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List of abbreviations

	Abbreviation
	Explanation

	BS
	Base Station

	BTS
	Base Transceiver Station

	C/I
	Carrier to Interference (ratio)

	DEC
	Decision

	DL
	Downlink

	EC
	European Commission

	EIRENE
	European Integrated Railway Radio Enhanced Network

	ETCS
	European Train Control System

	ETSI
	European Telecommunications Standards Institute

	3GPP TSG GERAN
	ETSI Technical Specification GSM/EDGE Radio Access Network

	ETSI TC MSG
	ETSI Technical Committee Mobile Standards Group

	EU
	European Union

	FDD
	Frequency Division Duplexing

	GSM
	Global System for Mobile communications

	GSM-R
	Global System for Mobile communications for Railroads

	IMT-2000
	International Mobile Telecommunications‑2000

	IMT-Advanced
	International Mobile Telecommunications‑Advanced

	LNA
	Low Noise Amplifier

	LoS
	Line of Sight

	LTE
	Long Term Evolution

	MC BTS
	Multi Carrier BTS

	MCL
	Minimum Coupling Loss

	MS
	Mobile Station

	MSR
	Multi-Standard Radio

	OOB
	Out-of-band

	RAT
	Radio Access Technology

	SC BTS
	Single Carrier BTS

	SEAMCAT
	Spectrum Engineering Advanced Monte Carlo Analysis Tool

	UE
	Mobile terminal in a public network

	UIC
	Union Internationale des Chemins de Fer

	UL
	Uplink

	UMTS
	Universal Mobile Telecommunications System

	WiMAX
	Worldwide Interoperability for Microwave Access

	3GPP
	Third Generation Partnership Project


1 introduction

In the CEPT countries, the frequency ranges 880-915 (uplink) and 925-960 (downlink) MHz are allocated to mobile services. The frequency ranges 876-880 (uplink) and 921-925 (downlink) MHz are harmonised within CEPT for the purpose of operational communication of railway companies (GSM-R) (ECC/DEC(02)05). In addition, the frequency ranges 873-876 (uplink) and 918-921 (downlink) MHz could be used within CEPT as extension band for GSM-R.

The interference scenarios studied are between the public networks offering mobile services (GSM 900, UMTS 900, LTE 900/WiMAX) and the non-public network of the European Railways (GSM-R). The relevant mechanisms by which interfering transmitters affect receivers are receiver desensitization, receiver blocking, and receiver overload.
Practical experiences with existing GSM-R networks show that interferences to GSM-R have occurred. Coordination carried out between concerned operators show that some remedies exist to alleviate these interferences. 

In future, the number of interferences may increase, due to refarming of the frequency band to allow usage of new technologies as MCBTS, LTE, and WiMAX.
The following reports have been used as inputs:
· ECC Report 96 [5]; compatibility between UMTS-900 and GSM-R (primary band) 
· ECC Report 146 [10]; compatibility between GSM MCBTS and GSM-R (primary band) 
· CEPT Report XXX [11]; compatibility between LTE/WiMAX and GSM-R 
The purpose of this report is to study practical mechanisms to improve the compatibility between GSM-R and public networks and to give guidance on practical coordination. With respect to public networks, 3GPP technologies (GSM, UMTS, LTE and Multi Standard Radio (MSR)) as well as WiMAX are covered.
 [The Work Item was defined by WG SE [9], and further clarification was done in a Liaison Statement from WG SE to WG FM on the SE7 work item on GSM-R.]
2  Frequency usage
In the CEPT countries, the frequency ranges 880-915 (uplink) and 925-960 (downlink) MHz are allocated to mobile services. The ranges 880-890 and 925-935 MHz were initially called E-GSM-Band. The E-GSM-Band was allocated to Mobile Service at WARC in 19xx and was designed for GSM in Europe by the ERC/DEC/(97)02.
The whole 900 MHz band was allocated to IMT-2000 systems (UMTS and LTE included) at the WRC-2000. In Europe, the 900 MHz band (880-915 & 925-960 MHz) was designed for IMT-2000\UMTS by the CEPT DEC(06)13 in 2006 and the EC Directive [3] and the EC Decision [4] in 2009.
The frequency ranges 876-880 (uplink) and 921-925 (downlink) MHz are harmonised within CEPT for the usage of GSM-R, see ECC/DEC(02)05, ECC/DEC(02)09 and ECC/DEC(02)10. Further the bands 873-876 MHz / 918-921 MHz may be used on a national basis as extension bands for GSM-R as described in ECC Decision (04)06. They were allocated to GSM-R in 2009 through ECC/DEC/(02)05 amended.
The band 870-876 & 915-921 is used also in some European countries by military systems, such as tactical relays.
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Figure 1: Main frequency usage within frequency range 870-960 MHz [DD-band is to be removed]
3 System characteristics
3.1 GSM-R

3.1.1 GSM-R application descriptions

GSM-R, in contrast to public mobile GSM, constitutes a non-public network of the European Railways. GSM-R radio networks serve exclusively operational communication of railway companies. All technical implementations and deployments, which are part of the GSM-R network and infrastructure, have to fulfil the respective legal regulations.

GSM-R supports services for train-network management such as command and control (data) of train traffic up to speeds of 500 km/h as well as corresponding speech communications. The GSM-R air-interface complies with the GSM standard. [However, certain options are not used, e.g. frequency hopping. It has to be noted that the GSM-R extension band may not be available in certain CEPT countries.]
From a deployment point of view, GSM-R has almost a linear topology along the railway tracks. However, close to railway-traffic-nodes, the network density grows in order to cover areas with cellular frequency reuse, required to support the locally higher traffic density. Command and control of a high number of remotely controlled fast running trains require error-free data transfer and highly reliable radio transmission, which, in turn, requires adequate radio resources.

According to the EIRENE FRS specifications for GSM-R systems [add reference to EIRENE and SRDoc and TSI control & command Annex A] the data transmissions for train-control requires an instantaneously available real time access. 
The latest minimum performance railway radio services using GSM-R networks have to fulfil are defined in UIC EIRENE FRS V7 and SRS V15. The documents are listed in Annex A of the Technical Specification for Interoperability Control Command and Signalling, based on EU directives 96/48 and 2001/16. The specified minimum coverage probability is defined as a probability value of at least 95% for any location interval of a length of 100m for which the measured signal level shall be greater or equal to the reference value of -92/-98 dBm depending on the speed of trains. In contrast to public GSM networks where uncorrelated locations are evaluated and the 95% criteria is averaged over all possible locations, for GSM-R networks any linear trace along tracks of 100m has to fulfill the criteria. The GSM-R planning criteria are then derived from these levels by adding the appropriate margins depending on the train speed, environment, the reliability objective, etc.
GSM-R system is not used, with certain exceptions, for public and commercial usages. 

European Railway Traffic Management System (ERTMS) 
The European Railway Traffic Management System (ERTMS) is a major European railway project and contains presently two basic components:

· ETCS, the European Train Control System, is an automatic train protection (ATP) system to replace the existing national ATP-systems; 

· GSM-R, a radio system designed to provide voice and data communication between the track and the train, based on standard GSM using frequencies specifically reserved for rail application with certain specific and advanced functions. 

ERTMS aims at replacing the different national train control and command systems in Europe. The deployment of ERTMS will enable the creation of a seamless European railway system and increase European railway’s competitiveness.
In addition, ERTMS is also the Platform regarding train radio. Regarding the emergency call a link availability of nearly 100% is necessary.
Also in addition a lot of future data applications to optimise the operation of the railways are possible like maintenance, electronic timetable, etc.

Currently there are more than 20 train control systems across the European Union. Each train used by a national rail company has to be equipped with at least one system but sometimes more, just to be able to run safely within that country.

Each system is stand-alone and non-interoperable, and therefore requires extensive integration, engineering effort, raising total delivery costs for cross-border traffic. 

The target is a unique train control system for Europe and beyond

ETCS needs a permanent connection and a high quality of service.
3.1.2 GSM-R specific service requirements

Compared to public networks, railway radio services using GSM-R networks have to fulfil tighter requirements, and the evaluation of their performance requires a different methodology. The tighter requirements are justified by the dependence of a safe railway train operation on the availability and performance of the railway radio services. The specification reflects specialities of the railway system as the linear train movement along the tracks. The line oriented GSM-R network as well as the European Train Management System (ERTMS) requires a very high quality of service. The application European Train Control System (ETCS) needs a permanent connection with a traffic load of 1 ERLANG per each train and the application needs a permanent radio link availability of 100 % in time. Those requirements of GSM-R and ETCS for continuous radio link availability are in accordance with the UIC/EC/EIRENE definitions demanding service availability and radio coverage. Due to these definitions within each track-segment of 100 m the receive level may not be lower than -92/-98 dBm (depending for the train speed) for an accumulated length of 5 m, measured by segments of 10 cm. The latest minimum performance railway radio services using GSM-R networks have to fulfil are defined in UIC EIRENE FRS V7 and SRS V15.  
In spite of this service difference, the GSM-R air-interface is fully radio-compatible with the GSM standard for public GSM networks [ETSI TS 145.005].
Besides these requirements related to the radio performance of GSM-R services, there are a number of additional requirements resulting from the pan-European railway operation as well as the legal and regulatory framework. There are in particular restrictions on changes of the GSM-R product specifications that can be enforced per country since the pan-European railway operation requires cross-border usage of parts of the GSM-R equipment. Another example is roaming requirements to public networks as a possible fall-back solution resulting in specific RF characteristics of GSM-R equipment. This fall-back solution might not work in those areas, which have replaced all GSM900 systems by UTRA900 or E-UTRA900 systems as the existing cab radio is not designed for UMTS.
Since regulatory frameworks are intended to protect systems against interference that would harm the operation, the coexistence evaluation methodology has to be defined so that it reflects the characteristics of the victim system.

With respect to GSM-R in particular the linear network topology, the high legal requirements on the availability of GSM-R services and the characteristics of the propagation conditions close to railway tracks need to be reflected. In particular the high requirements on the availability might require changes in the coexistence evaluation methodology. The GSM-R requirement of permanent radio links lead to the effect that radio connections to each train are subject to increased interference and potentially interrupted each time a train is approaching a public BTS, installed close to the tracks. In this case, either an MCL analysis can be used or SEAMCAT Monte-Carlo simulators that are substantially revised in order to reflect the characteristics of GSM-R.
3.2 Public networks at the 900 MHz band

3.2.1 Public networks

The 2nd generation mobile telephony system GSM was designed principally for voice telephony. It originally used the 900 MHz band. Today GSM is specified for many more frequency bands to meet niche markets. It is the most popular standard for mobile telephony systems in the world. It is estimated that in the order of 80% of the global mobile market uses the standard, meaning over 3 billion users across the globe. The system is also used for specific purposes, for example for railway communication (GSM-R). Over the years, GSM has continued to develop, especially regarding data rate enhancements such as GPRS and EDGE.

The 3rd generation mobile telephony system WCDMA was designed to enable voice, text and MMS services in addition to richer mobile multimedia services, including Internet access. It started to deploy in 2001, and by now has 300+ networks deployed, and the number of WCDMA subscribers is estimated at 400+ million including HSPA.

The next step in the 3GPP evolution of mobile telephony system is referred to as LTE, sometimes referred to as 3.9G. This new radio access technology will have requirements to deliver data speeds of up to 100 Mb/s downlink and 50 Mb/s uplink, enabling an improved end-user experience for content and applications. 
3GPP has recently developed new standard requirements based on existing 3GPP technologies i.e. GSM, UMTS and LTE.

The Multi-Standard Radio (MSR) has been designed to allow for single RAT operation as well as simultaneous multi RAT operation. For single RAT scenarios, the MSR equipment would perform equal or better than the existing specifications while for multi RAT operation the emission mask requirements are based on UMTS mask.  For LTE operating in 900 MHz, the emission mask was harmonized to towards MSR/UMTS, which gives stringent requirements on LTE equipment in this respect. 
3.2.2 Public networks characteristics

In wide-area oriented public networks the interferences are distributed to the high number of statistically distributed operating users. To cover wide areas the network cell structure are normally described with “hexagonal round cells” approximation. Interferences caused by near-far situations are incorporated by the service availability definition for public networks of 95% service availability per user in time and location, defined by ETSI/3GPP and confirmed by Monte-Carlo-Simulations. This definition is based on statistical user distributions, statistical user movements and a statistical average call duration probability per user. Different users are multiplexed on the same radio resources, adding up to full utilization of the radio channels. 
4 Coexistency scenarios
Description of the different networks should include all their parameters (receiver and transmitter characteristics of all systems), differences in the deployments (linear against full-area deployments), differences in service requirements (95% probability and part-time use against 100% transmit-receive all the time). 

Typical case situation and worst case network situation need to be considered.
4.1 Theoretical studies

The principle interference scenarios are shown in Figure 2. On the public network side there can be much equipment with different systems (TDMA, CDMA) and technologies (single carrier and multi carrier technologies of GSM, WCDMA and LTE including multi-access systems (MSR)).  
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Figure 2: Principle interference scenarios. 

Three public cellular systems need to be taken into account in the compatibility study:

1) GSM 900 (SC BTS & MCBTS)

2) UMTS 900 (UTRA-FDD)

3) LTE 900 (E-UTRA-FDD)/WiMAX

The relevant mechanisms by which interfering transmitters affect receivers are receiver desensitization, receiver blocking, and receiver overload
. 
Receiver desensitization is caused by a number of sources:

· out-of-band (OOB) / spurious emissions transmitted from interferers 

· intermodulation products (IMPs) generated in the receiver - in particular 3rd and 5rd order IMPs - that increase the receiver noise floor. 
· Power leakage from interfering signals due to limited receiver selectivity

In order to avoid a significant increase of the receiver noise floor and, with this, receiver desensitization, OOB / spurious emissions and IMPs should be sufficiently below the affected receiver noise floor.
Receiver blocking is caused by interferer carriers passing through the receiver RF chain and receive filter so that the receiver cannot maintain the necessary sensitivity. 
Receiver overload is caused by too strong signals at the receiver antenna connector resulting in intermodulation products generated in nonlinear part of the receiver chain.
For today’s GSM-R networks mainly cab-radio receiver desensitization and blocking is causing problems. It should be noted that GSM-R equipment today often – partly as a result of the above mentioned requirements – has no or only low frequency selectivity so that the cab-radio receiver chain is exposed to the public GSM base station transmit signals without significant filtering.
Studies investigating the cumulative effect of interference from different interfering systems could be required. Wide-band noise might add up to interference levels harming receivers. Bilateral studies might not be sufficient in order to guarantee coexistence, but could still be used since it is the spectrally closest contribution which is dominating.
4.2 Compatibility cases

By considering the GSM-R primary frequency band and extension frequency band, we have the following compatibility study cases:

Case 1: Compatibility between GSM-R (primary band) UL and UMTS 900 UL 
Case 2: Compatibility between GSM-R (primary band) UL and LTE/WiMAX UL 
Case 3:  Compatibility between GSM-R (extended bands) DL and GSM UL 
Case 4: Compatibility between GSM-R (primary band) DL and UMTS UL 
Case 4bis: Compatibility between GSM-R (extended band) DL and UMTS UL 
Case 5: Compatibility between GSM-R (primary and extended bands) DL and LTE/WiMAX UL 
Case 6:  Compatibility between GSM-R (primary band) DL and UMTS 900 DL 
Case 7: Compatibility between GSM-R (primary band) DL and LTE/WiMAX DL 
Case 8: Compatibility between GSM-R (primary band) DL and GSM DL (MC BTS) 
Case 9: Compatibility between UMTS DL and GSM-R UL (primary) 
4.2.1 Studies already completed
The following relevant studies have been performed, or are under development. Relevant observations are done for each study.

