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1.	Introduction
[bookmark: _Hlk67504958]The contribution RP-233879 [1] was submitted to TSG RAN#102, in which it is requested that:
Proposal: The co-signing companies request TSG-RAN to request RAN WG 4 to investigate whether the requirement to “avoid causing interference on already established networks” has been achieved by the specifications for band n101 (including the extensions for HPUE) and, if not met, to work to correct the Release 17 and 18 specifications such that it is achieved.
This contribution was discussed at TSG RAN#102, and the way forward in RP-234008 [2] was endorsed, in which it is stated that:
· RAN tasks RAN4 to investigate what possibilities exist in the RAN4 specifications for n101 to avoid causing interference on already established networks, which corresponds to the objectives of WID NR_RAIL_EU_1900MHz_TDD, and report to RAN#103.
· Taking the applicable regulations of CEPT countries into account.
This contribution provides a review on what RAN4 and CEPT have studied on co-existence for existing mobile networks with band n101 and draws some observations from the studies.

2.	Discussion
During the WI period on band n101, as approved in RP-211542 [3] at TSG RAN#92-e, RAN4 had gathered the relevant background information and studies to address all the necessary precautions to make the unpaired spectrum of 1900-1910MHz usable for 5G NR. The findings are recorded in the TR 38.852 [4] in which it is concluded that:
The study dealt with how the 1900-1910MHz spectrum block (RMR1900) can be used for rail communication using 5G NR applicable in Europe. The subject-areas 5G NR system, BS RF and UE RF were examined in detail.
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.
System Parameter:	The RMR1900 spectrum block can be used by either a 10MHz CBW or a 5MHz CBW. The corresponding system parameters are to be transferred to 3GPP TS 38.101-1 [2] and 3GPP TS 38.104 [4].
BS RF:	The ECC Decision (20)02 [1], i.e. EIRP limits were analysed accordingly and the necessary conclusions for an uncoordinated operational approach were derived. These include the BS rated output power using corresponding assumptions, the resulting emission values of the transmitter and the specifications of the receiver. The agreed parameters are to be transferred to 3GPP TS 38.104 [4]. Furthermore, the coexistence with other 3GPP radio technologies has been included. These are to be captured in the corresponding normative 3GPP technical specifications.
UE RF:	The ECC Decision (20)02 [1], i.e. EIRP limits were analysed accordingly, and the necessary conclusions were derived for the use of Power Class 3 (23dBm). The agreed parameters in the present TR are to be transferred to 3GPP TS 38.101-1 [2].
It can be observed that RAN4 has analysed and transferred the least restrictive technical conditions (LRTC) for wideband RMR in 1900-1910 MHz specified in the ECC Decision (20)02 [5] into the 3GPP specifications, including the coexistence with other 3GPP radio technologies, while noting that the co-location with other operators and resulting coordination is subjected to national regulation and not further detailed by RAN4.
Observation 1: RAN4 has analysed and transferred the least restrictive technical conditions (LRTC) for wideband RMR in 1900-1910 MHz specified in the ECC Decision (20)02 into the 3GPP specifications, including the coexistence with other 3GPP radio technologies, while noting that the co-location with other operators and resulting coordination is subjected to national regulation and not further detailed by RAN4.
Looking at the approved CRs for the WI on band n101, which are submitted in RP-220376 [6] and approved at TSG RAN#95-e, it can be observed that the LRTC for wideband RMR in 1900-1910 MHz specified in the ECC Decision (20)02 have been transferred into the following additional requirements, i.e., in addition of the general requirements specified for all operating bands in the 3GPP specifications, for band n101 equipment.
1)	The base station maximum output power in band n101 is limited to 51 dBm/10MHz or 48 dBm/5MHz at the base station antenna connector. Note that this limit is derived from the 65 dBm EIRP limit in the ECC Decision (20)02 using an antenna gain of 18 dBi and 4 dB losses in accordance with the ECC Report 318 [7], in order to specify the limit at the base station antenna connector as explained in clause 7.1.1 in [4].
