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LIST OF ABBREVIATIONS

	Abbreviation
	Explanation

	ATO
	Automatic Train Operation

	ATP
	Automatic Train Protection

	CCS
	Control-Command and Signalling

	CEPT
	European Conference of Postal and Telecommunications Administrations

	ECC
	Electronic Communications Committee

	EDOR
	ETCS Data Only Radio

	EIRENE
	European Integrated Railway Radio Enhanced Network

	ERTMS
	European Rail Traffic Management System

	ETCS
	European Train Control System

	FRS
	Functional Requirements Specification

	GSM
	Global System for Mobile communications

	GSM-R
	GSM for Railway

	IC
	Interoperability Constituent

	MI
	Mandatory for Interoperability

	NoBo
	Notified Body

	NSA
	National Safety Authority

	RE-D
	Radio Equipment Directive

	R-GSM
	Railways GSM (876-915MHz / 921-960MHz as defined by ETSI)

	SRS
	System Requirements Specification

	TSI
	Technical Specification for Interoperability
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	Term
	Definition

	[bookmark: _GoBack]Railway interoperability
	Ability for trains and staff to run uninterruptedly across railway networks (requirement defined in the EU Directive 2016/797, formerly EC Directive 2008/57)

	Railway signalling
	Speed limits and movement authorities (provided by trackside signals, balises or wireless communications)

	Movement authority
	Information about where the train is allowed to safely travel

	ATP (Automatic Train Protection)
	System that ensures automatic compliance with railway signalling

	ATO (Automatic Train Operation)
	Functions otherwise assigned to the train driver

	ETCS (European Train Control System)
	Applicative protocol for railway signalling, ATP and later on ATO to enable railway interoperability at European level

	GSM-R (GSM for Railway)
	Current radiocommunication network for railways, which provides voice services (including emergency voice calls) and carries ETCS and other data services

	ERTMS (European Rail Traffic Management System)
	European railway signalling system based on a common radio access technology (today GSM-R) and ETCS

	Infrastructure Manager
	The entity who administrates the rail track network and the associated radio access network (today GSM-R)

	Railway Undertaking
	A company which operates trains and thus uses the radio access network (today GSM-R) provided by the Infrastructure Manager
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This section isThe following definitions are extracted from the Railway Interoperability Directive 2016/797/EU [1], formerly Directive 2008/57/EC [2], and the associated Commission Regulation 2016/919/EU [4]European Decision and its amendments, as well as EIRENE specificationsSystem Requirements Specification [5] [6].
[bookmark: _Toc481761677]Principle and Directive
Today, the competitiveness of the railways is curbed by the differences between Member States in terms of rolling stock, technology, signalling systems, safety regulations, braking systems, traction currents and speed limits. This state of affairs forces international trains crossing several States to stop at "frontiers".
Historically, these technical differences met the need to protect the Member States' own interests or those of their rail industry. At the same time, the road transport industry took advantage of its freedom from technical barriers to reinforce its position on the market.
In the Directive 2016/797/EU [1]2008/57/EC on the interoperability of the railway system within the Community, the definition of railway interoperability can be found in its Article 2:
‘interoperability’ means the ability of a rail system to allow the safe and uninterrupted movement of trains which accomplish the required levels of performance for these lines. This ability depends on all the regulatory, technical and operational conditions which must be met in order to satisfy the essential requirements;
The technical details required for railway interoperability are included in the Technical Specifications for Interoperability. The definition, also in Article 2 of the Directive, explains its content:
‘technical specification for interoperability’ (TSI) means a specification adopted in accordance with this Directive by which each subsystem or part subsystem is covered in order to meet the essential requirements and ensure the interoperability of the rail system;
The so called “essential requirements” are listed in the TSI:
‘essential requirements’ means all the conditions set out in Annex III of the directive which must be met by the rail system, the subsystems, and the interoperability constituents, including interfaces;
Together with the “basic parameters”:
‘basic parameters’ means any regulatory, technical or operational condition which is critical to interoperability and is specified in the relevant TSI;
As a concrete example, let us consider the requirements set up for the radio communication system to be used by railways. In the Control-Command and Signalling (CCS) TSI (Regulation 2016/919/EU [4]Decision 2012/88/EU), there are two subsystems described: the trackside subsystem and the on-board subsystem. Both of them have elements related to radio communication.
The features of the subsystems, contained in the TSI, are:
the functions that are essential for the safe control of railway traffic, and that are essential for its operation, including those required for degraded modes;
the interfaces;
the level of performance required to meet the essential requirements.
The CCS TSI specifies only those requirements which are necessary to assure the interoperability of the trans-European rail system and compliance with the essential requirements.
[bookmark: _Toc481761678]Application to technology
The radiocommunication system to be used is currently GSM-R. This is stated in the basic parameters included in the CCS TSI, section 4. The air interface is also characterised and it is specifically specifiedmentioned that the interfaces shall operate in the R-GSM band as specified in EIRENE SRS, version 15.4.0, section 3.5 (see table 3-A in 3.5.1) of the EIRENE SRS [6]).
EIRENE specifies the requirements for a digital radio standard for the European railways, although it is also applicable worldwide. It consists of FRS (Functional Requirements Specification) [5] and SRS (System Requirements Specification) [6]. EIRENE has a direct link with the relevant ETSI specifications, which cover the technical details of the GSM radio technology used.
One of the main objectives of the EIRENE FRS and SRS is to ensure interoperability for trains and staff crossing national borders or other borders between systems. It defines the requirements and conditions for the provision of harmonised functionality along the railway lines.
Some of the requirements in the EIRENE specifications, related to interoperability, are legally binding in Europe, since they are part of the Control-Command and Signalling Technical Specification for Interoperability (CCS TSI), which is published through the Commission Regulation 2016/919/EU [4]European Decision and its amendments.
It is mandatory that each railway subsystem (train, infrastructure) in the European Union meets these requirements on lines under the scope of the Railway Interoperability Directive [1], to ensure technical compatibility between Member States and safe integration between train and track. Radio related requirements on spectrum, coverage and signal strength are amongst these ones.
The word interoperability is used in different sectors with a sense that may not always be the same. In the railway environment, the focus is placed on the fact that trains should be able to run uninterruptedly across railway networks and without the need to modify their configuration, so no technical barrier is found by them when travelling between two locations.
The requirements in EIRENE FRS and SRS that are classified as (MI) are mandated by the CCS TSI.
[bookmark: _Toc481761679]Application to transition timeframe
The application of the Control-Command and Signalling Technical Specification for Interoperability does not have retroactive effect. In general, new TSI are developed ensuring the compatibility with the existing authorised systems, to avoid the requirement of upgrading them, as per the Whereas (16) of the Interoperability Directive [1]. This discards in general actions such as a mandatory retrofit of cab radios (unless specific rules are agreed).
Infrastructure Managers will still be rolling out and operating GSM-R networks as the successor to GSM-R is introduced; thus both technologies will have to operate in parallel as Infrastructure Managers move from GSM-R to the new technology. Transition will require implementation on both the infrastructure (network) and trains, and it will not be until both have the new system that it could be fully brought into operation and the existing GSM-R service could be closed.
Each Infrastructure Manager adopt its own strategy for trackside migration, e.g. line by line, area per area. Where an area of a country or a specific line has migrated to the successor to GSM-R, there may still be a requirement to operate in parallel both systems to welcome trains coming from areas where the transition has not yet occurred. Until all trains (even foreign ones) that are entitled to run on the line are ready to use the new system, the Infrastructure Manager cannot stop the operation of GSM-R. Therefore it is difficult to predict when the transition ends.