Report 96: UMTS900 – GSM-R

In this report, the compatibility between GSM-R (primary band) and UMTS900 has been studied, which covers the case 1, case 6, case 4, and case 9. The conclusion was that UMTS900 and GSM-R can co-exist in the same geographic area considering the following aspects:

1. There is a priori no need of an additional guard band between UMTS900 and GSM-R, a carrier separation of 2.8 MHz or more between the UMTS900 carrier and the nearest GSM-R carrier is sufficient without prejudice to provisions in point 2). This conclusion is based on Monte Carlo simulations assumed suitable for typical case.

2. However for some critical cases (e.g. with high located antenna, open and sparsely populated areas served by high power UMTS BS close to the railway tracks, blocking etc, which would lead to assumption of possible direct line of sight coupling) the MCL calculations demonstrate that coordination is needed for a certain range of distances (up to 4 km or more from railway track).

3. It is beneficial to activate GSM-R uplink power control, especially for the train mounted MS, otherwise the impact on UMTS UL capacity could be important when the UMTS network is using the 5 MHz channel adjacent to the GSM-R band. However, it has to be recognized that this is only applicable in low speed areas as elsewhere the use of uplink control in GSM-R will cause significantly increased call drop out rates.

4. In order to protect GSM-R operations, UMTS operators should take care when deploying UMTS in the 900 MHz band, where site engineering measures and/or better filtering capabilities (providing additional coupling loss in order to match the requirements defined for the critical/specific cases) may be needed in order to install UMTS sites close to the railway track when the UMTS network is using the 5 MHz channel adjacent to the GSM-R band.

The following observations can be made

· Bullet 2 above indicates that special care need to be taken due to the special requirements on GSM-R to provide highly secure connections between GSM-R BS and train-mounted MS for safety service or train control. This type of service requires network design with high signal to noise and interference ratios including margins for fading and multiple interfering signals, as no retransmissions are possible due to time restrictions. 

· From bullet 3 it is noted that there may be an impact on UMTS UL in low speed areas.

· Bullet 4 notes that the geographical area that needs special considerations such as coordination and/or additional measures is limited to a certain distance from the railway track, where GSM-R system has been deployed.

Report 146: GSM MCBTS – GSM-R

The compatibility between GSM MCBTS and GSM-R (primary band) has been analysed by ECC-PT1 in the draft ECC report on MCBTS, which covers the case 8. In the conclusion the following is stated:

1. For the coexistence between GSM MCBTS and GSM-R, the MCL analysis indicates that under certain worst-case conditions the GSM-R network can experience interference, but also that the dominating interference effects are the blocking and adjacent channel performance of the GSM-R terminal. GSM-R terminals performances can be improved by additional filtering. The simulation analysis which also incorporates dynamic aspects of both networks show that the minimum required separation distances range between 20 meters and 55m, depending on the network assumptions. A carrier separation of 0.4 MHz (0.2 MHz between the edges of the channel) between GSM MC BTS and GSM-R as defined in ECC Decision (02)05 is thus sufficient to avoid harmful interference to GSM-R downlink due to unwanted emissions from a MCBTS, both class 1 and class 2.

The analysis shows that 

· the dynamic behaviour of the systems limit the impact on GSM-R to acceptable performance even when public GSM base stations are close to the railway track. 

· For the critical safety service mention in observations for UMTS900 above, in a worst-case scenario for the part of the railway located at the maximum distance from the GSM-R base station, the GSM-R MS may experience some interference under some assumptions of the networks.

· The performance of GSM-R MS is critical as blocking performance and intermodulation characteristics may have larger impact than the out-of-band emissions from the MCBTS. 
CEPT Report [XXX – number available after the ECC meeting in June 2010] (EC Mandate – task2/out-of-band) covers the adjacent band compatibility between LTE/WiMAX and GSM-R. The conclusions are given in the following Table XX.
	Band/Scenario (interferer >victim)
	Summary Result 

	925 MHz - LTE/WiMAX  BS  to GSM-R MS
	There is no need of an additional guard band between LTE/WiMAX900 and GSM-R whatever the channelisation or bandwidth considered for LTE/WiMAX 900.  Report 96 concludes that a carrier separation of 2.8 MHz or more between the UMTS carrier and the nearest GSM-R carrier is sufficient. For LTE/WiMAX 900, the frequency separation between the nearest GSM-R channel center frequency and LTE/WiMAX channel edge should be 300 kHz (200 kHz between channel edges)
For some critical cases (e.g. with high located antenna, open and sparsely populated areas served by high power LTE/WiMAX BS close to the railway tracks, blocking etc, which would lead to assumption of possible direct line of sight coupling) the MCL calculations demonstrate that coordination is needed for a certain range of distances (up to 4 km or more from railway track) when the GSM-R signal is close to the sensitivity level.
In order to protect GSM-R operations, LTE/WiMAX operators should take care when deploying LTE/WiMAX in the 900 MHz band, where site engineering measures and/or better filtering capabilities (providing additional coupling loss in order to match the requirements defined for the critical/specific cases) may be needed in order to install LTE/WiMAX sites close to the railway track when the LTE/WiMAX network is using the channel adjacent to the GSM-R band. The deployment criteria of the GSM-R network such as the field strength level at the GSM-R cell edge could be also strengthened in order to improve the immunity of the GSM-R network towards the emissions from other systems.

	880 MHz – GSM-R MS to LTE/WiMAX BS
	It is beneficial to activate GSM-R uplink power control, especially for the train mounted MS, otherwise the impact on LTE/WiMAX capacity could be important when the LTE/WiMAX network is using the 10 MHz of spectrum adjacent to the GSM-R band. However, it has to be recognized that this is only applicable in low speed areas as elsewhere the use of uplink power control in GSM-R will cause significantly increased call drop out rates. Another solution would be to introduce a higher frequency separation between the GSM-R channel and the 900 MHz allocation by allowing transmission in the extended GSM-R band. However, this solution should be counter-balanced by the potential impact onto the upper part of the 900 MHz allocation. Due to the blocking response profile of LTE, the base station deployed above 890 MHz may also suffer from desensitization due to GSM-R terminal emissions.

	915 MHz  - LTE/WiMAX  MS to E-GSM-R  MS
(CEPT has recently adopted amendments to ECC Decisions (02)05 on GSM-R and (04)06 on wideband PMR/PAMR. The amended Decisions provide a possibility for GSM-R extension (E-GSM-R) into the bands 873-876 MHz and 918-921 MHz on a national basis under the PMR/PAMR umbrella).
	The LTE/WiMAX UE transmitting power is relatively small, at 23 dBm. In reality, mobile terminals rarely emit a maximum power of 23dBm (in 90% of cases they would emit 14 dBm  or less  [8].  . By considering that the minimum coupling loss between UE and E-GSM-R BS is relatively large (80 dB is used in ECC Report 82 between UE and BS in rural area) compared to the MCL between LTE/WiMAX BS and GSM-R Train Mounted MS, and since the UE is moving, the interference from LTE/WiMAX UE to E-GSM-R MS should not be a problem. For detailed analysis of interference between LTE/WiMAX UE to E-GSM-R MS, Monte-Carlo simulations should be performed; this is not covered in this report.
The worst interference case is the interference from E-GSM-R BS to LTE/WiMAX BS (see next section).

	915 MHz  - E-GSM-R BS to LTE/WiMAX  BS

(CEPT has recently adopted amendments to ECC Decisions (02)05 on GSM-R and (04)06 on wideband PMR/PAMR. The amended Decisions provide a possibility for GSM-R extension (E-GSM-R) into the bands 873-876 MHz and 918-921 MHz on a national basis under the PMR/PAMR umbrella).
	The interference from E-GSM-R BS operating at frequencies above 915 MHz may cause receiver desensitization and blocking of LTE/WiMAX900 BS operating below 915 MHz. The specifications of the GSM-R BTS characteristics in the expected extension band are not available at this stage. However, it is assumed the GSM-R BTS for extension band will be designed to protect efficiently the upper part of the uplink 900 MHz band, in particular the spurious emissions will be aligned to the spurious emissions as currently defined to protect the 900 MHz receive band. The main challenge would be to achieve this level in a 3 MHz offset instead of a 6 MHz frequency offset. However, as it would not be sufficient to prevent blocking of LTE/WiMAX base stations, the utilization of interference mitigation techniques as defined below should be assessed in order to protect efficiently LTE/WiMAX900 BS: 

1) Reduced E-GSM-R BS Tx power;

2) Spatial separation by coordination between operators;

3) External filters applied to the E-GSM-R out-of-band emissions;

4) Limit the extension of GSM-R by ensuring a sufficient frequency offset between E-GSM-R and the mobile 900 MHz band.

It is more likely that a combination of these interference mitigation techniques should be used in order to ensure the protection from LTE/WiMAX900 BS operating below 915 MHz from E-GSM-R emissions operating above 915 MHz. It should be noted the conclusions could be extended to the GSM BTS case deployed below 915 MHz. 


It is more likely that a combination of these mitigation techniques should be used in order to ensure the protection of LTE/WiMAX900 BS operating below 915 MHz from GSM-RE emissions operating above 915 MHz.

Due to the similarity of the out-of-band emissions for UEs in UMTS900 and LTE, the same conclusions as in the ECC Report 96 apply (bullets 1 to 4). For LTE900 BS the emission mask is identical to UMTS900 BS.
In addition this report also includes aspects of GSM-RE (bullet 5)). As stated above the utilization of different mitigation techniques need to be considered at deployment but also when specifying the GSM-RE BS. Bullet 5) and the listed techniques may be considered for co-existence also with UMTS900 and GSM (SC as well as MCBTS).

4.2.2 GSM-R extension (GSM-RE) into the bands 873-876 MHz and 918-921 MHz on a national basis

The extension of GSM-R within these bands was not studied previously within ECC Report 96 when UMTS was introduced into the 900/1800 MHz bands. However PMR/PAMR was studied for this band and many of the conclusions are considered applicable here.  It can be seen that the LTE/WIMAX900 UL frequency block (880-915 MHz) is close to the GSM-RE DL frequency block (918-921 MHz).  The worst interference case is considered to be the interference from GSM-RE BS to UMTS/LTE/WiMAX BS receiver at 915 MHz.

4.2.3 Studies need to be carried out

Case 3:  Compatibility between GSM-R (extended bands) DL and GSM UL (see Annex 1).
Case 4bis: Compatibility between GSM-R (extended band) DL and UMTS UL (see Annex 2).
4.3 Impact on GSM-R network

4.3.1 Impact on GSM-R Uplink 

The impact from terminals in the public network (UE) on the GSM-R uplink for primary frequency band is not seen as an issue. The potential impact from OOB emissions was considered to be sufficiently small from public GSM terminals in ERC report 56 under the conditions assumed. Similarly the conclusion in ECC report 96 is that power control capability and usage in UMTS will reduce the OOB emissions to levels comparable with public GSM terminals or lower in most cases. Blocking characteristics were already considered in ERC report 56 when GSM-R was designed, assuming GSM terminals in the public network. UMTS900 and LTE900 UEs will transmit lower power in each GSM channel.

In case the GSM-R band is extended the frequency separation between the uplink channels will increase. Thus the introduction of extended GSM-R will not add any new problem areas. 

4.3.2 Impact on GSM-R Downlink 

The impact from base stations in the public network on the GSM-R downlink for primary frequency band was analyzed and documented in ECC report 96. As noted in section 4.2.1, mitigation methods and/or coordination may be necessary in certain areas when the lowest part of the DL transmission is used.

In the extended GSM-R band the OOB emissions from public network base stations are lower due to increased TX filter attenuation closer to the UL band (typically at least 30 dB more at 918 than 921 MHz). However, the UEs are allowed to transmit higher OOB emissions at 918 MHz and the transmit filter of will provide less attenuation of the unwanted emissions in this transition band. As already stated in ERC report 56, this may cause some desensitization from MSs operating at the upper end of the uplink band 880-915 MHz in some scenarios. Blocking issues are assumed to be handled by sufficient filtering in the GSM-RE terminal receiver. 

In case of these rare scenarios (only at MCL less than 60 dB) the situation may be improved by increasing the operating frequency, slightly increasing the minimum signal strength requirement at the receiving antenna or other restrictions. 

[Typical TX filter performance of UE is needed for the analysis. For evaluation of risk, Monte-Carlo analysis may be performed to calculate the probability or safety distance]

4.4 Impact on public network 

4.4.1 Impact on public network Uplink 

With present allocation of GSM-R frequencies 921-925 MHz, the impact on base station reception in the public network is limited as filters are already implemented to protect the receivers from their own high power transmissions. Thus in the transition region 915-925 MHz there is some degree of protection against the GSM-R downlink transmissions in 921-925 MHz band as well. 

However, when the extended GSM-R band is used this protection is much lower. As in the GSM-R uplink the impact from OOB emissions and the blocking due to high input signals. 

OOB emissions will impact only networks utilizing the frequencies in the 880-915 MHz and may be reduced by proper filtering at the GSM-R base station.

Regarding blocking, the frequency band 915-925 is defined as inband. Thus the required blocking characteristics just outside the receive band is the same as inband. In practice there is some additional protection from the transition region of the receive filter, which typically has 20-30 dB less attenuation at 918 MHz than at 921 MHz, increasing with increasing frequency. A number of mitigation options are available

· Reduced output power from GSM-R base station in the extended band.

