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This Report provides guidance to administrations as well as to RMR (Railway Mobile Radio) and MFCN (Mobile/Fixed Communications Networks) licensees to facilitate coexistence between RMR and MFCN. It describes a toolbox for an efficient national implementation of ECC Decision (20)02. The purpose of this Report is not to revise ECC Decision (20)02 [2], but to outline possible measures and procedures that minimise the implementation burden for all involved parties for cooperation between administrations, RMR operators and MFCN operators. The toolbox describes principles of coordination, possible mitigation measures and a generic coordination and cooperation process for implementation of a new radio site or modification of an existing radio site.
The generic principles of the toolbox include early information sharing between RMR and MFCN operators, reasonable efforts by operators to plan new radio sites so as to avoid interference with the other network and minimising the need for direct coordination. A pragmatic approach during the Future Railway Mobile Communications System (FRMCS) or MFCN planning stage is to identify critical radio sites before triggering any detailed coordination. A critical radio site is a radio site with potential risk of interference from adjacent frequency band. This Report does not prescribe a coordination zone between FRMCS and MFCN sites. Coordination zones could be defined on a national level and should be specific per frequency band and per MFCN operator (due to variation in frequency separation between MFCN and RMR channels resulting from MFCN spectrum assignment within a frequency band).
When potential coexistence issues arise, the different parties (RMR and MFCN operators) should be encouraged to work together to find a mutually agreed solution. In this process, national administrations could act as a neutral mediator, working with both parties to find solutions and proportional mitigation options. Important mitigation options are site location, antenna height and main beam direction, radio-planning measures (while meeting railway planning and quality criteria for safety and interoperability) and hardware-related measures including enhanced receiver selectivity for MFCN base stations as considered in ECC Decision (20)02 [2] and ECC Decision (06)01 [14].
The strategy and the migration timeline of GSM-R to FRMCS will be decided at national level. Railway infrastructure managers will make their decisions for the relevant migration scenario from their current GSM-R network to a new FRMCS network, based, amongst others, on interoperability and specific national requirements. During the migration period, train on-board equipment will need to be upgraded to support FRMCS. Even if no specific FRMCS deployment plans have been communicated by RMR operators to MFCN operators, all existing GSM-R sites should be assumed to be future FRMCS radio sites.
Railway interoperability throughout Europe must be ensured, even during the migration period from GSM-R to FRMCS. Requirements and conditions for the provision of harmonised functionality along the railway lines are defined today for GSM-R in EIRENE FRS (Functional Requirements Specification) and SRS (System Requirements Specification). Those 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 a European Commission Regulation and its amendments. A similar framework will also be used for FRMCS once standardisation has been completed. Section 3 describes the ECC regulatory framework for RMR and MFCN and the additional requirements in ETSI technical specifications (ETSI TS 103 807 [10] and ETSI TS 103 793 [11]) reflecting EC/CEPT spectrum regulatory framework. 
The toolbox for facilitating coexistence between RMR and MFCN is described in section 5 and can be adapted to meet specific needs at national level. Co-located sites are usually managed by contracting parties. This Report may also be used to facilitate coexistence on co-located sites. 
Annex 1 provides an overview of the existing processes of cooperation and coordination implemented for GSM-R interference resolutions in national railway environments throughout Europe. These processes are essentially based on ECC Report 229 [7] and can be adapted to the needs of an efficient national implementation of ECC Decision (20)02 [2].
Annex 2 describes recommended data that should be exchanged between operators for the purpose of evaluating possible interference. The list can be amended by national agreements. 
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LIST OF ABBREVIATIONS

	Abbreviation
	Explanation

	2G
	2nd generation of 3GPP mobile network technology

	3G
	3rd generation of 3GPP mobile network technology

	4G
	4th generation of 3GPP mobile network technology

	5G
	5th generation of 3GPP mobile network technology

	3GPP
	3rd Generation Partnership Project

	ACLR
	Adjacent Channel Leakage power Ratio

	AGL 
	Above Ground Level

	ARFCN
	Absolute Radio Frequency Channel Number

	ASL
	Above Sea Level

	BEM
	Block Edge Mask

	BS
	Base Station

	CCS
	Control Command and Signalling

	CEPT
	European Conference of Postal and Telecommunications Administrations

	EC
	European Commission

	ECC
	Electronic Communications Committee

	EDOR
	ETCS Data Only Radios

	E-GSM
	Extended GSM band

	EIRENE
	European Integrated Railway Radio Enhanced Network

	e.i.r.p.
	Equivalent Isotropically Radiated Power

	ER-GSM
	Extended R-GSM (873-915MHz / 918-960MHz) as defined by ETSI

	ETCS
	European Train Control System

	ETSI
	European Telecommunications Standards Institute

	EU
	European Union

	FRMCS
	Future Railway Mobile Communication System

	GSM
	Global System for Mobile Communications

	GSM-R
	GSM for Railway

	LNA
	Low Noise Amplifier

	LTE
	Long Term Evolution

	LRTC
	Least Restrictive Technical Conditions 

	MCL
	Minimum Coupling Loss

	MFCN
	Mobile/Fixed Communications Networks

	MNO
	Mobile Network Operator

	MORANE 2
	MObile radio for RAilway Networks in Europe 2

	NDA
	Non-Disclosure Agreement

	NR
	New Radio

	NRA
	National Regulatory Authority

	OOB
	Out-Of-Band

	P-GSM
	Primary GSM band

	RF
	Radio Frequency

	RMR
	Railway Mobile Radio

	RU
	Railway Undertaking

	RX
	Receiver

	SRS
	System Requirements Specification

	TR
	Technical Report

	TS
	Technical Specification

	TSI
	Technical Specification for Interoperability

	UE
	User Equipment

	UMTS
	Universal Mobile Telecommunications System
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[bookmark: _Toc223692529]Introduction
CEPT has developed the regulatory framework for the introduction of Future Railway Mobile Communication System (FRMCS) in the paired frequency band 874.4-880 MHz / 919.4-925 MHz and in the unpaired frequency band 1900-1910 MHz and has developed respective ECC Decision (20)02 [2]. RMR encompasses GSM-R and its successor(s) including FRMCS.
[bookmark: _Toc181799350][bookmark: _Toc181799351]The aim of this Report is to provide guidance to administrations as well as to RMR and MFCN licensees to enable an efficient national implementation of ECC Decision (20)02.
Based on the experience of cooperation between different stakeholders in the national railway environment as per ECC Report 162 [9] and ECC Report 229 [7], this Report proposes a systematic approach for those cases where a coordination and cooperation process is needed to facilitate dialogue amongst administrations, RMR and MFCN licensees. The Report addresses the 900 MHz (n100) and 1900 MHz (n101) RMR bands, 900 MHz (B8/n8: 880-915 MHz and 925-960 MHz) and 2100 MHz (B1/n1: 1920-1980 MHz and 2110-2170 MHz) MFCN bands[footnoteRef:2]. This Report can also be used on a national basis to solve some specific issues that may be identified between RMR and MFCN band n3/B3 (1710-1785 MHz and 1805-1880 MHz). [2:  n1, n3, n8, n100 and n101 use the 3GPP 5G band designation terminology, B1, B3 and B8 use the 3GPP 4G band terminology] 

