above shown case operates with a fully duplicated network structure with either collocated or staggered radio cells. To allow these two network ‚levels‘ several functions like 

· priority of cell A1 or B1

· other hierarchical cell parameters

· subscriber administration

· load distribution

will need to be agreed with the customer/operator.

2.6 Quality requirements of GSM-R

Quality requirements of GSM-R are based on the GSM recommendations QoS (Quality of Services) parameters. Since these are not defined into much detail and different railway applications need different QoS, definition of railway QoS is an ongoing process in both EIRENE and MORANE bodies as well as between railways and suppliers. Below mentioned QoS requirements for the most stringend ETCS are partly approved by MORANE and subject for validation.

QoS parameter
Demanded value
Probability

Call setup time
6 s
95 %

Connection establishment failure probality
1 %
100 %

Transmission failures
10-4/h
100 %

Data transfer delay
450 ms
100 %

Duration of transmission failures
1 s
100 %

Recovery time (undistorted)
7 s
100 %

Error rate
10-3/h
100 %

Figure 11
QoS parameters for GSM-R (ETCS)

QoS requirements of other railway applications are below these values.

2.7 Network planning requirements of GSM-R

Network planning for railway networks has to take into account especially the following criteria:

GSM-R applications and resulting traffic model

Railway network traffic models differ from those in public mobile networks. Subscribers will have more BHCA, SCI and even a longer talk time. Applications like ETCS even will require a traffic channel over the full journey of a train. In turn the number of subscribers is pretty low in comparise with PLMN. Features like ASCI VGCS or VBS will have an impact to the traffic model. A typical traffic model of a European railway operator is shown below.

Figure 12
Typical traffic model for railway networks

Availability requirements

As already mentioned, availability of the radio channel is one of the key criteria for GSM-R, especially if ETCS is to be considered. Therefore, redundant network structures have to be build wherever really needed.

Railway topology

A typical railway topology includes flat and hilly terrain. Traditional railtracks have numbers of bends, new build tracks try to avoid bends. Especially to be taken under consideration are the following conditions:

· deep and/or long cuttings spanned with a bridge

· long tunnels

· a series of short tunnels with limit space between

· tunnel materials (natural stone, concrete, concrete with steel) and profile

· bends and crossings inside the tunnel

Train speed

Dependent on the maximum planned train speed the length of handover zones need to be planned very carefully.

Railway transmission or site facilities

In many cases, railways already have transmission facilities and sites from the traditionally build analog networks. To reuse this sites a migration concept need to be established.

Handover zones

Handover zones should not be at a halt area or RBC position. Inside railway stations they should be reduced to a minimum.

2.7.1 Radio Coverage

Radio network planning mainly depends on geographical and morphological data. Thus a basic coverage may always be calculated with existing models using digital maps of the respective area. This models need to be tuned for railway environment and to achieve a high location probability. 

A typical plot for railway coverage made with Siemens radio network planning tool TORNADO for DIBMOF pilot (Jüterbog-Halle-Leipzig) see below. The dark area shows a level of -85 dBm (train coverage) but even the brighter neighbouring areas are sufficient for normal handheld supply.

Figure 13
Typical radio network planning plot

Care has to be taken about uncovered ‘spots’ and interference (co-channel or adjacent channel). Uncovered spots may be supplied either with optimised locations for BTS and/or antennas. Where this doesn’t solve the problem, additional repeaters may be used. Generally, the following are the minimum required planning data for radio network planning:

· minimum receive level of –90 dBm for 95% location/time probability at 100m (ETCS 97%, Shunting 99 %)

· Mobile station output power 2W (33 dBm) or 8W (39 dBm)

· Mobile station RX sensitivity –102 dBm

· C/IC 20 dB co-channel interference

· C/IA 5 dB adjacent channel interference

· Antenna gain (typically 12 to 17 dB) and height above ground

· Losses in feeder cable and other components

· Fading margin (slow, fast)

Generally the network will be designed for Uplink/Downlink balance.

Network planning and design can be carried out by Siemens‘ network planning departmend to the extend required by the customer.

2.8 Trial networks with GSM-R
Trial networks (DIBMOF-Valid in Germany and MORANE in France, Germany and Italy) have already been completed (DIBMOF-Valid) or in operation since 1997 (MORANE) as shown below. As shown in chapter 3 the goal of these projects is  to test and validate coverage (especially in tunnels and difficult terrain), EIRENE/MORANE defined applications as well as operating conditions under high speed of the trains for both voice and data transmission. 

Figure 14
MORANE trial networks

Siemens has been selected for all 3 MORANE testtracks (SSS and BSS) and is the only supplier of the installed HLR/AC and MSC/VLR.

3 Features and applications

3.1 Features provided by standard GSM

Out of their daily job and the needs deriving from that part of the railway staff in several railway organisations is already equipped with standard GSM mobiles from different PLMN operators. There, the wide scale of GSM Phase 2 services is available for them, dependent which services they have subscribed to and are available in the dedicated network. Up to now the main use is for voice applications, such as ground-to-train communication.

This usage of GSM for railway employees is not a very satisfying one:

· airtime has to be paid for to a foreign PLMN operator thus increasing cost for communication of the railway organisation and the service is poor and not reliable due to limited coverage of the railtrack.

· On the other hand the usage is pure voice communication which doesn’t improve or even satisfy the communication application of the railway organisation. Even more, GSM offers powerful teleservices, bearer services and supplementary services which are mainly not in use.

Even without introducing GSM-R railways can already benefit from GSM. Several applications can easily be based on GSM Phase 2 either in the public GSM frequency band or in the railway GSM-R frequency band (or even a mixture of both).

When introducing GSM-R this full feature set remains available to the railway and gets an extension to additional features and functions as specified by EIRENE/MORANE.

