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1. Introduction
In RAN plenary 98 meeting, a revised WID[1] for Rel-18 was approved to further clarify the scope of the  simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier. The main update is to remove the sub bullet related with L3 measurement delay and put the L3 measurement related aspects into the NOTEs. The objective in the revised WID is as follows:
	· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO
· Enhanced RF requirements:
· Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs
· The legacy spherical coverage requirement for reception from a single direction will be kept
· PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalized
· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier
· Enhanced RRM requirements:
· The following requirements should be studied and specified if necessary:
· L1-RSRP measurement delay
· L3 measurement delay (both cell detection delay and measurement period can be considered)
· The starting point is the enhancements related to L1-RSRP measurement enhancements
· RLM and BFD/CBD requirements
· Scheduling/measurement restrictions
· TCI state switching delay with dual TCI
· Receive timing difference between different directions (different QCL Type D RSs)

NOTEs:
· The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.
· The work on L3 measurement related aspects for scheduling/measurement restriction requirements is not precluded.
· Further check in RAN #100 whether to include other L3 measurement related aspects and objectives subject to RAN4 progress.


In last RAN4 meeting, RAN4 has spread extensive discussion around the L1-RSRP measurement and some agreements were achieved in [2]. 
	Overall handling of L1 measurements
Agreement: 
Discussion on Rx beam sweeping scaling factor, simultaneous reception of DL data and RS, and other multi-Rx related topics can be done jointly for L1-RSRP, RLM, L1-SINR and CBD/BFD.


In this document, we provide our further analysis focus on L1-RSRP measurement around simultaneous multi-panel reception.
2. Discussion
Regarding to L1 measurement enhancement under multi-panel Rx, it has been approved that there is not any room to reduce the sample number in 104bis meeting. So we can explore from the following aspects:
· The relation with the group based report
· The reduction of scaling factor for Rx beam sweeping
· Scheduling restriction 
· Measurement restriction
The last two aspects would be discussed in another document from us. So we would discuss the first three aspects.
2.1 Group based report
The group based report was supported by RAN1 from R15. Further more, in R16 and R17, some further enhancements were introduced. The details in [3] are shown as follows:
	If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP', 'ssb-Index-RSRP', 'cri-RSRP-Capability[Set]Index' or 'ssb-Index-RSRP-Capability[Set]Index', 
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'disabled', the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single report nrofReportedRS (higher layer configured) different CRI or SSBRI for each report setting. 
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters. 
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting-r17, the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single reporting instance nrofReportedRSgroup, if configured, group(s) of two CRIs or SSBRIs selecting one CSI-RS or SSB from each of the two CSI Resource Sets for the report setting, where CSI-RS and/or SSB resources of each group can be received simultaneously by the UE. 
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-SINR', 'ssb-Index-SINR', 'cri-SINR-Capability[Set]Index' or 'ssb-Index-SINR-Capability[Set]Index', 
[bookmark: _Hlk23665484]-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'disabled', the UE shall report in a single report nrofReportedRS (higher layer configured) different CRI or SSBRI for each report setting. 
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS and/or SSB resources can be received simultaneously by the UE.


Within the above details, we can see three UE capabilities are referred: groupBeamReporting, groupSINR-reporting-r16 and mTRP-GroupBasedL1-RSRP-r17. The exact specification on them as as follows:
	groupBeamReporting
Indicates whether UE supports RSRP reporting for the group of two reference signals.  
	Band
	No
	N/A
	N/A

	groupSINR-reporting-r16 
Indicates whether UE supports group based L1-SINR reporting. UE indicates support of this feature shall indicate support of ssb-csirs-SINR-measurement-r16.
	Band
	No
	N/A
	N/A

	mTRP-GroupBasedL1-RSRP-r17 
Indicates the support of group based L1-RSRP reporting enhancements.
This feature also includes following parameters:
-	maxNumBeamGroups-r17 indicates the maximum number N of beam groups (M=2 beams per beam group) in a single L1-RSRP reporting instance based on measurement on two CMR resource sets. 
-	maxNumRS-WithinSlot-r17 indicates the maximum number of SSB and CSI-RS resources for measurement in both CMR sets within a slot across all CCs. 
-	maxNumRS-AcrossSlot-r17 indicates the maximum number of configured SSB and CSI-RS resources for measurement in both CMR sets across all CCs. 
maxNumRS-WithinSlot-r17 and maxNumRS-AcrossSlot-r17 are also counted in maxTotalResourcesForOneFreqRange-r16 and maxTotalResourcesForAcrossFreqRanges-r16.
	Band
	No
	N/A
	N/A