· Coordination with public networks to improve the protection of the uplink in relevant areas, by site distance, additional filters, antenna pattern/direction etc.

Impact from E-GSM-R BS towards UMTS BS is described in Annex 2. And it is shown that it would be particularly severe case.

It should be noted that reduced GSM-RE Tx power implies shorter site-to-site distance to keep signal/interference high enough. In order not to restrict the GSM-R base station output power, the total isolation needs to be at least 93 dB for an output power of 45 dBm. In other case the output power need to be restricted. The isolation is achieved by a combination of measures, e.g. requiring minimum site to site distance, additional filters at the victim base station, choice of antenna diagram and direction. The available attenuation in the victim base station will contribute as well.

Coordination is recommended to solve the issues in case the public network base stations are close to the railway track..

4.4.2 Impact on public network Downlink 

The usage of the primary GSM-R band can cause problems, when considering the requirement to cover railways by public network service, unless coordination is provided for those base stations close to the railway. This is due to the fact that the blocking performance of the mobile is reduced in this frequency range according to specification, as this a transition region for the receive filter for protection from uplink transmissions.

5 Experiences based on reported or measured interference cases

Several European railway operators are observing increasing problems with interference on their railway radio services. Since these services are essential for the increase of the safety of railway operation strict minimum requirements on their availability and performance are defined. These requirements can currently not be in all cases sufficiently well guaranteed. 
For details of reported interference cases see Annex 3.

As reported interference case have shown that the current ETSI standard for public GSM networks [ETSI TS 45.005] is not sufficient for the service requirements defined in the EIRENE specifications [add reference to EIRENE] of GSM-R a Specific Task Force was created within ETSI to improve the specifications for GSM-R equipment. This work is ongoing.
6 Techniques to improve the coexistence

In case of interference the causes of interference to the GSM-R network need to be analyzed and clearly defined. It is important to know if the impact is due to inherit characteristics of the victim or too high emissions from the interfering sources. Based on the result mitigation techniques can be chosen and applied to the relevant parts. As a general rule the mitigation technique s are applied in the order of interference contribution, starting with the most dominating interference source. In this way the burden is efficiently split between the operators for the GSM-R and public networks according to the degree of impact.  Coordination of sites, frequency planning etc. should always be considered as a cost-effective option.
The following general aspects should be considered:

· Guidelines shall not restrict the spectrum use and network planning for any party more than necessary 

· Guidelines must reflect the differences between the deployment of railway radio services using GSM-R and the public radio services using GSM and/or wideband technologies.

· Guidelines have to reflect limitations on the ability of the railway radio and public network operators to change product specifications without major European effort.

The potential mitigation techniques should be limited to the cases where necessary and in order to avoid undue constraints on both networks. 
6.1 Principal methods to improve GSM-R downlink
The relevant mechanisms by which interfering transmitters affect receivers are receiver desensitization, receiver blocking, and receiver overload
. 

Receiver desensitization is caused by out-of-band (OOB) / spurious emissions from interferers and/or intermodulation products (IMPs) in the victim receiver that increase the receiver noise floor. In order to avoid a significant increase of the receiver noise floor and, with this, receiver desensitization, OOB / spurious emissions and IMPs should be sufficiently below the affected receiver noise floor. At the same time, the receiver noise floor should be low enough considering the radio environment it has to function within.

Receiver blocking is caused by interferer carriers passing through the receiver RF chain and receive filter so that the receiver cannot maintain the necessary sensitivity. This effect happens e.g. if the receiver filter is wide compared to the signal width.

Receiver overload is caused by too strong signals at the receiver antenna connector resulting in intermodulation products generated in nonlinear part of the receiver For today’s GSM-R networks mainly cab-radio receiver desensitization and blocking is causing problems. It should be noted that GSM-R equipment today often – partly as a result of the requirements on fall-back mode to public GSM networks – has no or only low frequency selectivity so that the cab-radio receiver chain is exposed to the public base station transmit signals without significant filtering.   

Various countermeasures have been discussed to mitigate the interference from public GSM networks. Some are specific for GSM-GSM coexistence; others would also improve the situation for other radio technologies as UMTS or LTE:

The principle measures are listed and discussed below
6.1.1 Improvement of GSM-R MS performance
GSM-R downlink blocking characteristics 

The analysis of the reported and measured interference cases indicates that one major improvement is to enhance GSM-R terminal blocking performance.  By introducing RF filtering of GSM-R DL frequency band in the receiver, the blocking problems can be reduced to non-critical levels over almost the entire GSM-R frequency band. Some transition band is still needed. There are a number of possibilities to consider when implementing filtering depending on service priority, control method and complexity:

a. Separate RF filters covering 921-925 MHz (or 918-925 MHz) and public 925-960 MHz respectively with RF switches for fall-back to the public frequency band. The reliability and performance of the switch will be essential as the switches transfer low-level RF signal levels..

b. The RF filters may be implemented as duplex filter. An RF switch may be used to select the preferred frequency range. In combination with dual RF receivers the drawback with the potential RF switch problem could be significantly reduced.
In all cases the frequencies closest to cross-over frequency may get somewhat reduced performance. The choice of filter implementation is not critical but it is important that the terminal attenuates the signals in the public “E-GSM” band.
By prioritizing the different services and put the most critical ones in the most protected lower part of the GSM-R band may eliminate the risk for blocking but also reduce the potential interference from the public network for these services independent of the location of the base stations. The BS in a public network has to reduce its unwanted emissions down to less than -96 dBm in 100 kHz within 880-915 MHz range according the specification to protect uplink receiver . Thus there will always be a transmit filter with a transition region 915-925 MHz,  resulting in lowest emissions closest to 915 MHz and below.
GSM-R MS intermodulation performance

The intermodulation characteristics may be another source of interference generated. Using the filter concept described above, the impact of intermodulation products due to signals from the public network will be considerably reduced. However, even with this filter(s) included it is recommended to consider better intermodulation characteristics inband GSM-R than specified in the GSM MS specification. The input signal from several GSM-R BS's may be high and in dense areas the intermodulation may cause problems.

Other GSM-R cab-radio improvements

The available standard feature slow frequency hopping could be applied in the GSM-R network wherever possible, especially in urban areas to mitigate interference from public GSM networks in high-traffic areas. 
Single antenna cancellation technique, commonly used in later or advanced receivers with dual antennas and RF parts of the receiver provide additional performance enhancements. Among the advantages the capability to operate in higher interference environment could be useful to improve performance in high-traffic areas.  The degree of improvement depends on the dynamic structure of the environment, i.e. the improvement is best at high speed (> 50 km/h) and/or multi-scattering. At low speed the switching antenna concept can be used to optimize reception. However, managing multiple antennas on train is difficult, thus only the single-antenna approach is practical to implement. None of these concepts will improve the blocking behaviour due to presence of one or more very strong input signals at the cab radio receiver.
Uplink power control of GSM-R radio transmitter is requested according to the reports when the train is slowly moving or standing still. At low speed the feature is easily applied as this is a standard feature. At high speed, the possibility to adopt the power fast enough may be too small without increasing the risk for dropping the call. But in this case the induced interference is of short duration.
The application of the features above can be trigged and switched-off if information about speed is made available to the MS.

6.1.2 Decreasing out of band emission to GSM-R band and increasing C/I of GSM-R wanted signal

The goal is to minimize the impact of unwanted emissions at train receiver antenna at the handover regions and provide sufficient C/I for the cab radio. 
More stringent requirements on unwanted emissions in the GSM-R DL band.

Requiring more stringent emission mask for the public network in general would decrease coverage and capacity for all base stations even in cases where the more stringent requirement is not needed. The cost for the system will increase and power efficiency decrease. The same effect can be achieved by implementing additional transmit filtering when needed, i.e. on a site basis. Other methods should be considered as a first choice or in combination to reduce the net penalty.

Additional guard intervals

Increasing the guard band between GSM-R and the public network will be perceived as waist of frequency spectrum. Using TX RF filter at the base stations in the public network may need some slight increase for the transition bands in some areas that can be determined by co-ordination.

Co-location of base stations

Co-location of base stations for GSM-R and public networks close to the railway track would eliminate the interference problems at the handover area. However, close to the base station the received signal strength may cause problems if the different access technologies are used in the base stations, unless the MCL exceeds a minimum value. Great care need to be taken for the GSM transmitter not to cause interference into the receive band of the co-located base station, especially when extended GSM-RE band is used. The requirements on the isolation between the systems are high, often in the order of 95-100 dB. This may also imply that the output power is to be in the same magnitude.

Output power reduction

Reducing output power in base stations of the public network for locations within a certain distance to the railway tracks will reduce the maximum signal received by GSM-R cab radio, but applying this as a general method will have significant negative impact on coverage, capacity and service availability. Possibly this measure is only useful at some co-ordinated sites, e.g. co-location sites.

Minimum distance restrictions

Creating a maximum area around the railway tracks where co-ordination is required may simplify the procedure. The size of this area is, however, dependent on which other means or measures have been taken to minimize the interference between the systems.

Antenna arrangement

As described in Report 146 the usage of antennas with improved pattern for the base stations of the public network can together wit a proper antenna installation significantly reduce the risk for interference in the GSM-R MS. This measure will work for any access technology used. 

Reduction of maximum power used in the direction of the railway track is the main advantage. However, power reduction in general from the public network base stations is not an acceptable measure as this would significantly reduce coverage and capacity.

GSM-R Cell minimum signal level
Minimum field strength as given in EIRENE should be seen as a recommendation. This could be used for general planning for a first deployment. As for any mobile system there are possibly locations that need increase of signal strength due to local conditions, due to e.g. large number of interferers, dense deployment of the interfering base stations in dense traffic areas etc. The amount of emitted power need to be revised in such situations by adjusting e.g. output power, base station location, base station distance, antenna choice etc. If the method is used as a general method to improve of signal strength, the risk of introducing interference in the GSM-R or public network needs to be considered.
Technology specific techniques

In addition to the general methods described above, which apply for any radio access technology used in the public network, some conclusions specific for public GSM networks can be extracted from the studies in report 146 on MC-BTS:

· Frequency hopping is recommended in the public network, the more frequencies in the sequence the better.

· Downlink power control should be used as much as possible in the public network

BCCH frequencies in areas close to the railway should be selected from the available frequencies that are not close to the GSM-R frequencies, i.e. only hopping traffic channels should occur close to GSM-R frequencies. 
Applicability of methods

It should be noted that applying one or two of the measures above may not be sufficient but rather a combination of methods. For example, applying improvement in the GSM-R equipment alone will not affect the received unwanted emissions from interfering base stations. Introducing receiver duplex filter in GSM-R receiver may result in problems with the roaming of GSM-R terminals to public network. The gain achievable by diversity reception or interference cancellation techniques is limited to the cases where sufficient diversity can be achieved. In addition all equipped trains have to be modified Europe wide. Applying additional guard band would result in a loss of usable spectrum, if generally applied. 

Adding additional TX filtering in public base stations to reduce the unwanted emissions should be restricted to interfering base stations close to railway tracks in order to limit the resulting costs. To generally tighten the requirements for unwanted emission to be more stringent in the specifications is not feasible due the number of deployed public networks.

Co-location requires co-ordination of output powers of GSM-R and public network base stations. The definition of a minimum isolation corridor requires that the worst-case antenna characteristics of advanced antenna subsystems that might be used, is taken into account, Increasing the received signal strength of the wanted GSM-R signal by adjusting EIRP of the base stations might help in some few cases with low GSM-R coverage but need to be used cautiously as a general solution, as the overall interference level increases.

It should be noted that with a better/different GSM-R network planning some of the technical measures are not even necessary.
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Interference relations between GSM-R and public networks

The calculations are based on current specifications and are not taking into account the impact of the duplex filter of the UMTS BS.
	Interference relations
	Additional conditions
	Simple calculations and explanations
	Needed MCL to avoid this interference relations
	Needed actions

	Case x, Spectrum emission from GSM BS to GSM-R MS
	Min freq offset (400 kHz) between GSM BS and GSM-R 
	Desensitization of GSM-R MS is allowed to be 3 dB (external noise -111 dBm) and spectrum emission is assumed to be –60 dBc and EIRP +58 dBm.

+58 dBm  – 60 dBc – -111 dBm = 109 dB
	109 dB
	

	Case x, Spectrum  emission from GSM BS to GSM-R MS
	Freq offset between GSM BS and GSM-R is 1,8 MHz – 6 MHz
	Desensitization of GSM-R MS is allowed to be 3 dB (external noise -111 dBm) and spectrum emission is assumed to be –75 dBc and EIRP +58 dBm.

+58 dBm  – 75 dBc – -111 dBm = 94 dB
	94 dB
	

	Case x, Out of band emission from UMTS900 BS to GSM-R MS
	Min freq offset (2,8 MHz) between UMTS900 BS and highest channel of GSM-R downlink band

	Desensitization of GSM-R MS is allowed to be 3 dB (external noise -111 dBm) and spectrum emission is assumed to be +8 dBm (BW 200 kHz).

+8 dBm - -111 dBm = 119 dB
	119dB
	

	Case x, Out of and emission from UMTS900 BS to GSM-R MS
	Freq offset between UMTS900 BS and GSM-R is assumed to be 4 MHz or higher
	Desensitization of GSM-R MS is allowed to be 3 dB (external noise -111 dBm) and spectrum emission is assumed to be -5 dBm (BW 200 kHz).

-5 dBm - -111 dBm = 106 dB
	106 dB
	

	Case y, Blocking from GSM BS to GSM-R MS
	GSM-R Cab radio practical performance without any filter
	Practical performance of GSM-R cab radio to resist blocking is assumed to be -40 dBm. Output EIRP power of GSM BS is assumed to be +58 dBm.

+58 dBm - -40 dBm = 98 dBm.  
	98dB
	

	Case y, Blocking from GSM BS to GSM-R MS
	GSM-R Cab radio practical performance with blocking improvement filter
	Filter is assumed to reject min 30 dB in rejection band and therefore practical performance of GSM-R cab radio to resist blocking is -10 dBm. Output EIRP power of GSM BS is assumed to be +58 dBm.

+58 dBm - -10 dBm = 68 dBm.  
	68 dB
	All GSM-R cab radios should be equipped with blocking improvement filter and max signal levels from public operators should limit on filters roll off region. If the filter perform this in 1 MHz freq span, the limitation e.g. on level of -40 dBm concern only channels 975-978. 

	Case z, Blocking from UMTS900 BS to GSM-R MS
	GSM-R Cab radio practical performance without any filter
	Practical performance of GSM-R cab radio to resist blocking from UMTS900 is assumed to be -35 dBm. Output EIRP power of UMTS900 BS is assumed to be +58 dBm.

