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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. 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. 
During last RAN4 meeting (RAN4#94-e electronic meeting), the following agreement is achieved for L1-SINR measurement and reporting related RRM requirement, captured in R4-2002182 [7]:
	<Agreement from RAN4#94-e Chairman Notes after 1st Round>

Topic #1: L1-SINR Measurement
Issue 1-1-1: Applicable condition(s) for one-shot L1-SINR measurement report for CMR only scenario:
Agreement: Applicable condition(s) for one-shot L1-SINR measurement report for CMR only scenario:
· M=1 shall be applied if 
· aperiodic CSI-RS resource is configured for channel measurement, or 
· periodic or semi-persistent CSI-RS resource is configured for channel measurement and higher layer parameter timeRestrictionForChannelMeasurements is configured.
Issue 1-3-1: L1-SINR measurement side condition for Es/Iot for CMR+ZP-IMR 
Agreement: Es/Iot on CMR:
· Option 1: SSB or CSI-RS Es/Iot >= -3dB and <=25dB

<Way Forward for L1-SINR Measurement from R4-2002182 [7]> 
3.1  L1-SINR Measurement
3.1.1 Measurement period for L1-SINR measurement: 
· Applicable condition(s) for one-shot L1-SINR measurement report for CMR+IMR scenario:
· M=1 shall be applied if 
· aperiodic CSI-RS resource is configured for interference measurement (for SSB-based CMR or aperiodic CSI-RS based CMR), or 
· periodic or semi-persistent CSI-RS resource is configured for channel and/or interference measurement and higher layer parameter timeRestrictionForChannelMeasurements or timeRestrictionForInterferenceMeasurements is configured.
· Measurement period for SSB-based CMR+IMR scenario:
· By following L1-RSRP measurement requirement and restricting CMR and IMR’s 1-to-1 mapping, measurement period requirements for FR1 and FR2 shall be defined as:
Table x: Measurement period TL1-SINR_Measurement_Period_SSB_CMR_IMR for FR1
	Configuration
	TL1-SINR_Measurement_Period_SSB_CMR_IMR (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-SINR channel measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:   The requirements are applicable provided that the CSI-RS resource configured for interference measurement shall be 1-to-1 mapped to SSB configured for channel measurement, with the same periodicity  


Table y: Measurement period TL1-SINR_Measurement_Period_SSB_CMR_IMR for FR2
	Configuration
	TL1-SINR_Measurement_Period_SSB_CMR_IMR (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note 1:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:   The requirements are applicable provided that the CSI-RS resource configured for interference measurement shall be 1-to-1 mapped to SSB configured for channel measurement, with the same periodicity 


· FFS how to define the value of P, and whether or not a single P value for both CMR and IMR.
· FFS the scaling factor N under different conditions of “repetition” field of IMR. 
· Measurement period for CSI-RS-based CMR+IMR scenario:
· By following L1-RSRP measurement requirement and restricting CMR and IMR’s 1-to-1 mapping, measurement period requirements for FR1 and FR2 shall be defined as:
Table x: Measurement period TL1-SINR_Measurement_Period_CSI-RS_CMR_IMR for FR1
	Configuration
	TL1-SINR_Measurement_Period_CSI-RS_CMR_IMR (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-SINR measurement is transmitted with Density = 3.
Note 3:   The requirements are applicable provided that the CSI-RS resource configured for interference measurement shall be 1-to-1 mapped to CSI-RS configured for channel measurement, with the same periodicity.  


Table y: Measurement period TL1-SINR_Measurement_Period_CSI-RS_CMR_IMR for FR2
	Configuration
	TL1-SINR_Measurement_Period_CSI-RS_CMR_IMR (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-SINR measurement is transmitted with Density = 3.
Note 3:   The requirements are applicable provided that the CSI-RS resource configured for interference measurement shall be 1-to-1 mapped to CSI-RS configured for channel measurement, with the same periodicity.  