In R15, the L1-RSRP group-based report is supported. If the UE is capable of groupBeamReporting and the NW enable the groupBasedBeamReporting, the UE can report a pair of SSBRI or CRI to support mTRP transmission.
In R16, the L1-SINR group based report is supported. The mechanism is similar as L1-RSRP group-based report in 15. The corresponding UE capability is groupSINR-reporting-r16.
In R17, some further enhancement on L1-RSRP group-based report is introduced. NW can configure two CSI-RS resource set to UE, so that each CSI-RS resource set corresponds to each TRP. Further more, the number of SSBRI or CRI pair reported by UE is extended from one to nrofReportedRSgroup. The corresponding UE capability is mTRP-GroupBasedL1-RSRP-r17. For L1-SINR report, not any enhancement achieved in R17.
Observation 1: L1-RSRP group-based report is supported from R15 and is further enhanced in R17. L1-SINR group-based report is supported from R16. Three corresponding UE capabilities: groupBeamReporting, groupSINR-reporting-r16 and mTRP-GroupBasedL1-RSRP-r17 were identified in R15, R16 and R17 respectively.
Observation 2: The three corresponding UE capabilities are all optional type.
Regarding to intra-cell and inter-cell mTRP scenarios, the support of group-based report is not identical. For intra-cell scenario, both SSB type and CSI-RS type group-based report are allowed. But for inter-cell scenario, since RAN 1 specified that the SSB with additional PCI is not allowed to be applied to group-based report, so SSB type group-based report is not supported. But there is not any limitation on CSI-RS type, so we can believe only CSI-RS type group-based report is allowed for inter-cell scenario. While for intra-cell scenario, both SSB type and CSI-RS type group-based report are supported. 
Observation 3: The support of group-based report for intra-cell mTRP and inter-cell mTRP are different. For inter-cell mTRP, only CSI-RS type group-based report is allowed. While for intra-cell mTRP, both CSI-RS and SSB types group-based report are allowed.
Based on the above analysis, we can see in R15 and R16, only one CSI-RS resource set even the group-based report is enabled, and in R17, two CSI-RS resource sets can be configured when the group-based report is enabled. But no matter one set or two sets are configured, there is not any restriction on the RS resources configuration. So the reported two CSI-RS in a single group-based report can be transmitted by the two TRPs simultaneously or non-simultaneously. For SSB type, of course the reported two SSBRI in a single group-based report can not be transmitted simultaneously. So from this point of view, the group-based report is not different with non group-based report.
Observation 4: No matter for CSI-RS type or SSB type, there is not any restriction to limit the reported two CSI-RS or SSB within a single group-based report should be overlapping in time.
In a word, considering the corresponding UE capabilities are all optional type, and the RS measurement can be simultaneously or in sequentially, we believe group-based report is only one of the solutions to achieve multi-panle Rx, not the only solution. Especially under intra-cell mTRP, each CSI-RS or SSB is transmitted through TRP 0 or TRP 1, which is transparent to UE. So as long as the NW collects reported CRI or SSBRI transmitted from different TRPs, no matter from group-based report or non group-based report. 
Proposal 1: No matter through group-based report or non group-based report, as long as the NW can collect the CSIRI or SSBRI report related with each TRP, multi-panel Rx can be supported from the perspective of beam report.
2.2 The reduction of scaling factor N for Rx beam sweeping
During RRM measurement and L1-RSRP measurement, for SSB based, the UE always need to perform Rx beam sweeping to acquire the Rx beam tracing. The different point is that for RRM measurement, coarse beam is assumed since of the lack of prior information. While for L1-RSRP measurement, it is only oriented to the serving cell, so fine beam is assumed during the SSB based L1-RSRP measurement.
For the UE configured with multiple antenna panels, since of some prior information acquired by the UE, so for Rx beam sweeping of L1-RSRP measurement, maybe one antenna panel has been down-selected through the previous RRM measurement. Under such assumption, the Rx beam sweeping of L1-RSRP measurement is only performed on a single antenna panel. Another UE implementation is that still all antenna panels are referred to during Rx beam sweeping of L1-RSRP measurement. 
· Assumption 1: L1-RSRP measurement is performed only by a single panel down-selected by RRM measurement
· Assumption 2: L1-RSRP measurement is performed by multiple panels
Proposal 2: For the case of a single panel has been down-selected by previous RRM measurement(named as Assumption 1), the Rx beam sweeping during L1-RSRP measurement is performed only by a single panel. While for other case(named as Assumption 2), the Rx beam sweeping during L1-RSRP measurement is performed by multiple panels.
Under Assumption 1, it is convenient to realize simultaneous two L1-RSRP measurement procedures for two TRPs. As shown in the below figure 1. In this case, UE can perform two L1-RSRP measurement for the two TRPs in parallel. while for the UE not capable of simultaneous multi-panel Rx, it can only perform the two L1-RSRP measurement sequentially, as shown in below Figure 2.
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Figure 1. Perform L1-RSRP measurement for two TRPs in parallel
[image: ]
Figure 2. Perform L1-RSRP measurement for two TRPs sequentially
The total measurement period can be reduced since of the relaxation on measurement restriction. However regarding to the beam sweeping factor, we can not see direct enhancement.
Proposal 3: Under Assumption 1), i.e. L1-RSRP measurement is performed only by a single panel down-selected by RRM measurement, no room to reduce the scaling factor of Rx beam sweeping.
Under Assumption 2, as shown in Figure 3, it is obvious that the fully beam sweeping needs multiple panels’ participation, for the UE capable of simultaneous multi-panel Rx, UE can perform partial beam sweeping by each panel at the same time as below. So the beam sweeping factor can be reduced by a half, i.e. from N to N/2. Further more, one condition is that each panel can cover half of the fully beam directions. If the beam coverage of multiple panels are different, e.g. one panel covers 2 beam directions and another panel covers 6 beam directions, as shown in figure 4, under such situation, the beam sweeping factor can not relax from N to N/2, but only relax from N to maximum[N1, N2], here N1and N2 refer to the number of beams covered by each panel respectively.
[image: ]
Figure 3. Each L1 measurement needs beam sweeping including multiple panels
[image: ]
Figure 4. Each panel covers different number of beam directions