+58 dBm - -35 dBm = 93 dBm.  
	93 dB
	

	Case z, Blocking from UMTS900 BS to GSM-R MS
	GSM-R Cab radio practical performance with blocking improvement filter
	Filter is assumed to reject min 30 dB in rejection band and therefore practical performance of GSM-R cab radio to resist blocking is -5 dBm. Output EIRP power of UMTS900 BS is assumed to be +58 dBm.

+58 dBm - -5 dBm = 63 dBm.  
	63 dB
	All GSM-R cab radios should be equipped with blocking improvement filter and max signal level from public operators should limit on that part which remaining to filter roll off region. If the filter perform in 1 MHz roll off region, then the limitation concern only that part and max level may be e.g.  -35 dBm (BW 200 kHz).

	Case Blocking from GSM-R MS to UMT900 BS

	For a I/N ratio of -10 dB
UMTS900 BS blocking requirement defined with a frequency offset of 2.8 MHz

	A feeder loss of 3 dB for the GSM-R terminal is assumed:
+39 dBm – 3 dB +15 dB + 47 dB = 98 dB

	98 dB

	The uplink power control mechanism is helpful in solving the blocking issue. 


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


6.3 Guidance to administrations on the relevant mitigation techniques and means to address interference cases between GSM-R and public networks
This section provides a list of potential mitigation techniques which may be considered by national administrations to address interference cases between GSM-R and public networks on a local / regional / national basis. It should be noted that this list is not exhaustive and that, for example, additional spectrum engineering techniques may be considered on a case-by-case basis. 

The potential mitigation techniques are divided in the following categories:

a)
Deployment related measures  

	Mitigation technique
	Comments

	Increasing the power of GSM-R transmitters  or
	· Could be an efficient measure to reduce interference problems 

· Increasing the power of GSM-R transmitters to increase the wanted field strength. This may create interference to other areas where the channel is used

	Deployment of additional GSM-R base stations or repeaters to extend the cell coverage

	· Coverage increase for concerned areas

· Extension of handover zones



	Co-location of base station in specific cases like GSM / GSM-R
	· On a case-by-case basis only.

	Reducing the power of interfering GSM transmitter 
	· Reducing the GSM BS power could be an efficient measure to reduce interference problems when occurred.

· Since the GSM base station density is very high, this may affect a high number of the BS in the mobile network and lead to a severe reduction in coverage. 

· The level of the required reduction depends on the level of the wanted GSM-R signal to be protected.

	Adjusting the GSM BS transmitter/GSM-R BS transmitter antenna characteristics (height, pattern, tilt and direction) taking into account local conditions 
	· Could be an efficient measure to reduce interference problems when occurred 

· This technique is preferably applied when planning the GSM/GSM-R network.

· Since the GSM base station density is very high, this may affect a high number of the BS in the mobile network and may lead to a reduction in coverage in dedicated areas no longer covered by the respective antenna beam.

	Adjusting GSM / GSM-R transmit channels / frequencies
	· Could be an efficient measure to reduce IM3

· Sometimes difficult due to tight frequency plan

· New GSM-R spectrum might bring some relief

	Definition of a minimum isolation corridor to railway tracks (increase of minimum coupling loss between interferer and victim) considering additional margin for all possible interfering base stations


	· Isolation corridors would be very difficult to implement. For example, in many countries there are requirements for coverage also including railway tracks.

· This would lead to massive coordination effort especially in urban areas which is not appropriate.

· With many railway tracks passing through dense urban areas, this could lead to large parts of major metropolitan areas without GSM coverage.

	….
	· 


Table XXX

b)
Hardware related measures 

	Mitigation technique
	Comments

	Filtering in GSM-R terminals (GSM-R bands only, switchable filter)
	· Is a measure to minimize overloading of as well as to reduce interferences into GSM-R receivers by GSM BS/TS.

· Could be realised as an additional filter for all new receivers (switchable filters might be a solution).

· Could also be realised as an add-on filter to upgrade existing receiver if train-mounted (e.g. cab-radio).

· It should be noted that the future GSM-R standards may also require a replacement of existing terminals.

· A filter has an impact on the link budget (insertion loss, contributes to receiver noise figure). The insertion loss will reduce GSM-R BS coverage area and needs to be taken into account.



	GSM-R cab-radio diversity reception
	· The diversity reception is difficult to apply, especially for the handheld terminals, and it will not help, if the GSM-R system is blocked for a longer distance along the track.



	Improved filters in GSM BS transmitters

	· GSM cell coverage area is reduced due to insertion loss of the filter.

· An improved filter would limit the OOB emissions but not the in-band emissions. This improves adjacent channel compatibility but not blocking and overloading. 

	Usage of frequency hopping 

	· For compensation of fading effects in the GSM-R network (only in few cases, now with the extension frequency band in principle possible).

· The available standard feature slow frequency hopping should be applied in the GSM-R network wherever possible, especially in urban areas to mitigate interference in high-traffic areas. The speed of the trains in this type scenario is foreseen to be medium and low speed.

	Replacement of the train mounted radio equipment with a newer generation with a higher overloading threshold

	· Standardisation has to take into account the worse GSM-R conditions compared to public GSM. 
· Compliance with current ETSI specifications is not sufficient for the required availability of GSM-R networks specified in the EIRENE specifications

	…
	· …


Table XXY

Conclusion:

There may be areas/regions where interference to the GSM-R reception is likely to occur. From a first assessment, it could be possible that a single mitigation technique may not be sufficient so a combination of two or more mitigation techniques may lead to a sufficient protection. 

The mitigation measures to avoid interference caused by adjacent OOB emissions differ from those for blocking or overloading by in-band emissions. Blocking and overloading are likely to occur by GSM transmission in close vicinity to the GSM-R reception due to the not optimal filter characteristics of current GSM-R terminals (reception of the entire GSM band, incl. E- and P-GSM).

The economical impact of various mitigation techniques on the involved parties (e.g. customers, railways, network operators) needs to be studied and treated on national basis.
7 practical guidance on coordination
7.1 Generic guidelines

If there are interferences between GSM-R and public networks, the following aspects should be considered:

· Guidelines shall not restrict the spectrum use and network planning for any party more than necessary 

· Guidelines have to reflect limitations on the ability of the railway radio and public network operators to change product specifications without major European effort. 
· Guidelines should describe principle methods and be therefore future prove.

· Guidelines should take into account the characteristics of the victim receivers and to achieve an appropriate interference situation between GSM-R and public networks
· Guidelines should be simple and usable for the relevant organisation and administration

In the case of the interference, appropriate solutions should be considered, which may require remedial measures by the interferer or the victim.
Reasons behind interference problems can be divided into two parts, unwanted emission from transmitter to outside of own operating frequency and receiver’s performance to resist strong signal near it operating frequency. It is very important to solve these problems together. If only one reason is improved then another will disturb the communication.

Unwanted emission is caused when actual and wanted carrier signal are modulated. Unwanted signal components are generated in adjacent frequencies. In the case of typical GSM-R interference situation, unwanted emission comes from the public base stations (UMTS900, GSM) which may leak RF-power into the GSM-R band and therefore raise the “noise” floor of the GSM-R Mobile Station receiver.  

Blocking of the GSM-R Mobile Station (i.e. train radio) is happen due to reason of high transmitting levels from public base stations and/or intermodulation from public frequency band due to the wide receiving frequency range of the GSM-R Mobile Station (i.e. R-GSM Downlink 921 - 960 MHz), and limited blocking performance due to the relatively low requirements in the ETSI specification for the GSM Mobile Station.

To comply with EIRENE specification's mandatory requirements the GSM-R train radio must have - in its use as the platform for ETCS and voice communications via the train radio - high-performing antenna installations on the train. If comparing external rooftop antenna of train to typical hand held MS antenna when MS is located in the user's hand close to the ear, the hand held MS typically receives 20 dB weaker signal than the average GSM-R train radio installation. This explains why train radio installation is more sensitive to interferences than widely used hand held mobile stations.
All of the above, in combination with UMTS installations, will cause severe interference to the GSM-R communications both adjacent to the line and also several thousand meters away in relevant railway operation areas as e.g. shunting yards.

I should be noted, that specifications specified minimum requirements for out of band emission and for blocking performance for both base stations and mobile stations. If equipment manufacturer have notice that there is a need for better performance, it might do it and well exceed minimum requirements. This fact should be keeping up when limitations are defined in this report, on the other words limitations should be in dBm values instead of kilometres or meters.  

Overall minimum coupling loss between railways and public base stations defines needed limitations. If coupling loss between public base station and railways is greater then limitations then e.g. out of band emission of interfering base station could be lower. With correct placement and correct directing of public base station antennas can be achieved needed minimum coupling loss between train antenna and public base station antenna. This needed minimum coupling loss helps UMTS900 base stations to resist possible blocking from GSM-R MS in train radio. 

7.2 Distance to railways where coordination is needed

It seems that in practice the out of band emission of base stations which utilise especially wide band signal will be dominating the interference free distance from railways. First this distance should be defined and here it is defined by using specified out of band emission of UMTS900 base stations versus used centre frequency difference of highest GSM-R channel and UMTS900 carrier. It should be noted that this chart only defines where possible interferences should be investigate according to flowchart in Error! Reference source not found.. 
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Figure 2. Distance between public BS to railways where interference coordination shall be considered
Interference free distance have been calculated by using out of band emission according to 3GPP TS 25.104 for UMTS base station of 43 dBm output power and total antenna gain of 15 dBi. 
Note that the figure above is there only to give an idea of the dependence of the distance versus the frequency difference between UMTS900 and GSM-R. Indeed the distances must be considered very carefully as the free space propagation model is not suitable in this kind of scenario (UMTS BS toward train mobile), the BS and the mobile heights being very different. In fact, the free space model overestimates the distances.     

7.3 Improvement of GSM-R capabilities

Improvement of GSM-R MS receiver characteristics, such as improved blocking characteristics and extended frequency range (work is on-going within ETSI). Activation of frequency hopping (possibly related to average speed?).
ETSI work to achieve better blocking performance of GSM-R MS receiver. Due to practical limitation, possible receivers linearity improvement could be around 5 dB and it is clear that this not enough. Remaining efficient technology is to develop filtering of GSM-R MS.   
7.3.1 Improved blocking filtering for GSM-R MS and remaining limitations for signal levels of public operators 
Today’s GSM specification defines blocking performance only with static conditions of serving cell signal and blocking signals are unmodulated CW signals. In intermodulation characteristics there are GSM modulated signal as an interferer but serving cell signal conditions are static. These values won’t help us in blocking calculations until we don’t have any reliable conversion information how these specified values correspond to practice.

Blocking behaviour of GSM-R MS depends on many things. If interferer signal is public GSM then most critical factors are frequencies and levels of interfering signals but also signal level of serving cell. We should be aware that GSM-R MS starts suffer of blocking when interferer public GSM900 or UMTS900 signal levels exceed ~ -40 dBm. If public GSM frequencies fill theorem of third order intermodulation, then GSM-R MS will be blocked at lower signal levels.

It seems to be quite clear that improving the filtering of GSM-R MS will be only efficient way to get enough high resistance of blocking signals in practice. All filters have also some non-ideal features, and one feature achievable is the needed roll off region. It could be possible to have 1 MHz roll off region for blocking improvement filter for GSM-R train radio. Due to this roll off region, maximum signal level limitations are still needed at railways. In practice the limitation could be that public base station shall not exceed signal level e.g. -40 dBm (200 kHz BW) at following 200 kHz channels: 975, 976, 977 and 978. For wide band signals total signal level could be higher due to reason that only part of the signal will fall to those channels. 
7.3.2 Higher field strength requirement at the cell edge

By a higher density of GSM-R BTS, or the implementation of repeaters, different network planning criteria...

According to EIRENE definitions, the receive level GSM-R may not be lower than -92/-98 dBm (depending for the train speed) for an accumulated length of 5 m, measured by segments of 10 cm. This minimal level should be compared to the sensitivity of GSM-R terminal which is -104 dBm without any adjacent system. Since the 3GPP TS 45.005 are precising the terminal should be impacted by a 3 dB desensitisation when facing emissions in adjacent bands, this means the margin between the receive level of GSM-R and the real sensitivity level is reduced 3 dB to 9 dB. It is questioned whether this margin is adequate to compensate propagation phenomena such as Doppler effect, fading phenomena, etc.

7.3.3 Introduce redundancy on the GSM-R signalling messages

Redundancy is already included in the GSM-R signalling messages. Adding further redundancy would prevent the real-time operation of the GSM-R network.
7.4 Reducing of out of band emission from public base stations to railways
Out of band emissions from public base station increase internal noise level of GSM-R MS receiver and therefore decrease its sensitivity. Out of band emission from public base stations can be reduced by following ways:

· Develop minimum coupling loss between public base station and railways. It can be done by selecting optimal place for base station and/or directing antennas on optimal way. Sometimes this is not possible.

· Develop filtering of public base station to reduce emission to railways. 

Effects of out of band emission can be calculated. In Figure 3 are calculated effect of out of band emission when GSM-R have noise figure of 7 dB, sensitivity of -104 dBm and feeder cable loss 3 dB. 
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Figure 3. Decreased sensitivity of GSM-R MS vs. out of band emission from public base stations 
In Finland, frequency regulator has defined for UMTS900 license maximum noise emission to railways and it is -107 dBm. This seems to be maximum noise level what railways can tolerate.
7.5 Protection of GSM, UMTS, LTE BS from train-mounted GSM-R MS at 880 MHz boundary
By developing minimum coupling loss between public base stations and railways it is possible to reduce possible harmful effects in the uplinks for the GSM, UMTS and LTE base stations. Selecting suitable place for public base stations and selecting optimum antenna direction is easier than moving railways to different place.  

Power control for GSM-R MS can be taken into use, but it might not be so efficient to reduce emission in the uplink direction. For example in group calls when talk button is pushed MS change to dedicated mode and it start transmission typically at full power. Power control algorithm takes few seconds to start decreasing transmitting power. Power control of GSM-R MS can be activated by cell basis. 

If for the GSM-R train radios blocking improvement filters are going to be implemented, it can be made by dual pass band structure. It means that there will be individual pass band filters to downlink and uplink. This uplink filtering will help to reduce emission from GSM-R MS to public base stations.