The methodology described in this Report can be adapted by the involved stakeholders to meet national needs such as specific national RMR and MFCN operating conditions. In several countries, similar coordination and cooperation processes are already in place for GSM-R.
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[bookmark: _Toc181799357][bookmark: _Toc181374306][bookmark: _Toc202519902][bookmark: _Toc212009676][bookmark: _Toc223692531]Blocking
Blocking is a phenomenon that can be caused by insufficient selectivity (filter discrimination), saturation of the front-end (Low Noise Amplifier (LNA) and/or mixer) or reciprocal mixing (with local oscillator phase noise).
Blocking capabilities of a receiver (sometimes also called desensitisation of a receiver) is defined in most European standards (including those for RMR) as a measure of the capability of the receiver to receive a wanted modulated signal without exceeding a given degradation due to the presence of an unwanted input signal at any frequencies other than those of the spurious responses in adjacent channels or bands. The relevant standards define a measurement test suite for the blocking capability measurements of a receiver together with the relevant definition of the unwanted signal(s) and precise frequencies at which measurements should be conducted.
For a given received power from the wanted signal, the blocking level is defined as the maximum emission level that can be accepted by the receiver from an off-channel unwanted signal without preventing the processing of this wanted signal.
[image: ]
Figure 1: Illustration of the blocking level
[bookmark: _Toc181374307][bookmark: _Toc202519903][bookmark: _Toc212009677][bookmark: _Toc223692532]Receiver intermodulation
The unwanted intermodulation phenomenon comes from the non-linearity of the amplifier in the receiving chain and is generated when two (or more) signals are present in a non-linear circuit. Two signals of frequencies 2f1 - f2 and 2f2 - f1 may appear in the receiver: these are third order intermodulation products.
[image: ]
Figure 2: Example of generation of third order intermodulation products
The receiver, listening to a channel whose frequency is f0, is interfered by intermodulation products when the following conditions are met:
f0 = 2f1 - f2 or f0 = 2f2 - f1;
the strength of the signals f1 and f2 is above a given threshold.
The intermodulation described above is third order intermodulation (IM3); it is usually accompanied by a combination of different intermodulation orders, such as fifth, seventh, etc.
It has to be noted that, for modulated signals, the bandwidth of the intermodulation products is multiplied by a factor equal to the intermodulation product order.
[bookmark: _Toc181374308][bookmark: _Toc202519904][bookmark: _Toc212009678][bookmark: _Toc223692533]Out-of-band emissions
ETSI TS 137 104 [13] defines out-of-band emissions as:
“Out-of-band emissions are unwanted emissions immediately outside the channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. 
The out-of-band emissions requirement for the BS transmitter is specified in terms of an Operating band unwanted emissions requirement that defines limits for emissions in each supported downlink operating band plus the frequency ranges 10 MHz above and 10 MHz below each band. Emissions outside of this frequency range are limited by a spurious emissions requirement.”
[bookmark: _Toc181799358][bookmark: _Toc180662634][bookmark: _Toc202519905][bookmark: _Toc212009679][bookmark: _Toc223692534][bookmark: _Toc181799359]Interference scenarios studied in previous ECC Reports
This section presents interference scenarios that were studied in ECC Report 313 [8], ECC Report 314 [5] and ECC Report 318 [6].
[bookmark: _Toc181799360][bookmark: _Toc181799361][bookmark: _Toc181374310][bookmark: _Toc202519906][bookmark: _Toc212009680][bookmark: _Toc223692535]Frequency allocation in CEPT countries for RMR and MFCN
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Figure 3: Frequency allocation in CEPT countries for RMR and MFCN 
(in 900/1900 MHz frequency ranges)
[bookmark: _Toc181799362][bookmark: _Toc180662635][bookmark: _Toc202519907][bookmark: _Toc212009681][bookmark: _Toc223692536][bookmark: _Toc181799363]MFCN to FRMCS interference scenarios
In the 900 MHz frequency range, Figure 4 presents the different MFCN to FRMCS interference scenarios addressed in ECC Report 313 [8]:
[image: ]
[bookmark: _Ref202447301]Figure 4: MFCN to FRMCS Interference scenario in 900 MHz band
Note that the impact study of adjacent systems on FRMCS was limited to the downlink in ECC Report 313 [8]. Indeed, experience has shown since the introduction of GSM-R in the 900 MHz band that interferences occur at the on-board equipment rather than at the base stations.
In the 1900 MHz frequency range, Figure 5 presents the different MFCN to FRMCS interference scenarios addressed in ECC Report 314 [5]:
[image: ]
[bookmark: _Ref202447442]Figure 5: MFCN to FRMCS interference scenario in 1900 MHz 
[bookmark: _Toc181799364][bookmark: _Toc180662636][bookmark: _Toc202519908][bookmark: _Toc212009682][bookmark: _Toc223692537][bookmark: _Toc181799365]FRMCS to MFCN interference scenarios
Figure 6 and Figure 7 present the different FRMCS to MFCN interference scenarios addressed in ECC Report 318 [6]:
[image: ]
[bookmark: _Ref202447457]Figure 6: FRMCS to MFCN Interference scenario in 900 MHz band
Note that the impact of possible interference from FRMCS BS and the high-power cab-radio on the MFCN UE operating in the 900 MHz band has not been analysed in this Report. Indeed, FRMCS BS behaves as a regular BS for MFCN UE and high-power cab-radio were addressed in ECC Decision (20)02 [2] by an Adjacent Channel Leakage power Ratio (ACLR) requirement of 37 dB minimum.
[image: ]
[bookmark: _Ref202447460]Figure 7: FRMCS to MFCN Interference scenario in 1900 MHz band
[bookmark: _Toc181799366][bookmark: _Toc181799369][bookmark: _Toc180662639][bookmark: _Toc202519909][bookmark: _Toc212009683][bookmark: _Ref218666257][bookmark: _Toc223692538]Background and regulatory framework
[bookmark: _Toc202519910][bookmark: _Toc212009684][bookmark: _Toc223692539]Rail specificities
Railway transport occupies a core position in Europe’s overall transport sector, and the interoperability of the rail system within the European Union is the cornerstone of the establishment of a single European railway area. The concept of one single signalling system at EU level to enhance interoperability dates back from 1989, when the European Commission launched an analysis of signalling issues across the EU Member States. The first legislative acts serving that objective were issued in 1996 with the so-called Interoperability Directive related to trans-European high-speed trains and in 2001 with another Interoperability Directive, this time related to trans-European conventional rail system. The Interoperability Directive currently in force dates from 2016 [19].
The interoperability of the European railway system is ensured by the Railway Interoperability Directive and the Control Command and Signalling Technical Specifications for Interoperability (CCS TSI) [4] which provide the regulatory framework.
In the Directive 2016/797/EU [19] on the interoperability of the railway system within the European Union, 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.
The technical details required for railway interoperability are included in the CCS TSI. The definition, also in Article 2 of the Interoperability Directive 2016/797/EU, explains its content:
‘technical specification for interoperability’ (TSI) means a specification adopted in accordance with this Directive by which each subsystem or part of a subsystem is covered in order to meet the essential requirements and ensure the interoperability of the Union rail system.
Interoperability-related requirements in the EIRENE (European Integrated Railway Radio Enhanced Network) specifications and in the FRMCS specifications, are legally binding in the European Union since they are part of the CCS TSI and its amendments, which is currently published in the Commission Implementing Regulation (EU) 2023/1695 of 10 August 2023 [4]. 
It is mandatory that each railway subsystem (train and infrastructure) in the European Union meets these requirements under the scope of the Railway Interoperability Directive 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 requirements. Hence, railway interoperability must be considered when discussing RMR spectrum issues.
In the context of this Report, the effect of the CCS TSI and ECC Decision (20)02 [2] is that both national trains and visiting international trains must comply with the same radio characteristics in order to achieve the railway interoperability. As a result of this, the coordination and cooperation process described in this Report applies to the trackside RMR infrastructure manager.
[bookmark: _Toc180662641][bookmark: _Toc202519911][bookmark: _Toc212009685][bookmark: _Toc223692540]ECC regulatory framework on RMR and MFCN
[bookmark: _Hlk187228686]The harmonised use of the paired frequency band 874.4-880.0 MHz / 919.4-925.0 MHz and of the unpaired frequency band 1900-1910 MHz has been established by ECC Decision (20)02 [2] and the Commission Implementing Decision (EU) 2021/1730 [1]. Member States are required to use these frequencies and the harmonised conditions for the deployment of FRMCS[footnoteRef:3]. [3:  (EU) 2021/1730 - Whereas: "(12) As long as a Member State does not have railway lines in operation, it should be allowed to postpone the implementation of RMR spectrum harmonisation measures until such operation is planned".] 