2)	The maximum spurious emissions in 1920 to 1980 MHz are limited to -57 dBm/5MHz for base stations in band n101. Again, this limit is derived from the -43 dBm/5MHz EIRP limit in the ECC Decision (20)02 using an antenna gain of 18 dBi and 4 dB losses to specify the limit at the base station antenna connector.
3)	The out-of-band blocking requirements for base stations in band n101 which allow a maximum 3dB receiver desensitisation in the presence of a -20 dBm 5 MHz LTE interfering signal with centre frequencies between 1807.5 to 1877.5 MHz. This is aligned with the requirements on wideband RMR BS receiver characteristics in the ECC Decision (20)02.
Observation 2: The LRTC for wideband RMR in 1900-1910 MHz specified in the ECC Decision (20)02 have been transferred into the additional requirements in the 3GPP specifications on the maximum output power, maximum spurious emissions, and out-of-band blocking for base station in band n101.
Looking at the ECC Decision (20)02, on which the current 3GPP requirements of band n101 equipment are based, it is stated that:
[bookmark: _Hlk158036992]k)	that the least restrictive technical conditions (LRTC) for wideband RMR in 1900-1910 MHz assume that MFCN base stations (BS) receiving above 1920 MHz have an enhanced selectivity compared to the current Harmonised European Standards, which would facilitate coexistence with RMR BS transmitting up to 65 dBm e.i.r.p., and that current MFCN BS located near an RMR radio site may need to be adapted so that they do not suffer interference;
It can be observed that the LRTC for wideband RMR in 1900-1910 MHz in the ECC Decision (20)02 assume that Mobile and Fixed Communication Networks (MFCN) base stations (BS) receiving above 1920 MHz have an enhanced selectivity and current MFCN BS located near an Railway Mobile Radio (RMR) radio site may need to be adapted so that they do not suffer interference.
Observation 3: The LRTC for wideband RMR in 1900-1910 MHz in the ECC Decision (20)02 assume that MFCN base stations (BS) receiving above 1920 MHz have an enhanced selectivity and current MFCN BS located near an RMR radio site may need to be adapted so that they do not suffer interference.
The methodologies together with the technical parameters and scenarios used to derive the LRTC for wideband RMR in 1900-1910 MHz in the ECC Decision (20)02 are recorded in the ECC Report 318 [7], which includes the studies for the following cases:
· Compatibility of FRMCS in part of 1900-1920 MHz with MFCN;
· Impact of FRMCS BS on MFCN BS receiving above 1920 MHz;
· Impact of FRMCS high-power UE on MFCN BS receiving above 1920 MHz;
For Block Edge Mask (BEM) deviation at 1900 MHz, it is stated in the Executive Summary of the ECC Report 318 that:
This report looks at LRTC for operation of FRMCS in 1900-1910 MHz. The 100 metre MCL calculation approach and the statistical approach, assuming a MFCN BS selectivity as per CEPT Report 39 [4], result in LRTC requiring in-block e.i.r.p. limit for FRMCS BS of 40.7 dBm/10 MHz and 50.7 dBm/10 MHz respectively. However, the report also considers the operation of FRMCS in that band with macro coverage. This requires an in-block e.i.r.p. of 65 dBm/10 MHz for FRMCS BS and leads to a BEM as specified in Table 20. It may result in interference to some MFCN BS located near an FRMCS radio site. 
With the current level of selectivity of MFCN base stations, those LRTC for FRMCS may result in interference to some MFCN base stations located near FRMCS BS sites. One way of addressing this interference is to coordinate FRMCS and MFCN deployments. However, this means that RMR operators may not be able to use 65 dBm at certain locations. If 65 dBm e.i.r.p. uncoordinated FRMCS base stations is desired, then these MFCN BS may need to be adapted when an FRMCS BS is rolled out in its proximity, so that it does not suffer interference from FRMCS. 
Additional mitigation techniques need to be implemented on a case-by-case basis, such as adjustments of antenna directivity, azimuth, tilt, or improve the selectivity of the MFCN BS in the vicinity of the railway tracks. Table 23 shows this enhanced selectivity. 