The ECC Reports 96 and 146 as well as the Draft report on Compatibility between LTE900/1800 and other systems shows that the mobile base stations (GSM, but especially UMTS and LTE) may suffer from desensitization due to the emissions of 8W train-mounted GSM-R terminals. The Annex 1 is giving an update based on real capabilities of UMTS 900 base stations. Even if the selectivity profile of real NodeB may be 10 dB better compared to the 3GPP specifications, the emissions from GSM-R terminals impact significantly the 900 MHz base stations to distances up to 500 m around the railway lines and train stations.
It is also beneficial to activate GSM-R uplink power control, especially for the train mounted MS, otherwise the impact on UMTS/LTE capacity could be significant when the UMTS/LTE networks is using the 10 MHz of spectrum adjacent to the GSM-R band. Such mechanism should be implemented at least in low speed areas and in the train station environments to limit the impact on mobile networks deployed in urban areas. It may be assumed the issue would not be so critical for very high speed areas where the interference will be assimilated to pulses.

7.6 Protection of UMTS and LTE MS from GSM-R BTS emissions

In the section xxx, it is highlighted the UMTS and LTE may suffer from interferences over the whole E-GSM band due to the GSM-R BTS emissions in the same environment. This is a key issue for train stations which are usually situated in cities. The implementation of mechanism such as Power Control may alleviate partially the issue.

7.7 Protection of GSM, UMTS, LTE BS from GSM-R BTS when using the extended GSM-R band

[To be developed]
7.8 Proposed implementation schedule

Measurements conducted by the Federal Network Agency of Germany to evaluate potential interference cases between public cellular mobile systems and GSM-R show that, in the medium and long term, the interference situation can only be improved by standardization efforts. The measurements did not lead to new conclusions on mitigation techniques other than already mentioned and discussed in previous ECC Reports. The following set of possible mitigation measures was identified, some of which are specific for GSM-GSM coexistence whereas others would also improve the situation for other radio technologies such as UMTS, LTE or WiMAX:
Short term measures:

· Frequency coordination between GSM-R and EGSM channels to avoid the generation of blocking and IM3/5 interferer 

· Optimisation of the base stations (Filter, antenna parameters, power, frequency shift )

· Deployment of additional GSM-R base stations 

· Deployment of repeaters to extend the cell coverage
· Co-location of base station in specific cases like GSM / GSM-R 

Mid term measures:

· Installation of additional band pass filters in GSM-R train mounted radio equipment
· Usage of frequency hopping to compensate fading effects in the GSM-R network (only in few cases, now with the extension frequency band in principle possible)

Long term measures:

· Replacement of the train mounted radio equipment with a newer generation with a higher overloading threshold. Standardisation has to take into account the worse GSM-R conditions compared to public GSM. Compliance with current ETSI specifications is not sufficient for the required availability of GSM-R networks specified in the EIRENE specifications.
Further measures which would improve the situation would be:

· Co-location of GSM-R and interfering base stations (potential by GSM, checked by UMTS and LTE!!)

· Additional TX RF filtering in interfering base stations (reduction of interference into GSM-R downlink band)
· GSM-R downlink narrow-band RF filtering (GSM-R band only), and regarding fall-back situation switchable to public frequency bands 
· Definition of a minimum isolation corridor to railway tracks (increase of minimum coupling loss between interferer and victim) considering additional margin for all possible interfering base stations

· GSM-R cab-radio diversity reception

An additional guard band between GSM-R downlink and the lower edge of public GSM downlink spectrum or tighter requirements on emission masks for RF equipments used in public networks operating close to railways were not considered appropriate, as they would lead to inefficient use of spectrum or an unnecessary burden on the public mobile operators also considering the fact that they would not solve the blocking problem for future technologies.

The implementations of some of the measures were already started (e.g. a Specific Task Force was created within ETSI to improve the receiver characteristics of the GSM-R networks and band pass filters for GSM-R train mounted radio equipment are under development).

The diversity reception is difficult to apply, especially for the handheld terminals, and it will not help, if the GSM-R system is blocked for a longer distance along the track.

Isolation corridors would be very difficult to implement. For example, in many countries there are requirements for coverage also including railway tracks. [Note: text to be modified!] 

 As measurements show there is a gap between blocking performances of GSM-R cab radio and situations where it should survive. Linearity of GSM-R cab radio’s receiver can be developed by some decibels but as long as those are based on commercially available chip sets, improvements are only of few decibels. Using of external filter with GSM-R cab radio it is possible to improve resistance against strong signals from public 900 MHz networks. 

Practical filters have always roll off regions between pass band and stop bands. At these bands filter will not give its benefit and therefore for these bands are needed limitations for signal strengths. Filter performance in practice is under investigation, but it seems so that limitations are needed for channels of 975...977 (925.1…925.5 MHz). Limitations are for example that signal strength shall not be stronger than -40 dBm on channels above when it is measured by 200 kHz channel raster. 

If filtering is developed on the GSM-R MS side, but this is found not to be sufficient other measures or mitigation techniques need to be applied, e.g. additional filtering at interfering base stations side. Otherwise spectrum emission from public networks base stations will raise noise floor of GSM-R MS receiver and GSM-R MS will be blocked again. 

8 Conclusions

Annex 1: COEXISTENCE between GSM-R UL and UMTS900 UL
In this section, the impact of emissions coming from GSM-R terminals onto the mobile base stations deployed above is assessed. It is assumed a UMTS BS deployed in the first 5 MHz of the E-GSM sub-allocation. Compared to the ECC Report 96, the following analysis is developed based on real capabilities from NodeB 900.

Indeed, the some manufacturers are capable to provide base stations for which the blocking requirements are 10 dB better than the 3GPP specifications.
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It would mean that the real NodeB would meet a blocking level of -37 dBm for the first adjacent GSM-R channel. As it was done for the ECC Report 96 or the ECC Report 146, the blocking phenomenon is assessed for a base station closed to the railway line:
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	Propagation model used to assess the interference from GSM-R train mounted MS onto UMTS900 NodeB
	Distance between GSM-R train mounted terminal and UMTS900 base station (km)
	iRSS blocking (dBm) for a frequency offset @ 2.8 MHz between GSM-R and UMTS carriers

	Extended Hata Model (open area)
	0
	-41,1

	
	0.2
	-40

	
	0.4
	-33,6

	
	0.6
	-36.1

	
	0.7
	-37.5

	
	0.8
	-38,5

	
	1.2
	-42

	
	1.6
	-45.5

	
	1.8
	-47.2

	
	2
	-49.0

	
	2.4
	-51.2


Thus, it would mean that a UMTS BS deployed close to a railway line to cover the trains is suffering from interferences:

· On a distance that reach 1.8 km for a NodeB, which meets the blocking specifications requirements.

· Onto a few hundred meters for a NodeB which has better capabilities than the 3GPP specifications as defined above.

Then the minimum protection distance between the base station and the UMTS900 base station is assessed in order to estimate the areas where the UMTS 900 may be impacted by desensitization from GSM-R MS emissions. The extended Hata model for open areas is still considered as valid.
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· For a blocking capability of -47 dBm/200 kHz, the GSM-R train mounted MS are impacting the UMTS900 NodeB up to a distance of 2 km.

· For a blocking capability of -37 dBm/200 kHz, the UMTS BS are suffering from interferences up to a distance of 500 m.

Improving further the ACS figures at 2.8 MHz frequency offset would not change the compatibility as the unwanted emissions from GSM-R terminals would be then the limiting factor.

As the NodeB are implementing duplexer, their selectivity profile should be improved when the frequency offset is increased between the GSM-R and UMTS carrier. It would mean that a higher frequency offset would solve the issue of interferences from GSM-R train mounted onto UMTS base stations. Of course, the implementation of power Control mechanism would be beneficial as well to reduce interferences onto UMTS900 BS.

The analysis can be duplicated with LTE profile as both technologies present equivalent blocking characteristics.

Annex 2: ANALYSIS of compatibility between GSM-R dL and public cellular uL
In this section, the interference from GSMR (primary and extended bands) into public cellular (GSM/UMTS) base station receivers, at frequencies close to 915 MHz, is studies; its is shown that the interference from GSM-R base stations, operating in the primary GSM-R band (above 921 MHz) and in the extended GSM-R band (above 918 MHz), will not degrade the performance of GSM BSs but will degrade the performance of UMTS900 BSs, both operating below 915 MHz. Some remedies, which would permit the operation of GSM-R in the primary GSM-R and extended GSM-R frequency bands without degrading the performance of UMTS public cellular networks.

BSs are static; throughout this section, a deterministic approach, based on coupling loss equations rather than a Monte-Carlo approach, was used.

Terminology: 

PGSM-R:
primary GSM-R frequency band or GSM-R equipment operating in that frequency band

EGSM-R:
extended GSM-R frequency band or GSM-R equipment operating in that frequency band

GSM-R
any of the PGSM-R and the EGSM-R frequency bands or any GSM-R equipment operating either in the PGSM-R or EGSM-R frequency bands

BS:
Public cellular network base station

8.1 Summary of the previous compatibility studies

Interference from a CDMA – PAMR radio transmitter, operating in the band 917-921 MHz, into UMTS BS receivers at frequencies below 915 MHz was initially studied and reported in section 3.3.2.1 of ECC Report 96. The conclusions were that a separation distance in the range of 1.5 to 8km was required. 

8.2 Considered scenario

The frequency bands and channel arrangements under study are given in Figure 4 below.

The GSM and PGSM-R frequency plans are given in Par. 2 of TS 145 005 
 . It is assumed that this scheme will extend into the proposed EGSM-R bands. The UMTS frequency plan applicable to band VIII is shown in Table 5.1 of document TS 125 104 
.
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Figure 4: Frequency plan and channels around 915-925 MHz

The 4 scenarios considered are presented in the next table.

	EGSM-R transmitter at 918.2 MHz into GSM Receiver at 914.8 MHz

	PGSM-R transmitter at 921.2 MHz into GSM Receiver at 914.8 MHz

	EGSM-R transmitter at 918.2 MHz into UMTS Receiver at 912.6 MHz

	PGSM-R transmitter at 921.2 MHz into UMTS Receiver at 912.6 MHz



Table 1: Scenarios considered

8.3 Description of the environment

Figure 5 illustrates the specific case of the deployment of the BS next to the railway in the 900 MHz band. The GSMR base stations are placed along the railway. Note that some GSM base stations and UMTS base stations are also located along the railway. Indeed, in some countries it is mandatory for the operators to cover the users inside the trains.

It should be noted that if the GSM has always used the 900 MHz band, the UMTS BS are now being deployed in the 900 MHz band.

More far away from the railway and from the previous described sites, the black coloured sites are the other sites of the public network (UMTS and GSM). These sites cover the rural areas (for example) but are not able to provide in-train coverage.
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Figure 5: representation of the different sites around the railway

8.4 Method to calculate the maximum interfering power at a receiver input

The interference power at a receiver input can be expressed in terms of erosion of the receiver sensitivity. By definition, an erosion of receiver sensitivity (in dB) is equal to the increase in the total noise plus interference (in dB). 

The receiver noise floor without interference is given by
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If the receiver sensitivity is eroded by η dB then the interference plus noise power is given by 
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Therefore the interference power (() at the receiver input is given by:
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where ( is the erosion of receiver sensitivity (dB) due to the interference power, KT = -174 dBm/Hz, B is the bandwidth in Hz and NF is the receiver noise figure.

This formula is applied in below for the case of a GSM900 and UMTS900 victim for an erosion of receiver sensitivity (() of 0.5 and 1 dB.

	
	
	GSM
	UMTS

	KT
	dBm/Hz
	-174
	-174
	-174
	-174

	B
	Hz
	200000
	200000
	3840000
	3840000

	NF
	dB
	8
	8
	5
	5

	KTB + NF
	dBm
	-113
	-113
	-103
	-103

	Eroded receiver sensitivity η
	dB
	0.5
	1.0
	0.5
	1.0

	
	
	
	
	
	

	interference power γ
	dBm
	-122.1
	-118.9
	-112.3
	-109.0


Table 2: Derivation of permitted interference power at a receiver input (in the band of the receiver input)

8.5 Methodology to calculate receiver OOB emissions into the victim receiver 

TS 145 005 describes the out of band emissions that will arise from GSM transmitters in the frequency bands 918 – 960 MHz. Note that from section 4.2.1 (2nd sentence) the emissions mask does not apply beyond the relevant transmit band +- 2 MHz. 

From TS 145 005 Par 4.3.2.1 (page 31, middle table) the output power from a GSM-R BTS in the BTS receiving band is less than -89 dBm. The BTS receiving band is confirmed as 876-915 MHz from case (xi) of section 2 of TS 145 005.

This simplifies the calculation, since the OOB band power from a GSM-R BTS consists of a constant level independent of frequency or output power. 

In any bandwidth POOBTx = -89 + 10.Log(Channel BW/100 kHz)

Where POOBTx is the power presented to the antenna feeder at the transmitter due to OOB emissions and Channel BW is the bandwidth of the victim channel (200 kHz or 5000 kHz) 

IT should be noted that the same simplification cannot be applied to a UMTS transmitter; par 6.6.3 of TS 125 104 specifies that the OOB emission requirement applies at frequency offsets greater than 12.5 MHz beyond the highest or lowest carrier frequency. Therefore studies such as those contained in ECC report 96 are required to take account of the UMTS emissions mask.

8.6 Methodology to calculate receiver Adjacent Channel Selectivity

ACS can be derived from the blocking level. The blocking level is normally described as normal receiver operation when an interference level of I is applied simultaneously with a wanted signal of RxSensitivity + η. Therefore the applied interference may be referred to the receiver input at the receiver input to give rise to an erosion of receiver sensitivity of η dB.

The receiver Adjacent Channel Selectivity can be derived from the appropriate equipment specification or from the blocking level. This is normally specified as a wanted signal level at which the normal receiver characteristics shall be maintained, when in addition an interferer of a given power is applied.

For a GSM BS receiver, clause 5.1 of ETSI TS 145 005 gives the blocking specification. This states that channel performance shall be maintained for a wanted signal 3 dB above the reference sensitivity when an interfering signal, of -16 dBm for 800 kHz<Δf<3 MHz and -13 dBm for Δf > 3 MHz, is applied. The interference effectively degrades the receiver sensitivity by 3 dB.

For a UMTS900 BS receiver, clause 7.4.1 of TS 125 104 gives the receiver adjacent channel selectivity. This states that a Bit Error Ratio (BER) of 0.001 shall be maintained for a wanted signal of -115 dBm and a Wideband Code Division Multiple Access (WCDMA) modulated interfering signal 5 MHz off set (i.e. in the band 915 - 920 MHz), with mean power -52 dBm. The wanted signal is 6 dB above the reference sensitivity, therefore the interferer effectively degrades the receiver sensitivity by 6 dB.