The CCS TSI, published in the Commission Implementing Regulation (EU) 2023/1695, is referring to the Commission Implementing Decision (EU) 2021/1730 [1], thus placing this EU Decision in the context of the railway regulations.
The harmonised use of the paired frequency bands 880-915 MHz / 925-960 MHz and 1710-1785 MHz / 1805 - 1880 MHz for MFCN have been established by ECC Decision (06)13 [15] and the Commission Implementing Decision (EU) 2022/173 [18].
The harmonised use of the paired frequency band 1920-1980 MHz / 2110-2170 MHz for MFCN has been established by ECC Decision (06)01 [14] and the Commission Implementing Decision 2012/688/EU [20] as amended.
[bookmark: _Toc212009686][bookmark: _Toc223692541][bookmark: _Toc202519912]Additional ETSI technical specifications arising from EC/ECC spectrum regulatory framework
The technical conditions defined in ECC Decision (20)02 [2] result in new ETSI technical specification.
ETSI TS 103 793 [11] specifies the radio frequency (RF) technical characteristics and methods of measurements required by ECC Decision (20)02 for base stations, cab-radio user equipment and terminals other than cab-radio intended to be used for FRMCS. An updated version is planned to be published after the completion of the FRMCS field tests (e.g. MORANE 2). 
With respect to MFCN, ECC Decision (06)01 [14] states in its considering k) that “the least restrictive technical conditions (LRTC) for wideband RMR in 1900-1910 MHz contained in ECC Decision (20)02 [2] assume that MFCN BS receiving above 1920 MHz have an enhanced selectivity as per ETSI TS 103 807 [10], which would facilitate coexistence with RMR BS transmitting up to 65 dBm e.i.r.p., and that current MFCN BS located near an RMR radio site may need to be adapted so that they do not suffer interference”.
[bookmark: _Toc220686768][bookmark: _Toc220686852][bookmark: _Toc220687067][bookmark: _Toc202519913][bookmark: _Toc212009687][bookmark: _Toc223692542]Timeline of deployments
The strategy and the timeline for migration from GSM-R to FRMCS will be decided at national level. Railway infrastructure managers will make their decisions for the relevant migration scenario from their current GSM‑ -- R network to a new FRMCS network, based, amongst others, on interoperability requirements and national needs. During the migration period, train on-board equipment will need to be upgraded to support FRMCS. 
Some requirements in the FRMCS system requirement specifications, related to interoperability, are legally binding in Europe, since they are part of the Control Command and Signalling Technical Specification for Interoperability which is published through Commission Implementing Regulation (EU) 2023/1695 and possible future amendments.
To enable a country and/or line specific switch-off of the GSM-R network, an infrastructure manager will have to issue a notification to the Railway Undertakings (RU) prior to the planned switch-off date, as per the conditions laid down in the 2023 CCS TSI. Until that switch-off date the RU’s vehicles may, for example, be able to use a mix of GSM-R and FRMCS for their operational tasks. Considering the relevant transition regime after entry into force of any CCS TSI amendment, a timeline of five years after the notification date from the national infrastructure manager can be derived. The implication of this is that GSM-R may be in parallel operation with FRMCS for this duration.
The 2023 CCS TSI refers to the first version of the FRMCS specifications, called FRMCS V1. FRMCS V2 has since been published and serves as input to the MORANE 2 project, which will carry out field testing of compliant products and contribute to the validation of the specifications. Further standardisation work on FRMCS is ongoing within ETSI and 3GPP. A fully specified, standardised and tested FRMCS ecosystem is expected to be available only with FRMCS V3. The current roadmap is shown below in Figure 8.
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[bookmark: _Ref223099040]Figure 8: Current FRMCS roadmap
[bookmark: _Toc206428553][bookmark: _Toc180662643][bookmark: _Toc202519914][bookmark: _Toc212009688][bookmark: _Toc223692543]Evaluations
[bookmark: _Toc180662644][bookmark: _Toc202519915][bookmark: _Toc212009689][bookmark: _Toc223692544]Existing studies and reports
[bookmark: _Hlk187314733][bookmark: _Toc181374322][bookmark: _Toc202519916][bookmark: _Toc212009690][bookmark: _Toc223692545][bookmark: _Toc180662645]Overview of conclusions from existing reports
The technical conditions to ensure coexistence between RMR and systems operating in the frequency domain vicinity (including MFCN) were defined in ECC Decision (20)02 [2]:
Table 1: MFCN <-> RMR coexistence as per ECC Decision (20)02
	Scenarios covered (between MFCN and RMR)
	Requirements on RMR equipment (according to ECC Decision (20)02)
	Remarks

	
	RMR BS
	RMR UE
	

	Coexistence between MFCN è RMR (in band 900 MHz)
	See ECC Decision (20)02, annex 2.4, table 7
	See ECC Decision (20)02, annex 2.4, table 8
	For more details, 
please refer to ECC Report 313

	Coexistence between MFCN è RMR (in band 1900 MHz)
	See ECC Decision (20)02, annex 3.4, table 11
	See ECC Decision (20)02, annex 3.4, table 12
	For more details, 
please refer to ECC Report 314

	Coexistence between RMR (in band 900 MHz) è MFCN
	See ECC Decision (20)02, annex 2.1, table 2 to table 6
	See ECC Decision (20)02, annex 2.2 and annex 2.3
	For more details, 
please refer to ECC Report 318

	Coexistence between RMR (in band 1900 MHz) è MFCN
	See ECC Decision (20)02, annex 3.1, table 9 and table 10
	See ECC Decision (20)02, annex 3.2 and annex 3.3
	


Notes:
Under these conditions and assuming that an MFCN BS receiving in 1920-1980 MHz near an RMR BS has an enhanced selectivity compared to the current Harmonised European Standards, no additional coordination and/or mitigation measures are expected for general cases;
If operational conditions exceed these conditions and in some specific conditions, additional mitigation measures may be required according to section 5.
[bookmark: _Toc181799377][bookmark: _Toc181799378][bookmark: _Toc181799379][bookmark: _Toc31104413][bookmark: _Toc31112672][bookmark: _Toc31131717][bookmark: _Toc31237121][bookmark: _Toc31294029][bookmark: _Toc31719447][bookmark: _Toc181799380][bookmark: _Toc181799382][bookmark: _Toc181799383][bookmark: _Toc181799384][bookmark: _Toc202519917][bookmark: _Toc212009691][bookmark: _Toc180662660][bookmark: _Toc223692546]Coexistence between RMR and MFCN when deploying RMR in the 1900-1910 MHz band
Current MFCN base stations receiving in 1920-1980 MHz and located near an RMR radio site may experience interference from RMR transmissions. In such cases, additional mitigation measures may be required, such as the use of new MFCN BS radio units compliant with ETSI TS 103 807 [10], or the deployment of external filters for existing radio units operating with passive antenna systems. The coordination and cooperation procedures, together with a list of possible mitigation techniques, are provided in section 5.
[bookmark: _Toc202519918][bookmark: _Toc212009692][bookmark: _Toc223692547][bookmark: _Toc181799393]OOB emission
[bookmark: _Toc181799395]ECC Report 313 [8] concluded that, in close vicinity to railway tracks, MFCN BS out-of-band emissions may cause interference to a FRMCS cab-radio, in particular when MFCN and FRMCS operate in channels adjacent to each other. In practice, to solve these cases, coordination and/or other mitigation techniques may be required. ECC Report 313, section 4.1.3 gives the results for worst-case situations, where the MFCN BS operates in close vicinity to the railway tracks and the main beam of the MFCN BS is hitting directly onto the railway tracks. In this scenario, the victim FRMCS cab-radio is situated inside the MFCN main beam lobe in the azimuth plane. The interference situation will be less severe in cases where the victim is in a side-lobe region of the interferer.
[bookmark: _Toc180662662][bookmark: _Ref202451159][bookmark: _Ref202451160][bookmark: _Toc202519919][bookmark: _Ref208476746][bookmark: _Toc212009693][bookmark: _Ref218666408][bookmark: _Toc223692548]Toolbox
[bookmark: _Toc391040424][bookmark: _Toc391041504][bookmark: _Toc391374469][bookmark: _Toc391473039][bookmark: _Toc391638474][bookmark: _Toc391642741][bookmark: _Toc391650267][bookmark: _Toc391651261][bookmark: _Toc405462024][bookmark: _Toc405899445][bookmark: _Toc405462025][bookmark: _Toc405899446][bookmark: _Toc405462026][bookmark: _Toc405899447][bookmark: _Toc181799402][bookmark: _Toc181799404][bookmark: _Toc181799412][bookmark: _Toc181799442][bookmark: _Toc181799449][bookmark: _Toc391040429][bookmark: _Toc391041509][bookmark: _Toc391374474][bookmark: _Toc391473044][bookmark: _Toc391638479][bookmark: _Toc391642746][bookmark: _Toc180662663][bookmark: _Toc202519920][bookmark: _Toc212009694][bookmark: _Ref218666614][bookmark: _Ref218666632][bookmark: _Ref220423465][bookmark: _Toc223692549]Principles of coordination
[bookmark: _Toc409783919][bookmark: _Toc410380737][bookmark: _Toc525808080][bookmark: _Toc180662664][bookmark: _Toc202519921][bookmark: _Toc212009695][bookmark: _Ref218677182][bookmark: _Toc223692550]Principles for a coordination and cooperation process
[bookmark: _Toc202519922][bookmark: _Toc212009696][bookmark: _Toc223692551]Radio systems under the coordination and cooperation process
This section describes a generic process, that can be adapted to each national situation, to enable an efficient national implementation of ECC Decision (20)02 [2], related to coexistence between RMR in 900 MHz, 1900 MHz bands and MFCN in 900 MHz and 2100 MHz bands. This process can also be used on a national basis to solve some specific issues identified between RMR and MFCN 1800 MHz band.
In this Report, a radio system operates a specific radio access technology in a specific frequency band.
Only radio systems which are located within a nationally defined coordination zone are subject to coordination. This coordination zone should be defined per RMR frequency band and per MFCN operator (due to variation in frequency separation between MFCN and RMR channels resulting from MFCN spectrum assignment within a frequency band) to minimise the number of sites that need to be coordinated. Special cases like small cells and leaky feeders in tunnels or in railway stations may require additional measures on a national basis.
The measures proposed in this toolbox can be adapted by national or bilateral coordination procedures. Co‑located sites and specific cases as tunnels are usually managed by contracting parties[footnoteRef:4]. This Report may also be used to facilitate coexistence on co-located sites. [4:  No additional measures may be needed when RMR and MFCN are co-located due to the typically very high isolation between the base station antennas on the same mast.] 

