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1 Introduction
During previous RAN4#98bis-e meeting, the discussion on the RMR 900 work item [1] was initiated in [2]. In this contribution provide further analysis on BS RF related aspects of the RMR 900 topic. 
Multiple aspects discussed in this contribution are related to both RMR900 and RMR1900. Therefore, similar contributions were submitted to agenda 8.5.3 and 8.6.3. 
2 Discussion
The following band arrangement are considered for RMR900 analysis in this contribution: 
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Figure: Operating bands around RMR 900MHz
2.1 	NR BS specifications impact
New NR band it is expected to be introduced by the RMR 900. The following aspects shall be considered: 
· RMR operation in 900 band is to rely on single-RAT NR specification, with RMR requirements included in the following specifications: 
· TS 38.101-1 for NR UE RF requirements 
· TS 38.104 for NR BS RF requirements for the BS type 1-C only (i.e. non-AAS BS architecture only) 
· RMR operation is limited to Europe. Therefore any RMR-specific requirement shall be considered as regional requirement, with relevant wording captured in the TS 38.104 specification.

Observation 1: RMR900 operation is to rely on single-RAT NR specification, for non-AAS BS architecture.
Observation 2: MR-specific requirement shall be considered as regional requirement, with relevant wording captured in the TS 38.104 specification. (i.e. Europe only).

Referring to the RMR900 WID [1] and the list of the impacted specifications, it shall be clarified what is the intended impact on the following BS specifications: 
	38.141-2
	NR; Base Station (BS) conformance testing Part 2: Radiated conformance testing

	36.104
	E-UTRA; BS Radio transmission and reception

	36.141
	E-UTRA; BS conformance testing

	37.104
	E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) radio transmission and reception

	37.141
	E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) conformance testing

	37.105
	Active Antenna System (AAS) Base Station (BS) transmission and reception

	37.145-1
	Active Antenna System (AAS) Base Station (BS) conformance testing; Part 1: conducted conformance testing

	37.145-2
	Active Antenna System (AAS) Base Station (BS) conformance testing; Part 2: radiated conformance testing



As per our understanding, the only aspect to be included for the above BS specifications would be addition of both new RMR bands to the following requirement tables, as per typical process when new band is introduced:
1 BS spurious emissions limits for BS for co-existence with systems operating in other frequency bands, i.e. for protection of other system operating in frequency ranges other than the RMR BS downlink operating band. 
2 Blocking requirement for co-location with BS in other frequency bands, i.e. protection of RMR BS receivers when co-located with other BS.

We would like to clarify with the group if there is any other aspect of the RMR operation that would cause additional impact to BS specifications (other than TS 38.104 and TS 38.141-1).
NOTE:	Other co-ex aspects related to the possible interference from RMR bands to the legacy systems are covered in further part of the contribution. 
Proposal 1: Clarify that the only impact to the following specification is due to addition on new RMR bands to the Tx spur co-existence table, and in co-location blocking tables: 
· 38.141-2	NR; Base Station (BS) conformance testing Part 2: Radiated conformance testing
· 36.104	E-UTRA; BS Radio transmission and reception
· 36.141	E-UTRA; BS conformance testing
· 37.104	E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) radio transmission and reception
· 37.141	E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) conformance testing

Furthermore, it shall be highlighted, that the ECC decision indicates that non-AAS BS was not considered in their studies.  
2.2 	Initial analysis of the BS RF requirements
According to the WID [1], only Wide Area BS class is considered for this work. Various BS RF requirements are specified for the WA BS as CatA, or CatB, such as:  
· ACLR/CACLR absolute limits
· Operating band unwanted emissions	
· General transmitter spurious emissions requirements

Due to the fact that RMR applies to Europe, only Cat B limits shall be considered in further work. 
Proposal 2: Clarify that the only Category B emission requirements are applicable to RMR.  
Due to the proximity of the adjacent bands, brief analysis of the unwanted emission requirements is provided below. 
1. Occupied bandwidth
The occupied bandwidth is the width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage /2 of the total mean transmitted power, based on recommendation ITU-R SM.328. This requirement is band-agnostic and is considered to be reused for RMR bands as is. 
2. ACLR/CACLR
a. ACLR
Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. The requirements shall apply outside the Base Station RF Bandwidth or Radio Bandwidth whatever the type of transmitter considered (single carrier or multi-carrier) and for all transmission modes foreseen by the manufacturer’s specification. As for the licensed bands the ACLR requirement is specified as band-agnostic, it is assumed that the same will apply to the RMR bands with the following limits: 
· The relative ACLR requirement specified as 45dB, 
· Absolute ACLR for WA BS specified as -15 dBm/Hz.