· FFS how to define the value of P, and whether or not a single P value for both CMR and IMR.
· FFS the scaling factor N under different conditions of “repetition” field of CMR and IMR. 
· Side condition for measurement accuracy:
· Following previous meeting’s simulation assumption, i.e., -3dB for ideal SINR
· For NZP-IMR: 	Side condition (SNR) on CMR and Side condition (INR) on IMR are both 0dB
· For ZP-IMR: 	Side condition (SNR) on CMR are -3dB. 
· Number of Samples for L1-SINR Measurement:
· M = [3] if single shot measurement is not applicable for CMR-only, SSB+NZP-IMR, SSB+ZP-IMR, CSI-RS+NZP-IMR and CSI-RS+ZP-IMR.
· Number of Scaling for FR2 (value of N)
· For the cases of CMR only, 
· the variable N can be defined as same as L1-RSRP. 
· For the case of CSI-RS+NZP-IMR, SSB+IMR, CSI-RS+ZP-IMR
· FFS the variable N.
3.1.2 Measurement Restriction and Scheduling Availability
· NZP-IMR: QCL indication
· For L1-SINR reporting with CMR + NZP-IMR configured in one CSI report, L1-SINR measurement requirements apply only if the NZP-IMR is not configured in another CSI report whose CMR is not Type-D QCLed; otherwise, longer measurement requirement is expected.
· NZP-IMR: “repetition = on”: 
· For CSI-RS configured as NZP-IMR in FR2, whether “repetition = on” is configurable: 
· Option-1: NZP-IMR can be configured with “repetition = off” or “repetition = on”:
· The configuration of “repetition = on/off” is present only if its CSI-RS resource set is used for the other purpose than this L1-SINR measurement report;
· RX beam for NZP-IMR for L1-SINR measurement shall always follow CMR, i.e., same RX filter shall be used. 
· Option-2: NZP-IMR can be configured with “repetition = off” or “repetition = on”:
· CMR and NZP-IMR should be configured with the same repetition pattern.
· CMR and NZP-IMR should not overlap in time domain if they are configured with “repetition = on”.
· Option-3: Depending on scenarios (i.e., configuration restriction): 
· SSB based CMR and NZP-IMR with “repetition = ON” is error configuration;
· SSB based CMR and NZP-IMR with “repetition = OFF” is correct configuration;
· NZP CSI-RS based CMR with “repetition = ON” and NZP-IMR with “repetition = ON”  is correct configuration;
· NZP CSI-RS based CMR with “repetition = ON” and NZP-IMR with “repetition = OFF” is correct configuration;
· NZP CSI-RS based CMR with “repetition = OFF” and NZP-IMR with “repetition = ON” is error configuration; 
· NZP CSI-RS based CMR with “repetition = OFF” and NZP-IMR with “repetition = OFF” is correct configuration. 
· ZP-IMR: “repetition = on”: 
· For CSI-RS configured as ZP-IMR in FR2, whether “repetition = on” is configurable:
· Option-1: “Repetition” field should not be present for ZP-IMR’s CSI-RS resource set configuration.
· Option-2: ZP-IMR CSI-RS shall only be configured with “repetition = off” in FR2.  
· Measurement restriction between L1-SINR and L1-RSRP
· For CMR+IMR scenario, FFS when the measurement restrictions need to be applied between L1-SINR measurement and L1-RSRP measurements.
3.1.3 Side condition and Others
· L1-SINR measurement side condition for Es/Iot for CMR+NZP-IMR
· Es/Iot on CMR and NZP-IMR:
· Option-1: Es/Iot >= -3dB and <=25dB
· Option-2: Es/Iot >=0dB and <=25dB, and the resultant L1-SINR should also lie between -3 dB and 25 dB.


Hence, in this discussion paper, we would like to further provide our analysis and view for outstanding issues for L1-SINR measurement and reporting related RRM core requirement.

2 Discussion 
2.1 Measurement Period
2.1.1 Measurement period for SSB-based CMR + IMR
In last RAN4 meeting, the general framework has been agreed for measurement period for SSB-based CMR+IMR, with the remaining issues of: 
	- FFS how to define the value of P, and whether or not a single P value for both CMR and IMR.
	- FFS the scaling factor N under different conditions of “repetition” field of IMR.
For 1st issue (i.e., the value of P), compared with L1-RSRP measurement or L1-SINR measurement with CMR only, there is the complexity from the both CMR and IMR’s impact on sharing factor. Considering the value of P is already very complex even for SSB-based L1-RSRP measurement, we don’t prefer to further consider the impact of IMR into the derivation of the value P. Based on our understanding, the measurement restriction will be provided for IMR (both NZP CSI-RS and ZP CSI-IM), therefore the value of P can be defined as the same as SSB-based L1-RSRP measurement. 
Proposal-1: For SSB-based CMR+IMR L1-SINR measurement, 
  - The value of P is defined as the same as SSB-based L1-RSRP measurement;
  - The relaxation due to the conflicting measurement on dedicated IMR (either NZP CSI-RS or ZP CSI-IM) can be addressed in measurement restriction for CSI-RS and CSI-IM (to be introduced newly). 
For 2nd issue (i.e., the scaling factor of N for FR2), we still propose N=8 to match the long-standing assumption for the dimension of rough RX beambook at UE side. For the impact of IMR with different conditions of “repetition”, i.e., NZP CSI-RS with repetition = on/off, our understanding is the same RX filter should be applied to the one-to-one mapped SSB CMR and NZP CSI-RS, therefore the different repetition = on/off has no impact on the conclusion of N=8. 
Proposal-2: For SSB-based CMR+IMR L1-SINR measurement, 
  - The scaling factor of N=8, regardless of “repetition” field of IMR.