Therefore, it can be observed that CEPT has considered additional mitigation techniques, like antenna directivity, azimuth, tilt, or (receiver filter) selectivity improvement, need to be implemented on a case-by-case basis in the MFCN BS in the vicinity of the railway tracks if 65 dBm EIRP uncoordinated Future Railway Mobile Communication System (FRMCS) base stations is desired. For example, it is shown in Table 6 of [1] that up to 40 dB horizontal antenna discrimination can be achieved.
Indeed, this kind of site engineering solutions have been considered in RAN4 when specifying base station requirements for UL-DL coexistence in adjacent bands (e.g., bands 12 and 29), and for FDD and TDD co-location in adjacent bands (e.g., bands 1 and 33) as described in clause 8.4 of the TR 25.942 [8].
Observation 4: CEPT has considered additional mitigation techniques, like antenna directivity, azimuth, tilt, or (receiver filter) selectivity improvement, need to be implemented on a case-by-case basis in the MFCN BS in the vicinity of the railway tracks if 65 dBm EIRP uncoordinated FRMCS base stations is desired. Indeed, this kind of site engineering solutions have been considered in RAN4 when specifying base station requirements for coexistence and co-location in other adjacent bands. 
For high-power cab-radio, it is stated in the Executive Summary of the ECC Report 318 that:
For both 900 MHz and 1900 MHz bands, Monte Carlo studies based on SEAMCAT have been conducted and show that the interference from FRMCS cab-radio of 31 dBm output power to MFCN uplink is acceptable when uplink power-control is implemented and activated and with unwanted emissions as described in Annex 10. 
Annex 9 provides a worst-case analysis based on an MCL calculation for the case without FRMCS cab-radio uplink power control. It concludes that this could result in harmful interferences unless unwanted emissions from cab-radio would be reduced to -53 dBm/MHz in the 880-915 MHz and 1920-1980 MHz frequency ranges. 
FRMCS cab-radios shall therefore implement and activate uplink power control in the 900 MHz and 1900 MHz band. FRMCS high-power cab-radios are not permitted to operate without uplink power control. 
Therefore, it can be observed that CEPT has performed Monte Carlo studies the interference from FRMCS cab-radio of 31 dBm output power to MFCN uplink in adjacent bands and shown that it is acceptable when uplink-power control is implemented and activated as in NR equipment.
Observation 5: CEPT has performed Monte Carlo studies the interference from FRMCS cab-radio of 31 dBm output power to MFCN uplink in adjacent bands and shown that it is acceptable when uplink-power control is implemented and activated as in NR equipment.

3.	Conclusion
This contribution has provided a review on what RAN4 has studied on co-existence for existing mobile networks with band n101 and drawn some observations from the studies which are summarised as follows:
Observation 1: RAN4 has analysed and transferred the least restrictive technical conditions (LRTC) for wideband RMR in 1900-1910 MHz specified in the ECC Decision (20)02 into the 3GPP specifications, including the coexistence with other 3GPP radio technologies, while noting that the co-location with other operators and resulting coordination is subjected to national regulation and not further detailed by RAN4.
Observation 2: The LRTC for wideband RMR in 1900-1910 MHz specified in the ECC Decision (20)02 have been transferred into the additional requirements in the 3GPP specifications on the maximum output power, maximum spurious emissions, and out-of-band blocking for base station in band n101.
Observation 3: The LRTC for wideband RMR in 1900-1910 MHz in the ECC Decision (20)02 assume that MFCN base stations (BS) receiving above 1920 MHz have an enhanced selectivity and current MFCN BS located near an RMR radio site may need to be adapted so that they do not suffer interference.
Observation 4: CEPT has considered additional mitigation techniques, like antenna directivity, azimuth, tilt, or (receiver filter) selectivity improvement, need to be implemented on a case-by-case basis in the MFCN BS in the vicinity of the railway tracks if 65 dBm EIRP uncoordinated FRMCS base stations is desired. Indeed, this kind of site engineering solutions have been considered in RAN4 when specifying base station requirements for coexistence and co-location in other adjacent bands. 
Observation 5: CEPT has performed Monte Carlo studies the interference from FRMCS cab-radio of 31 dBm output power to MFCN uplink in adjacent bands and shown that it is acceptable when uplink-power control is implemented and activated as in NR equipment.
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