Table 7.4 of TS 125.104 (Case viii) gives the blocking specification for a UMTS900 BS receiver. This states that a BER of 0.001 shall be maintained for a wanted signal of -115 dBm and a WCDMA modulated interfering signal 10 MHz off set (i.e. in the band 920 - 921 MHz), with mean power -40 dBm. The wanted signal is 6 dB above the reference sensitivity, therefore the interferer effectively degrades the receiver sensitivity by 6 dB. 

Table 7.5 of TS 125.104 (Case viii), gives the blocking specification for a UMTS900 BS receiver. This states that a BER of 0.001 shall be maintained for a wanted signal of -115 dBm and a narrow band modulated interfering signal 2.8 MHz off set, with mean power -47 dBm. The wanted signal is 6 dB above the reference sensitivity, therefore the interferer effectively degrades the receiver sensitivity by 6 dB. 

The ACS is given by:

ACS= Pinterferer -10.Log(1.38.10-23.290.BHz) – nf -30 - 10.Log(10(M/10)  - 1) 

 (Equation 1)
Where 

Pinterferer is the applied interference 

BHz is the receive channel bandwidth in Hz

nf is the receiver noise figure in dB

M = wanted signal – RF sens in dB
Table 3 below shows the calculation of the ACS for GSM and UMTS as victim and considering different frequency offset with the interferer.
	
	

	Victim System
	GSM
	GSM
	UMTS
	UMTS
	UMTS

	Interferer frequency range (MHz)
	915.6<F<917.8 
	F>917.8 
	915<F<920 
	920<F<925 
	F>915 

(narrow band interferer)

	REF Sens
	-104
	-104
	-121
	-121
	-121

	wanted signal
	-101
	-101
	-115
	-115
	-115

	Pinterferer
	-16
	-13
	-52
	-40
	-47 (1)

	M = wanted signal - RF sens
	3
	3
	6
	6
	6

	BS nf
	8
	8
	5
	5
	5

	B
	2.00E+05
	2.00E+05
	3.84E+06
	3.84E+06
	3.84E+06

	PN=10*log(1.38e23*290*B)+NF+30
	-112.967
	-112.967
	-103.134
	-103.134
	-103.134

	P interference allowed in the band = PN+10*log(10^(M/10)-1)
	-112.988
	-112.988
	-98.390
	-98.390
	-98.390

	ACS=Pinterferer-P interference allowed in the band
	97.0
	100.0
	46.4
	58.4
	51.4


Table 3 : Calculated values of ACS

(1) : table 7.5 of doc 25104 for wide area BS. Minimum offset of interfering signal: 2.8 MHz.

The ACS for the scenarios under consideration (Table 1) can therefore be deduced from the Table 3:

	Interferer frequency (MHz)
	Interferer system
	Victim frequency (MHz)
	Victim system
	ACS (dB)

	921.2
	GSM-R
	914.8
	GSM
	100

	918.2
	EGSM-R
	914.8
	GSM
	97

	921.2
	GSM-R
	912.6
	UMTS
	58

	918.2
	EGSM-R
	912.6
	UMTS
	46

	918.2
	EGSM-R
	912.6
	UMTS 
	51

(considering the interferer as narrow band)


Table 4: ACS for the scenarios considered

8.7 General method for calculating the effect of interference across a frequency boundary

In this paragraph, a general method for calculating the effect of an interferer on a nearby receiver is developed, based on a summation of the power due to out of band emission and Adjacent Channel Selectivity.

Out of Band emissions are emissions on a frequency or frequencies immediately beyond the necessary bandwidth which result from the modulation process. Because these emissions lie in the receiver bandwidth, they are not in any way attenuated by the receiver.

Adjacent Channel Selectivity (ACS) is a measurement of a receiver's ability to process a desired signal while rejecting a strong signal in an adjacent frequency channel. ACS is defined as the ratio of external interference to the interference referred to a receiver input. ACS can not be measured directly because the filtering arises within a receiver.

Formally, if the permitted power (in order to achieve a particular erosion of receiver sensitivity) is ( dBm (from Table 2) then: 

( = 10.Log10 { (10((Ptx – ACS)/10)  +  10(POOB /10) }- PL(D) + AgRx – FlRx 
(Equation 2)

Where

Ptx is the transmitter amplifier power 

ACS is the Adjacent Channel Selectivity at the victim receiver

POOB is the Out of band emission power (EIRP) within the victim bandwidth at the transmitter

PL(D) is the path loss

For free space PL(D) = 20*Log10(F MHz) + 20*Log10(D m) – 27.56

AgRx is the Receive side antenna gain

FlRx  is the receive side feeder loss

This can be rearranged to give Distance or Ptx.

8.8 Method to calculate an EIRP as a function of distance from the transmitter

According to the TS 145 005, the OOB interface power from a transmitter will be a steady value per 100kHz, which means  that the interfering power is not related to the transmitter out put power or frequency.

The interfering power at the victim receiver, due to the spurious emissions, is given by: 

PinOOB  = POOBTx – FlTx + AgTx – PL(D) + AgRx – FlRx 

(Equation 3)

Where:

PinOOB  is the power arising at the receiver due to OOB emissions

POOBTx is the power presented to the antenna feeder at the transmitter due to OOB emissions 

FlTx is the feeder loss at the transmit side

AgTx is the antenna gain at the transmit side

PL(D) is the path loss as a function of distance

AgRx is the antenna gain at the receive side

FlRx is the feeder loss at the receive side

If the permitted power, in order to achieve a 1 dB erosion of receiver sensitivity, is ( dBm (from Table 2) then 

{( - PinOOB} gives the power which is available for interference due to ACS.

The curly brackets indicate that the subtraction must be undertaken linearly: 

{( - PinOOB} = 10.Log10 { (10((/10)  -  10 (PinOOB /10) }

(Equation 4)

Which may equal

{( - PinOOB} = EIRP  – PL(D) + AgRx – FlRX – ACS

(Equation 5)

Where additionally:

Pi is the transmitter amplifier power 

ACS is the Adjacent Channel Selectivity at the victim receiver

EIRP = { (()  - (POOBTx – FlTx + AgTx – PL(D) + AgRx – FlRX)  }+ PL(D) - AgRx + FlRX + ACS (Equation 6)

8.9 Application of the method to calculate an EIRP as a function of distance from the transmitter

Free space propagation model

For free space PL(D) = 20*Log10(F MHz) + 20*Log10(D m) – 27.56
· GSM as a victim
Table 5 gives the different parameters and results of the calculations when considering GSM as a victim. 
	
	GSM victim at 914.8 MHz

	(
	-118.9 dBm

	POOBTx
	-86 dBm/200 KHz

	FlTx
	3 dB

	AgTx
	15 dB

	PL
	71.7 dB for a GSM victim receiver at 100 m

	AgRx
	15 dB

	FlRx
	3 dB

	ACS
	100 dB

	EIRP
	40.7 dBmi


Table 5: parameters and calculated PL and EIRP for a GSM BS victim

Thus, useful power is available from a GSM-R or EGSM-R transmitter if the distance from a GSM BS is greater than 100m. A distance of 100m and free space propagation between the EGSM-R or GSM-R BS and a victim GSM BS have been considered; as reasonable for uncoordinated planning for the GSM, GSM-R and EGSM-R networks.

· UMTS as a victim
The different parameters of the calculation for a UMTS BS as a victim are given in the next table.

	
	UMTS victim at 912.6 MHz

	(
	-109 dBm

	POOBTx
	-73.2 dBm/3840 kHz

	FlTx
	3 dB

	AgTx
	15 dB

	AgRx
	15 dB

	FlRx
	3 dB

	ACS
	46 or 58 dB (from Table 4)


Table 6: parameters for a UMTS BS victim
The EIRP is evaluated in Figure 6 for the case of a UMTS victim channel centered at 912.6 MHz and different values of separation distance and ACS.
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Figure 6: EIRP from a GSM-R or EGSM-R transmitter as a function of ACS and separation distance with free space propagation model

Recall that the ACS of a UMTS BS facing a GSMR BS is 58dB and the ACS of a UMTS BS facing an EGSMR BS is 46 dB. Figure 6 shows that only low powers can be achieved in the GSMR and EGSMR frequency bands at typical separation of 100m and with un-enhanced receiver ACS. 

An alternative propagation model

The dual slope propagation model  
  has been used in similar studies of BS to BS interference 
  
, as this takes into account reflections and attenuations due to nearby buildings.

The model may be defined as:

Path Loss = 20*Log10(F MHz) + 20*Log10(D m)  - 27.56 for D =< D break
Path Loss = 20*Log10(F MHz) - 20*Log10(D break) + 40*Log10(D m)  - 27.56 for D > D break
Where Dbreak = (4/300)*F MHz*(HTx – HBuild)*(HRx – HBuild)

HTx = Transmit antenna height above local ground (m)

HBuild = average roof line height above local ground (m)

HRx = Receiver antenna height above local ground (m)

Typical values:

HTx = 30 m

HBuild = 24 m

HRx = 30 m

F = 912.6 MHz

Gives DBreak = 438m

The revised plot of EIRP versus antenna separation - calculated in the same way as for Figure 6- is shown in Figure 7 below:
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Figure 7: EIRP from a GSM-R or EGSM-R transmitter as a function of ACS and separation distance with dual slope propagation model

This gives a more useful result suggesting that a useful power of around 40dBm is obtained for a EGSM-R BS (victim ACS = 46dB) at a separation distance of around 3km and useful power is obtained for a GSM-R BS (victim ACS = 58dB) at a separation distance of around 2.5km. 

8.10 Desensitisation of the UMTS BS due to ACS for a rural case

The interference arising at the receiver from OOB emissions can be compared with the limit value of interference (. It can be shown that the interference from OOB emissions is only a small fraction of the total interference (. For example, at 100m spacing, the interfering power arising at a UMTS receiver is -120.9 dBm, whereas the power allowed for a 1dB erosion of receiver sensitivity is -109 dBm. Therefore the main influence on the performance of the victim receiver is ACS rather than OOB.

This is why focus is put on the desensitisation of the UMTS BS receivers by the EGSM-R BS transmitters due to ACS (the OOB is not taken into account). Focus is brought to the interferences from the EGSM-R. 

The Minimum Coupling Loss (MCL) is calculated, as well as the minimum Path Loss (PL) and the minimal allowed distances (D) between interfered receiver and the interferer transmitter for a given EIRP (60 dBm).

The formula to calculate the Path Loss is the following one:

PL=PTx+AgTx-FlTx+AgRx-FlRx-P interf allowed

With : 

PTx : transmitted power in the transmitter bandwidth

AgTx : antenna gain of the transmitter antenna

FlTx : feeder loss on the transmitter side

AgRx : antenna gain of the receiver antenna

FlRx : feeder loss on the receiver side

P interf allowed : power allowed at the receiver in the interferer band

P interf allowed=ACS+ γ
The formula to calculate the MCL (Minimum Coupling Loss) is the following one:

MCL= PTx -Pinterf allowed

D (km) is the distance calculated thanks to the alternative propagation model described in the document.
The parameters used in the calculations are given in the Table 7.

The heights of the transmitter and of the receiver (45 m) and the transmitter antenna gains (18 dBi) are rather high: these values are relevant for rural environments. 

	PTx
	45 dBm

	AgTx
	18 dBi

	FlTx
	3 dB

	AgRx
	18 dBi

	FlRx
	3 dB

	
	

	Htx
	45 m

	Hbuild
	24 m

	HRx
	45 m


Table 7: parameters used for the MCL calculations

Table 8 highlights the results of this worst case calculation. 

Using a free space propagation model would give very high distances between the two antennas (between around one hundred km up to nearly three hundred km following the considered case). It has to be noted that for such distances, the free space model is not appropriate since the first Fresnel ellipsoid would be obstructed. For example, for a 111 km distance, the ellipsoid radius in the middle of the path would be 95 m what means that, for a 45 m base station antenna height, the free space model would not fit. This is why the alternative propagation model presented above is used. With such a model, the distances are still high (between 25 km up to 39.7 km).

The MCL are especially interesting to look at, as they don’t take into account the antenna gains neither the feeder losses (see
Figure 8
).

These MCL values are also quite high (between 102.6 dB and 111 dB following the case) and again it shows that the desensitisation of the UMTS BS by the EGSMR BTS should be a real problem.

	
	ACS for a wide band interferer
	ACS for a narrow band interferer

	Erosion of receiver sensitivity
	1 dB
	0.5 dB
	1 dB
	0.5 dB

	ACS
	46 dB
	46 dB
	51 dB
	51 dB

	γ
	-109 dBm
	-112.3 dBm
	-109 dBm
	-112.3 dBm

	Pinterf allowed
	-63 dBm
	-66 dBm
	-58 dBm
	-61 dBm

	
	
	
	
	

	PL (1) (dB)
	138 dB
	141 dB
	133 dB
	136 dB

	MCL (2) (dB)
	108 dB
	111 dB
	103 dB
	106 dB

	D (3) (km)
	33.4 km
	39.7 km
	25 km
	29.8 km


Table 8: summary results of the MCL calculations

(1) : Path Loss 
(2) : Minimum Coupling Loss

(3) : Distance


Figure 8
 shows the EGSM-R BS and the UMTS BS. It also describes the definition of the Path Loss and of the MCL when the maximum antenna gains of the two antennas are facing each other.
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Figure 8: definitions of Path Loss and MCL (worst case: maximum of antenna gains facing each other)            

8.11 Methods for enhancing coexistence 

In this paragraph we show some solutions which would permit useful power in the GSM frequency bands without degrading the performance of public cellular networks. The remedies are not presented as prescriptive. It is for national administrations to determine the security of service of licensed services and what remedies should be implemented. 

· To change the filters of the UMTS BS receivers (increase the ACS)

Figure 6 shows the permitted transmitter power versus antenna to antenna spacing taking into account interference powers due to ACS plus the out of band emissions. It is seen that an ACS of around 90 dB at a UMTS BS receiver is required to give useful power from the GSM-R BSs. This implies that filtering is required at the receiving UMTS BS to enhance the ACS. An ACS enhancement of 90-46=44 dB is required if the offending transmitter is in the EGSM-R band and an enhancement of 90-58=32 dB is required if the offending transmitter is in the PGSM-R band. 