2.1.2 Measurement period for CSI-RS-based CMR + IMR
Similar to SSB-based CMR+IMR scenario, the general framework has been agreed for measurement period for CSI-RS-based CMR+IMR, with the remaining issues of: 
	- FFS how to define the value of P, and whether or not a single P value for both CMR and IMR.
	- FFS the scaling factor N under different conditions of “repetition” field of CMR and IMR.
As analysed in above-mentioned SSB-based CMR+IMR, the following proposal is provided: 
Proposal-3: For CSI-RS-based CMR+IMR L1-SINR measurement, 
  - The value of P is defined as the same as CSI-RS-based L1-RSRP measurement;
  - The relaxation due to the conflicting measurement on dedicated IMR (either NZP CSI-RS or ZP CSI-IM) can be addressed in measurement restriction for CSI-RS and CSI-IM (to be introduced newly). 
For the scaling factor N for FR2, we also don’t see the impact from different repetition=on/off of IMR, because our understanding is the same RX filter should be applied to the one-to-one mapped CSI-RS (CMR) and NZP CSI-RS (IMR). For ZP CSI-IM, as we present in previous meeting, our understanding is the Repetition field should not be present. 
Proposal-4: For CSI-RS-based CMR+IMR L1-SINR measurement, 
  - The scaling factor of N is defined as the same as CSI-RS based L1-RSRP measurement.

Specifically, the following text proposal is provided for the scaling factor N in CSI-RS-based CMR+IMR L1-SINR measurement, with the highlighted text to indicate the difference from L1-RSRP counterpart: 
----------------------------------------------Start of TP ------------------------------------------------
For periodic CSI-RS resources as CMR in a resource set configured with higher layer parameter repetition set to OFF, N=1. The requirements apply if qcl-InfoPeriodicCSI-RS is configured for all the resources in the resource set and for each resource one RS has QCL-TypeD with 
-	SSB for L1-RSRP measurement, or 
-	another CSI-RS in resource set configured with repetition ON.
-	For periodic CSI-RS resources as CMR in a resource set configured with higher layer parameter repetition set to ON, N=ceil(maxNumberRxBeam / Nres_per_set), where Nres_per_set is number of resources in the resource set. The requirements apply provided qcl-InfoPeriodicCSI-RS is configured for all resources in the resource set.
-	For semi-persistent CSI-RS resources as CMR in a resource set configured with higher layer parameter repetition set to OFF, N=1. The requirements apply provided TCI state is provided for all resources in the resource set in the MAC CE activating the resource set and for each resource one RS has QCL-TypeD with 
-	SSB for L1-RSRP measurement, or 
-	another CSI-RS in resource set configured with repetition ON.
-	For semi-persistent CSI-RS resources as CMR in a resource set configured with higher layer parameter repetition set to ON, N=ceil(maxNumberRxBeam / Nres_per_set), where Nres_per_set is number of resources in the resource set. The requirements apply provided TCI state is provided for all resources in the resource set in the MAC CE activating the resource set.
-	For aperiodic CSI-RS resources as CMR in a resource set configured with higher layer parameter repetition set to OFF, N=1. The requriements apply provided qcl-info is configured for all resources in the resource set and for each resource one RS has QCL-TypeD with 
-	SSB for L1-RSRP measurement, or 
-	another CSI-RS in resource set configured with repetition ON.
-	For aperiodic CSI-RS resources as CMR in a resource set configured with higher layer parameter repetition set to ON, N=1. UE is not required to meet the accuracy requirements in clause 10.1.19.2 and 10.1.20.2 if number of resources in the resource set is smaller than maxNumberRxBeam. The requirements apply provided qcl-info is configured for all resources in the resource set.
---------------------------------------------- End of TP ------------------------------------------------