Until now, GSM-R is the only radio access technology allowed as per Regulation 2016/919/EU [4]. This will change when a new CCS TSI will be published with provisions for the successor to GSM-R. This is expected between 2022 and 2025.
[bookmark: _Toc481761680]Legal frameworkCertification
Before a vehicle can run on a railway infrastructure, there are a number of steps that have to be completed, which include the verification of the technical characteristics required in the different legal texts, in the standards and a number of processes that have to be followed in order to ensure the safe integration of the elements in the vehicle and of the vehicle with the infrastructure it will run in.
These processes for placing on the market and placing in service of the vehicles are regulated in the corresponding Directives. The time and resources required to fulfil these processes, together with the logistic restrictions of modifying the fleets that are already in service, cannot be neglected, as they impose some restrictions to the rhythm of the adoption of modifications in the vehicles.
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The Interoperability Directive (2016/797/EU [1]2008/57/EC) describes the steps required in order to get the authorisation for placing in service of the railway subsystems.
In the Control-Command and Signalling TSI (Regulation 2016/919/EU [4]Decision 2012/88/EU and its amendments), there are two subsystems described: the trackside subsystem and the on-board subsystem. Both of them have elements related to radio communication.
Each Member State shall authorise the placing in service of the subsystems to operate in its territory.
In order to grant the above mentioned authorisation, the National Safety Authority (NSA) considers the EC declaration of verification (based on a certificate issued by a Notified Body) that is included in the application for the authorisation; the documents in this application ensures the compliancy to the corresponding TSI, the integration with the infrastructure and the compliancy to additional national rules (if applicable).
When a train (on-board subsystem) has been authorised and it is modified, the Member State shall receive a description of the modifications performed (Article 20). The Member State shall examine this file, and, taking account of the implementation strategy indicated in the applicable TSI, shall decide whether the extent of the works means that a new authorisation for placing in service is needed.
Such new authorisation for placing in service shall be required whenever the overall safety level of the subsystem concerned may be adversely affected by the works described. If a new authorisation is needed, the Member State shall decide to what extent the TSI need to be applied to the project.
This decision has to be taken no later than 4 months after the submission of the complete file to the NSA.
When a modification to a subsystem is performed, the Notified Body that has issued an EC certificate of verification for the subsystem has to be also contacted, and an assessment has to be done by it in order to either reissue a certificate containing the modification or to issue a new certificate if the changes are considered as significant.
A similar exercise is required for the defined Interoperability Constituents (IC) (for the on-board subsystem: cab radio, EDOR). When an IC is going to be placed on the market, it requires a prior “conformity or suitability for use”. The Member States shall consider that an IC meets the essential requirements laid in a TSI based on the corresponding certificate, issued by a Notified Body or the entity indicated in the corresponding TSI. When the IC is also subject to other regulation (such as the Radio Equipment Directive), the certificate issued shall contain the compliancy to the requirements set in other regulations or Directives.
When an IC already placed on the market is modified, this modification has to be communicated to the assessment body (Notified Body or the entity indicated in the TSI), who will consider if the change is significant and if there is a need to issue a new certificate or to reissue the existing one, containing the modification.
These processes (certification, authorisation) are laid down in the Interoperability Directive [1], but there is no indication on the length of some of them. For the authorisation of placing in service of vehicles, the times are described in Art 23.7 of the Interoperability Directive which states:
“All applications for an authorisation to place in service submitted in accordance with this Article shall be the subject of a decision by the national safety authority, to be taken as soon as possible and not later than:
a. two months after submission of the file referred to in paragraph 3;
b. where applicable, one month after provision of any additional information requested by the national safety authority;
c. where applicable, one month after provision of the results of any tests requested by the national safety authority.”
As a consequence, changes in the railway and GSM-R environments must follow a stringent process which can take time.
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GSM-R equipment falls under the scope of the Radio Equipment Directive (RE Directive) 2014/53/EU [3]. Under the RE Directive, providers/manufacturers of radio equipment have also to provide a declaration of conformity that includes the information about the intended use and usage restrictions in relation to the radio equipment. The RE Directive applies according to the considering (10) below:
(10) “In order to ensure that radio equipment uses the radio spectrum effectively and supports the efficient use of radio spectrum, radio equipment should be constructed so that: in the case of a transmitter, when the transmitter is properly installed, maintained and used for its intended purpose it generates radio waves emissions that do not create harmful interference, while unwanted radio waves emissions generated by the transmitter (e.g. in adjacent channels) with a potential negative impact on the goals of radio spectrum policy should be limited to such a level that, according to the state of the art, harmful interference is avoided; and, in the case of a receiver, it has a level of performance that allows it to operate as intended and protects it against the risk of harmful interference, in particular from shared or adjacent channels, and, in so doing, supports improvements in the efficient use of shared or adjacent channels.”
From 13 June 2016 on, based on the RE Directive, the harmonised standards will also have to define receiver parameters.
Passive elements however, which could be placed separately on the market such as passive antennas or filters are a priori not considered as ‘radio equipment’ falling under the scope of the RE Directive. These elements can make a declaration of conformity invalid when they would lead to the creation of harmful interference or have a negative impact (not sufficient protection against harmful interference) on the spectrum usage.
In case of the addition of a passive filter (i.e. a filter containing exclusively passive components) in the GSM-R receiving chain, this has no impact on the conformity declaration under the RE Directive [3].
[bookmark: _Toc396247658][bookmark: _Toc396296086][bookmark: _Toc396296507][bookmark: _Toc396500949][bookmark: _Toc396744752][bookmark: _Toc396744816]These elements are also subject to the train authorisation framework, as described in section 23.32.1.
[bookmark: _Toc481761683]Usage of GSM-R for railway radiocommunications
As per the Command-Control and Signalling Technical Specification for Interoperability, Regulation 2016/919/EU [4], GSM-R is the only radio access technology allowed. It supports the specific railway needs and consists of additional functions and amendments, and represents an enhancement of the commonly used GSM technology.
For the use of GSM-R, Commission Decision 1999/569/EC [8] and ECC Decision (02)05 [9] harmonises the frequency bands 876-880 MHz (train-to-ground) and 921-925 MHz (ground-to-train). The allocation of a dedicated, harmonised frequency band enabled the creation of pan-European radiocommunication network for both passenger and freight trains to travel across EU borders without the need to install any other national radiocommunication systems. This fulfils the requirement of the Interoperability Directive [1]. Furthermore, a dedicated frequency band participates to ensure continuous reliable and available access to the network thus supporting mission critical, interoperable and safety-related applications.
This radio network is used to fulfil the operational requirements of railway communications, especially for voice and data communications both supporting safety related applications. These services are conventional voice services (driver-controller calls, railway emergency calls, group calls, etc.) and data services for ERTMS/ETCS signalling systems.
Many GSM-R networks have been rolled out within EU countries but they are still growing and other EU countries are still in the rollout process. Current figures show that 139 859 km of network are planned or in progress, 96 124 km of lines are now in service with some 75 000 terminals integrated in the dashboard of the trains (cab radios) within the EU[footnoteRef:2]. [2:  Figures from a data collection performed in 2015] 
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