The requirements shall also apply if the BS supports NB-IoT operation in NR in-band.
b. CACLR
Cumulative ACLR (CACLR) is applied for multicarrier and multiband BS. Even though the BS products for RMR not related deployments were not discussed much, it can be envisioned that RMR deployments including both RMR900 and RMR1900 would be considered for the same BS products. With such dual-band arrangement, it is seen that CACLR requirements shall be specified for RMR bands, together with the ACLR. 
Due to band 8 being adjacent to the RMR spectrum, more analysis is required on the ACLR requirement. 
Proposal 3: Both ACLR and CACLR requirements are to be specified for RMR. Requirement values shall consider adjacent band n8.
3. Operating band unwanted emissions
In the current NR specification, for Category B Operating band unwanted emissions there are two options for the basic limits that may be applied regionally, i.e. Option 1, or Option 2. For Europe, Option 2 applies. 
However, referring to the ECC decision [5] annex A2.1 (Technical Conditions For RMR BS Using Wideband Technologies), there was number of conditions provided for the RMR BS operation. One of the aspects was the out-of-band requirement, as extracted below: 
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 NOTE: please note that no such OOB requirements were specified for RMR1900 band in the ECC decision. 
It is understood, that the above ECC OOB requirements in RAN4 terminology would fall into under the OBUE requirement.
Proposal 4: OBUE limits for the RMR900 are to be derived from the ECC decision (annex A2.1, table 5).
Proposal 5: Clarify that for RMR900 operation in Europe, OBUE Cat B Option 2 regulatory emission requirements defined for WA BS shall be considered as the baseline.

4. Transmitter spurious emissions
a. General Tx spur
With the introduction of new band, it is assumed that all general requirements are simply reused based on ITU SM.329. Therefore it is assumed that common band-agnostic RF requirements for BS type 1-C operating in RMR band can be directly reused for the new RMR900 band.
b. Protection of the BS receiver of own or different BS
This requirements if defined as per BS class and applied to FDD bands only. It is assumed to be transparently reused for RMR900.
c.  Additional spurious emissions requirements
Those are the spurious emissions limits for BS for co-existence with systems operating in other frequency bands. These requirements may be applied for the protection of system operating in frequency ranges other than the BS downlink operating band. The limits may apply as an optional protection of such systems that are deployed in the same geographical area as the BS, or they may be set by local or regional regulation as a mandatory requirement for an NR operating band. 
Those requirements are defining the Tx spurious emissions limits for the (RMR BS) to co-exist with. Therefore those requirements are to protect the RMR BS, and its Rx chain.
d. Co-location with other base stations
Those are RAN4 driven requirements for the BS co-locations, based on the 30dB coupling loss between transmitter and receiver. Victim and aggressor are assumed to be the same BS class. 
Applicability of this requirement to the RMR depends on the deployment aspects. It is assumed that RMR will be deployed on the re-used GSM-R sites (in case of migration). It shall be further clarified by the proponents if RMR deployments co-sited /co-located with MFCN systems can be assumed to be excluded from considerations.in such case, the co-location requirements would not be required. 
Observation 3: RMR deployment aspects shall be clarified before concluding on the applicability of the Tx spur colocation requirements.
Still, there may be need to consider RMR900 colocation requirements with the RMR1900 itself. With this, it is expected that RMR900 and RMR1900 would require introduction of the Tx spur co-location requirements, subject to clarification notes as per observation above.
Proposal 6: for Tx spur co-locations, further discuss and verify if the expected RMR deployments motivate introduction of Tx spur colocation requirements. 

