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Introduction
In this contribution, we provide discussion on L1-SINR measurements and reporting for beam management from RRM perspectives based on RAN1 agreements.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]In RAN1, the following agreements have been reached on L1-SINR measurements.
	Agreements (RAN1#95 meeting):
· Support L1-SINR measured from
· For signal part, SSB and/or NZP CSI-RS
· FFS: For interference part

Agreements (RAN1#96 meeting):
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

Agreements (RAN1#96bis meeting):
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.

Agreements (RAN1#97 meeting):
· 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

Agreements (RAN1#98 meeting):
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



· 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

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
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. 



It can be observed that L1-SINR measured on the configured resources can be considered as a type of channel state information and reported to gNB for beam management. RAN4 need to study the measurement requirements for L1-SINR reporting. The configuration of L1-SINR measurement and reporting is similar to the configuration of L1-RSRP based beam management. The current measurement requirements for L1-RSRP reporting can be used as starting point, which include the following aspects:
· Measurement period
· Measurement restriction
· Scheduling restriction
· Measurement accuracy and associated side condition
Usually the measurement period is defined as a number of RS periodicities. For L1-SINR based beam reporting, CMR will always be configured for L1-SINR. Hence, the L1-SINR measurement period for reporting can be defined as a number of CMR periodicities. Since the configuration of L1-SINR based beam reporting is similar to the configuration of L1-RSRP based beam reporting, the requirements on L1-RSRP measurement period can be reused for L1-SINR measurement period.
Proposal 1: The L1-SINR measurement period can be defined as a number of CMR periodicities and reuse the requirements on L1-RSRP measurement period.
For L1-RSRP measurements, the measurement restriction requirements define how to handle the collision between a RS for L1-RSRP measurement and a RS for RLM/BFD/CBD. There will have similar issues when a CMR or IMR for L1-SINR measurement is overlapped with a RS for RLM/BFD/CBD/L1-RSRP measurement. The same principles of defining measurement restriction requirements for L1-RSRP measurements can be reused for L1-SINR measurements.
Proposal 2: The measurement restriction requirements for L1-SINR measurements can be defined by applying the same principles of defining measurement restriction requirements for L1-RSRP measurements.
Due to QCL relation issues or different SCSs between SSB and data, the scheduling restriction requirements for L1-RSRP measurements define when UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on RS for L1-RSRP measurement symbols. The same principles of defining scheduling restriction requirements for L1-RSRP measurements can also be reused for L1-SINR measurements.
Proposal 3: The scheduling restriction requirements for L1-SINR measurements can be defined by applying the same principles of defining scheduling restriction requirements for L1-RSRP measurements.
The L1-SINR measurements include signal measurement and interference measurement. Either SSB or NZP CSI-RS can be configured as a channel measurement resource (CMR) for signal measurement. When dedicated interference measurement resource (IMR) is not configured, the interference measurement is performed using CMR. When dedicated interference measurement resource (IMR) is configured, the interference measurement is performed using IMR. Either ZP CSI-RS or NZP CSI-RS can be configured as IMR for interference measurement.
Hence, the following scenarios need to be considered for defining L1-SINR measurement accuracy requirements.
· Scenario 1: L1-SINR measured on CMR only (when dedicated IMR is not configured)
· Scenario 1A: SSB based CMR
· Scenario 1B: CSI-RS based CMR (only with density 3 REs/RB)
· Scenario 2: L1-SINR measured on CMR+IMR (when dedicated IMR is configured)
· Scenario 2A: SSB based CMR + ZP-IMR
· Scenario 2B: CSI-RS based CMR + ZP-IMR
· Scenario 2C: SSB based CMR + NZP-IMR (only with density 3 REs/RB)
· Scenario 2D: CSI-RS based CMR + NZP-IMR (only with density 3 REs/RB)
· Scenario 2E: SSB based CMR +ZP-IMR and NZP IMR
· Scenario 2F: CSI-RS based CMR + ZP-IMR and NZP IMR
RAN4 shall study how to define the L1-SINR measurement accuracy requirements to capture above scenarios.
Proposal 4: RAN4 shall study on how to define the L1-SINR measurement accuracy requirements for reporting.
· Whether to define separate requirements for CMR only and CMR+IMR
· Whether to define separate requirements for SSB-based CMR and CSI-RS based CMR
· Whether to define separate requirements for different IMR configuration
RAN4 shall evaluate the L1-SINR measurement performance and simulation works are needs. Accordingly the simulation assumptions of L1-SINR measurement evaluation needs to be discussed in RAN4. When dedicated IMR is not configured, both signal measurement and interference measurement are performed on CMR. The current side condition defined for L1-RSRP measurement can be used as starting point.
Proposal 5: For CMR only scenarios, the side condition for L1-RSRP measurement can be used as starting point for L1-SINR measurement evaluation.

Conclusions
This contribution provides our analysis on L1-SINR measurements for NR eMIMO. The following are provided:
Proposal 1: The L1-SINR measurement period can be defined as a number of CMR periodicities and reuse the requirements on L1-RSRP measurement period.
Proposal 2: The measurement restriction requirements for L1-SINR measurements can be defined by applying the same principles of defining measurement restriction requirements for L1-RSRP measurements.
Proposal 3: The scheduling restriction requirements for L1-SINR measurements can be defined by applying the same principles of defining scheduling restriction requirements for L1-RSRP measurements.
Proposal 4: RAN4 shall study on how to define the L1-SINR measurement accuracy requirements for reporting.
· Whether to define separate requirements for CMR only and CMR+IMR
· Whether to define separate requirements for SSB-based CMR and CSI-RS based CMR
· Whether to define separate requirements for different IMR configuration
Proposal 5: For CMR only scenarios, the side condition for L1-RSRP measurement can be used as starting point for L1-SINR measurement evaluation.
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