ECC Decision (20)02 [2] defines the LRTC applicable to FRMCS BS in the form of a block edge mask (BEM). The BEM is developed on the basis that detailed coordination and cooperation agreements would not be required for the majority of cases to be in place prior to network deployment, under the assumption of MFCN enhanced receiver selectivity according to ETSI TS 103 807 [10]. For the remaining cases, ECC Report 229 [7] proposes a systematic approach based on a coordination and cooperation process, and guidelines for the dialogue between RMR and MFCN licensees as well as with the NRA. Additionally, CEPT Report 74 [3] gives an example of a coexistence criterion as part of a national coordination procedure. The principles of coordination described in this toolbox are derived from these Reports.
In some countries national agreements between GSM-R and MFCN operators are in place. These may need to be updated for RMR at 900 MHz and 1900 MHz, reflecting this Report. 
[bookmark: _Ref189821248][bookmark: _Toc202519923][bookmark: _Toc212009697][bookmark: _Toc223692552]Identification of the different cases or situations
In the context of national railway environments, the following cases shall be considered during the rollout or modification of MFCN or RMR radio systems, where they operate within the nationally defined coordination zone:
[bookmark: _Ref218666673]New physical site:
New physical RMR site with FRMCS 900 or 1900 MHz frequency layer;
New physical MFCN site with 900 or 2100 MHz frequency layer, and 1800 MHz if applicable.
[bookmark: _Ref218666689]New relevant frequency layer on existing physical site:
New FRMCS 900 or 1900 MHz frequency layer on existing RMR site;
New 900 or 2100 MHz frequency layer on existing MFCN site, and 1800 MHz if applicable.
[bookmark: _Ref191371315][bookmark: _Ref218666699]Changes to a radio system should be considered if they would increase the interference potential to the victim, for example:
Increase of the radiated transmission power in the direction of the coordinated site, such as increase of output power, change of antenna configuration;
Reduction of the path loss (e.g. changes of antenna position, antenna height) to the coordinated site;
Change of technology (e.g. GSM-R to FRMCS for Railway or GSM to LTE or NR for MFCN);
Change of MFCN channel allocation within the same frequency band.
[bookmark: _Ref218666736]Changes that do not increase the potential interference to the victim are not considered as relevant changes, hence no new coordination process is triggered. Such changes include:
Decrease of the radiated transmission power in the direction to the coordinated site, such as decrease of output power, change antenna configuration;
Increase of the path loss to the coordinated site (e.g. changes of antenna position, antenna height);
MFCN operators frequently adapt their network parameters for optimisation purposes (e.g. transmission power, electric tilt, beamforming). The initial coordination process will be performed with worst case parameter values. Any changes to these parameters not exceeding the worst-case values will not trigger a new coordination process.
[bookmark: _Toc202519924][bookmark: _Toc212009698][bookmark: _Ref219812742][bookmark: _Toc223692553]Generic principles
a) Information sharing as early as possible:
i) Subject to national safety regulations for the critical infrastructure, RMR operators should consider sharing relevant data on existing GSM-R sites and planned FRMCS sites, railway track data and indicative timelines of FRMCS deployment to MFCN operators as early as possible to promote collaboration and ensure the efficient coexistence of both systems;
ii) MFCN operators should share relevant data on existing radio sites and planned sites and indicative timelines of new or modified relevant MFCN frequency layers or sites to RMR operators as early as possible to promote collaboration and ensure the efficient coexistence of both systems. An indication of implementation of ETSI TS 103 807 [10] (or other adaptations leading to equivalent improvement) by MFCN BS would facilitate the planning of an RMR 1900 MHz radio site and reduce the amount of direct coordination efforts for both parties. The use of the manufacturer’s data on base station receiver performance can also be used for evaluation of coexistence. MFCN operators may use RF parameter ranges for information exchange to enable frequent radio network optimisation. Worst case values of parameters ranges may be used to trigger the process of a more detailed coordination. 
[bookmark: _Ref219812734]Generic principles to introduce a new radio site or system:
If operators in adjacent bands want to introduce a new radio system, they shall make reasonable efforts to plan their sites as to avoid causing interference to the existing radio systems on existing sites. If this is not possible, a detailed coordination process as per section 5.2 will be necessary.
When potential coexistence issues arise, the RMR and MFCN operators should be encouraged to work together to find solutions that they can both agree on. In this process, administrations can act as a neutral mediator, working with both parties to find solutions and proportional mitigation options. 
There will be cases where adaptations will be needed. The RMR operator may have to do adaptations to the original FRMCS radio plan, or the MFCN operator may need to take measures due to FRMCS deployment, in some cases even on existing sites. In difficult cases when both parties have taken the first level of reasonable efforts, it is recommended they apply the following overall measures.
New FRMCS vs existing MFCN:
iii) RX improvement of MFCN BS as described in ECC Decision (20)02 [2] (or other adaptations leading to equivalent improvement);
Adaptations of RMR site (while meeting railway planning and quality criteria for safety and interoperability);
Adaptation of MFCN site.
New FRMCS vs new MFCN or existing FRMCS vs new MFCN:
iv) RX improvement of MFCN BS as described in ECC Decision (20)02 [2] (or other adaptations leading to equivalent improvement);
Adaptations of MFCN site;
Adaptations of RMR site (while meeting railway planning and quality criteria for safety and interoperability).
Existing MFCN radio systems operate in various frequency bands to facilitate continuity of coverage for public networks and license obligations. These radio systems near railway lines may serve as infrastructure for fulfilling regulatory coverage requirements, and upgrades (e.g. additional frequency layers) may be necessary to meet evolving demands.
Existing RMR radio systems and sites ensure the railway coverage obligations (EIRENE for GSM-R and future obligations for FRMCS):
They provide validated GSM-R railway line coverage certified under EIRENE SRS requirements, ensuring interoperability and safety for rail operations according to Commission Implementing Regulation (EU) 2023/1695. Similar formal validation is anticipated for FRMCS deployments to meet future operational needs.
They are essential for supporting FRMCS in bands n100 (900 MHz) and n101 (1900 MHz). Co-location of FRMCS base stations depends on the frequency band:
n100 (for efficient infrastructure reuse and GSM-R coexistence) requires adherence to GSM-R technical constraints, including equivalent FRMCS e.i.r.p. levels, to maintain coverage integrity.
n101 (to facilitate FRMCS introduction and/or enhanced capacity) will be constrained by GSM-R site limitations, particularly antenna azimuths, to avoid operational conflicts.
They face stringent spatial, power, and security constraints due to railway lineside regulations, limiting opportunities for physical or RF parameter modifications during the GSM-R/FRMCS coexistence period.
They risk triggering costly re-certification processes for railway lines if radio parameters (e.g. transmit power, antenna configuration) are significantly altered, underscoring the need for long-term stability at these sites.
Both MFCN and GSM-R/FRMCS radio sites are subject to practical limitations on new site acquisition and upgrades. Coordination processes should consider the balance of MFCN obligations to meet public coverage demands with GSM-R/FRMCS requirements to safeguard rail safety, interoperability and operational continuity.
Minimising direct coordination efforts: 
v) As far as practically feasible, radio site parameters would benefit from using standardised data format on common basic parameters on a per frequency basis: site geographic location, site height ASL, antenna height AGL, main beam direction, antenna tilt, maximum antenna gain, antenna type.
Where possible, additional characteristics may be made available to facilitate finer estimation of the coexistence scenarios, and standardised data format would facilitate the adoption of common tools reducing the burden on achieving an initial estimate of the situation, for FRMCS and MFCN operators alike (e.g. in France https://www.cartoradio.fr/).
[bookmark: _Toc202519925][bookmark: _Toc212009699][bookmark: _Toc223692554][bookmark: _Toc391651263]Definition of the national coordination zones
Input for determining the national coordination zones could be the following criteria:
b) Minimum Coupling Loss (MCL) values defined in the ECC Report 313 [8], ECC Report 314 [5] and ECC Report 318 [6], which have been derived from impact studies on adjacent systems;
Methodology as per ECC Report 229 [7] or existing national coordination procedures based on that Report;
Results of national lab and/or field tests of RMR-MFCN compatibility measurements based on real equipment behaviour.
[bookmark: _Toc409783920][bookmark: _Toc410380738][bookmark: _Toc525808081][bookmark: _Toc180662665][bookmark: _Toc202519926][bookmark: _Toc212009700][bookmark: _Toc223692555]Site planning
In some countries the coordination process will be performed bilaterally between operators. In this case information is exchanged directly between operators. In some countries this information exchange must be performed via the NRA or other authorities.
Information will be exchanged when FRMCS and MFCN operators plan to bring into service new or modified radio systems to which this process is applicable (see section 5.2.1.1) and located within the coordination zone defined by the administrations or by operator agreements. This applies to new radio sites, installation or commissioning of new bands on existing radio sites and relevant changes to existing sites. The definition of the coordination zone for each FRMCS railway line / section of lines should be done individually per MFCN licensee and spectrum band reflecting the individual national situation.
Wherever possible, the operators will also exchange information on future planned sites and planned relevant changes to radio systems. It shall contain all relevant information to evaluate interference, e.g. the geographic coordinates of the planned site, the frequency band (spectrum related measures), transmission power, antenna characteristics, antenna height and main beam direction. Furthermore, the notification should also contain information about already realised interference mitigation techniques (e.g. enhanced selectivity).