3.2 Additional feature set and applications of GSM-R

In addition to the current GSM Phase 2 features, EIRENE/MORANE defined features and functionalities to cover railway communication requirements. Therefore, always the functionality will be described below with the system features implemented for it into the Siemens GSM-R system. 

Function
Feature
Application
Implemented in

GSM-R frequency band
Frequency shift
EIRENE frequency band for boarder crossing traffic
BTS


Channel numbering according to GSM Ph 2+
Operation of EIRENE frequency band and standard GSM frequency band
BSC

Improved Equalizer for GSM-R
Equalizer for High Speed
Functionality of GSM up to a maxi-mum speed of 500km/h for the mobile
BTS

Location dependent addressing
Cell oriented routing of short numbers
Routing of train originated calls dependent on the location of the train
MSC/VLR and HLR/AC, planned for IN

Functional addressing
Follow Me
Functional numbers for each train function according to EIRENE numbering plan
MSC/VLR and HLR/AC, planned for IN

Display of functional numbers
User-to-User Signalling 1 (UUS.1), MOC and MTC
Display of functional number instead of MSISDN, transport of additional information
MSC/VLR

Voice Broadcast Call
ASCI Voice Broadcast System according to GSM Ph 2+
Typical trunked radio communication, point to multipoint, 1 speaker (MOC or MTC), many listener. Will be used mainly for railway emergency call
MSC/VLR, HLR/AC, BSC and BTS, new software register GCR in MSC

Voice Group Call
ASCI Voice Group Call System according to GSM Ph 2+
Typical trunked radio communication, point to multipoint, several dispatcher (MOC or MTC), many listener, subsequent talker. Will be used for:

· railway emergency call

· shunting team communication

· trackside maintenance
MSC/VLR, HLR/AC, BSC and BTS, new software register GCR in MSC

Fast Call Setup
Fast Call Setup dependent on call priority
Call Setup within 1 second as specified in EIRENE (e.g. for railway emergency call)
MSC/VLR, HLR/AC

Priority Services
EMLPP according to GSM Ph 2+
Priority level management according to EIRENE, e.g. preemption of low priority traffic channels for ETCS and railwa emergency call in case that all traffic channels are busy on Um
MSC/VLR, HLR/AC, BSC and BTS, new network element GCR


MLPP as specified for ISDN
Mapping of GSM-R eMLPP priority to the different equipment like PABX, ISDN-telephone and -terminal (wired ISDN is designed non-blocking)
Train controller workstation, PABX

Acknowledgement Center
Developed by ICN VD
Acknowledgement of VBS and VGCS from individual subscriber dedicated to that call by user ID
PABX, ISDN-PC

TK-Box
Developed by Siemens Transportation Systems
To distribute GSM-R calls on train to different users (improves channel efficiency)


Figure 15
Additional features for GSM-R

3.2.1 Automatic train control

The new international interoperable automatic train control system is a European initiative born from the objective to define and introduce a pan European traffic management and train command/control system. The stakeholders are







Figure 16
Organisation participation in ERTMS

The European Train Control System (ETCS) will be implemented as standardized under ERTMS. It is a harmonised modular ATP/ATC system which uses GSM-R as transmission system. A standard bearer GSM bearer service (BS 2x) will be used to transmit data between fixed and mobile ATC computers. This transmission link is, regarding to safety criteria, a socalled grey channel, which means, that the ‘save’ ETCS equipment uses GSM as the ‘non-save’ transport layer. 

This ‘non-save’ transport layer uses logical redundancy principles and protects ETCS information from random and systematic errors. Thus GSM-R (and EURORADIO) do not need safe hardware. Protection against malicious attacks is possible by use of ciphering but up to the decision of the railway operator.

Data security is achieved and controlled by the application software of the ATC-computers with a 64 Bit MAC-algorithm (MAC = Message Authentication Code). Protection against loss of data is achieved using HDLC protocol between the fixed and mobile ATC computer. Data burst not received correct will be recognized by HDLC and repeated. 








Figure 17
Overall System Structure of ETCS

All ETCS relevant data are generally ‘transmitted’ between ETCS trackside and ETCS trainborne application.

In its final stage, ERTMS/ETCS shall replace existing signalling and train control systems. Generally, information such as speed profile, train condition and trackside data are transferred between trackside and train-borne applications. 
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Figure 18
European Train Control System ETCS, functional flow

The train’s position, speed, number of cars and other train-borne information will be transmitted to the radio block center (RBC). Handover between RBC can either be made by having two GSM-R mobiles available on train for ETCS with each one connected to one RBC or, to save network resources, with a handover procedure on the WAN connecting the RBC’s. The radio block center network compares traffic data of all trains in the respective area and transmits the relevant speed profile to each individual train. 

ETCS level 2/3 has two main goals: To reach international interoperability and to optimise usage of the track. The second goal is reached by using a radio system like GSM-R to exchange signalling information. Only without fixed installed signals a moving block structure for train operation is possible. With moving block structure distances between train can always be kept a the necessary safety distance.

From the view of GSM-R, all funtionality needed as grey channel for ETCS is today available. Data transmission will be made via BS 24 (2400 kbps), RBC will be connected via ISDN S2M-Interface. More details about required QoS and network planning aspects in the relevant chapters.

3.2.2 Operational voice communication

Operational voice communication for railways can mainly be realised with standard GSM tele- and supplementary services today available. The following table shall give an idea about which services required and which additional functionality from either GSM Phase 2+ and/or EIRENE is to be added. 







e


Figure 19
Operational voice communication and the required GSM-R-function

As specification for Shunting Communication is still ongoing withing EIRENE, it is not yet clear how the link assurance signal will be implemented.

