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1	Introduction
The Rel-16 MIMO enhancement work item was approved in RAN#80 with a list of enhancement areas including L1-SINR measurement and reporting. Specifically, in the latest WID [1], the following objectives are planned to be completed in Rel-16:
	· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Specify measurement and reporting of either L1-RSRQ or L1-SINR


Back to very early discussion of Rel-16 eMIMO, RAN1 has concluded that L1-SINR is confirmed to be supported while L1-RSRQ is excluded to be measured and reported. Hence, in this discussion paper, we would like to provide our analysis and view for L1-SINR measurement and reporting.

2 Discussion on RAN1 Progress
In the very early discussion of Rel-16 eMIMO, RAN1 has concluded that L1-SINR is confirmed to be supported while L1-RSRQ is excluded to be measured and reported. We would like to share our understanding of RAN1-defined L1-SINR and corresponding impact on RAN4 RRM core requirement in TS38.133. 
2.1 Contents in Beam Measurement Reports
As discussed in RAN1, the following agreements are achieved for L1-SINR reporting content in beam measurement reports: 
	<RAN1 agreement>
Agreement
At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}
· FFS: SSBRI/CRI implies a CMR/IMR combination configured by gNB based on CSI framework
· FFS: details on information on CMR/IMR association
· Make a decision in RAN1 #97 whether to support gNB to configure UE to report [IMR index] and RSRP additionally in a beam reporting instance
Companies are encouraged to provide evaluation results

Agreement made in RAN1#98
When gNB configures UE to report SSBRI/CRI and corresponding L1-SINR, the following report format is supported.
	CSI report number
	CSI fields

	CSI report #n
	CRI or SSBRI #1, if reported

	
	CRI or SSBRI #2, if reported

	
	CRI or SSBRI #3, if reported

	
	CRI or SSBRI #4, if reported

	
	SINR #1, if reported

	
	Differential SINR #2, if reported

	
	Differential SINR #3, if reported

	
	Differential SINR #4, if reported



· FFS: range and step size of differential SINR
· Differential SINR #N is determined based on the difference between measured SINR corresponding to the CRI/SSBRI #N and the measured SINR corresponding to CRI/SSBRI #1
· The SINR #1 is the largest SINR among reported SINRs
· The range of SINR is [-23, 40] dB
· The SINR is quantized based on what is specified in 38.133



Based on RAN1 discussion, it has been agreed that in a beam reporting instance, gNB can configure UE to report up to N reported SSBRI/CRIs as well as corresponding L1-SINR values, where the value of N is configured by RRC signalling with candidate values of {1,2,3,4}. 
Observation-1: It has been agreed in RAN1 that in a beam reporting instance, gNB can configure UE to report up to N reported SSBRI/CRIs as well as corresponding L1-SINR values, where the value of N is configured by RRC signalling with candidate values of {1,2,3,4}.

For the range of SINR reporting, RAN1 agree that [-23, 40]dB for the range of SINR shall be used, and the SINR is quantized based on what is specified in TS38.133. Hence, to enable L1-SINR, there is no need to change the range and quantization of SINR reporting table in TS38.133. However, considering both SS-SINR and CSI-SINR will be introduced for L1-SINR, the L3 SS-SINR measurement report mapping table needs to be extended to be applied for L1 CSI-SINR and L1 SS-SINR. 
Proposal-1: The SS-SINR measurement report mapping table in TS38.133 Section 10.1.16.1 needs to be extended for L1 SS-SINR and L1 CSI-SINR, with maintaining the range and quantization of SINR mapping.

Furthermore, as shown in above agreement made in RAN1#98, if the the number of configured L1-SINR value is {2,3,4}, differential SINR will be used for SINR values other than SINR#1, where SINR#1 to be reported is the largest SINR among reported SINRs. Obviously, differential SINR mapping table should be introduced. 
Proposal-2: Differential SS-SINR and CSI-SINR measurement (for L1 reporting) report mapping shall be introduced in TS38.133.