Colocation between MFCN and RMR antennas on the same physical towers, masts or poles in railway environment should be encouraged whenever possible. As the railway tracks are either surrounded by densely built-up or in very rural areas with limited access, it could be very difficult to build a radio site in a new location in those environments.
Furthermore, colocation between MFCN and RMR antennas can ensure tailored radio coverage for railway tracks with optimal radio coverage. Further positive effects are reduced civil engineering cost, minimised environmental footprint, faster deployment times and shared operational costs.
The required isolation between MFCN and RMR antennas in most cases could be achieved by a vertical separation. The vertical separation depends mostly on the individual antenna characteristics. The use of additional RF filters on both systems can further increase the mutual isolation. The separation distance between the antenna systems has to be derived from RF parameters and technical specifications, e.g. ETSI TS 138 104 [12], ETSI TS 103 793 [11] and ETSI TS 103 807 [10].
Figure 9 shows a typical scenario for the colocation between MFCN and RMR antennas on the same mast.
[image: ]
[bookmark: _Ref202447505]Figure 9: Typical MFCN/RMR colocation scenario in the railway environment
The notification shall be provided in a timely manner, so that potential required changes in planning are still possible. 
Even if no specific FRMCS deployment plans have been communicated by the RMR operator to MFCN operators, all existing GSM-R sites should be considered as future FRMCS radio site using both n100 and n101sites.
Both RMR and MFCN can request the other operator to enter the national coordination and cooperation process to study and mitigate interference. To prevent unnecessary efforts in site coordination, there shall be a possible exemption from entering the coordination and cooperation process, if the new radio site does not increase the received interference to the victim as listed in section 5.1.1.2 d) or if both operators agree that this is not required in the specific case.
[bookmark: _Toc391651265][bookmark: _Toc409783921][bookmark: _Toc410380739][bookmark: _Toc525808082][bookmark: _Toc180662666][bookmark: _Toc202519927][bookmark: _Toc212009701][bookmark: _Toc223692556]Site coordination
Both operators shall work together in good faith to enable all radio systems on radio sites within the coordination zone to work without undue technical restrictions and undue degradation in radio performance. To this end, operators shall exchange at least:
all relevant information on the sites located within the coordination zone;
all relevant assumptions used in the analysis process;
evaluations of coupling losses;
proposals for interference mitigation.
Annex 2 describes recommended data that should be exchanged between operators for the purpose of evaluating possible interference.
A neutral mediator can be requested by both parties to mediate the coordination process, if no agreement can be reached in bilateral coordination (see 5.1.1.3 b)).
[bookmark: _Toc391651266][bookmark: _Toc409783922][bookmark: _Toc410380740][bookmark: _Toc525808083][bookmark: _Toc180662667][bookmark: _Toc202519928][bookmark: _Toc212009702][bookmark: _Toc223692557]Interference resolution
If an operator of an existing radio system detects a new continuous or recurring interference from the other network, it shall notify the NRA and the other operator of this interference case. Both operators shall work together to resolve interference, adhering to the principles of the generic cooperation/coordination process in this Report, national operator agreements and applicable national regulation. Interference cases on existing radio systems shall be addressed with priority over cases of potential interference on planned ones.
It is recommended to set up joint working groups (at national level) between RMR and MFCN operators to solve such interference cases.
[bookmark: _Ref211596913][bookmark: _Toc212009703][bookmark: _Toc223692558][bookmark: _Toc202519929]Coordination process and mitigation measures
[bookmark: _Toc202519930][bookmark: _Toc212009704][bookmark: _Toc223692559]Coordination process flow
Standardised early exchange of radio site specific data may allow the "introducing party" to consider existing radio systems as part of its RF planning. The operators provide information on their radio sites if any of the cases listed in 5.1.1.2 points a) to c) apply.
[bookmark: _Toc203240226][bookmark: _Toc203667587][bookmark: _Toc203751373][bookmark: _Toc206428571][bookmark: _Ref202450224][bookmark: _Toc202519931][bookmark: _Toc212009705][bookmark: _Toc223692560]Pragmatic approach to the coordination at FRMCS radio planning stage
c) Definition of the coordination zone for RMR railway lines / section of lines per MFCN operator and band;
Agreement on data format for information exchange;
Request for data on MFCN radio sites within coordination zone from the MFCN operators;
[bookmark: _Ref218665603]Determination of FRMCS radio sites for potential coordination, identifying the existing GSM-R radio sites separately from the new radio sites;
Identification of MFCN radio sites in close geographical proximity of these FRMCS radio sites and which could be a victim of FRMCS;
Joint assessment of these “critical radio sites” by the involved radio network operators per railway line section to determine the realistic interference potential;
By using feasible mitigation techniques described in section 5.2.2, an evaluation of which specific pragmatic mitigation would have a significant positive impact on existing MFCN radio systems. In the case where a planned FRMCS site could be interfered by existing MFCN radio sites, an evaluation of which specific pragmatic mitigation technique would have a significant positive impact on the FRMCS radio system. Due consideration shall be given to protect the site against harmful interference, e.g. RF filters;
Cross-check of planned MFCN upgrades and MFCN evolutions;
Resolution of the remaining “critical radio sites” on a case-by-case basis;
An agreed upon mediator can be called upon by both parties to find a compromise in terms of mitigation solution, if no agreement can be reached in the bilateral coordination. Note: in this case, the radio sites could start in operation with a provisional commissioning permit with the risk of entering the interference resolution process (depending on the overall national regulation).
[bookmark: _Toc202519932][bookmark: _Toc212009706][bookmark: _Toc223692561]Pragmatic approach to the coordination at MFCN radio planning stage
1. Definition of a search area around the new or upgraded MFCN radio site per MFCN band;
Agreement on data format for information exchange;
Request for data on RMR radio sites within search area from the RMR operator;
Determination of MFCN radio sites for potential coordination;
Identification of RMR radio sites in close geographical proximity of these MFCN radio sites and which could be a victim of MFCN; 
Joint assessment of these “critical radio sites” by the involved radio network operators per railway line section to determine the realistic interference potential;
By using feasible mitigation techniques described in section 5.2.2, an evaluation of which specific pragmatic mitigation would have a significant positive impact on existing RMR radio systems. In case where a planned MFCN site could be interfered by existing RMR radio sites, an evaluation of which specific pragmatic mitigation technique would have a significant positive impact on the MFCN radio system. Due consideration shall be given to protect the site against harmful interference, e.g. RF filters or receivers with enhanced selectivity according to ETSI TS 103 807 [10];
Cross-check of planned RMR upgrades;
Resolution of the remaining “critical radio sites” on a case-by-case basis;
An agreed upon mediator can be called upon by both parties to find a compromise in terms of mitigation solution, if no agreement can be reached in the bilateral coordination. Note: in this case, the radio sites could start in operation with a provisional commissioning permit with the risk of entering the interference resolution process (depending on the overall national regulation).
[bookmark: _Ref191559207][bookmark: _Toc202519933][bookmark: _Toc212009707][bookmark: _Toc223692562]Possible mitigation measures
Interference mitigation shall enable all radio systems on coordinated sites to work without undue technical restrictions and undue degradation in radio performance to the extent possible. Interference mitigation shall aim to find a least restrictive solution for both operators, with priority on measures that cause least restrictions on the operator of an existing site.
The measures in this section are not exhaustive.
[bookmark: _Toc202519934][bookmark: _Toc212009708][bookmark: _Toc223692563]Site location, antenna height and main beam direction
Site distance can be used to mitigate interference. RMR site locations are usually limited in one dimension along the track and inter-site distance along the track. MFCN site locations are possible in two dimensions, but may be limited by site availability, especially in case of rooftop sites. Since existing sites shall not be moved, they take priority in the coordination process.
Antenna height can be used for decoupling in case of RMR-MFCN co-location. Adequate consideration shall be given to vertical separation in the planning of antenna masts.
Main beam direction of the antenna can be used for horizontal antenna decoupling. It is acknowledged that RMR sites are usually constrained by the specific need for coverage along railway tracks.
[bookmark: _Toc202519935][bookmark: _Toc212009709][bookmark: _Toc223692564]Radio planning and optimisation related measures
Antenna gain in the main beam direction, side lobe direction and magnitude can be used to mitigate interference. Antennas with different gains and radiation pattern shall be considered, if this can effectively mitigate interference and does not jeopardize coverage and performance targets of sites.
Adaptation of MFCN and/or RMR RF transmit power can be used to mitigate interference on a case-by-case basis.
[bookmark: _Toc202519936][bookmark: _Toc212009710][bookmark: _Toc223692565]Hardware related measures
RF filters can be considered to mitigate interference or strengthen the resilience against interference. Depending on the nature of interference, the insertion location of RF filters may vary. Due consideration to civil construction (e.g. static load and wind load) and/or other practical constraints shall be given.