3.2.2.1 Functional adressing

Many organisations have employees traveling and with daily changing duties. Not only these subscribers but also applications are addressed by telephone numbers and/or functional numbers/names. Today these tables of telephone numbers and functional numbers/names have to be crossreferenced manually to allow identification and reachability of the person or application which has subscription to a permanent number.

Functional addressing allows the definition of functional numbers in either HLR (as already evaluated by MORANE) or IN, dependend on the preferred solution. These functional numbers represent e.g. train running numbers + function code. 

At the beginning of a journey or a job the train driver or employee registers his mobile number (MSISDN) to the functional number (FN) of the train. From now on, until deregistration, a call to the train drivers functional number will always be forwarded to reach the train drivers MSISDN. Since international interrogation is available, the call to the functional number will be processed in any of the participating railway networks. 

At the end of the journey or job he may deregister. This applies also for change of direction of the train. If necessary, also the network operator can deregister a subscriber.

Functional addressing is to be used for ground-to-train communication.






 





Figure 20
Functional Addressing (principal flow)

3.2.2.1.1 HLR based Functional Addressing

The functionality is realised with the feature FollowMe and the GSM services Subadressing, Unstructured Supplementary Services Data (USSD) and User to User Signalling 1 (UUS.1). Siemens has implemented all features and validated with MORANE.

With FollowMe, the HLR contains an additional register (HLRfunctional). Functional numbers will be entered into this register in the following format

RAC
CT
UIN
FN

Since the train controller dials only the the functional number (train number + function code), the application (e.g. PABX) is adding the remaining part of the E.164 number to be dialled.

Registration: A train driver or employees on the train register to the respective functional number by establishing an USSD dialogue via MSC/VLR to the HLR, where their MSISDN is stored (HLRmobile). This HLR is establishing a dialogue to the HLRfunctional regarding the calling MSISDN. The HLRfunctional in turn is establishing a call forwarding from the required functional number to the MSISDN. After completion the registering subscriber is getting an acknowledgement (registered).

Only one MSISDN can register under one functional number. Users trying to register to a functional number already in use will be rejected. Same way, a functional number is unique inside the HLRfunctional and cannot be duplicated.

Call setup: At call setup the MSC/VLR connected to the train controller (GMSC) performs digit analysis and detects a functional number. Via HLR interrogation (either national or international) the forwarded-to-number and the location (VMSC) is detected and the call to the MSISDN established.

Presentation of functional identity: With GSM supplementary services CLIP/CLIR and COLP/COLR real telephone numbers will be presented to the called user and the initiator of the call. With UUS.1 the functional identity of both called user and initiator will be inserted to the call and presented by his mobile/terminal.

Deregistration: MSISDN registered to a functional number will be deregistered by the user establishing an USSD dialogue via MSC/VLR to the HLR, where their MSISDN is stored (HLRmobile). This HLR is establishing a dialogue to the HLRfunctional regarding the calling MSISDN. The HLRfunctional in turn is cancelling the call forwarding from the required functional number to the MSISDN. After completion the registering subscriber is getting an acknowledgement (deregistered).

Deregistration is also possible for the network administrator and may be possible on certain circumstances for special users.

3.2.2.1.2 IN based Functional Addressing

The functionality is as required above. The described Service Feature is an example and a reflection of current needs of existing projects, described by EIRENE, providing easy of use, rateability, and synergy between telecommunication devices. It constitutes a solution, which railways can quickly implement. Siemens has experience in implementing solutions like that and is therefore able to guarantee rapid and effective functionality and market availability.

The user registered to a functional number will be reached via his MSISDN by dialling a functional number. Functional numbers may be train running number, engine, coach numbers and shunting team, maintenance team and train controller team number supplemented by the member number.

In the GSM-R network IN trigger profiles are stored to route all calls with a dialled functional number to the IN system. The service determines the assigned MSISDNs for all functional numbers in the GSM network dependent on the administrated and registered data in the IN database at the time.

The functional number dataset can be found via the dialled sequence. The last two dialled digits define the member number of this functional number (for example 01 for leading driver) or the member number of a shunting team. So an MSISDN can be found in a table via the last two dialled digits as index number if a user has registered himself via a USSD registration sequence before.


Figure 21
Functional Addressing (principal flow)

USSD Administration

The running, engine and coach numbers and also the shunting team, maintenance team and train controller team numbers as part of the functional number are given as identity by operational staff and are registered in the database of the service. In the GSM Railway network IN trigger profiles are stored to route all USSD strings (which must be handled via IN) to the IN system for:

· Self-Registration to a functional number

· Self-De-registration from a functional number

· Interrogation to display all registered functional numbers for an MSISDN.

Now any authorised GSM-R user can input a USSD string to register or de-register himself for a specific function type (member number) inside a functional number. Three registered functional numbers are possible for one user. For that the user must have an entry in the service database which contains the authorities for him to register himself to a type of functional numbers (for example 01 as leading driver; valid for call type 2 and 3). Additional authorities for the call types 4, 5, 6 and 7 are stored in this dataset (for example 5 as member of a shunting team). Users of other EIRENE networks can also use the USSD administration sequences provided they are stored in this IN system with their MSISDN and with corresponding authorities.

When the registration for a functional number is successful the feature Functional Addressing is active for this user. In case the functional number is a running number the feature Location Dependent Addressing uses information from the Cell ID. After de-registration these features are switched off for the user. 

The feature Location Dependent Addressing uses information from the GSM railway network (Location Number) in case the mobile user is not associated to a running number. This is independent of it a user is registered to any other functional number or not. 

The user gets answer strings to inform him about successful registrations and de-registrations. He gets also information about the reasons in case of unsuccessful procedures. 

The user can start an interrogation by input a USSD string to see which functional numbers are registered to him. 