2.2 L1-SINR Measurement Configuration
In RAN1 discussion, extensive effort has been focused on L1-SINR measurement configuration for interference part:
	<RAN1 agreement>
Agreement made in RAN1#95
· Support L1-SINR measured from
· For signal part, SSB and/or NZP CSI-RS
· FFS: For interference part

Agreement made in RAN1 NR-AH 1901
For L1-SINR, interference can be measured based on dedicated resource(s) for interference measurement.
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement 

Agreement made in RAN1#96Bis
RAN1 to determine one of the following for L1-SINR in RAN1#97:
· L1-SINR based on ZP+NZP IMR
· L1-SINR based on ZP IMR only
· L1-SINR based on NZP IMR only

Agreement made in RAN1#97
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 
· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR
· FFS: interference measurement is performed using CMR additionally
· Support of L1-SINR is optional
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities
· Note: CSI-RS above is CSI-RS for BM

Agreement made in RAN1#98
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on ZP-IMR only:
· CMR and IMR are 1-to-1 mapped from signaling perspective




Based on the above RAN1 discussion, it has been agreed that gNB can configure Channel Measurement Resource (CMR) only or CMR as well as Interference Measurement Resource (IMR) for L1-SINR measurement.
• CMR can be configured based on SSB or CSI-RS for beam management.
- SSB-based CMR can only be used for the scenario where dedicated IMR is configured;
- CSI-RS-based CMR can be used for both scenarios where dedicated IMR is configured and not configured: 
 If IMR is not configured and CMR is based on CSI-RS, only CSI-RS with density = 3 REs/RB can be configured. 
• Interference can be measured based on ZP-IMR, NZP-IMR as well as both ZP-IMR and NZP-IMR.
- If gNB configures UE to measure L1-SINR based on both ZP-IMR and NZP-IMR, only 1 ZP IMR resource can be configured
- If IMR is configured based on NZP-IMR only, the NZP-IMR could only be based on CSI-RS with density = 3 REs/RB
Furthermore, some detailed discussion on how to configure CMR/IMR, e.g. whether the CMR/IMR association is based on 1-to-1 mapping, 1-to-N mapping or N-to-1 mapping is still under discussion in RAN1 for some scenarios.
Observation-2: RAN1 has agreed that gNB can configure Channel Measurement Resource (CMR) only or CMR as well as Interference Measurement Resource (IMR) for L1-SINR measurement.

2.3 UE Capability on L1-SINR
In RAN1, UE capability on L1-SINR based beam management is discussed:
	Agreement
· Support of L1-SINR is optional
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities



Based on above RAN1 agreement, it has been agreed that the support of L1-SINR based beam selection is optional, and it is still FFS for the support of NZP IMR and ZP IMR are separate UE capabilities. 
Observation-3: RAN1 has agreed that the support of L1-SINR based beam selection is optional, and it is still FFS for the support of NZP IMR and ZP IMR are separate UE capabilities.
Proposal-3: L1-SINR measurement requirement to be defined in TS38.133 should be based on applicability rule depending on UE capability. 

3 Conclusion
In this paper, we provided our views on L1-SINR measurement and reporting, with the following observations and proposals achieved:
Observation-1: It has been agreed in RAN1 that in a beam reporting instance, gNB can configure UE to report up to N reported SSBRI/CRIs as well as corresponding L1-SINR values, where the value of N is configured by RRC signalling with candidate values of {1,2,3,4}.
Proposal-1: The SS-SINR measurement report mapping table in TS38.133 Section 10.1.16.1 needs to be extended for L1 SS-SINR and L1 CSI-SINR, with maintaining the range and quantization of SINR mapping.
Proposal-2: Differential SS-SINR and CSI-SINR measurement (for L1 reporting) report mapping shall be introduced in TS38.133.
Observation-2: RAN1 has agreed that gNB can configure Channel Measurement Resource (CMR) only or CMR as well as Interference Measurement Resource (IMR) for L1-SINR measurement.
Observation-3: RAN1 has agreed that the support of L1-SINR based beam selection is optional, and it is still FFS for the support of NZP IMR and ZP IMR are separate UE capabilities.
Proposal-3: L1-SINR measurement requirement to be defined in TS38.133 should be based on applicability rule depending on UE capability.
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5 Appendix: 
5.1 RAN1 Agreement on Measurement and Reporting of L1-SINR
Till this RAN4 meeting, RAN1 has concluded the following agreement for measurement and reporting enhancement. Specifically, L1-SINR is confirmed to be supported while L1-RSRQ is excluded to be measured and reported. 
	<RAN1 agreement>
Agreement made in RAN1#94bis
· L1-SINR is supported. L1-RSRQ is not supported.
· Companies to study and provide definition of L1-SINR
· Study the reporting content, e.g.
· Whether CRI/SSBRI is reported
· Whether differential group/non-group reporting is applied
· Whether L1-RSRP is reported
· Study the interference measurement mechanism

