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1 Introduction
In last RAN#101 meeting, RAN tasked RAN4 to investigate what possibilities exist in the RAN4 specifications for n101 to avoid causing interference on already established networks, taking CEPT regulations into account. 
This contribution is discussing those aspects, based on ECC Reports 313, 314 and 318 , CEPT Reports 74 and 76, and ECC Decision(20)02.
2 Discussion
Regulatory Background
European Commission mandate
The European Commission released a mandate to identify appropriate spectrum bands, study feasibility and develop harmonised technical conditions for a sustainable and efficient use of such bands for the operation of the future railway mobile communications system, which is the successor of GSM-R. 
With this document, the European Commission mandated CEPT to conduct the following tasks (in short): 
· Task 1: Assess the spectrum needs for mission critical operation of the future railway mobile communications system (successor system of GSM-R).
· Task 2: Assess the technical feasibility for operating the successor system in the 874.4-880 MHz / 919.4-925 MHz frequency band while ensuring simultaneous operation of GSM-R and the successor system in these bands during a migration period.
· Task 3: Assess the technical feasibility for operating the successor system in part of the 1900-1920 MHz frequency band. If necessary, technical feasibility for operating the successor system in another frequency band.
· Task 4: Study and assess the technical feasibility and scenarios of using commercial mobile networks.
· Task 5: Assess the best option for long term development of FRMCS and develop EU-harmonised technical conditions.
To answer those tasks, CEPT published Reports 74 and 76 (based on ECC Reports 313, 314 and 318) and ECC Decision(20)02.
In the scope of this RAN4 contribution related to band n101, the task 3 is the most relevant one. This contribution will then focus on this task  in the following discussion.
Observation1: The European Commission mandated CEPT to assess the 1900-1920 MHz frequency range for the future railway mobile communication system.
ECC Report 313 ([2])
This report studies the compatability of FRMCS in the 900 MHz range with adjacent services.
It addresses the coexistence aspects of band n100, not band n101. 
This report is not in the scope of the RAN, it’s not further discussed in this document. 
Observation2: ECC Report 313 studies the compatability of FRMCS in the 900 MHz range with adjacent services.
ECC Report 314 ([3])
This report studies the compatability of RMR in the 1900-1920 MHz frequency range with adjacent services. 
In this report, CEPT checkes the coexistence aspects with 2 adjacent services:
· Mobile/Fixed Communication Networks (MFCN) in the uplink band 1920-1980 MHz.
· DECT in 1880-1900 MHz.
Nevertheless, in this report, CEPT focused on the interference of MFCN on FRMCS and the coexistence between DECT and FRMCS. The impact of FRMCS on MFCN is addressed in ECC Report 318.
Observation3: ECC Report 314 studies the compatability of RMR in the 1900-1920 MHz frequency range with adjacent services, focusing on the interference of MFCN on FRMCS.
ECC Report 318 ([4])
This report studies the compatability between RMR and MFCN in the 900MHz range, in the 1900-1910 MHz and in the 2290-2300 MHz frequency range.
Regarding the 1900-1910 MHz frequency range, CEPT studied: 
· The impact of FRMCS BS on MFCN BS receiving above 1920 MHz; 
· The impact of FRMCS high-power UE on MFCN BS receiving above 1920 MHz. 
Only non-AAS FRMCS and non-AAS MFCN systems have been considered.
Observation4: ECC Report 318 studies the compatability between RMR in the 1900-1910 MHz frequency range and MFCN above 1920 MHz.
From the two taken approaches (the 100 meters MCL calculation and the statistical approach), assuming a MFCN BS selectivity as per CEPT Report 39, CEPT concludes on the LRTC requiring in-block EIRP limit for FRMCS BS of 40.7 dBm/10 MHz and 50.7 dBm/10 MHz respectively. 