Expiration Date

All functional numbers contain an administrable validity period (in hours). During the registration process the expiration date of the single member inside this functional number will be computed and stored. After exceeding the expiration date the service ignores the function owner. It is the same behaviour as after a de-registration. 

In case the value of the validity period is set to „0“ the feature is switched off for this functional number. That means a registration of any member for this functional number has no time limit.

Forced Registration

If the registration is not successful because the functional number is occupied a Forced Registration procedure is possible. That means the user can enter the USSD registration string again and he will be (forced) registered. This must happen inside an administrable time window. Out of this the procedure must start again. 

In case the value of the periodForForcedRegistration is set to „0“ the feature is switched off for the whole service. 

Error Handler

In case of unsuccessful call set-ups to a functional number (Functional Addressing) or to a Short Code (Location Dependent Addressing) the A-Party gets an announcement. For data or fax connections the announcement will be suppressed.

3.2.2.2 Location dependent addressing

Location dependent addressing provides the automatic routing of Mobile Originated Calls (MOC) to predifined destinations relative to the geographic area where the subscriber is roaming.

The entire network of railways is split into different types of service areas (train monitoring, train control, power supply, substation). A train on a journey, e.g. from Paris to Vienna, passes through several of this areas (e.g. train controller areas). The connection between a train driver and the controller of the respective area should be easy to establish. The train driver should have no need to dial long numbers after he has decided in which are he is actually driving.

Therefore, the train driver will only dial a short number as defined in the EIRENE numbering plan. This short number will be automatically converted into the corresponding long number(s) of the train controller(s) responsible for the area the train is actually moving trough. If a train is passing between two controller areas the connection will be made to both controllers.












Figure 22
Location Dependent Addressing

Siemens is implementing both versions of Location Dependent Addressing, MSC based and already evaluated by MORANE or IN based. Both functionalities are interoperabel as required from EIRENE/MORANE.

3.2.2.2.1 MSC based  Location Dependent Addressing

The functionality is realised with the GSM service Cell Specific Routing and provided by Siemens since SR 4.0 as sales feature ‚Cell Oriented Routing of Shortnumbers‘. This functionality is available also in many public mobile networks and used e.g. for local traffic informations services.

With MSC based location dependent addressing the location will be determined with the accuracy of the cell, since no other location information will be available. This implies an inaccuracy within some hundred meters, since cell boundaries are overlapping.

The cells are identified by means of the Location Area Code (LAC) and Cell Identifier (CI). To each shortnumber, a table containing the relevant cells and the destination number will be stored. 

LAC
CI
Shortnumber
Destination
Definition

1
1
211
089-13xx-4711
Controller Munich

1
1
212
089-13xx-4713
Train supervision Munich

2
4
211
069-13xx-4711
Controller Frankfurt

Figure 23
Database entries, example for Location Dependent Addressing

If a call is set up with a shortnumber, the MSC recognises the abbreviated dialling, evaluates the LAC/CI and selects the correct destination number. Then the connection will be automatically established. If a train is passing between two service/controller areas the connection will be established to both controllers.

3.2.2.2.2 IN based Location Dependent Addressing

Some railway operators find it difficult to manage the access rights to MSC simply for changing above mentioned database entries. Also, they would prefer that user groups shall not access the operational database. Therefore, Siemens is developing Location Dependent Addressing based on Intelligent Network.

The functionality is as required above. The described Service Feature is an example and a reflection of current needs of existing projects, described by EIRENE, providing easy of use, rateability, and synergy between telecommunication devices. It constitutes a solution, which railways can quickly implement. Siemens has experience in implementing solutions like that and is therefore able to guarantee rapid and effective functionality and market availability.

Dependent on the location of a train a MOC from a function owner of this train, a Short Dialling Code (for example 01711) will be routed automatically to the controller responsible for this track area, stored in a cell ID dataset. 

In the GSM-R network IN trigger profiles are stored to route all calls with a dialled short code (which must be handled via IN) to the IN system. As location information, Cell ID is provided. This information will be stored in the IN database, in the running number dataset. The IN system will then return the routing information as an E.164-number to the GSM-R network. The GSM-R network will then establih the call to the responsible controller.


Figure 24
Location Dependent Addressing

Some railways require an accuracy of the location information more precise then the cell ID to avoid the prescribed inaccuracy at the cell borders. These railways may define the interface and format of location data derived from other train functions. With the IN solution these data may be used as location information thus providing a customer specific solution with high location accuracy. Such tailormade solutions cannot be provided without IN.
3.2.2.3 enhanced MultiLevel Precedence and Preemption (eMLPP)

Railway organisations have high performance requirements on some types of communication. This are especially the ultimate requirement for a radio channel and a very fast call setup. 

The application ERTMS/ETCS has the need for a continous data connection. If a handover to neighbouring cells is unsuccessful due to congestion on the radio channel, a preemption service is necessary to allow immediate access to a traffic channel occupied by a low priority application.

Railway Emergency Calls do need an immediate call setup in the emergency call area, no matter if free radio channels are available. A preemption service will release ongoing low priority calls to free traffic channels for emergency call setup. In addition, these calls shall be set up in 1 second or less. Therefore fast call setup is required.

Shunting Communication and Train Support Communication need different priorities then other types of communication. Therefore additional priority levels are required.

Today’s GSM networks do only provide access class barring as a static and  queueing and priority as a call by call priority call set-up function. These functions are very limited since priority can only be given on a per base station (access class barring) or per subscriber base and not be varied dependend on the network situation and priority needed. Furthermore, if all traffic channels are in use or even congestion already exists there is no chance than to wait with high priority in a queue until a traffic channel can be applied.

To introduce above mentioned functionalities into GSM the socalled Advanced Speech Call Item (ASCI) eMLPP was specified in GSM Phase 2+. Siemens is currently implementing this feature in its new releases SR8.0 and BR5.0. 

