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1. Introduction
[bookmark: _GoBack]In recent RAN plenary 100 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 NOTEs related with L3 measurement delay. 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:
· [bookmark: _Hlk104922953]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
· 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.


In last RAN4 meeting, RAN4 has spread extensive discussion around the L1-RSRP measurement and some agreements were achieved in [2]. 
	Sub-topic 1-1: Group based beam reporting (GBBR) requirements
Conditions for beam pair selection:
Agreement
· Do not introduce additional conditions for beam pair reporting in GBBR on top of the conditions defined in RAN1 specifications in Rel-18
L1-RSRP for GBBR:
Agreement
· GBBR measurement delay requirements will be defined under assumption that UE uses a single Rx panel for measurements at one time instance 
Companies are requested to bring further analysis on L1-RSRP requirements for GBBR in next meeting
Sub-topic 1-2: L1-RSRP measurement requirements 
Issue 1-2-1: Methods to achieve faster beam sweeping 
Agreements:
RAN4 to define new optional UE capability for beam sweeping factor reduction for SSB-based L1-RSRP measurement if the UE is capable of multi-Rx operation.
Issue 1-2-3: Candidate values for beam sweeping factor reduction:
Agreements:
The candidate number can be {2, 4, 6} for FR2-1.


In this document, we provide our further analysis focus on L1-RSRP measurement around simultaneous multi-panel reception.
2. Discussion
Regarding to L1-RSRP measurement enhancement under multi-panel Rx, some progress have been achieved, such as the number of samples, the combination of RSs, and the faster beam sweeping. Based on these progress, still some issues are suspending, so we can explore from the following aspects:
· Some general clarification
· Whether the RS configured for GBBR be configured based on L3 report or not
· The assumption on GBBR measurement
· Whether need condition for faster beam sweeping
· The requirements of measurement period
Besides all above, some issues were discussed in the measurement restriction and scheduling restriction aspects. So we discuss them in another document from us. 
2.1 Some general clarification
Before go deep into the details, we want to clarify the understanding of L1-RSRP measurement enhancement firstly, so as to make sure companies are on the same page.
From the perspective of NW configuration, it is possible to configure the UE capable of multi-panel Rx with both the GBBR and non-GBBR. Regarding GBBR, RAN4 has approved the following agreements in last meeting:
	Agreement
· GBBR measurement delay requirements will be defined under assumption that UE uses a single Rx panel for measurements at one time instance 


So it is clear that during the GBBR measurement, it is not assumed that UE can enhance the measurement via simultaneous reception from multiple panels. Even we discuss the exact requirements of GBBR measurement, single Rx panel should be assumed.
Observation 1: Based on the approved assumption on GBBR measurement delay, during GBBR measurement, a single Rx panel is assumed. UE can not perform simultaneous multi-panel reception for GBBR measurement.
While regarding the non-GBBR measurement, some company may call it as the L1 measurement after UE send GBBR report, or it can be called as the “L1-RSRP measurement on top of GBBR”. During such measurement, sine the beam pair(s) have been reported to NW, so it is possible for UE to achieve simultaneous multi-panel reception from multiple TRPs during such measurement. Since of such simultaneous reception from multi-panel, UE is possible to receive multiple L1-RSRP RSs from multiple TRPs, regarding the exact RS combinations, the following agreements were approved in last meeting:
	Which reference signals to be considered for multi-rx L1 measurement requirements：
Agreement from GTW:
· Multi-Rx L1 measurement requirements are defined under assumption of the following reference signals availability
· CSI-RS + CSI-RS: CSI-RS reference signals are transmitted from the two TRPs
· SSB + SSB: SSB signals are transmitted from the two TRPs
· FFS 
· SSB + CSI-RS: SSB and CSI-RS signals are transmitted from different TRPs
· FFS if same or different RS combinations would apply for different RRM requirements
· FFS whether to consider simultaneous and/or non-simultaneous RS transmission from different TRP to define RRM requirement