However filter design is challenging; attention must be given to the error vector magnitude requirement for the receiver. It would be necessary to assess the feasibility and the impact of such filtering requirement in terms of extra-cost and UMTS performance capabilities bearing in mind that  manufacturers are proposing nodeBs with capabilities improved from the standard requirements (noting that the improvement of the characteristics of real equipments compared to the standards are confidential and manufacturer dependant). Furthermore, the insertion losses of the new filters would affect the link budget, the coverage and the capacity of the existing UMTS900 network. Also the UMTS BS may be in service and it could be a problem for the operators to shut down a network to change the filters.
However, it is noted that this solution requires action from the victim rather than the aggressor; therefore, it would be up to the national administration to determine if this solution could be envisaged; taking into account the UMTS coverage obligations and national priorities. Indeed in some countries, for example in France, the UMTS 900 MHz is already partly deployed and should reach a very high coverage percentage in the near future (at least 98 % of population coverage in 2012). It would thus be rather problematic to constraint the UMTS 900 MHz service by introducing new receiver filters as it would prevent mobile operator to fulfil its coverage obligations associated to the authorisation granted in 2001-2002. 
· to increase the carrier separation between the two systems (this carrier separation is currently 3 MHz )

Operators could agree mutually, or the regulator could impose, increased guard band between the GSM-R/EGSM-R down link and the UMTS up link. This would not remove the need for additional measures, such as receive side filters or coordination, but it would ease the situation. However additional guard band reduces spectrum efficiency; operators may be reluctant to give up spectrum unless there is business benefit.

· Coordinated build
Direct coordination between the GSM-R operator and the affected UMTS900 operator may be a suitable way of managing interference between GSM-R BSs and UMTS BSs. From Figure 7, the distance at which GSM-R and UMTS operators should coordinate BS build is roughly 3km (but in a rural case, from Table 8, this distance could be higher). 

Figure 9 shows a site coordination that should be avoided. In this case, an antenna of the GSM-R extended band site is in front of the antenna of the UMTS site. This case should be avoided because it would cause blocking of the UMTS BS due to the GSM-R extended band BS. 
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Figure 9: Prohibited site coordination

A preferred coordination solution between a GSM-R extended band and a UMTS BS could be based on the illustration described in Figure 10: the UMTS site and the GSM-R extended band site should be located on the same side of the railway. In this case, the interferences between the two systems could be acceptable.

[image: image39.wmf]KTBNF

10

10mW

+


Figure 10: recommended site coordination

In fact, the UMTS and the GSM-R extended could be co-localised or no co-localised.

· Co Location of sites
In the specific scenario where the sites are co-localised, the antennas of the two systems can be isolated by increasing the distances between the antennas on different vertical planes (horizontal distances).

Figure 11 shows the decoupling between two antennas (pointing in parallel directions) versus the horizontal separation between the antennas for a 900 MHz antenna and for a 1800 MHz antenna. One can see from that figure that for a 3 m horizontal separation distance between the antennas, the decoupling (isolation loss) would be slightly below 46 dB for a 900 MHz antenna. This value is much lower than the MCL values presented in which values are all higher than 100 dB. This means that if the co-localisation of the EGSM-R BS and UMTS BS would improve the coordination between the systems, it would be far from being sufficient to prevent the blocking of the UMTS BS receivers by the EGSM-R BS transmitters. 
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Figure 11: decoupling between two antennas

· Antenna alignment

An important aspect of coordinated build is ensuring that the antenna bore sights are at an angle relative to each other. 

In the worst case a GSM-R transmit antenna may be bore sight aligned with a UMTS BS receiving antenna. However in many situations, where operators are able to coordinate, advantage may be taken from the fact that the antennas are not aligned. It is reasonable to assume that the UMTS BSs antenna configuration may appear as omni directional, but the GSM-R antenna may be directional. 

[image: image12.png]



Figure 12: example of alignment between GSMR and UMTS BS antennas 
(from Fig A2.1 of ECC Report 96)

Generally speaking, a GSM-R BS antenna configuration will consist of 2 narrow beam antennas, with a back to back configuration. The UMTS BS must  lie somewhere in the arc +90 to -90 degs around a GSMR BS in which case the azimuth of the GSMR antenna will offer some attenuation of the interfering signal.


Figure 13
 below shows the azimuth Radiation Pattern Envelope (RPE) for a typical 33 degree horizontal beam width antenna.
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Figure 13: Typical GSM antenna azimuth characteristic.  

(from Andrews LBX-3316DS-T0M DualPol® Antenna, 806–960 MHz, 33° horizontal beamwidth, fixed electrical tilt)

[image: image14.emf] 

0

20

40

60

80

100

120

0 5 10 15 20 25 30 35 40

Percentage of aziumth arc that equals or exceeds the 

ordinate value

Attenutation relative to bore sight dB


Figure 14: percentage of the arc -90 to +90 degrees where the attenuation relative to the bore sight gain exceeds the abscissa value

From the RPE, it is possible to deduce that 43 % of azimuths in range -90 to -90 degrees offer attenuation greater than 20dB relative to the bore sight gain. This may not remove the necessity of providing some filtering at the BSs but should make the requirement more manageable. 

· Coordinate the frequency planning of GSM-R network and mobile networks

Coordination of the frequency planning would enable operators to avoid frequency conflicts at adjacent base stations.

· Introduction of the Power Control mechanism in the GSM-R network
The Power Control mechanism in the GSM-R network would enable to decrease the average power of GSM-R Base Stations and thus, reduce the coexistence issues.  

However GSMR networks normally operate without power control to ensure that any broadcast messages reach all mobile stations. 

Note: in a GSM network (on which model is based a GSM-R network), the broadcast channel is the BCCH, and even if it is not power controlled, the GSM specifications able the power control for the others channels (traffic channel: TCH) for the mobiles but also for the base stations.
· Receiver diversity
Receiver diversity can improve the C/I ratio by between 3 and 6 dB, which is not sufficient to permit unrestricted build of GSMR and UMTS networks.

· Power Limit
Finally, the EGSM-R EIRP and power should not exceed the EIRP and power shown in Table 9 below if one wants the UMTS BS to work properly for a 46 dB coupling loss (CL); that is to say in the case of a 3 m horizontal separation between the EGSM-R BS transmitter antenna and the UMTS BS receiver antenna-see Figure 11).

As already mentioned above, the main influence on the performance of the victim receiver is ACS rather than OOB. Furthermore, if we consider that,  reasonably,  the out of band emissions may be at less value than specified; then the formula to calculate the EGSMR power for a given CL isolation loss is :

EGSMR power=CL+ Pinterf allowed (from Table 2)+ ACS (from Table 6) 

Giving, for the so-called rural case, values for maximum EIRP in Table 9 below:

: 

	
	Using the ACS of the UMTS receiver to calculate the allowed signal level
	Using the narrow band interferer channel selectivity of the UMTS receiver to calculate the allowed signal level



	· 
	EIRP

	Power
	EIRP
	Power

	desens :0.5 dB
	-5 dBm
	-20 dBm
	0 dBm
	-15 dBm 

	desens :1 dB
	-2 dBm
	-17 dBm 
	3 dBm
	-12 dBm 


Table 9: EIRP and power of the EGSMR BS for a good functioning of the UMTS BS receiver (these results are obtained with the parameters used for the rural case: see Table 7)
And Figure 6 considers the permitted transmitter power a versus antenna to antenna spacing for the case of summed  interference powers due to ACS plus out of band emissions. It can be shown that, for an antenna to antenna spacing of 100m, an EIRP of -3.7 dBm from a single transmitter in the EGSM-R band and 8.3 dBm in the PGSM-R band is sufficient to ensure that the erosion of UMTS receiver sensitivity is less than 1 dB. This would allow uncoordinated build of PGSMR/EGSM-R and UMTS BSs with antenna separations greater than 100m.

These EIRP and powers would be too low for the E-GSM-R to give useful coverage. However, introducing the downlink Power control within GSM-R, especially in the urban/sub-urban environments, would enable to decrease the average power of GSM-R Base Stations and thus, partially fulfil the previous requirements.
· Use of the E-GSM-R band
It is preferable to use the E-GSM-R band for TCH and the GSM-R band for BCCH and TCH, noting that the power control can only be activated on the TCH.

Annex 3: Experience based on reported or measured interference cases
8.12 Overview of GSM-R quality of service problems in Europe

NOTE: Consistency should be ensured between this overview section and rest of the Annex 3 dealing with national situations. All the categories, e.g. of different interferences, should be clearly defined.]
This overview provides information gathered from 8 railways having already implemented GSM-R about existing interference problems.

Information about the exact locations is stored in an UIC database, but is confidential and need the permission of the national railways before publication.

The extract describes impact on voice and data services. It has to be noted, that ETCS, the future radio-based signalling system for railways, which uses data services is in most of these countries not yet in operation. It is therefore expected, that the impact of interferences will be much more critical in the future. 
Reported QoS disturbances cases 

An inventory of all cases of QoS interferences reported by railways has been made.

Up to now, 427 cases have been reported by the railways (Belgium 25; Finland 152; France 12; Germany 222; Norway 13; Sweden 1; Spain 1; UK 1).
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Figure 15: Reported QoS disturbances (Country accumulated) 

The database gathering all this information is maintained by UIC. New inputs are welcome!
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Figure 16: Reported QoS disturbances (Quarter accumulated) 

The reported detection times range from 2003 up to 2010. 

A sharp increase of the number of cases can be observed in 2009. It can be partly explained by the increasing number of GSM-R networks entering commercial service, thus augmenting the sensitivity of Railways to QoS perturbations.

Concurrently, the growing awareness of QoS issues is probably leading to deeper investigations.

The apparent “decrease” of number of cases in the most recent quarters is likely due to the reporting timeframe associated to the complex and long lasting processes involved from the time of first detection of the QoS issue to the confirmation of measurements and root cause identification.  

Also, the fact that several railways have been conducting massive countrywide measurements is contributing to some peaks in quarterly QoS disturbances detection. 
Other networks are only launching investigations when a problem is reported.

[image: image17.emf]Reported QoS disturbances (Country accumulated)

E-GSM

83,6%

IM3

4,7%

Other P-GSM very high 

power

0,2%

GSM Public band

4,7%

Probably GSM Public 

band

1,2%

GSM

3,1%

Other (unknown)

2,6%


Figure 17: Identified causes of QoS disturbances 

Nevertheless, the major contributor to the sharp rise of the number of QoS disturbances cased is probably the increasing use of adjacent frequency bands.

The identified cause is predominantly E-GSM.

Unsurprisingly, the impact of 3G & 4G wide band systems is not yet visible, since commercial deployments are still very recent and of limited extent.

However, it is expected to increase sharply, since the first UMTS900 commercial wireless networks are now being rolled out on a wide number of sites.

Voice services are heavily impacted. Voice is the main operational service deployed on every single GSM-R site, and the most intensively used.
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Figure 18: Impact on voice services 

The impact of QoS disturbances on voice services are deemed as critical or major for 94,4% of cases.

	Severity of voice impact
	Total
	

	Critical
	178
	41,8%

	Major
	224
	52,6%

	Minor
	10
	2,3%

	Not assessed
	14
	3,3%

	Total
	426
	100,0%


Table 1: Statistics of the severity of the voice impact
The impact on data services is perceived as much lighter, at the present time.

Such a result is linked to the fact that there are only a very few stretches of lines with ETCS in service, nearly all of them located countryside.
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Figure 19: Impact on data services 

	Severity of data impact
	Total
	

	Critical
	1
	0,2%

	Major
	1
	0,2%

	Minor
	1
	0,2%

	No data impact
	25
	5,9%

	Not yet relevant
	398
	93,4%

	Total
	426
	100,0%



Table 2: Statistics of the severity of the data QoS impact

Last, the location of reported QoS disturbances is clearly from urban areas.
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Figure 20: Location of reported QoS disturbances 

Several conclusions can be drawn from this analysis.

There are over 400 cases of reported QoS interferences across Europe.

The real number of cases is probably much higher, since GSM-R networks progressively enter operational status. Voice services are more often impacted than data services, for the very reason that voice is the basic service used everywhere, whereas data & ETCS applications are less widely used today. 

The main source of QoS disturbances is coming from commercial operators using the E-GSM band. Issues are mostly located in urban areas.

Trend show clearly a sharp rise of cases against time. 

It is expected that this will continue, due the ever increasing use of both GSM-R and commercial spectrum. The roll out of 3G & 4G wireless networks is also very likely to contribute a lot.

The monitoring of the evolution will be ensured through the maintenance of the QoS disturbances database by UIC, on a periodical basis. 

8.13 Experiences in Germany

Germany started deployment of GSM-R in 2002; today Germany is the country in Europe with the biggest GSM-R network. At least 24.000 km of tracks are equipped with GSM-R and in operation. Because of this huge GSM-R network deployment Germany faces a lot more interference situation compared to any other countries in Europe. To analyze the nature of these interferences the Federal Network Agency of Germany conducted measurements of 93 interference cases to evaluate the interference from public cellular mobile systems into GSM-R networks. The result of the campaign showed that in 65% of all cases the blocking characteristics of the GSM-R receivers were the reason or at least part of the reason for the interference.

Interference purely based on IM3 products were only detected in 5% of all cases. It has to be noted that interference from IM3 products can be permanent if only permanent channels are the intermodulating channels or temporary if only TCH channels intermodulate with each other or with permanent channels.

The results concerning practical measurements and possible mitigation measures are shown in section 6.

The interference to GSM-R in Germany is coming from emissions from E-GSM and P-GSM. In February 2010 at more than 200 locations of the German GSM-R network interference exists from public mobile operators. The reaction of the GSM-R System is dropped calls and / or network loss.
8.14 Experiencies in France

8.14.1 Introduction

The French GSM-R network roll-out started in 2005 with the pilot line (first phase under services since 26th March 2006). It has to be noted that, so far, only 2500 km of railways are equipped with GSM-R. The aim is to cover 14000 km of railways within 5 years.

During the tests and commissioning of the 2nd phase (November 2006), several problems GSM-R of quality of service were detected mainly at the exit of Paris ("La Villette"). The quality of service of GSM-R in this area (400 m) was very bad (RXQUAL = 7 and drop calls), the problem was qualified as critical for GSM-R.

The first investigation shows the presence of E-GSM frequencies in this area with a very high level while in the same time, a GSM-R field strength level quite low.

Some other areas (4 areas) presented the same issues (in suburb of Paris) with less impact on railways operations.

The additional investigation has reached a point where the causes are now understood (see the annex for a more detailed description of the interferences). This has driven a series of actions to review the radio design to address these issues.
8.14.2 Problem description

The area of "La Villette" (at the exit of the North part of Paris) is characterized by the presence of a public GSM site close to the railways. The distance separation between the site and the railways is about 50 meters. 