3.2.2.3.1 Fast Call Setup

Today, GSM networks with optimised network design allow call set-up times of about 3,5 to 10 sec dependent on network structure and interaction between mobile station and network. Fast Call Setup (e.g. for Tailway Emergency Call, other groupcalls or voice broadcasts) has the goal to shorten the call set-up time as much as possible. EIRENE requirements are available in chapter 4.1.

Fast Call Setup is basically dependent on call processing time in HLR/AC and MSC/VLR, which have to be shortened. In addidion authentication and ciphering will be switched off for those calls.

3.2.2.3.2 Precedence and Pre-emption

To introduce a ranking in priority, up to 7 different eMLPP priority levels (2 network and 5 subscriber levels) are introduced. One or more priority levels can be assigned to a mobile subscriber. According to MORANE, network level 1 is reserved for Railway Emergency Calls, network level 2 for ETCS.

Maximum allowed and default priority will be stored in the HLR with the related subscriber data. When an eMLPP priority call is build up, the MSC/VLR will insert the priority into the call setup message to the BSC.

The BSC will evaluate the priority and give access to the appropration channel for either call setup or handover. High priority calls can gain access to resources currently being used by lower priority calls such that these lower priority users currently engaged in conversation will be pre-empted. This is particularly important in safety critical applications where users must be notified immediately and cannot wait in a queue for a  free radio channel. 

Priority and Pre-emption is applicable for VGCS, VBS and for general public services.

Phase 2+ (eMLPP) compatible mobile stations can perform an automatic „call hold“ functionality without user interaction for high priority eMLPP calls which arive during engagement in another lower priority call. The lower priority call will be put on hold whilest the high priority eMLPP call will be connected. This improves the ease of handling and the call success rate for high priority calls.

For use of the feature with point-to-point calls, the (calling/called) subscriber must have an eMLPP subscription in the HLR, for use with VGCS or VBS the eMLPP priorities are associated with the group and therefore stored in the GCR.

3.2.2.4 Voice Broadcast Service (VBS)

Today’s GSM networks are designed for point-to-point connections. Railways and other professional users need the key functionality of point-to-multipoint calls as known from Private Mobile Radio (PMR) or Public Access Mobile Radio (PAMR) are available.

To introduce above mentioned functionalities into GSM the socalled Advanced Speech Call Item (ASCI) teleservice TS 92, Voice Broadcast Service (VBS) was specified in GSM Phase 2+. Siemens is currently implementing this feature in its new releases SR 8.0 and BR 5.0.

A VBS is characterised by following keypoints:

· one broadcast call number combines all members of a certain group and has below shown structure

· for each broadcast call a service area composed out of a number of cells is assigned

· dialling the broadcast call number initialises the parallel set-up of connections into all cells of the assigned service area. All members of this group beeing in the service area will be paged to receive a notification of the ongoing voice broadcast call

· dependent on the call ID an priority members of the group call can decide to join the call

If a broadcast call number is dialled, the MSC recognises that this number belongs to a broadcast group. The MSC retrieves all necessary information from the collocated Group Call Register (GCR). This GCR stores tables with

· the group ID (1 to 7 digit depending on the length of the group call area ID)

· the group call area ID (MCC + MNC + LAC + CI)

· the group call reference (27 bit binary encoded field with Group ID and Group Area ID)

· the cell list corresponding to the group call area ID (max. 50 cells)

· the dispatcher list corresponding to the group call references (up to 6 dispatchers)

· per group call reference an information wether the call is active or not

· an information about codecs

· security information

· in addition each member of a group call has to have an HLR subscription for this teleservice

The MSC connects the socalled dispatcher with a duplex connection – no matter if he is mobile originated or fixed network originated – and initialises the setup of half-duplex connections into each cell of the required group call area. Members of the group actually in this area will be paged and connected via common channel downlink, that means they can only listen to the call.

If a member of the group enters the cell after beginning of the voice broadcast, he will just join the ongoing voice broadcast at his time of entry. If a member of the group leaves the voice broadcast area, he will be disconnected.

The setup of a VBS is possible with eMLPP or as a normal call without priority and preemption.

The following figure shows a typical Voice Broadcast














Figure 25
Typical Voice Broadcast to a dedicated service area

3.2.2.5 Voice Group Call Service (VGCS)

As the Voice Broadcast Service, the Voice Group Call Service (VGCS) will be introduced into GSM the socalled Advanced Speech Call Item (ASCI) teleservice TS 91 as specified in GSM Phase 2+. Siemens is currently implementing this feature in its new releases SR 8.0 and BR 5.0.

In addition to the with the VBS prescribed functioniality a VGCS is characterised by the keypoint that the actual speaker can change during a call.

Group members will normally listen to the ongoing Voice Group Call. As soon as the initiator of the VGCS stops speaking, he indicates that he releases the uplink. All group members will be notified that they can now request an uplink to become the next talker by using their push to talk-function. A dedicated duplex channel will be allocated in the respective cell. 

The setup for the duplex channel for the next and any subsequent talker is as follows:

· initial talker releases the uplink (and changes to the common downlink in this cell, if he is a mobile subscriber)

· possible new talker sends an uplink request

· the BSC serving this area selects the first UPLINK_REQUEST and presents it to the MSC

· the MSC serves the first UPLINK_REQUEST of all BSC in the Group Call Area

· the new talker confirms his uplink request

· the other group member get an uplink seized or uplink reject notification

· the duplex channel for the new talker is switched through

If the last talker releases the group call and new request will be defined, the MSC releases the VGCS after an administrable time period.

One typical application of the VGCS, the Railway Emergency Call, is shown in the following figure.

















 Figure 26
Railway Emergency Call

4 GSM-R Evolution

GSM is expected to continue its growth at even forced pace in the coming years. Newest projections expect a number of GSM subscribers of about 300 million worldwide by the end of 2000 and over 400 million by the end of 2002.

