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Introduction
In this contribution, we will provide the discussion on L1-RSRP measurements for FR2 multi-Rx DL reception.
Discussion
RS configuration for GBBR
In TS38.214, the followings are defined for resource setting
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Each CSI Resource Setting CSI-ResourceConfig contains a configuration of a list of S≥1 CSI Resource Sets (given by higher layer parameter csi-RS-ResourceSetList), where the list is comprised of references to either or both of NZP CSI-RS resource set(s) and SS/PBCH block set(s) or the list is comprised of references to CSI-IM resource set(s). Each CSI Resource Setting is located in the DL BWP identified by the higher layer parameter BWP-id, and all CSI Resource Settings linked to a CSI Report Setting have the same DL BWP.
The time domain behavior of the CSI-RS resources within a CSI Resource Setting are indicated by the higher layer parameter resourceType and can be set to aperiodic, periodic, or semi-persistent. For periodic and semi-persistent CSI Resource Settings, when the UE is configured with groupBasedBeamReporting-r17, the number of CSI Resource Sets configured is S=2, otherwise the number of CSI-RS Resource Sets configured is limited to S=1. For periodic and semi-persistent CSI Resource Settings, the configured periodicity and slot offset is given in the numerology of its associated DL BWP, as given by BWP-id. When a UE is configured with multiple CSI-ResourceConfigs consisting the same NZP CSI-RS resource ID, the same time domain behavior shall be configured for the CSI-ResourceConfigs. When a UE is configured with multiple CSI-ResourceConfigs consisting the same CSI-IM resource ID, the same time-domain behavior shall be configured for the CSI-ResourceConfigs. All CSI Resource Settings linked to a CSI Report Setting shall have the same time domain behavior.
…


For GBBR, two CSI resource sets need to be configured. When the two resource sets are both configured as SSB resources, then UE needs to perform beam sweeping on each SSB source in each resource set in order to find the best beam pair(s) for reporting. When the two resource sets are both configured as CSI-RS resource set with repetition=off, UE needs to derive the beam information of CSI-RS resource from SSB resource or other CSI-RS resource for L1-RSRP measurements. RAN4 need to investigate whether SSB/CSI-RS resources to provide beam reference has to be included in a CSI report configured with group-based beam reporting. Besides, whether the SSB or CSI-RS to provide beam reference can be configured for non-group based L1-RSRP reporting needs to be investigated.
Proposal 1: For group-based beam reporting, RAN4 needs to investigate the conditions of the QCL configurations for CSI-RS resource used for group-based L1-RSRP measurements.
Beam sweeping for GBBR
In RAN4, it was agreed to consider faster beam sweeping with multi-Rx chains based UE capabilities, and beam sweeping factor reduction is one of the options.
Both SSB and CSI-RS can be configured for L1-RSRP measurements. For L1-RSRP measurements CSI-RS with repetition OFF, no beam sweeping operation is not needed since best beam can be derived from L1-RSRP measurements on QCL-TypeD SSB or CSI-RS with repetition ON. For L1-RSRP measurements on CSI-RS with repetition ON, the beam sweeping factor is defined as N=ceil(maxNumberRxBeam / Nres_per_set), where maxNumberRxBeam is already up to UE capability.
Proposal 2: For group-based beam reporting, there is no need to consider faster beam sweeping for enhancing CSI-RS based L1-RSRP measurements.
For L1-RSRP measurements on SSB, beam sweeping operation is always needed and the beam sweeping factor is define as N=8. The beam sweeping factor reduction for RLM/BFD/CBD measurements could lead to the direction sweeping range reduction. If beam sweeping factor was reduced for faster beam sweeping, then the beam direction coverage would also be impacted. Compared with legacy UE, the reduction of direction sweeping range for beam sweeping operation may lead that UE could not select to the best Rx beam and cause the performance degradation.
Observation 1: For SSB based L1-RSRP, beam sweeping factor reduction for faster beam sweeping will lead to reduce the beam sweeping coverage compared with legacy UE, which will degrade both beam direction coverage and the robustness of the UE against beam variation caused by UE rotation.
The CSI-RS configured for RLM/BFD/ is assumed to be QCL-TypeD to SSB for L1-RSRP or CSI-RS with repetition on. For RLM and cell specific BFD, there is no TRP association configuration. So, there is no need to pair RLM-RSs or to pair BFD-RSs. The best Rx beam selection for RLM/BFD for is still assumed to be same as legacy, i.e. the best Rx beam is selected from single RS perspective than from a RS pair perspective.
[bookmark: _Hlk134471670]If beam sweeping factor reduction for the purpose of faster beam sweeping is assumed for L1-RSRP measurements with group-based reporting, it may lead that UE could not select to the best Rx beam from single RS perspective. So, the SSB configured for group-based L1-RSRP reporting is not suitable to be used as source RS to provide beam reference for the CSI-RS resource which does not need to be paired. 
Observation 2: If beam sweeping factor reduction for the purpose of faster beam sweeping is assumed for to SSB based L1-RSRP measurements with group-based beam reporting, then the SSB for group-based L1-RSRP reporting is not suitable to be used as source RS to provide beam reference for the CSI-RS resource which does not need to be paired.
UE can be configured with both non-grouping-based L1-RSRP reporting and grouping-based L1-RSRP reporting. When the same SSB resource is used for both non-grouping-based L1-RSRP and grouping-based L1-RSRP, then the measurement behaviour of grouping-based L1-RSRP with beam sweeping factor reduction would be conflicted with the measurement behaviour of non-grouping-based L1-RSRP. Since SSB for RLM and BFD does not need to be paired and beam sweeping factor reduction is not applied. When the same SSB resource is used for both RLM/BFD and grouping-based L1-RSRP, the measurement behaviour of grouping-based L1-RSRP with beam sweeping factor reduction also would be conflicted with measurement behaviour of RLM and BFD.
Observation 3: If beam sweeping factor reduction for the purpose of faster beam sweeping is assumed for SSB based L1-RSRP measurements with group-based beam reporting, then some measurement restrictions needs to be introduced, e.g. same SSB cannot be used for group-based L1-RSRP measurements and legacy L1-RSRP measurements.
Based on the above analysis, the following is provided.
Proposal 3: For group-based beam reporting, beam sweeping factor reduction for the purpose of faster beam sweeping is not suggested to be used for enhancing SSB based L1-RSRP measurements due to performance degradation and additional measurement restrictions.