2.2 Measurement restriction and scheduling availability
2.2.1 Applicability of “Repetition=On” for NZP-IMR and ZP-IMR 
Considering IE “Repetition = On” is used to indicate that the corresponding CSI-RS resource set are transmitted with the same TX spatial filter, so that UE can use this CSI-RS resource set for RX beamforming training. However, similar to the discussion above for NZP-IMR’s QCL indication, CMR and IMR should be QCLed with Type-D for L1-SINR report, so we don’t observe the necessity to perform RX beam training for IMR. 
Proposal-5: For L1-SINR measurement with dedicated configured NZP-IMR or ZP-IMR, there is no necessity to perform RX beam training/refinement for IMR. 
On the other hand, since it is possible to configure the same NZP-IMR as CMR in another CSI report, we can’t limit NW not configure “Repetition=On” for NZP-IMR, if the same NZP CSI-RS is configured as CMR for another CSI report. While it should be noted that with any configuration of Repetition field for CSI-RS resource set (including “Repetition = On”, “Repetition = Off”, or Repetition field is not present) should not have any impact on SINR measurement where NZP-IMR is dedicated configured as any CSI-RS resource in this CSI-RS resource set.  
Proposal-6: For L1-SINR measurement with dedicated NZP-IMR, 
   - The configuration of “repetition = on/off” is present only if its CSI-RS resource set is used for the other purpose than this L1-SINR measurement report;
   - RX beam for NZP-IMR for L1-SINR measurement shall always follow CMR, i.e., same RX filter shall be used.

2.2.2 Applicability of “Repetition=On” for ZP-IMR 
For L1-SINR measurement with dedicated ZP-IMR, we don’t see the necessity to configure “Repetition=On” for any cases, and furthermore the Repetition field is not present in corresponding CSI-IM configuration IE. 
Proposal-7: For L1-SINR measurement with dedicated ZP-IMR, 
   - “Repetition” field is not present for CSI-IM configuration. 

2.3 Side Condition
In previous meeting, it was agreed that the accuracy requirements for L1-SINR in CMR only and CMR+ZP-IMR scenarios is applicable for CSI-RS Es/Iot <= 25 dB as upper bound for CMR REs, while the conclusion has not been made for the counterpart of CMR+IMR scenario. In last RAN4#94-e, the following two options are proposed: 
· Es/Iot on CMR and NZP-IMR:
· Option-1: Es/Iot >= -3dB and <=25dB
· Option-2: Es/Iot >=0dB and <=25dB, and the resultant L1-SINR should also lie between -3 dB and 25 dB.
The side conditions for CMR (either SSB or CSI-RS configured for BM purpose) and NZP-IMR can reuse the side conditions for SSB or CSI-RS based L1-RSRP measurement, i.e., SSB or CSI-RS Es/Iot >=-3dB and <=25dB. 
Proposal-8: Side condition for CMR+IMR scenario, in additional to L1-SINR lower bound (i.e., -3dB), the accuracy requirement is applicable only if following conditions are satisfied:
  - Es/Iot over CMR: SSB or CSI-RS Es/Iot >=-3dB and <=25dB
  - Es/Iot over NZP-IMR: CSI-RS Es/Iot >=-3dB and <=25dB

3 Conclusion
In this paper, we provided our views on L1-SINR measurement and reporting, with the following observations and proposals achieved:
Proposal-1: For SSB-based CMR+IMR L1-SINR measurement, 
  - The value of P is defined as the same as SSB-based L1-RSRP measurement;
  - The relaxation due to the conflicting measurement on dedicated IMR (either NZP CSI-RS or ZP CSI-IM) can be addressed in measurement restriction for CSI-RS and CSI-IM (to be introduced newly). 
Proposal-2: For SSB-based CMR+IMR L1-SINR measurement, 
  - The scaling factor of N=8, regardless of “repetition” field of IMR.
Proposal-3: For CSI-RS-based CMR+IMR L1-SINR measurement, 
  - The value of P is defined as the same as CSI-RS-based L1-RSRP measurement;
  - The relaxation due to the conflicting measurement on dedicated IMR (either NZP CSI-RS or ZP CSI-IM) can be addressed in measurement restriction for CSI-RS and CSI-IM (to be introduced newly). 
Proposal-4: For CSI-RS-based CMR+IMR L1-SINR measurement, 
  - The scaling factor of N is defined as the same as CSI-RS based L1-RSRP measurement.
Proposal-5: For L1-SINR measurement with dedicated configured NZP-IMR or ZP-IMR, there is no necessity to perform RX beam training/refinement for IMR. 
Proposal-6: For L1-SINR measurement with dedicated NZP-IMR, 
   - The configuration of “repetition = on/off” is present only if its CSI-RS resource set is used for the other purpose than this L1-SINR measurement report;
   - RX beam for NZP-IMR for L1-SINR measurement shall always follow CMR, i.e., same RX filter shall be used.
Proposal-7: For L1-SINR measurement with dedicated ZP-IMR, 
   - “Repetition” field is not present for CSI-IM configuration. 
Proposal-8: Side condition for CMR+IMR scenario, in additional to L1-SINR lower bound (i.e., -3dB), the accuracy requirement is applicable only if following conditions are satisfied:
  - Es/Iot over CMR: SSB or CSI-RS Es/Iot >=-3dB and <=25dB
  - Es/Iot over NZP-IMR: CSI-RS Es/Iot >=-3dB and <=25dB
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