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1. Introduction
Discussion on requirements regarding L1-RSRP computation for reporting is still ongoing in RAN4. At the last RAN4 meeting, requirements for L1-RSRP reporting were discussed, but there are some remaining issues, e.g. evaluation period and scheduling availability for L1-RSRP measurement. In this contribution, we provide our views on remaining issues on L1-RSRP computation for reporting. 
2. Discussion
Evaluation period of L1-RSRP computation for reporting
RAN4 is now discussing how to define evaluation period of L1-RSRP computation for reporting. At the last RAN4 meeting, simulation assumption for L1-RSRP measurement was agreed [1], and based on simulation results, requirements for L1-RSRP reporting would be discussed at RAN4#88bis in the following steps. First of all, RAN4 needs to discuss how accurate L1-RSRP measurement should be at certain SNR side condition. Then, we could discuss whether averaging of L1-RSRP measurement to meet such accuracy is required or not. Once it would be decided to define L1 averaging for L1-RSRP reporting, evaluation period, i.e. number of samples for SSB/CSI-RS based L1-RSRP measurement, should be specified. According to the current specification, requirements regarding L1-RSRP reporting is only applied for “periodic” reporting as following.
	TS 38.133 [2]
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When a CSI-RS resource or a SSB index is indicated in RRC message CSI-ReportConfig with reportQuantity set to "cri-RSRP" or "none" by network, the UE shall be able to perform L1-RSRP measurements based on the configured reference signals. 
The L1-RSRP compution requirements shall be applied to a SSB resource or a periodic CSI-RS resource only when reportConfigType of CSI-ReportConfig is set to "periodic".


If it is agreed that L1-RSRP measurement result should be averaged by multiple samples, evaluation period not only for periodic reporting but also for semi-persistent reporting might be necessary. Furthermore, in our understanding, L1 averaging for L1-RSRP reporting would be applicable only in the case where timeRestrictionForChannelMeasurements, is not configured. Otherwise, UE has to perform L1-RSRP reporting based on single shot measurement. In addition, if NW sets reportConfigType to “aperiodic”, UE would be also expected to perform single shot based L1-RSRP reporting. Therefore, requirement for single shot L1-RSRP measurement should be specified to ensure the performance of L1-RSRP measurement and reporting.
Observation 1: If L1 averaging for L1-RSRP reporting is required, RAN4 needs to discuss whether evaluation period for semi-persistent L1-RSRP reporting should be also specified or not.
Observation 2: Even if evaluation period for L1-RSRP reporting is specified, L1 averaging could not be applied when timeRestrictionForChannelMeasurements is configured.
Observation 3: Even if evaluation period for L1-RSRP reporting is specified, RAN4 needs to discuss the requirement for L1-RSRP reporting based on single shot.
In the previous RAN4 meetings, scaling factor considering UE Rx beam sweeping has been also discussed. In terms of L1-RSRP reporting, RS resources measured for L1-RSRP reporting are configured by higher layer parameter, and hence, it would be not necessary to take Rx beam sweeping into consideration if UE has prior knowledge about appropriate Rx beam for the configured RS resources. For example, if UE has previously performed RRM measurement or RLM on RS resources which are QCL-Type D with SSB or CSI-RS resources configured for L1-RSRP reporting, UE would not need to perform additional Rx beam sweeping since UE should know which Rx beam could be utilized for the L1-RSRP measurement. Therefore, L1-RSRP measurement period should not be scaled due to Rx beam sweeping in some cases.
Observation 4: At least in following condition, UE does not need to perform Rx beam sweeping for L1-RSRP reporting, and hence, evaluation period for L1-RSRP reporting should not be relaxed by scaling factor related to Rx beam sweeping.
· The RS resource configured for L1-RSRP reporting is QCL-Type D with SSB or CSI-RS resource configured for other RRM measurements and/or RLM, and the QCL association is known to UE.
Even if scaling factor related to Rx beam sweeping is defined, we think that maxNumberRxBeam should be applied as the scaling factor in some cases, e.g. at least for CSI-RS based L1-RSRP reporting.
Observation 5: In case where UE needs to perform Rx beam sweeping for L1-RSRP measurement, maxNumberRxBeam could be considered as the scaling factor for CSI-RS based L1-RSRP measurement and reporting.
Based on above observations, we made following proposal.
Proposal 1: When evaluation period for L1-RSRP reporting is specified, RAN4 should take following aspects into consideration.
· Whether evaluation period for semi-persistent L1-RSRP reporting should be defined or not.
· L1 averaging for L1-RSRP reporting could not be applied when timeRestrictionForChannelMeasurements is configured.
· Whether requirement for single shot based L1-RSRP reporting should be also specified or not.
· Condition where it is not necessary to apply scaling factor due to Rx beam sweeping should be specified.
Scheduling availability for L1-RSRP measurement
At RAN4#87 meeting, scheduling availability was discussed and some agreements were made, but the latest specification [2] have not captured scheduling availability for L1-RSRP measurement. 
	Agreements at RAN4#87:
1. RAN4 defines requirements regarding scheduling availability during SSB based L3 measurement, SSB based RLM, CSI-RS based RLM, SSB based L1-RSRP measurement, CSI-RS based L1-RSRP measurement, SSB based beam failure detection and CSI-RS based beam failure detection in Rel-15.
0. RAN4 also defines requirements regarding scheduling availability during CSI-RS based L3 measurement if RRM requirements for CSI-RS based L3 measurement are defined in Rel-15.
1. For requirements regarding scheduling availability during SSB based RLM, CSI-RS based RLM, SSB based L1-RSRP measurement, CSI-RS based L1-RSRP measurement, SSB based beam failure detection and CSI-RS based beam failure detection, scheduling restriction due to those procedures is not applied to any other symbols than RS symbols to be monitored.
1. Scheduling restriction due to different numerology aspect is applied during SSB based RLM, BFD and L1-RSRP measurement as well as SSB based L3 measurement, i.e., for UE not supporting simultaneousRxDataSSB-DiffNumerology capability.
1. Scheduling restriction due to Rx beamforming aspect is applied during CSI-RS based L1-RSRP measurement on FR2 serving cell when repetition of CSI-RS resource set is on.
1. When UE performs RLM, BFD and/or L1-RSRP measurement on FR1 serving cell, same scheduling restriction applies to all serving cells in the same band and no scheduling restriction applies to all serving cells in the different band in FR1 and FR2..
1. When UE performs RLM, BFD and/or L1-RSRP measurement on FR2 serving cell, same scheduling restriction applies to all serving cells in the same band and no scheduling restriction applies to all serving cells in FR1.