The report also considers the operation of FRMCS with macro coverage and uncoordinated deployment, asuming a higher MFCN BS selectivity. Based on this study, CEPT specified an in-block EIRP of 65 dBm/10 MHz for FRMCS BS, protecting the 1920-1980 MHz range with an the EIRP limit of -43 dBM/5 MHz. And the specified out-of-band and spurious emissions for both FMRCS BS and MFCN BS are according to TS 37.104.
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With those limits, CEPT Report highlights that this may still result in interference to MFCN BSs located near an FRMCS radio site. To solve this, CEPT proposes to coordinate FRMCS deployment or, to facilitate FRMCS deployment, consider implementing mitigation techniques, knowing they might not address all situations. To solve this, CEPT Report recommends then improving the selectivity of the MFCN BS operating close by railtracks. 

The MFCN BS enhanced selectivity assumption was extensively debated in CEPT. Some BS manufacturers and operators argued that the considered selectivity was too high and would have impacts on products design/cost. 

Nevertheless, CEPT Administrations confirmed this assumption and used it to elaborate the ECC Decision specifying the FRMCS technical conditions.

The following table compares the enhanced selectitvity assumed in ECC Report 318 with TS 37.104 and CEPT Report 39.
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Observation5: Despite the concern of BS manufacturers and operators, the CEPT Administrations decided to assume a considerable improvement of MFCN BS selectivity (band n1) when specifying FRMCS BS maximum EIRP for uncoordinated deployment. 

In its executive summary, the report also mentions the following:
”The technical feasibility for receiver selectivity enhancement for MFCN AAS BS may not be achievable due to design constraints. These high selectivity requirements might hinder the migration of MFCN networks to 5G/NR with AAS BS, however studies need to be carried out. 
In order to ensure that the MFCN operators have enough time to adapt the relevant radio sites, the RMR operator is required to perform an early notification procedure in advance of the rollout of a new FRMCS BS.”

CEPT Report 74 ([5])
This report answers tasks 1 to 4 of the EC Mandate. It was written based on the ECC Reports 313, 314 and 318.
Only non-AAS FRMCS was considered.
Regarding task 3, CEPT concluded that the 1900-1910 frequency band is feasible for FRMCS, providing that the following conditions are met: 
1- FRMCS BS shall ensure coexistence with ECS BS receiving above 1920 MHz while ensuring an efficient use of spectrum. 
For uncoordinated deployment, the BEM for FRMCS BS will assume that ECS BS have enhanced selectivity compared to the current Harmonised European Standards:
·  Current ECS BS located near an FRMCS radio site may need to be adapted, in such a way that they do not suffer interference from FRMCS. In such case, additional mitigation techniques would be needed, such as the upgrade of the ECS BS selectivity or on a case-by-case basis adjustment of antenna directivity, azimuth, tilt, etc. of the FRMCS and/or ECS BS.
· The improvement of the ECS selectivity for those ECS BS near the railway tracks can be achieved by either the usage of new radio units of ECS BS or by adding external filter to existing radio units operating with passive antenna systems. Enhanced selectivity should be included (potentially as a specific receiver class) in the relevant ECS BS Harmonised European Standards so that newly introduced products placed on the market based on this update natively fulfil this requirement.
· In order to ensure that the ECS operators have enough time to adapt the concerned radio sites, they should have, sufficiently far in advance, information on the rollout of a new FRMCS BS in 1900-1910 MHz.
The BEM for FRMCS will include one channel of 10 MHz.
2- FRMCS high-power cab-radios transmitting up to 31 dBm (output power) can be allowed in 1900-1910 MHz provided that UL power control is activated, and that FRMCS cab-radios are compliant with an ACLR of 37 dB and 3GPP LTE/NR spectrum emission mask.
3- FRMCS cab-radios shall be robust against adjacent emissions, including ECS BS below 1880 MHz and aerial UE using ECS above 1920 MHz. 
4- FRMCS BS shall be robust against adjacent emissions, including ECS BS below 1880 MHz.
5- With regard to adjacent compatibility between DECT (1880-1900 MHz) and FRMCS, it is understood that FRMCS and DECT, adjacent to each other, will generally coexist. In some worst case scenarios, measures to enable coexistence between DECT in 1880-1900 MHz and RMR in 1900-1910 MHz might be needed, when information on DECT local deployment is made available.
Observation6: CEPT Report 74 answers tasks 1 to 4 of the EC Mandate, based on ECC Reports 313, 314 and 318.
CEPT Report 76 ([6])
This report answers task 5 of the EC Mandate. It was written based on the ECC Reports 313, 314 and 318.
Again, only non-AAS FRMCS was considered.
In this report, CEPT makes the following conclusion: 
· The paired frequency bands 874.4-880.0 MHz and 919.4-925.0 MHz and the unpaired frequency band 1900-1910 MHz have been identified as the most appropriate spectrum bands for RMR.
· CEPT provides:
a. The harmonised technical conditions for GSM-R in 874.4-880.0 MHz / 919.4-925.0 MHz.
b. The harmonised least restrictive technical conditions for wideband RMR (FRMCS) in 874.4-880.0 MHz / 919.4-925.0 MHz. 
c. The harmonised least restrictive technical conditions for wideband RMR (FRMCS) in 1900-1910 MHz. 