Based on the above agreements, two kinds of combination are allowed at least: CSI-RS+CSI-RS and SSB+SSB. 
Observation 2: During the non-GBBR L1-RSRP measurement, UE is capable to receive multiple L1-RSRP RSs from multiple TRPs simultaneously. The exact simultaneous RS combinations can be CSI-RS+CSI-RS or SSB+SSB at least.
Proposal 1: When discussing the L1-RSRP measurement, it is better to distinguish the discussion between GBBR measurement and non-GBBR measurement since the assumption on reception panel are different. For the former, single Rx panel is assumed, while for the latter, multi-Rx panel is allowed.
Furthermore, the faster beam sweeping based on UE capability has already approved. To our understanding, for the capable UE, the faster beam sweeping is allowed for both GBBR and non-GBBR measurements since such enhancement is only regarding the Rx beam training form a single TRP. Of course such enhancement would reduce the measurement period, so it should be captured into both the requirements of GBBR measurement and non-GBBR measurement. 
Proposal 2: Faster beam sweeping could enhance the requirements of measurement period, including both GBBR and non-GBBR measurement.
2.2 Whether the RS configured for GBBR be configured based on L3 report or not
Regarding this issue, the following options were captured in [2]:
	· Option 1: NO, not to introduce L1 RSRP and GBBR restrictions based on previous L3 reports
· Option 2: Yes, group based L1 measurement period requirements are applicable only when a valid L3 measurement report associated with the L1 measurement resources was sent during the last [5] seconds


Some companies concern UE may have no time to find suitable beam pair for the measurement if without L3 report. To our understanding, firstly the CSI-RS based mTRP L3 measurement is not supported until now, while the CSI-RS + CSI-RS GBBR reporting is allowed, so for the CSI-RS+CSI-RS GBBR reporting, no L3 report can be reference. Secondly, for normal L1-RSRP measurement, we do not have any constraint on the condition of L3 report, how to configure the L1 RS, all depend on NW decision. For the L1 RS configured for GBBR, NW can configure the RS covered all beam direction, then UE can choose one or multiple pairs within all the candidates. As a result, we can not see the necessity of making L3 report as the prerequisite.
Proposal 3: Not to introduce L1 RSRP and GBBR restrictions based on previous L3 reports
2.3 The assumption on GBBR measurement
Regarding this issue, the following options were proposed in last meeting:
	· Option 1: enhanced requirements are defined only for full overlap
· Option 2: enhanced requirements are defined also for partial overlap (the exact reduction for partial overlap is FFS)
· Option 3: RAN4 to consider non-simultaneous RS measurements from different TRPs for Rel-17 group-based L1-RSRP report requirements


Based on our analysis in Section 2.1, the assumption of single Rx panel for GBBR measurement has been assumed. Between the above candidates, Option 3 is most aligned with the approved assumption. Furthermore, during the GBBR measurement, UE is not sure about the beam pair, so it is really hard to perform simultaneous multi-panel Rx.
Proposal 4: Not to consider simultaneous RS measurement from multi-panel during GBBR measurement.
2.4 Whether need condition for faster beam sweeping
Some companies proposed the concrete conditions for faster beam sweeping. To our understand, one key point should be clarified is: the faster beam sweeping is different from the simultaneous reception from multiple TRPs, but the simultaneous reception from a single TRP, just the multi-panel Rx beam training. So if RAN4 would like to define some condition for faster beam sweeping, it should be different form the simultaneous reception from multiple TRPs.
Observation 3: Faster beam sweeping is the simultaneous multi-panel reception from single TRP, which is different from the simultaneous multi-panel reception from multiple TRPs.
Another alternative is not to define any condition. If follow this, then the UE capable of faster beam sweeping would apply faster beam sweeping once the multiple panels are turn on. 
Proposal 5: If without condition defined, then the UE capable of faster beam sweeping would apply faster beam sweeping once the multiple panels are turn on.