· When UE performs SSB based L1-RSRP measurement in FR2, 
· scheduling restriction applies to RS symbols to be monitored
· Scheduling restriction due to different numerology aspect does not need to be defined for CSI-RS based RLM, BFD and L1-RSRP measurement since CSI-RS resources for RLM, BFD and/or L1-RSRP measurement are configured per BWP and SCS of CSI-RS resources is the SCS of corresponding BWP.

· When UE performs SSB based RLM, CSI-RS based RLM, SSB-based BFD or CSI-RS based BFD in FR2, 
· scheduling restriction applies to RS symbols to be monitored, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to receive by RRC_connected state.
· FFS whether or not scheduling restriction applies to other serving cells in the same band in case of intra-band CA


Based on previous agreements as captured above, the remaining issue is scheduling restriction in case of CSI-RS based L1-RSRP reporting without repetition. According to agreements at the last RAN4 meeting, no scheduling restriction occurs even for PCell/PSCell in FR2 if RLM-RS/BFD-RS is QCL-Type D with active TCI states for PDCCH/PDSCH. Therefore, in case of L1-RSRP measurement, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for L1-RSRP measurement in following conditions, otherwise UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB or CSI-RS symbols to be measured for L1-RSRP measurement.
· The SSB configured for L1-RSRP measurement is QCL Type D with active TCI state for PDCCH/PDSCH.
· The CSI-RS configured for L1-RSRP measurement is QCL Type D with active TCI state for PDCCH/PDSCH and repetition is not “on”.
This scheduling availability is captured in our companion paper [3]. 
Proposal 2: RAN4 need to specify scheduling availability for L1-RSRP measurement, and scheduling restriction for L1-RSRP measurement on an FR2 serving PCell and/or PSCell should be defined as following.
· UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for L1-RSRP measurement in following conditions, otherwise UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB or CSI-RS symbols to be measured for L1-RSRP measurement.
· The SSB configured for L1-RSRP measurement is QCL Type D with active TCI state for PDCCH/PDSCH.
· The CSI-RS configured for L1-RSRP measurement is QCL Type D with active TCI state for PDCCH/PDSCH and repetition is not “on”.
3. Conclusion
In this contribution, we provided our views on requirements of L1-RSRP computation for reporting, and we made following observations and proposals.
Observation 1: If L1 averaging for L1-RSRP reporting is required, RAN4 needs to discuss whether evaluation period for semi-persistent L1-RSRP reporting should be also specified or not.
Observation 2: Even if evaluation period for L1-RSRP reporting is specified, L1 averaging could not be applied when timeRestrictionForChannelMeasurements is configured.
Observation 3: Even if evaluation period for L1-RSRP reporting is specified, RAN4 needs to discuss the requirement for L1-RSRP reporting based on single shot.
Observation 4: At least in following condition, UE does not need to perform Rx beam sweeping for L1-RSRP reporting, and hence, evaluation period for L1-RSRP reporting should not be relaxed by scaling factor related to Rx beam sweeping.
· The RS resource configured for L1-RSRP reporting is QCL-Type D with SSB or CSI-RS resource configured for other RRM measurements and/or RLM, and the QCL association is known to UE.
Observation 5: In case where UE needs to perform Rx beam sweeping for L1-RSRP measurement, maxNumberRxBeam could be considered as the scaling factor for CSI-RS based L1-RSRP measurement and reporting.
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