Regarding the 1900-1910 MHz frequency range for FRMCS, repeating CEPT Report 74, CEPT also highlights that:
· The BEM for wideband RMR BS assumes that ECS BS have enhanced selectivity compared to the current Harmonised European Standards, this to facilitate coexistence with RMR BS transmitting up to 65 dBm EIRP. 
· ECS BS located near an RMR radio site which do not meet the enhanced selectivity criterion may need to be adapted so that they do not suffer interference. 
· Operators of mobile networks in 1920-1980 MHz should have, sufficiently far in advance, information on the rollout of a new RMR BS in 1900-1910 MHz. 

Observation7: CEPT Report 76 answers task 5 of the EC Mandate, based on ECC Reports 313, 314 and 318.

ECC Decision(20)02 ([7])
Based on the CEPT reports listed above, the ECC Decision(20)02 regulates the technical and operational parameters to RMR in the frequency band 1900-1910 MHz (LRTC), assuming that MFCN BS receiving above 1920 Mhz have an enhanced selectivity compares to the current Harmonized Standards to facilitate coexistence with RMR BS transmitting up to 65 dBm EIRP when MFCN BS are located near by a RMR site (considering ”k”). 
Observation8: ECC Decision(20)02 regulates the RMR technical and operational parameters in the frequency band 1900-1910 MHz, assuming an enhanced selectivity (compared to the current Harmonized Standards) of MFCN BS in band n1.

EC Decision ([8])
Based on ECC Decision(20)02, the European Commission published the EC Decision 2021/1730 assuming as well an enhanced selectivity for BS operating above 1920 MHz and specifying the same technical conditions for bands n100 and n101.
Observation9: The European Commission implemented the EC Decision 2021/1730 with the same technical conditions and assumptions than ECC Decision(20)02. 

ETSI
After CEPT WG FM endorsed the ECC Decision(20)02, CEPT WG FM sent a LS ([8]) to ETSI requesting to ”update the relevant MFCN BS Harmonised European Standards (potentially as a specific receiver class) with respect to band 1 BS receiver characteristics in 1900-1910 MHz”.

Observation10: CEPT requested ETSI to update the relevant European Harmonized Standards to consider the assumed MFCN BS enhanced selectivity. 
After further analysis, as this was a requirement related to deployment (only applicable to BS operating close by a FRMCS area, in the case of un-coordinated deployment), such requirement could not be included in the Harmonized Standard. TFES decided then to add this enhanced selectivity requirement in a separate TS ([10]) as a blocking requirement for ”BSs that are intended to be deployed in close geographical proximity of FRMCS Base Stations unless mobile operators deem it is not necessary (noting that there may be a risk of interference from FRMCS)”.
Observation11: ETSI decided to convert this enhanced selectivity in a blocking requirement and add it in a separate Technical Specification, warning about potential risk of interference.

RAN4
The band n101 was specified assuming uncoordinated  deployment as captured in the conclusion of TR 38.852 ([11]):
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The maximum BS output power for n101 was then specified assuming uncoordinated deployment (UIC request), based on a corresponding EIRP value of 65 dBm as specified in ECC Decision(20)02. It should be noted that there is ongoing discussion to reconsider this BS output power limitation requirement in the 3GPP specifications, on the request of UIC and CEPT ([12]).
Observation12: The band n101 was specified following ECC Decision(20)02 and assuming uncoordinated deployment.