2.5 The requirements of measurement period
Based on our analysis in Section 2.1, when we discuss the measurement period of L1-RSRP measurement, it is better to split the discussion for GBBR measurement and non-GBBR measurement respectively.
Firstly, one common enhancement for both GBBR measurement and non-GBBR measurement is the faster beam sweeping for the capable UE. To reflect such enhancement, the most straightforward way is to reduce the number of N in the measurement period. 
Proposal 6: The common enhancement for both GBBR measurement and non-GBBR measurement is the faster beam sweeping for the capable UE, which would reduce the number of N in the measurement period.
Secondly, for the non-GBBR measurement, since of simultaneous multi-panel reception from multiple TRPs, the UE is capable of receive simultaneous RS+RS or RS+Data based on pair beams, so the scheduling restriction and measurement restriction can be relaxed. While such enhancement has not any impact on the measurement period.
Proposal 7: For the non-GBBR measurement, the scheduling restriction and measurement restriction can be relaxed while with no impact on the measurement period.
It has been agreed the requirement of GBBR measurement is discussed in the L1-RSRP aspects.To our understand, the reason of specific measurement requirements for group-based reporting maybe necessary lies in the following aspects:
· If the mixed RSs(SSB in Set 1 and CSI-RS in Set 2) based measurement is clarified as allowed by RAN1, then until right now, RAN4 does not define any L1-RSRP measurement requirements based on the mixed RSs, so RAN4 needs to discuss how to define L1-RSRP measurement requirements for such mixed RS scheme.
· Since different from legacy L1-RSRP reporting, beam pair(s) should be reported in the group-based reporting, so whether the legacy sample number is enough or need to enhance, some discussion is needed. Considering the legacy sample number is defined to determine a single beam quality.
· Group-based reporting is pure RAN1 enhancement, not any related conditions involved in, so as to apply such reporting better in simultaneous multiple panel reception, whether some conditions are needed, and the applicability of the measurement requirements should also be discussed. 
Therefore, it is necessary to discuss the potential new measurement requirements for group-based reporting from the above aspects.
Proposal 8: The group-based reporting is pure RAN1 enhancement, Since different from the legacy L1-RSRP measurement, it is necessary to discuss whether define new measurement requirements for group-based reporting from the following aspects:
· The potential mixed RSs measurement scheme;
· The sample number;
· The applicability condition.
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: Based on the approved assumption on GBBR measurement delay, during GBBR measurement, a single Rx panel is assumed. UE can not perform simultaneous multi-panel reception for GBBR measurement.
Observation 2: During the non-GBBR L1-RSRP measurement, UE is capable to receive multiple L1-RSRP RSs from multiple TRPs simultaneously. The exact simultaneous RS combinations can be CSI-RS+CSI-RS or SSB+SSB at least.
Proposal 1: When discussing the L1-RSRP measurement, it is better to distinguish the discussion between GBBR measurement and non-GBBR measurement since the assumption on reception panel are different. For the former, single Rx panel is assumed, while for the latter, multi-Rx panel is allowed.
Proposal 2: Faster beam sweeping could enhance the requirements of measurement period, including both GBBR and non-GBBR measurement.
Proposal 3: Not to introduce L1 RSRP and GBBR restrictions based on previous L3 reports
Proposal 4: Not to consider simultaneous RS measurement from multi-panel during GBBR measurement.
Observation 3: Faster beam sweeping is the simultaneous multi-panel reception from single TRP, which is different from the simultaneous multi-panel reception from multiple TRPs.
Proposal 5: If without condition defined, then the UE capable of faster beam sweeping would apply faster beam sweeping once the multiple panels are turn on.
Proposal 6: The common enhancement for both GBBR measurement and non-GBBR measurement is the faster beam sweeping for the capable UE, which would reduce the number of N in the measurement period.
Proposal 7: For the non-GBBR measurement, the scheduling restriction and measurement restriction can be relaxed while with no impact on the measurement period.
Proposal 8: The group-based reporting is pure RAN1 enhancement, Since different from the legacy L1-RSRP measurement, it is necessary to discuss whether define new measurement requirements for group-based reporting from the following aspects:
· The potential mixed RSs measurement scheme;
· The sample number;
· The applicability condition.
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