The rollout of equipment into GSM 900, 1800 and 1900 networks therefore will remain highly competitive within the next decade. This will guarantee both investment in R&D of suppliers, increasing system performance and functionality as well as ongoing support of the GSM standard in the short and long term.

GSM-R networks will of course benefit from evolution forces driven by the huge Public GSM market. This chapter will concentrate on those particular fields where the evolution of GSM is already specified and, as we believe, of particular interest for the railways keeping in mind that many other improvements will also become applicable.

4.1 Use of Intelligent Network  for GSM-R

A common trend in Public GSM is to implement new supplementary services not in the GSM network elements but on Intelligent Network. The advantages are clear and evident:

· Network operators do not need to upgrade numbers of network elements when introducing new services into their network.

· Services are based on Service Independent building Blocks (SIB), which will allow modular design of services and multiple reuse of SIB’s.

· Introduction of new services is possible on a time and cost saving base.

· With the forthcoming standardised CAMEL interface IN gets interoperabel. Thus the introduction of new services into a multivendor network is not more dependent on coincident delivery of features from the different vendors.

· Access to the service profile can be made available to user groups like cargo companies, regional railway organisations and others without allowing access to the GSM-R network. Thus ‚Customer Care Terminals‘ can be placed whereever needed in own and foreign organisations with the access limited to the needed function.

As shown above, IN platforms are much more flexible to operate. 

Some European railway communication network operators have already decided to implement Functional Addressing on the IN platform. For these customers, Siemens implements an IN based solution of this service which is fully interoperable with other (HLR-based) GSM-R networks as required by EIRENE/MORANE.

Another example is the Location Dependent Addressing. The current MSC based implementation of the service provides a level of accuracy limited to GSM cell. GSM Phase 2+ Location Services, which are not yet completely specified, will allow an accuracy of 10 to 100 meters. Railway operators will still need a higher level of accuracy dependent on the application. Therefore Siemens decided together with an European railway communication operator to implement Location Dependent Addressing on the IN platform. The position data may be provided via IP protocol to the IN making the source of data very flexible. The railway network operator may use any position data like GPS, Balise info or others he can provide via IP.

Corporate Services, like Virtual Privat Network or Number Portability Services can improve operational efficiency and decrease communication cost in a railway network.

Fixed to Mobile Convergence could be used to integrate existing railway fixed networks to GSM-R.

Many other application will come up from the needs of the railways in the near future. Thus we believe that the introduction of an IN platform to the GSM-R network is a safe long-term investment with benefits in functionality and operation of the network.

4.2 Evolution of GSM data services

In Public GSM networks, GSM is up to date a voice centric system. Data capabilities of GSM have not been much in use despite their advanced data capabilities. Two major reasons could be identified:

· Data rates of GSM bearer services are too low (9.6 kbps max.)

· Applications and terminals were not available in time with introduction of services into the networks

Today the situation is rapidly changing. Mobile Internet access and telematic services are on the step for wide public usage, car identification, cargo information and other services make use of GSM data services.

Two demands can be clearly identified in the market. On the one hand, higher bandwith is required. On the other hand, many applications like telematic services or many railway applications have low data rates and typically burst transmission.

· Starting with 14.4 kbps data rates will be increased with circuit switched data technology. High Speed Circuit Switched Data (HSCSD) will use channel aggregation to allow high data throughput. Starting from 28.8 kbps, ISDN like rates of 64 kbps are technically possible with HSCSD.

However, HSCSD as a circuit switched service needs 2 TCH as a minimum per connection. There we apologise HSCSD as the best choice for applications with strict real time constraints and bulky data transfer.

· A technological breakthrough in GSM is the introduction of General Packet Radio Services (GRPS). With the implementation of GPRS GSM networks will be extended for packet mode transmission and direct interworking with IP networks. GPRS network elements are built in addition to the existing network infrastructure. 

GPRS will support both bursty and bulky data transfer with the advantage that the ultimate network resource of traffic channels (frequencies) may be used economically. Since GPRS represents a unique opportunity to enhance GSM-R, a more detailed chapter will describe the major advantages and possible constraints of GPRS in a railway environment.

4.3 GPRS in a railway environment

One of the main issues for GSM-R is spectrum effiency. Economic use of frequencies is of special importance for the railway communication operator as the UIC frequency band is limited to 4 MHz (20 TDMA channels or, in circuit switched mode, 150 traffic channels).

GPRS as a packet data service restricts the usage of a traffic channel to the time the data packet are actually transmitted. Several (up to 8) users can simultaneously access one Packet Data Traffic Channel (PDTCH). This makes GPRS exceptionally well suited for any application requiring bursty data transfer on a low data rate and saves TCH for other applications.

For transmission of bulky data, GPRS can offer a throughput of up to 120 kbps using advanced reservation and channel coding system with all 8 timeslots available for one frequency (TRX). This throughput is then to be shared upon all GPRS users present in the cell at that point of time. Furthermore, this data throughput is affected by the cell to interference rate (C/I) available in the radio call.

Another advantage of GPRS derives from packet switching technology. Multi-session capability in a single mobile avoids the need for several mobiles (one for each application).

In a second step, GPRS will also provide Point-to-Multipoint data transmission. Foreseen are Multicast transmission, IP multicast and Group data call. The only other data transmission type with broadcast capabilities in GSM, SMS Cell Broadcast (SMS-CB), does not offer equivalent throughput of data and should not be used for safety critical applications due to its non real-time behaviour.