RAN task
In their studies, CEPT recognized (Report 318) that the EIRP limit of 65 dBm may result in interference to MFCN BS located close by a FRMCS site when no coordination nor mitigation technique is considered, and this if no additional filter is added to those MFCN BS.
It should be noted that Administations might even consider higher FRMCS EIRP value but then coordination or other mitigation measures are required (ECC Decision [7]).
The 65dBm EIRP limit (10 MHz) was set by CEPT to enable FRMCS macro deployment, assuming an enhanced selectivity of the MFCN BS operating in band n1 when they are located in the vicinity of RMR BS. This enhanced selectivity is 22.5 dB higher compared to TS 37.104. 
Even when assuming a lower ”enchanced” selectivity from ECC Report 39 (still 16dB higher compared to  TS 37.104), the EIRP limit would be ~50dBm/10 MHz. This means that the FRMCS EIRP limit would have to be very low to minimize interference from the near by FRMCS BSs. 
Answering RAN’s question on the possibilities which may exist in the RAN4 specifications for n101 to avoid causing interference on already established networks, taking CEPT regulations into account, the following aspects could be considered:
· Coordinated deployment. 
By coordinating FRMCS deployment with already installed MFCN BS, it might be possible to find some arrangements between both parties to limit or even avoid interferences. Nevertheless, such discussion might be difficult, not addressing all situations and possibly delaying and/or impacting the FRMCS deployment. 
· Uncoordinated deployment.
In case of uncoordinated deployement, mitigation measures could be considered for the FRMCS BS and/or the MFCN BS, like adjustment of the antenna directivity, the antenna azimuth and/or the antenna tilt. Even so, those mitigations techniques may still not be sufficient to solve all interferences cases.  
Observation13: FRMCS coordinated deployment would help avoiding interference with already deployed MFCN BS.
Observation14: Mitigation techniques (e.g. adjusting antenna directivity, azimuth, tilt, ...) would help avoiding interference with already deployed MFCN BS.
Other options might also be considered but they would consist in introducing more stringent requirements than those specified by the Administrations:
· Specify the FRMCS BS maximum output power limit with a much lower value.
The main drawback, as already mentioned for coordinated deployment, this would most likley impact FRMCS deployment.
· Specify a more stringent baseline EIRP in 1920-1980 MHz.
Further study would be needed to determine the needed value. Nevertheless, if the regulation is not updated accordingly, this would not improve the situation in the filed: it would still be possible to operate FRMCS BSs which would not respect this more stringent limit (not being 3GPP compliant then) as the Regulators would allow such FRMCS BSs deployment. 
Observation15: RAN4 might wish to specify more stringent baseline limit in 1920-1980MHz to improve coexistence. Nevertheless, this would not have any impact in real network as long as the ECC Decision(20)02 is not updated accordingly as well. 

Conclusion
The band n101 was specified based on the ECC Decision(20)02 published by CEPT. 
According to ECO website, the ECC Decision(20)02 has been implemented or is planned to be implemented by more than 15 CEPT countries. 
Moreover, the European Commission implemented EC Decision 2021/1730 which is a binding legal act for EU member States.
For FRMCS to coexist with MFCN band n1 BS, in case of uncoordinated deployement, the ECC Decision assumes that MFCN BS located near a RMR site should have an enhanced selectivity. If not, the MFCN BS would most likely suffer of interference. 
Observation16: FRMCS band n101 definition follows the existing European Regulation which assumed a MFCN BS enhanced selectivity to address the interferences issue. 
 In the following table, we recap the different alternatives mentioned in this contribution.
	Considered options
	Comment

	Coordinated deployment
	This might have some impacts on FRMCS deployment.

	Mitigation measures (e.g. adjusting antenna directivity, azimuth, tilt)
	It won’t be possible most likely to solve all situations.