Agreement made in RAN1#95
· Support L1-SINR measured from
· For signal part, SSB and/or NZP CSI-RS
· FFS: For interference part
· Companies are encouraged to provide simulation results on how to measure/define L1-SINR, e.g. whether interference is measured from dedicated IMR
· For example, take Rel-15 L1-RSRP and/or SINR specified in 38.215 as a comparative reference for evaluation purposes
Agreement
For interference part, down-select at least one from the following alternative:
· Alt 1: Dedicated resource(s) for interference measurement
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement
· Alt 2: The same reference signal as signal part as specified in 38.215
· Alt 3: Alt1 when SSB is used for signal part, Alt2 when CSI-RS is used for signal part
· Companies are encouraged to provide simulation results for down-selection

Agreement made in RAN1 NR-AH 1901
For L1-SINR, interference can be measured based on dedicated resource(s) for interference measurement.
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement 

Agreement made in RAN1#96
For interference measurement of L1-SINR, down select one of the following in RAN1#96bis
· Alt 1: dedicated ZP IMR 
· Alt 2: dedicated NZP IMR 
· Alt 3: dedicated ZP IMR and dedicated NZP IMR
Companies are encouraged to provide use cases and benefit, e.g. throughput and gNB/UE complexity benefit for different alternatives
· L1-RSRP/CSI based beam selection could be baseline

Agreement made in RAN1#96Bis
RAN1 to determine one of the following for L1-SINR in RAN1#97:
· L1-SINR based on ZP+NZP IMR
· L1-SINR based on ZP IMR only
· L1-SINR based on NZP IMR only
If there is no agreement on this issue in RAN1#97, L1-SINR will not be supported in Rel-16.

Agreement
At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}
· FFS: SSBRI/CRI implies a CMR/IMR combination configured by gNB based on CSI framework
· FFS: details on information on CMR/IMR association
· Make a decision in RAN1 #97 whether to support gNB to configure UE to report [IMR index] and RSRP additionally in a beam reporting instance
Companies are encouraged to provide evaluation results

Agreement made in RAN1#97
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 
· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR
· FFS: interference measurement is performed using CMR additionally
· Support of L1-SINR is optional
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities
· Note: CSI-RS above is CSI-RS for BM

Agreement made in RAN1#98
When gNB configures UE to report SSBRI/CRI and corresponding L1-SINR, the following report format is supported.
	CSI report number
	CSI fields

	CSI report #n
	CRI or SSBRI #1, if reported

	
	CRI or SSBRI #2, if reported

	
	CRI or SSBRI #3, if reported

	
	CRI or SSBRI #4, if reported

	
	SINR #1, if reported

	
	Differential SINR #2, if reported

	
	Differential SINR #3, if reported

	
	Differential SINR #4, if reported



· FFS: range and step size of differential SINR
· Differential SINR #N is determined based on the difference between measured SINR corresponding to the CRI/SSBRI #N and the measured SINR corresponding to CRI/SSBRI #1
· The SINR #1 is the largest SINR among reported SINRs
· The range of SINR is [-23, 40] dB
· The SINR is quantized based on what is specified in 38.133

Agreement
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on ZP-IMR only:
· CMR and IMR are 1-to-1 mapped from signaling perspective

Email discussion by September 20th Yushu (Apple) on the details (such as how measurement of interference is done, the mapping relation between CMR/IMR, QCL, etc) of L1-SINR based beam report using the following as a starting point:
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, down-select at least one of the following resource configuration schemes:
· Option 1: CMR and IMR are 1-to-1 mapped
· Option 2: 1 CMR can be mapped to 1 or more than 1 IMRs
· Option 3: 1 IMR can be mapped to 1 or more than 1 CMRs
· Option 4: More than 1 IMRs can be mapped to more than 1 CMRs. 

Agreement
Support gNB to configure L1-SINR based beam report for both non-group based and group based beam reporting.
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