4.3.1 Supposed railway applications with GPRS

Excluding real-time critical applications, all railway applications based on data transfer could be supported by GSM-R as there are:

· File transfer

· eMail system

· mobile railway intranet

· mobile office

· information broadcast

· vehicle or cargo tracking

· passenger services like on-line booking/reservation

ERTMS/ETCS level 4 currently is based on circuit switched data connections. Since this application requires call setup for each electronic interlocking, signalling load on the GSM-R network is considerably high while data transmission bursts are pretty short. Since there are no strict requirements to real time behaviour this application should be based on GPRS after its validated in the public networks.

ERTMS/ETCS level 2/3 currently require circuit switched data connections with a transfer delay of below 450 ms and extremely low bit error rates. The safety critical connection is established via HDLC protocol end-to-end between the ATP computer in the train and the RBC. Today there is no clear evidence if transfer delays below 450 ms can be reached with GPRS, especially if the network is under load and C/I rates are decreasing. Furthermore, HDLC protocol as an end-to-end protocol cannot be used with GPRS. Taking this into account, GPRS should be validated in a loaded environment which could be a track equipped with ERTMS/ETCS to guarantee that load situation is the one of a real railway network. On the other hand, industrial partners for ERTMS/ETCS need to define a packet data interface with security protocol. Therefore we believe that usage of GPRS for ERTMS/ETCS level 2/3 will be the long term solution.

4.3.2 Status of GPRS in public networks

GPRS phase 1 specification has been completed by SMG. It is under implementation now by all major GSM infrastructure suppliers. Several public GSM networks aim to have field trials in 1999. It can be expected that first services to selected subscribers (e.g. telematic services) may be offered by the end of 1999 or begin of 2000.

Full availability of GPRS in public networks can be expected mid to end of 2000. GPRS phase 2 (including point-to-multipoint services) is still under definition. The ratification of the standard is planned for end of 1999.

5 Evolution to UMTS

Mobile communications systems have started about 30 years ago as analog systems with limited network capabilities. These and even the analog cellular networks in the 450 MHz and 900 MHz range are considered as first-generation technology.

Systems like GSM are to be considered as second-generation technology. Network structure is still cellular but connectivity and services are equal to ISDN on the fixed network side. GSM-R benefits of this advantages and the fact, that this system is already 7 years in the commercial market but still progressing due to further specification and development.

The new, third-generation technology today under specification called UMTS (Universal Mobile Telecommunication System) will add bandwith on demand to mobile communication systems. This is necessary since there is clear evidence that mobile data applications are a fast growing market. With UMTS, true multimedia applications with very high data throughput in real-time mode will become possible. In contradiction, GPRS with GSM, which opens the market for high data rate applications, will never have a comparable throughput.

Today there is no real evidence that UMTS could be of interest for the railways in the next years. Applications specified by EIRENE and other applications foreseeable do need feature functionalities as specified in GSM Phase 2 and Phase 2+. GPRS will be a welcome extension to GSM-R networks due to the fact that bursty data transfer will outrule bulky data transfer in railway networks by far. In addition, the railway community will have to apply again for frequency spectrum.

Another fact is that UMTS will be on the market with it’s first releases around 2002. To reach the stability and features railways would accept from a communication system another 2 to 3 years should be anticipated.

To summarize it, UMTS is definitely late and offers functionality today not needed by the railways. As the then existing GSM-R networks will offer connectivity to UMTS and feature sets will be balanced, we believe that GSM-R will benefit from UMTS features. If railways really think about UMTS, it will be mainly in the field of Passenger Services like allowing multimedia application on train. UMTS therefore may be introduced to GSM-R as an extension either by reuse of GSM-R infrastructure or in just connecting public UMTS networks to the GSM-R network, whenever required.

6 Conclusion

The need to modernise their communication networks is evidential to many railway organisations. New communication technologies should not only give advantages in regard to cost and operation&maintenance organisation, but also allow international interoperability and communication. New applications should make railway operation more attractive for both staff and passengers.

With GSM-R, the European railways have definitely made the right chose. Based on ISDN, GSM is offering a wide range of services and international compatible features. The success in over 100 countries and the growing subscriber penetration with now already more than 70 million subscribers worldwide in total shows that GSM is the world’s most widely deployed digital wireless communication system, secure and proven in operation. In analogy to that GSM-R will tend to be the leading mobile telephone system for the present and the near future.

The vision of UIC to select a system which is far spread in the world market with several possible suppliers and as less as necessary modifications for the railways is already a fact. The basic functionality of GSM-R is already implemented and has been delivered, tested and validated in the MORANE trials for use in railway networks. About 30 European railways have committed themselves to introducing this technology on their international network. The advantages of GSM-R will convince them that GSM-R is the right system for their complete networks.

First early users like Banverket in Sweden have already decided to modernise their communication network with GSM-R. Others are in the status of RFI, RFQ or just now negotiating. First international high speed tracks with GSM-R are planned to get operational in 2001. 

Since Siemens has already contracted GSM-R networks for early users we have started our development for the feature set quite early. Also we take a major part in the validation process for GSM-R. Gaining from these activities Siemens is one step ahead on the path of GSM-R introduction. The full specified EIRENE functionality and even more is alread in introduction into GSM-R in steps completed in year 2000. Thus we will meet railway requirements early enough to test the functionality carefully before going fully operational with e.g. ERTMS/ETCS. 

Future steps like General Packet Radio Services (GPRS) are already specified and planned and will be implemented not only due to railway requirements. The technical evolution to Universal Mobile Telephone System (UMTS) will offer new services and a more powerful radio system. New services will be made available to GSM-R to its maximum useful content as well. Thus we believe that GSM and its derivates GSM-R, GSM1800 and PCS1900 are future proven technologies.

Regarding this and the progress GSM has made since 1991 in comparison to concurring technologies GSM-R is definitely the right choice of UIC for ETCS and other railway communication systems!