	Specify more stringent in-block requirement (BS maximum output power) for uncoordinated deployment
	This would increase FRMCS deployment cost and complexity. 
ECC Decision(20)02 and EC Decision 2021/1730 would still need to be updated accordingly.

	Specify more stringent EIRP baseline to protect the 1920-1980 MHz frequency range
	ECC Decision(20)02 and EC Decision 2021/1730 would still need to be updated accordingly.




2. Conclusion
In this contribution, we shared the background of the regulation related to band n101 and listed some possible measure to minimize interference from bands n101 on existing networks. We made the following observations: 
Observation1: The European Commission mandated CEPT to assess the 1900-1920 MHz frequency range for the future railway mobile communication system.
Observation2: ECC Report 313 studies the compatability of FRMCS in the 900 MHz range with adjacent services.
Observation3: ECC Report 314 studies the compatability of RMR in the 1900-1920 MHz frequency range with adjacent services, focusing on the interference of MFCN on FRMCS.
Observation4: ECC Report 318 studies the compatability between RMR in the 1900-1910 MHz frequency range and MFCN above 1920 MHz.
Observation5: Despite the concern of BS manufacturers and operators, the CEPT Administrations decided to assume a considerable improvement of MFCN BS selectivity (band n1) when specifying FRMCS BS maximum EIRP for uncoordinated deployment. 
Observation6: CEPT Report 74 answers tasks 1 to 4 of the EC Mandate, based on ECC Reports 313, 314 and 318.
Observation7: CEPT Report 76 answers task 5 of the EC Mandate, based on ECC Reports 313, 314 and 318.
Observation8: ECC Decision(20)02 regulates the RMR technical and operational parameters in the frequency band 1900-1910 MHz, assuming an enhanced selectivity (compared to the current Harmonized Standards) of MFCN BS in band n1.
Observation9: The European Commission implemented the EC Decision 2021/1730 with the same technical conditions and assumptions than ECC Decision(20)02. 
Observation10: CEPT requested ETSI to update the relevant European Harmonized Standards to consider the assumed MFCN BS enhanced selectivity. 
Observation11: ETSI decided to convert this enhanced selectivity in a blocking requirement and add it in a separate Technical Specification, warning about potential risk of interference.
Observation12: The band n101 was specified following ECC Decision(20)02 and assuming uncoordinated deployment.
Observation13: FRMCS coordinated deployment would help avoiding interference with already deployed MFCN BS.
Observation14: Mitigation techniques (e.g. adjusting antenna directivity, azimuth, tilt, ...) would help avoiding interference with already deployed MFCN BS.
Observation15: RAN4 might wish to specify more stringent baseline limit in 1920-1980MHz to improve coexistence. Nevertheless, this would not have any impact in real network as long as the ECC Decision(20)02 is not updated accordingly as well. 
Observation16: FRMCS band n101 definition follows the existing European Regulation which assumed a MFCN BS enhanced selectivity to address the interferences issue. 

And in the following table, we recap the different alternatives mentioned in this contribution.
	Considered options
	Comment

	Coordinated deployment
	This might have some impacts on FRMCS deployment.

	Mitigation measures (e.g. adjusting antenna directivity, azimuth, tilt)
	It won’t be possible most likely to solve all situations.

	Specify more stringent in-block requirement (BS maximum output power) for uncoordinated deployment
	This would increase FRMCS deployment cost and complexity. 
ECC Decision(20)02 and EC Decision 2021/1730 would still need to be updated accordingly.

	Specify more stringent EIRP baseline to protect the 1920-1980 MHz frequency range
	ECC Decision(20)02 and EC Decision 2021/1730 would still need to be updated accordingly.
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Note: In case an in-block e.i.r.p. higher than 65 dBm/10 MHz is desired by an administration, it is assumed
that appropriate interference mitigation or coordination are put in place.
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Table 23: MFCN BS selectivity increase
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General: The focus was on the use of RMR1900 under uncoordinated conditions, assuming that RMR BS operates
independently of other operators e.g. MFCN. Co-location with other operators and resulting coordination is subject to
national regulation and will be not further detailed by 3GPP RAN4.