MFCN operators can introduce receivers with enhanced selectivity in coordinated sites where this effectively mitigates interference and provided such receivers are deployable in practice and compatible with other BS equipment on the site. This is in line with ECC Decision (20)02 [2] considering k) “that the least restrictive technical conditions (LRTC) for wideband RMR in 1900-1910 MHz assume that MFCN base stations (BS) receiving above 1920 MHz have an enhanced selectivity compared to the current Harmonised European Standards, which would facilitate coexistence with RMR BS transmitting up to 65 dBm e.i.r.p., and that current MFCN BS located near an RMR radio site may need to be adapted so that they do not suffer interference”.
[bookmark: _Toc202519937][bookmark: _Toc212009711][bookmark: _Toc223692566]New physical site with relevant frequency layer
Based on the principles for a coordination and cooperation process as per section 5.1, the findings in the following subsections for the planning of new physical sites with relevant frequency layers can be highlighted. 
Longer deployment times compared to MFCN can be expected for RMR. An extensive site evaluation for new physical radio sites with relevant frequency layer is to be considered because of rail specific project management processes, safety requirements and energy provisions with backups.
[bookmark: _Toc202519938][bookmark: _Toc212009712][bookmark: _Toc223692567]New physical site with FRMCS 900 layer
When a new FRMCS 900 layer on a new site is planned, the RMR operator will have more flexibility compared to the upgrade of an existing site. However, the RMR operator is somewhat limited in its ability to change the overall RF characteristics of the site as this will also have implications for the co-located GSM-R layer (for GSM-R/FRMCS 900-layer coexistence issue).
Dependent on coverage and performance requirements, degrees of flexibility could be:
GSM-R/FRMCS 900 power adjustment;
consideration of a more directional antenna;
adjustment of geometry (antenna height, azimuth, tilt);
RF filters to protect the systems against interference;
depending on the nature of the interference, there may be an opportunity to consider alternative mitigation techniques.
[bookmark: _Toc202519939][bookmark: _Toc212009713][bookmark: _Toc223692568]New physical site with FRMCS 1900 layer
When a new FRMCS 1900 layer on a new site is planned, the RMR operator will have more flexibility compared to the upgrade of an existing GSM-R site. However, the RMR operator will probably be constrained on the azimuth of the antenna (driven by geometry of the railway line) but may be able to adapt its RF design in other aspects depending on situations.
The RMR operator should try to use more directional antennas assuming this is compatible with its operational needs and coverage requirements. In some cases, it is possible that a less directional antenna could be a mitigating factor, but it may have side effects on other MFCN sites.
[bookmark: _Toc202519940][bookmark: _Toc212009714][bookmark: _Toc223692569]New physical site with MFCN 900 or MFCN 2100 layers and MFCN 1800 MHz if applicable
When a new MFCN site is planned to be introduced, the MFCN operator may be constrained by availability of site location but may be able to adapt its RF design.
[bookmark: _Toc202519941][bookmark: _Toc212009715][bookmark: _Toc223692570]New relevant frequency layer on existing physical site
Based on the principles for a coordination and cooperation process as per section 5.1, the findings in the following subsections for the planning of a new relevant frequency layer on existing physical sites can be highlighted. 
For RMR larger deployment times compare to MFCN can be expected. An extensive RMR site evaluation for a new relevant frequency layer on existing physical site is to be considered because of rail specific project management processes, safety requirements and energy provisions with backups.
[bookmark: _Toc202519942][bookmark: _Toc212009716][bookmark: _Toc223692571]New FRMCS 900 layer on existing physical site
When a new FRMCS 900 layer on an existing GSM-R site is planned, the RMR operator will have very limited ability to change the overall RF characteristics of the site due to parallel GSM-R operation.
Dependent on coverage and performance requirements, the degrees of (limited) flexibility could be:
if GSM-R antennas and FRMCS 900 antennas are independent, there may be an opportunity to consider a more directional antenna;
depending on the nature of the interference, there may be an opportunity to consider alternative mitigation techniques;
RF filters to protect the systems against interference.
[bookmark: _Toc202519943][bookmark: _Toc212009717][bookmark: _Toc223692572]New FRMCS 1900 layer on existing site
When a new FRMCS 1900 layer on an existing GSM-R site is planned, the RMR operator will probably be constrained on the azimuth of the antenna (driven by geometry of the railway line or by the azimuth of the GSM-R antenna, especially in case of common antenna housing for GSM-R and FRMCS layers) but may be able to adapt its RF design in other aspects depending on situations. 
The RMR operator should try to use more directional antennas assuming this is compatible with its operational needs and coverage requirements. In some corner cases, it is possible that a less directional antenna could be a mitigating factor, but it may have side effects on other MFCN sites.
When introducing a FRMCS1900 layer on an existing GSM-R site, assuming a given choice of antenna directivity and e.i.r.p., three cases can be categorised in the perspective of the generic coordination process:
No issue foreseen with nearby MFCN sites;
No issue foreseen with nearby MFCN sites under the assumption of ETSI TS 103 807 [10];
Issue foreseen with nearby MFCN sites under the assumption of ETSI TS 103 807. 
In the last case, cooperation and coordination on case-by-case basis is required to find an acceptable solution for both parties. Mitigation measures on FRMCS side are essentially adoption of a more directional antenna (if compatible with operational railway needs) and consideration of RF filters. The coordination efforts need to be considered on a per railway line (section) basis as coverage of a railway line is not "coverage area" driven but "line section" driven. 
[bookmark: _Toc202519944][bookmark: _Toc212009718][bookmark: _Toc223692573]New MFCN 900 or MFCN 2100 layers on existing site and MFCN 1800 MHz if applicable
When a new MFCN frequency layer or a new MFCN site is planned to be introduced, the MFCN operator may be able to adapt its RF design.
[bookmark: _Toc202519945][bookmark: _Toc212009719][bookmark: _Toc223692574]Change to relevant parameters
If an operator wants to make relevant changes to a coordinated site (see section 5.1.1.2 points a), b) and c)), they shall notify other operators of coordinated sites. In case the changes could lead to more severe interference, a coordination process shall be entered. 
During the initial coordination of the concerned radio systems, MFCN operators may use worst case parameter values. Making changes to these parameters while not exceeding the worst-case values does not trigger a new coordination process (see section 5.1.1.2 point d)).
[bookmark: _Toc181799458][bookmark: _Toc181799459][bookmark: _Toc181799460][bookmark: _Toc181799461][bookmark: _Toc181799462][bookmark: _Toc181799463][bookmark: _Toc181799464][bookmark: _Toc181799465][bookmark: _Toc181799466][bookmark: _Toc181799467][bookmark: _Toc181799468][bookmark: _Toc203240242][bookmark: _Toc203667603][bookmark: _Toc203751389][bookmark: _Toc206428587][bookmark: _Toc203240243][bookmark: _Toc203667604][bookmark: _Toc203751390][bookmark: _Toc206428588][bookmark: _Toc180662681][bookmark: _Ref202450453][bookmark: _Toc202519946][bookmark: _Toc212009720][bookmark: _Toc223692575]National implementations Examples
This annex provides an overview of the established processes of cooperation and coordination in the national railway environment throughout Europe. These processes are essentially based on ECC Report 229 [7].
[bookmark: _Toc181374345][bookmark: _Toc202519947][bookmark: _Toc212009721][bookmark: _Toc223692576]National cooperation between infrabel and MFCN in Belgium
In Belgium, as in many other European countries, a relatively older RF receiver technology used in the train-installed RMR radios (cab-radios or EDOR – ETCS Data Only Radios) combined with the progressive implementation of wideband systems (3G) in the 900 MHz band by the MFCN, produced several cases of disturbances of the train communications in certain areas of the railway network. In total, 124 radio disturbance cases were identified and logged in the period from February 2012 to August 2017. 
On 30 June 2015, the Belgian Institute for Postal Services and Telecommunications (BIPT) issued a national decision, motivated by the release of ECC Report 229 [7] (Guidance for improving coexistence between GSM - R and MFCN in the 900 MHz band), to ensure the good coexistence of both RMR and MFCN. This document set the starting point to a formal coordination process but also to a direct constructive cooperation between Infrabel and the mobile network operators to tackle the issues. The main stages of the coordination and cooperation were: 
Provide an accurate information on the RF equipment used by both Infrabel and MFCN to the BIPT; 
Identification the disturbance area and provide a proper documentation of the various radio bearers present on the air interface (using high-end RF scanning and acquisition equipment);
Perform in-lab tests: replay of the acquired radio conditions and expose a reference cab-radio device to this environment in order to confirm the issue;
Take corrective actions (on RMR and/or MFCN side) after an agreement was reached to drastically improve or solve the issue in the disturbance areas;
Organize regular coordination meetings with the MFCN in order to define the proper course of action and limit the impact for the various stakeholders; 
Ensure a quick and specific attention is given to the most disruptive cases (e.g. large stations, ETCS high speed lines); 
Inform the BIPT along the coordination process.
The coordination process, although initially set to end by 31 July 2019 remained in place until 31 December 2020 following the feedback collected during a national public consultation. The decision was mostly motivated by longer than expected delays faced by various Railway Undertakings to complete the retrofit of the cab‑radios and EDORs with improved performance RMR radio modules. 
During the whole coordination and cooperation activities, more than 100 cases were completely solved. The remaining ones, which were the less impacting or critical ones, naturally disappeared with the introduction of the new improved RMR radio modules.
[bookmark: _Toc181374346][bookmark: _Toc202519948][bookmark: _Toc212009722][bookmark: _Toc223692577]National cooperation between SNCF Reseau and MFCN to solve GSM-R Interferences cases in France