Based on the above, the following list of BS RF requirements can be reused for RMR bands:  
1. Conducted transmitter characteristics
a. Base station output power
b. Output power dynamics	
i. RE power control dynamic range
ii. Total power dynamic range
iii. NB-IoT RB power dynamic range for NB-IoT operation in NR in-band
c. Transmit ON/OFF power
i. Transmitter OFF power	
ii. Transmitter transient period
d. Transmitted signal quality	
e. Frequency error	
f. Modulation quality
g. Time alignment error	
h. Unwanted emissions
i. Occupied bandwidth
i. Transmitter spurious emissions	
i. General transmitter spurious emissions requirements	
ii. Protection of the BS receiver of own or different BS (RMR900 only)
iii. Additional spurious emissions requirements (requirement values to be analyzed)
j. Transmitter intermodulation	
i. Co-location minimum requirements
2. Conducted receiver characteristics: TBD

Proposal 7: Based on initial analysis, consider the above listed TX RF requirements as to be reused for RMR operations. Further updates are not precluded. 
More analysis on the conducted receiver characteristics is needed. 
Radiated requirements are not applicable to the RMR WIDs as the AAS BS was not studied during the regulatory work in CEPT. 
3 		Conclusion 
Based on the discussion, the following observations and proposals on BS RF were formulated: 
Observation 1: RMR900 operation is to rely on single-RAT NR specification, for non-AAS BS architecture.
Observation 2: MR-specific requirement shall be considered as regional requirement, with relevant wording captured in the TS 38.104 specification. (i.e. Europe only).
Proposal 1: Clarify that the only impact to the following specification is due to addition on new RMR bands to the Tx spur co-existence table, and in co-location blocking tables: 
· 38.141-2	NR; Base Station (BS) conformance testing Part 2: Radiated conformance testing
· 36.104	E-UTRA; BS Radio transmission and reception
· 36.141	E-UTRA; BS conformance testing
· 37.104	E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) radio transmission and reception
· 37.141	E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) conformance testing

Proposal 2: Clarify that the only Category B emission requirements are applicable to RMR.  
Proposal 3: Both ACLR and CACLR requirements are to be specified for RMR. Requirement values shall consider adjacent band n8.
Proposal 4: OBUE limits for the RMR900 are to be derived from the ECC decision (annex A2.1, table 5).
Proposal 5: Clarify that for RMR900 operation in Europe, OBUE Cat B Option 2 regulatory emission requirements defined for WA BS shall be considered as the baseline.
Observation 3: RMR deployment aspects shall be clarified before concluding on the applicability of the Tx spur colocation requirements.
Proposal 6: for Tx spur co-locations, further discuss and verify if the expected RMR deployments motivate introduction of Tx spur colocation requirements. 
Proposal 7: Based on initial analysis, consider the above listed TX RF requirements as to be reused for RMR operations. Further updates are not precluded. 
1. Conducted transmitter characteristics
a. Base station output power
b. Output power dynamics	
i. RE power control dynamic range
ii. Total power dynamic range
iii. NB-IoT RB power dynamic range for NB-IoT operation in NR in-band
c. Transmit ON/OFF power
i. Transmitter OFF power	
ii. Transmitter transient period
d. Transmitted signal quality	
e. Frequency error	
f. Modulation quality
g. Time alignment error	
h. Unwanted emissions
i. Occupied bandwidth
i. Transmitter spurious emissions	
i. General transmitter spurious emissions requirements	
ii. Protection of the BS receiver of own or different BS (RMR900 only)
iii. Additional spurious emissions requirements (requirement values to be analyzed)
j. Transmitter intermodulation	
i. Co-location minimum requirements

More analysis on the conducted receiver characteristics is needed. 
Radiated requirements are not applicable to the RMR WIDs as the AAS BS was not studied during the regulatory work in CEPT. 
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Table 5: Out-of-band requirements

MHz from
block edge
(919.4-925 MHz)

ei.rp. limit

0=Af<02 32.5 dBm/200 kHz
02=Af<1 14 dBm/800 kHz
1<Af<10 5 dBm/MHz

On a case-by-case basis, at a national level, higher OOB limits may be applied.
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