[bookmark: _Hlk126570502]Simultaneous reception of RSs for L1-RSRP
Since there is no TCI configuration for SSB resource, UE needs to perform beam sweeping on SSB resource for L1-RSRP measurements for selecting best beam. UE will try multiple Rx beams for this RS SSB resource. For a pair of SSB and CSI-RS resources, UE cannot guarantee simultaneous receptions on the SSB for all the combinations of Rx beam candidates for this RS pair, which are related to UE implementation. For CSI-RS resource with repetition on, UE also need to perform beam sweeping operation. Similarly, it is also suggested not to consider simultaneous receptions on CSI-RS resource with repetition on.
Proposal 4: For R18 multi-Rx DL receptions, it is suggested not to consider simultaneous L1-RSRP measurements on a pair of RSs when one of them is SSB resource or CSI-RS resource with repetition on.
For a RS without beam sweeping operation, the best beam could be different when it combines with different RS resource from other set as a pair. For example, set 0 including CSI-RS#1/CSI-RS#2 and set 1 including CSI-RS#3/CSI-RS#4 are configured for group-based L1-RSRP measurements. The “best beam” for CSI-RS#1 derived from the combination of CSI-RS#1+ CSI-RS#3 may be different with the “best beam” for CSI-RS#1 derived from the combination of CSI-RS#1+ CSI-RS#4. For CSI-RS#1 in set 0, it is uncertainty which RS in set 1 will be combined as a group for beam reporting.
Observation 4: For group-based beam reporting, a RS from one resource set cannot be always paired with any RS from the other resource set.
Proposal 5: For group-based L1-RSRP measurements, two RSs from different resource sets cannot be always considered to be received simultaneous.

Conclusions
In this paper we provided our discussion on 1-RSRP measurements for FR2 multi-Rx DL reception. The followings are provided.
Proposal 1: For group-based beam reporting, RAN4 needs to investigate the conditions of the QCL configurations for CSI-RS resource used for group-based L1-RSRP measurements.
Proposal 2: For group-based beam reporting, there is no need to consider faster beam sweeping for enhancing CSI-RS based L1-RSRP measurements.
Observation 1: For SSB based L1-RSRP, beam sweeping factor reduction for faster beam sweeping will lead to reduce the beam sweeping coverage compared with legacy UE, which will degrade both beam direction coverage and the robustness of the UE against beam variation caused by UE rotation.
Observation 2: If beam sweeping factor reduction for the purpose of faster beam sweeping is assumed for to SSB based L1-RSRP measurements with group-based beam reporting, then the SSB for group-based L1-RSRP reporting is not suitable to be used as source RS to provide beam reference for the CSI-RS resource which does not need to be paired.
Observation 3: If beam sweeping factor reduction for the purpose of faster beam sweeping is assumed for SSB based L1-RSRP measurements with group-based beam reporting, then some measurement restrictions needs to be introduced, e.g. same SSB cannot be used for group-based L1-RSRP measurements and legacy L1-RSRP measurements.
Proposal 3: For group-based beam reporting, beam sweeping factor reduction for the purpose of faster beam sweeping is not suggested to be used for enhancing SSB based L1-RSRP measurements due to performance degradation and additional measurement restrictions.
Proposal 4: For R18 multi-Rx DL receptions, it is suggested not to consider simultaneous L1-RSRP measurements on a pair of RSs when one of them is SSB resource or CSI-RS resource with repetition on.
Observation 4: For group-based beam reporting, a RS from one resource set cannot be always paired with any RS from the other resource set.
Proposal 5: For group-based L1-RSRP measurements, two RSs from different resource sets cannot be always considered to be received simultaneous.
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