In France, the first GSM-R interferences cases occurred in 2006. In 2013, Bundesnetzagentur (BNetzA) of Germany published a report with the results of different measures performed to compare the performance of different prototypes of improved GSM-R receivers (cab-radio). These results were used to finalise the first version of the ETSI TS 102 933 (GSM-R improved receiver parameters) in 2014 [20] and [21].
In the same period (2013-2014), the number of GSM-R interference cases increased in France making it necessary to establish a coordination process between SNCF Reseau (French railway infrastructure manager) and national MFCN. 
In 2015, CEPT published the ECC Report 229 [7] (Guidance for improving coexistence between GSM-R and MFCN in the 900 MHz band), this document has been derived in the national context with the publication in 2016 of a national agreement between SNCF Reseau and the 4 MFCN operating in France. 
Between 2016 and 2022, more than 50 cases have been solved in the corrective context (interferences cases detected on the field with major impact on the railway usage) and almost 500 reserves have been sent by SNCF Reseau to MFCN in the preventive context (identification of potential risk of GSM-R interferences identified before the construction of new MFCN sites or modification of MFCN sites closed to the rail tracks). For the identification of these potential cases, more than 29000 new MFCN sites or modifications of existing MFCN sites were analysed by SNCF Reseau on a weekly basis between 2016 and 2022. This analysis focused on a buffer of 500 m on each side of the rail tracks covered by with GSM-R.
The national procedure was successfully managed by the French national authority Agence nationale des fréquences (ANFR) with a good cooperation of the different parties involved in this process.
The coordination procedure (for corrective and preventive aspects) had been put in standby in 2022 after the completion of the retrofit of all GSM-R cab-radio (by improved GSM-R receivers) circulating on the national rail network. It should be noted that this procedure can be reactivated at any time in case of detection of new interference case.
[bookmark: _Toc181374347][bookmark: _Toc202519949][bookmark: _Toc212009723][bookmark: _Toc223692578]Coordination and cooperation of MFCN and RMR in Germany
[bookmark: _Hlk181021025]In Germany, DB InfraGO AG is responsible for the planning and operation of RMR networks. After pooling the resources of the former DB Netz AG and DB Station&Service AG in a public service infrastructure company since 1 January 2024, DB InfraGO AG is the railway infrastructure manager of Deutsche Bahn AG and is responsible for the approximately 33.000 km rail network, including all operational necessary installations. An average of 50.000 trains is using the infrastructure per day. The main task is to make available a high–quality, high-availability, and non-discriminatory railway infrastructure to around 420 Railway Undertakings. Today´s GSM-R radio network is in operation since 2004. After the first years of GSM-R operation it became apparent that onboard GSM-R mobile stations were running in very limited areas nearby of some MFCN radio sites (in 900 MHz frequency band) in specific GSM-R interference situations. In order to solve these interference issues, it was necessary to complete special operator agreements until the complete introduction of improved GSM-R mobile stations.
[image: ]
Figure 10: Typical interference scenario for onboard GSM-R mobile stations in very close vicinity of some MFCN radio sites
As recommended in ECC Report 229 [7] (Guidance for improving coexistence between GSM-R and MFCN in the 900 MHz band), DB InfraGO AG in cooperation with MFCN and BNetzA has successfully established a national coordination and cooperation process between MFCN and GSM-R network operators. The whole 2x7 MHz GSM-R spectrum is covered by the national coordination and cooperation process. A soft coordination of all 900 MHz radio sites takes place in a buffered area of several hundred meters around operational railway lines, depended on technology (P-GSM, E-GSM or LTE) and the operational usage. Therefore, the number of MFCN interferences at legacy GSM-R mobile stations has been significantly reduced from around 300 to 10 since the establishment of first RMR MFCN operator agreement in 2017. This first operator agreement of 2017 was supplemented and expanded in the following years by bilateral and multilateral agreements for the introduction of LTE 900.
The key figures for the National Operator Agreements are:
Several national operator agreements for GSM and LTE in the 900 MHz band agreed by the German radio network operators; 
Operational since 2017 with good cooperation between RMR and MFCN;
Coordination and cooperation process in rail environment based on real RF equipment behaviour;
Annually updated geodata on the actual RMR coverage and the relevant operational usage in a 100 m resolution;
Fast interference evaluation by exchanging MFCN antenna data in the rail environment;
Continuous cooperation between GSM-R RF Planning and MFCN experts and common monitoring of interferences issues;
Common usage of a dedicated web portal which supports RMR and MFCN mobile network operators during all process steps of the operator agreement;
GSM-R RF planning guideline for site sharing;
Quick assessment of specific interference situations through continuously RF data exchange;
Transparent decisions through agreed assessment procedures (e.g., always tried to apply frequency coordination before power reduction).
After the completion of the national retrofit program of all legacy onboard GSM-R mobile stations on the national rail network by improved GSM-R receivers by the end of 2024 only operational GSM-R handheld mobile stations in very close vicinity of some MFCN radio sites will be part of a dedicated multilateral operator agreement. The scope of this agreement are only handheld devices limited to level crossings and shunting areas. The coexistence conditions of the relevant GSM-R handheld scenarios were determined together with the representatives of MFCN and DB by lab measurements with real GSM-R equipment.
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Figure 11 From 2025 onwards, only GSM-R handheld mobile stations in very close vicinity of some MFCN radio sites will be part of a multilateral operator agreement
[bookmark: _Toc181374348][bookmark: _Toc202519950][bookmark: _Toc212009724][bookmark: _Toc223692579]Coordination between Railways and MFCN in Switzerland regarding Interference Issues 
Coordination between Swiss Federal Railways (SBB) and MFCN regarding antenna sites is in general tight for two reasons:
1. According to Swiss telecommunication law all mobile operators including RMR operators are requested to share site infrastructure, where possible. So, there are quite a few GSM-R antennas on MFCN sites and MFCN antennas on GSM-R sites in Switzerland and thus structures with named single points of contacts for coordination issues at MNOs and SBB (representing all Swiss standard-gauge railways) in place;
Due to the popularity of railways in Switzerland, it is important for MNOs for their competitive position to provide good mobile radio coverage for railway passengers.
Given the rather small inter-site distances both for MFCN and RMR sites owing to topography and the strict electromagnetic field radiation limits in Switzerland, MFCN interference on GSM-R was so far not often an issue and there is still a significant share of rolling stock not being equipped with improved receivers as there is no technical pressure to do so for "domestic-only" rolling stock.
Nevertheless, there are some situations where interference cases can occur. For instance, because of the site sharing requirement and the numerous MFCN frequencies used on such sites, interference to GSM-R because of intermodulation products might result. Furthermore, sites using the 5 MHz band slot immediately adjacent to the GSM-R band (880-885 MHz / 925-930 MHz) for UMTS or LTE may cause interference. In the rare cases where harmful interference to GSM-R was experienced, it was analysed jointly between MFCN and railways what the most appropriate solution would be. In some cases, the MFCN accepted some power reduction, in one specific case the easiest solution was to build a low-power fill-in site for GSM-R to solve the issue.
A specific aspect is sharing in-tunnel radio communication equipment. Depending on the type of installation, special care has to be taken to avoid interference caused by intermodulation. This is taken care of by jointly planning these installations. Furthermore, regular meetings between SBB and the relevant MFCN represented in an "InTunnelCom" consortium take place to discuss issues and decide on measures during the operational phase.
In summary, there is close direct coordination between the railways and the MFCN on various topics related to interference mitigation. Given the electromagnetic field radiation laws and topography in Switzerland, interference cases are rare, but when they happen, owing to this coordination, the most appropriate measures on either side are jointly defined and implemented.
[bookmark: _Toc202519951][bookmark: _Toc212009725][bookmark: _Toc223692580]National cooperation between network rail and MFCN in the UK
In 2012, UK developed a coordination procedure for 3G UMTS deployments in the 900 MHz band and GSM‑R deployments. This was later updated in 2013 to include requirements for 4G LTE deployment [16]. This procedure specified the coordination necessary to ensure the protection of existing GSM-R equipment from potential harmful interference from the deployment of 3G UMTS900 or 4G LTE900 equipment in the neighbouring spectrum bands (the E-GSM bands 880-890 MHz paired with 925-935 MHz). The procedure applies to the protection of GSM-R sites and GSM-R train mounted equipment in operation at the time a new 3G UMTS900 or 4G LTE900 site was deployed but not for any future GSM-R sites from 3G UMTS900 or 4G LTE900 sites that are already in operation at the time GSM-R sites are deployed. 
For any new / upgraded 3G UMTS900 or 4G LTE900 sites that are likely to exceed the protection threshold, co-ordination must be undertaken before that site can be brought into operation. The 900 MHz MFCN and railway[footnoteRef:5] operators in the UK also developed their own enhanced cooperative approach to coordination. The cooperative approach focuses around interference cases which are identified by railway operations. An initial analysis by Network Rail is carried out to ensure that the fault is not caused by an internal GSM-R network issue. A Network Rail engineer responsible for MFCN coordination will go to the identified location to carry out measurements with test handsets of the GSM-R signal and also the MFCN signals in the area with the aim to identify which MFCN site possibly caused the interference. Two outcomes are possible from this stage: [5:  Network Rail] 