The first radio tests (done in November 2006) showed a maximum level above -13 dBm from E-GSM while GSM-R level was around -70 dBm. According to 3GPP TS 45.005, blocking conditions were reached. The complementary investigation concluded that:

· GSM-R test mobile was in accordance to the 3GPP technical specifications

· E-GSM site was in accordance to the 3GPP technical specifications and respected the maximum radiating power

· both networks are fulfilling the essential requirements of the Harmonised Standards

The main consequences are relating to satisfactory use of GSM-R: the traffic in the area of “La Villette” is very intensive (exit of “Gare de l’Est” with “TGVEE”, main line trains, suburb trains...). The platform includes 6 railway lines: if a train has to stop (for operational reasons) in the middle of the platform with no GSM-R system available, the driver cannot use the phones along the railways and he cannot reach the operations centre.
8.14.3 Possible solutions

Several solutions have been implemented in this area:

· After discussions, the E-GSM operator accepted to activate downlink power control on its network

· Modifications of antennas for GSM-R sites: use of high gain antenna (21 dB in replacement of 17 dBi) in order to increase the GSM-R received level

· Increase of the power of GSM-R BTS (BS TX Power max from 35 dB to 43 dBm).

For the other areas, the activation of downlink power control from the E-GSM operator was sufficient to reduce the bad quality area (maximum RXQUAL=5 in a short area), the quality is sufficient for voice applications (but not enough if, later on, ETCS has to be implemented in these areas). No additional modification has been done.

The consequences of these solutions are as follows:

· No drop calls

· Geographical roots of the calls (Location Dependent Addressing) are not completely respected according to the functional constraints (the location of the hand-over moved outside the area initially defined after the BTS adjustments of the antenna system and the radiating power).

Warning: These solutions were possible because the RF radiating power was not at the maximum in this case and the antenna system could be optimized. 

Another solution consists of detailed investigation before GSM-R roll-out in order to detect and to identify E-GSM sites closed to the railways. 

8.15 Measurement campaign in Finland

Finnish GSM-R network project was getting ready at end of year 2008 and measurement campaign started at the begin of year 2009. During measurement we noticed about 200 blocking places in railways and all those where from public GSM900 base stations. Typically those places were on high populated urban and suburban areas where public 900 MHz operators are lacking out of frequencies and they install base stations at moderately low height (<40m) in Finnish scale. So this blocking problem will be much wider in Central Europe, where almost everywhere low (less than ~40 m) antenna heights are used for public base stations.

Measurements were made by using two 8 W GSM-R cab radio modules and a frequency scanner. One GSM-R MS was connected straight to 0 dBi rooftop antenna and one GSM-R MS was equipped with blocking improvement filter between it and 0 dBi rooftop antenna. Frequency scanner measured all 900 MHz downlink frequencies with a 200 kHz channel raster and it was equipped with measurement filter for the downlink frequencies of the 900 MHz band.

Blocking places were detecting by following downlink quality of GSM-R MS without filter. If only that MS suffered bad downlink quality but another MS with filter did not and scanner indicated high signal levels from public 900 MHz operators, then it was counted to be a blocking place.

8.15.1 Today’s blocking requirement and blocking signals in practice

In GSM specification (45.005?, to be check) are defined blocking requirements for unmodulated CW signal and often this is also used to describe blocking performance against real signals like GSM or UMTS. Using blocking values with CW signals to real signals leads to a difficult situation: calculations show that there is no problem but in practice there are problems. Today’s receivers are direct conversion receivers and those have a capability to filter out intermodulation product from high level CW signals. Intermodulation products from CW signals are similar like receiver's own leaking local oscillator signal in signal path. 
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Figure 3. Effects of narrow interferer signal can be filtered out in direct conversion receiver 

In GSM specifications (45.005?, to be check) are defined also intermodulation characteristics. It says that GSM-R MS tolerate two interfering signals where both are on the level of -43 dBm. One of the signals is CW signal and the other is like a GSM signal. Frequency offsets of interfering signals are set so that IM3 will hit over serving cell signal. In practice, the probability to have this frequency combination is not so high when GSM signals are interfering. When interferer signal is an UMTS signal, then probability to have direct hit is much higher.

In Finnish GSM-R measurements we have noticed that GSM-R MS starts to suffer blocking from public base station when interfering signals are on the level of -35…-30 dBm. Next is an example of GSM-R cab radio behaviour on blocking situation: first is signal level of serving GSM-R cell, then it is downlink quality of mobile without blocking improvement filter, then it is downlink quality of GSM-R MS equipped with blocking improvement filter and last one is signal levels from public GSM operators.
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8.15.2 Blocking behaviour when UMTS signal is interfering signal

In November 2007 we measured in NSN laboratories blocking performance of all GSM-R cab radio which were on the market against UMTS900 signal. Serving cell signal had HT100 fading profile and with frequency offsets of 2.8 and 4 MHz signal level in measurements was higher than -101 dBm to avoid the effect of leaking noise of UMTS900 base station signal. So values in table below are scaled to on serving cell level of -101 dBm.
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Results show that there is quite much of variation on mobiles when the interfering signal is a real UMTS900 signal.

8.15.3 Coupling loss between public base station and rooftop antenna at railways

Many interference cases in practice are depending of coupling loss between interfering base station and rooftop antenna at railways. During our measurements in Finland, we measured signal levels from public GSM base station up to -13 dBm. This means that coupling loss between 900 MHz base station to rooftop antenna at railways could be low as 56 dB. This certain place was not unique and similar places could be in many countries. 

8.15.4 Relation between spectrum emission and resistance of blocking

It should be noted that blocking of GSM-R MS may happen because of two reasons: high level signal will jam the receiver of GSM-R of spectrum emission of public base station will raise the noise floor and therefore desensitize the receiver of GSM-R MS. Important thing is, both factors should be in balance. It makes no sense to improve one part if another part will override another.

8.16 Measurements in Sweden 

During 2010 several operators of the UMTS 900 band will start operation. Several of the operators will use LTE access technology and others will initially use HSPA eventually switching over to LTE.

In order to understand the problems of existing GSM-R installations exposed to the wide band technologies used, Swedish Railway Administration  (after 2010-04-01, Swedish Transport Administration) made lab tests primarily to assess MS capabilities.

It was understood that OOB emission from wide-band technologies would cause interference to the GSM-R MS. However, it was less evident that the GSM-R MS blocking characteristics would have a predominant impact of GSM-R traffic.

8.16.1 Measurement of a number of GSM-R MS

Five different vendor equipments where measured in order to understand their blocking characteristics using  DL - signals form a single UMTS-900 transmitter.

The measurement setup consisted of a UMTS 900 NodeB operating in WCDMA mode terminated into a high power attenuator from which appropriate and variable signal levels could be extracted and combined with wanted GSM-R traffic signals of known levels.

The GSM-R traffic which was conducted at mid-GSM-R band (923,0 MHz DL and 878 MHz UL), consisted of a simple telephone conversation.

The UMTS-900 signal was operating at 927.6 MHz (centre frequency) in the low part of UMTS-900 band. Its level was increased until a “lost-network” situation of the GSM-R traffic was experienced. This state is typically occurring in GSM when Received Quality (RX-qual) is higher than 6 or when signal to interference ratio (C/I) approaches 0 dB.

The UMTS-900 signal level for this situation to occur varied only slightly between the different vendor equipments. 

When operating the GSM-R traffic at minimum signal levels according to ERTMS requirements, the UMTS-900 -signal was on average found to be at – 36 dBm/ 5 MHz for the different vendor equipments.  For real ETCS-traffic, a C/I of 12 dB is needed, which means that the interfering UMTS-900 signal level must be less than – 40 dBm/5 MHz.

8.16.2 Impact on GSM-R traffic exposed to UMTS 900 

Due to efficient and high placed antennas used in GSM-R CAB-radio installations on board trains, received signal levels may be several tens of dB’s higher than seen at ordinary mobile stations (hand-helds).

This GSM-R antenna installation often results a situation with LoS propagation to own as well as public operators BTS situations. 

The GSM-R MS is consequently exposed to signal levels not anticipated when writing the GSM MS blocking specification requirements. 

The existing blocking specification requirement does not deal with wide-band signal interferers.

Urban/suburban installations of UMTS-900 is (at least in Sweden) likely to be found at distances of 100 m or less from the railway. Given high probability of LoS, received UMTS-900 signal levels may approach -10 to -20 dBm. At these levels blocking (which predominantly is a third order phenomenon) of the GSM-R MS will be unavoidable even at very strong wanted (own) input signals.

8.16.3 Impact on UMTS 900 traffic exposed to GSM-R 

…………………………………

Annex 4: Derivation of values for guidelines to have a nearly interference-free GSM-R situation
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Figure 2: Principle interference scenarios. 

[Each Radio System is defined by Standardization Bodies to operate exclusively at the green meadow, without regarding mutual interference during system definition, endangering coexistence by missing definitions for Electro magnetic radio compatibility. So each radio systems works perfect at the green meadow]. (Lp 1 or Lp2). If other Radio systems, same technologies or different technologies like WCDMA, are operating in the same area so we have to take into account a multi-link Interference / Deployment scenario see Lp3-Lp6.

A multi link analysis method is necessary to assess aggregate interference to GSM-R. 

Based on a two radio systems situation like Figure 2, the following simple link matrix to detect interference can be generated. 
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Figure 3: Simple Link-Matrix

Assumption of the railway interference cases

In the case of GSM-R as the victim then we have to consider the received path of Lp 5, Lp3 and Lp6. The interference scenario of Lp5 and Lp3 can be described by deterministic assumption and Lp6 by statistical assumption. 

Following Lp5 is the main disturbing source with the public base station which interfere the GSM-R mobile. 

The interference effects are blocking, intermodulation products and wide band noise. To access the influence we make the following assumptions:

· Lp: 60 dB (typical value, minimal distance between the relevant antennas 25 m; of course in some cases the distance can be close to 5m for example in railway tunnels)

· Path loss free space

· Existing specification

· Nearly interference free situation

· Moving and stopping trains

· Relevant area, railway lines, 4.5 m above ground (victim target)

Derivation of values for guidelines to have a nearly interference free GSM-R situation:

I single interference case:

1. Blocking:

Blocking of the GSM-R receiver occurs when other (i.e. out-of band like GSM or UMTS 900) signals prevents the wanted (in-band) signal to be received decoded with a quality of service fulfilling railways requirements.

The blocking behaviour of the GSM-R receiver depends on the frequency shift of received and blocking signal. The values of the specification have a range from -38dBm to 

-23 dBm.

2. Intermodulation

Intermodulation is the unwanted amplitude modulation of signals containing two or more different frequencies, each component modulating other components, in a system with nonlinearities. 
Relevant are third and perhaps fifth order of receiver intermodulation. 

In case of intermodulation it is essential triplication of influence. So the growth of bandwidth has a fundamental influence of future radio systems. Therefore the interference will be more important. The respective GSM terminal specification specify signal power levels of intermodulations that GSM receivers need to handle without significant performance loss. Here, usually only one or two interfering intermodulations are considered. An analysis of the observed interference scenarios of GSM-R in Germany indicates that often two, three, or even more strong intermodulations exist. These interference scenarios are not covered by the current regulatory framework.

In the case of two interfering signals the value according GSM specification is: -43 dBm

3 wide band noise

The thermal noise is N0 = kT = -174dBm/Hz. Using a carrier of 200 kHz (53 dB) so the outcome is N = -174 + 53 = -121 dBm. The receiver noise is 7 dB so we have to take into account a receiver noise power value of -114dBm. 

If we allow a reduction of the sensitivity of 3 dB so we can tolerate a external noise of -114 dBm. If we allow a reduction of the sensitivity of 1 dB so we can only tolerate an external noise of -120 dBm. 

By using broad band systems the influence of the adjacent channel values will be more important. In addition, all systems more or less contribute to the wide-band noise level. With an increasing number of radio systems operating the attractive 800 / 900 MHz band, the overall wide-band noise level will increase and needs to be monitored taking all radio systems into account. 

II multi interference case

Today we have an ever growing situation of Base Station and Mobiles with growing interference problems. So it is essential to take all interference partners into account. Due to the possibility of each operator to optimise the radio network an unforeseeable influence exists. 

In a single interference case a corridor model can prevent the interference. In a multi interference case we have to take into account each case. To reduce the effort we propose in a first step to include margin.

III Values

The following values (threshold levels) are based on a single case and a bandwidth of 200 kHz and include 3 dB margin. 

If the following level will be exceeding action like co ordination has to be considered.

Power level ≥ -46 dBm (if the power level of two intermodulating carriers will exceed this value the receiver will be blocked by the generated signal. Intermodulation products from wide band signals will tremendously increase the blocking problem.

[Wide band noise ≥ -117 dBm (based on -114 dBm and 3 dB margin)]
NOTE: This wide band noise issue has to be discussed further!
Mitigation measures

1. Frequency shift

2. Optimisation of antenna parameter of the interfering Base Station

3. Reduction of the output power of the interfering Base Station

4. Installation of filter in the interfering Base Station (most relevant regarding wide band noise)

5. Optimisation of the location of the interfering Base Station (distance, co location)

It should be in the responsibility of the operators to prove and fulfil the requirements and to start the co ordination process if necessary.

Three public cellular systems need to be taken into account in the compatibility study:

4) GSM 900 (SC BTS & MCBTS)

5) UMTS 900 (UTRA-FDD)

6) LTE 900 (EUTRA-FDD)/WiMAX

The relevant mechanisms by which interfering transmitters affect receivers are receiver desensitization, receiver blocking, and receiver overload
. 

Receiver desensitization is caused by a number of sources

· out-of-band (OOB) / spurious emissions transmitted from interferers 

· intermodulation products (IMPs) generated in the receiver - in particular 3rd and 5rd order IMPs - that increase the receiver noise floor. In order to avoid a significant increase of the receiver noise floor and, with this, receiver desensitization, OOB / spurious emissions and IMPs should be sufficiently below the affected receiver noise floor.
· Power leakage from interfering signals due to limited receiver selectivity
Receiver blocking is caused by interferer carriers passing through the receiver RF chain and receive filter so that the receiver cannot maintain the reference sensitivity. 
Receiver overload is caused by too strong signals at the receiver antenna connector resulting in a significantly reduced amplification gain.
For today’s GSM-R networks mainly cab-radio receiver desensitization and blocking is causing problems. It should be noted that GSM-R equipment today often – partly as a result of the above mentioned requirements – has no or only low frequency selectivity so that the cab-radio receiver chain is exposed to the public GSM/UMTS-900 base station transmit signals without significant filtering.   

The GSM-R and the GSM equipment are conforming to the ETSI Specification. 
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