7 List of abbreviations

ABC
Administration and Billing Center

AC
Authentication Center

ASCI
Advanced Speech Call Items

ATC
Automatic Train Control

ATP
Automatic Train Protection

BHCA
Busy Hour Call Attempt

BR
British Rail

BS
Base Station

BSC
Base Station Controller

BSS
Base Station Subsystem

BTS
Base Transceiver Station

CBS
Cell Broadcast Service 

CCITT
Committee for International Telegraph & Telecommunications

CI
Cell Identifier

CLIP
Calling Line Identification Presentation

CLIR
Calling Line Identification Restriction

COLP
COnnected Line identification Presentation

COLR
COnnected Line identification Restriction

CT
Craft Terminal

C/I
Carrier to Interference ratio

DECT
Digital Enhanced Cordless Telecommunication

E.164
CCITT Recommendation (Numbering plan for the ISDN era)

EDSS
European Digital Subscriber Signalling System

EIR
Equipment Identification Register

EIRENE
European Integrated Railway radio Enhanced NEtwork

eMLPP
Enhanced Multi-Level Precedence and Pre-emption service

ERTMS
European Rail Traffic Management System

ETCS
European Train Control System

ETSI
European Telecommunications Standards Institute

EWSD
Elektronisches Wählsystem Digital (Digital Switching System)

FN
Functional Number

GCR
Group Call Register

GMSC
Gateway Mobile Switching Centre

GPRS
General Packet Radio Services (in GSM)

GPS
Global Positioning System

GSM
Global System for Mobile Communication

GSM-R
Global System for Mobile Communication (for  Railway applications)

HDLC
High Level Data Link Control protocol

HDSL
High speed Digital Subscriber Line

HLR/AC
Home Location Register/Authentication Center

HSCSD
High Speed Circuit Switched Data

HW
Hardware

ID
Identification

IN
Intelligent Network

IP
Internet Protocol

ISDN
Integrated Services Digital Network

LAC
Local Area Code

LAN
Local Area Network

LZB
LinienZugBeeinflussung

MAC
Message Authentication Code

MCC
Mobile Country Code

MLPP
Multi-Level Precedence and Pre-emption service

MNC
Mobile Network Code

MOC
Mobile Originated Call

MORANE
Mobile RAdio for Railways Networks in Europe

MoU
Memorandum of Understanding

MS
Mobile Subscriber

MSC
Mobile Switching Centre

MSC/VLR
Mobile Switching Center/Visitor Location Register

MSISDN
Mobile Station ISDN Number

MTC
Mobile Terminated Call

NTPM
Network Termination Point Module

PABX
Private Automatic Branch eXchange

PAMR
Public Access Mobile Radio

PCM
Pulse Code Modulation

PCS
Personal Communications System

PDH
Plesiochronous Digital Hierarchy

PDTCH
Packed Data Traffic Channel

PLMN
Public Land Mobile Network

PMR
Private Mobile Radio

PSTN
Public Switched Telephone Network

QoS
Quality of Services

RAC
Railway Access Code

RBC
Radio Block Center

RFI
Request For Information

RFQ
Request For Quotation

RIID


SACCH
Stand-Alone Control CHannel

SCI
Subscriber Controller Input

SCP
Service Control Point

SDH
Synchronous Digital Hierarchy

SIB
Service Independent building Blocks

SMG
Special Mobile Group

SMP
Service Management Point

SMS
Short Message Service

SSP
Service Switching Point

SSS
Switching SubSystem

SW
Software

TCH
Traffic Channel

TDMA
Time Division Multiple Access

TETRA
Trunked

TK
Telecommunication  

TRAU
Transcoding Rate Adaption Unit

TRX
Transceiver

UIC
Union International de Chemin de fer

UIN
User Identifier Number

UMTS
Universal Mobile Telephone System

USSD
Unstructured Supplementary Service Data

UUS.1
User to User Signalling 1

VBS
Voice Broadcast Service

VGCS
Voice Group Call Service

VLR
Visitor Location Register

VMS
Voice Mail Service

VMSC
Visited MSC
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Tabelle1

		Country		Railway/ Operator		From - via - to		Network elements delivered by Siemens		Status		Installed SW-release

		France		SNCF		Chessy Gare (direction Lyon) - Roissy PRCI (Paris) - Monchi CAI (direction Lille)		1 MSC/VLR/HLR/AC,    1 TRAU, 1 BSC, 3 BTS		MORANE trial since 1997		SR 6.0, BR 3.0

		Germany		DBAG/ Mannesmann ARCOR		Stuttgart - Mannheim		1 MSC/VLR/HLR/AC,    1 TRAU, 1 BSC, 11 BTS		DIBMOF valid since 1995, MORANE trial since 1997		SR 6.0, BR 3.0

		Italy		FS		Prato - Firenze SMN - PJ Arezzo		1 MSC/VLR/HLR/AC,    1 TRAU, 1 BSC, 19 BTS		MORANE trial since 1997		SR 6.0, BR 3.0
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Tabelle2

		

		Traffic-Source		Call Type		mErl per MS per BH		CA per MS per BH		active MS		Erl per BH		CA per BH		IN-BHCA

		train radio		Voice		80		9		1000		80		9000		9000

		emergency phones		Voice		10		0.1		1000		10		100

		maintenance people		Voice		30		3		1800		54		5400		2700

		station personnel		Voice		30		2		4000		120		8000		4000

		ETCS		Data		500		4		800		400		3200

		ticket machines		Data		1		0.1		1000		1		100

		train diagnostic		Data		30		2		1000		30		2000

		shunting radio		VGCS		600		4		250		150		1000

		broadcast-calls		VBS		10		0.1		1000		10		100

		fixed subscribers		Voice		30		3		800		24		2400		1200

		Note: all values are assumptions

		ETCS 2 mobiles

		penetration über rollout
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