Proposal 4: Under Assumption 2), i.e. L1-RSRP measurement is performed by multiple panels, UE can perform partial beam sweeping by each panel at the same. So the beam sweeping factor can be reduced. 
· For the case of each panel can cover half of the fully beam directions, the beam sweeping factor can be reduced by a half, i.e. from N to N/2.
· [bookmark: _GoBack]For other cases, the beam sweeping factor can be reduced from N to maximum[N1, N2], here N1and N2 refer to the number of beams covered by each panel respectively.
3. Conclusion
In this contribution, we have the following observations and proposals around L1-RSRP measurement for simultaneous DL reception from different directions:
Observation 1: L1-RSRP group-based report is supported from R15 and is further enhanced in R17. L1-SINR group-based report is supported from R16. Three corresponding UE capabilities: groupBeamReporting, groupSINR-reporting-r16 and mTRP-GroupBasedL1-RSRP-r17 were identified in R15, R16 and R17 respectively.
Observation 2: The three corresponding UE capabilities are all optional type.
Observation 3: The support of group-based report for intra-cell mTRP and inter-cell mTRP are different. For inter-cell mTRP, only CSI-RS type group-based report is allowed. While for intra-cell mTRP, both CSI-RS and SSB types group-based report are allowed.
Observation 4: No matter for CSI-RS type or SSB type, there is not any restriction to limit the reported two CSI-RS or SSB within a single group-based report should be overlapping in time.
Proposal 1: No matter through group-based report or non group-based report, as long as the NW can collect the CSIRI or SSBRI report related with each TRP, multi-panel Rx can be supported from the perspective of beam report.
Proposal 2: For the case of a single panel has been down-selected by previous RRM measurement(named as Assumption 1), the Rx beam sweeping during L1-RSRP measurement is performed only by a single panel. While for other case(named as Assumption 2), the Rx beam sweeping during L1-RSRP measurement is performed by multiple panels.
Proposal 3: Under Assumption 1), i.e. L1-RSRP measurement is performed only by a single panel down-selected by RRM measurement, no room to reduce the scaling factor of Rx beam sweeping.
Proposal 4: Under Assumption 2), i.e. L1-RSRP measurement is performed by multiple panels, UE can perform partial beam sweeping by each panel at the same. So the beam sweeping factor can be reduced. 
· For the case of each panel can cover half of the fully beam directions, the beam sweeping factor can be reduced by a half, i.e. from N to N/2.
· For other cases, the beam sweeping factor can be reduced from N to maximum[N1, N2], here N1and N2 refer to the number of beams covered by each panel respectively.
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