1. If GSM-R coverage levels in the area are good and MFCN transmit power is more than agreed thresholds, Network Rail will work with the relevant MFCN operator to agree a solution e.g. power reduction, change of antenna tilt or orientation of the particular MFCN sector. This may be an iterative process with engineer re-visits to the affected area and further optimisation may be required.
If GSM-R coverage levels in the geographical area is low and the MFCN power is below the agreed thresholds, the Network Rail RF Planning and Optimisation team will investigate further and find a solution to enhance GSM-R coverage levels in the area.
In total between 2014 and 2022, 619 cases have been logged and 191 cases were valid MFCN interference cases. 
Similar to other European countries, Network Rail along with Railway Undertakings undertook a national program from April 2020 to December 2022 to retrofit GSM-R cab-radios and EDORs with improved performance transceivers. The coordination procedures have not yet been updated to reflect this.
Additionally, a proactive process to prevent potential interference has been put in place. Radio parameters will be submitted to Network Rail for any new MFCN sites that will be modified or built within a certain distance from the railway corridor. A Telecom Clearance team within Network Rail process this data to identify whether any potential interference from the proposed MFCN site configuration could occur to GSM-R. If there is a potential for interference, some mitigation may need to be put in place on a case-by-case basis or a managed switch on process followed.
[bookmark: _Ref202450467][bookmark: _Toc212009726][bookmark: _Toc223692581][bookmark: _Toc202519952]Recommended data for information exchange between RMR and MFCN operators
The information exchange mentioned in this Annex may be subject to operator agreement, a non-disclosure agreement (NDA) or even stricter restrictions depending on national regulations.
As part of early information exchange, the relevant characteristics of the base stations / radio cells and additional information should be submitted to the neighbour operators in the coordination zone. All the following characteristics should be included:
1. type of site (macro, indoor, leaky feeder, etc.);
ARFCN (plus potential frequency offset);
channel bandwidth (MHz);
name/ID of transmitter station;
sector information;
location of the site / geographical coordinates (W/E, N; WGS84 decimal figures, altitude above sea level);
antenna height above the ground (m), AGL (centre of the antenna);
antenna azimuth (deg.);
equivalent isotropic radiated power e.i.r.p. (dBm);
date of entry into service (month, year);
electrical antenna tilt (deg.);
mechanical antenna tilt (deg.);
antenna type;
compliance of BS receiver selectivity to ETSI TS 103 807 [10] (Y/N);
external filter (Y/N);
additional information and/or remarks.
Further elements can be agreed among operators bilaterally, or as part of a nationally agreed coordination procedure.
[bookmark: _Toc203240251][bookmark: _Toc203667612][bookmark: _Toc203751398][bookmark: _Toc206428596][bookmark: _Toc203240252][bookmark: _Toc203667613][bookmark: _Toc203751399][bookmark: _Toc206428597][bookmark: _Toc212009727][bookmark: _Toc223692582][bookmark: _Toc202519953]List of references
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