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1. Introduction
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: General aspects
Issue 1-1-2: RS to be considered for L1-RSRP reported via GBBR  
Agreement
· Do not introduce requirements for Rel-17 GBBR measurements involving both SSB and CSI-RS measurements

Issue 1-1-3: Should the RS configured for measurements reported via GBBR and used for multi-rx be configured based on L3 report?
Agreement:
· How to configure RS for measurements reported via GBBR is NW implementation. RAN4 not to introduce any configuration restrictions.
Sub-topic 1-2: Measurement period requirements 
Issue 1-2-1: consideration of non-simultaneous RS measurements for GBBR
Agreement:
· RAN4 to also consider non-simultaneous RS measurements from different TRPs for Rel-17 group-based L1-RSRP report requirements.

Issue 1-2-2: Measurement period for L1-RSRP configured for GBBR 
Agreements：
· For SSB based L1-RSRP measurements in FR2 the measurement period for GBBR defined as:
	Configuration
	TL1-RSRP_Measurement_Period_SSB (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-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	N is FFS



· N is FFS
· Option 1: N = [reduceNumberRxBeam] for UE supporting faster beam sweeping under multi-Rx operations; otherwise N=8. (vivo, OPPO, QC, HW, ZTE, MTK)
· Option 2: N = 8 + K, where K is the number of SSBs in each CMR set (Apple)
· FFS: For CSI-RS based L1-RSRP measurements in FR2, the existing L1-RSRP measurement period is reused when configured for GBBR.

Issue 1-2-4: Conditions for to measurement period reduction for L1-RSRP configured for GBBR
Agreement:
· Set of conditions to be considered in the L1 measurement requirements should be discussed in the corresponding requirements by taking agreements we have already made into consideration. No general agreements are needed.
· No need to define conditions of full overlap or partial overlap of RSs in the two resource sets for defining requirements for L1-RSRP configured for group-based beam reporting
Sub-topic 1-3: Others  
Issue 1-3-2: When UE did not find any beam pair to report
Agreement:
· No new signalling or requirements are defined for the scenario where the UE could not find any pair of beams to report in Rel-18 multi-Rx WI.
Issue 1-3-4: Other proposals:
Agreement:
· SSB can be configured as QCL source for CSI-RS based Rel-17 group-based beam reporting.


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
· The enhanced measurement requirements for GBBR
· The enhanced measurement requirements for non-GBBR
· Whether to define the L1-SINR requirements for multi-Rx UE
· UE behaviour at transitions between single-RX and multi-RX operation modes
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.
While regarding to the RS used for GBBR measurement, the following agreements approved in last meeting:
	Agreement:
· How to configure RS for measurements reported via GBBR is NW implementation. RAN4 not to introduce any configuration restrictions.
Agreement:
· RAN4 to also consider non-simultaneous RS measurements from different TRPs for Rel-17 group-based L1-RSRP report requirements.


It can be concluded that there is no constraint on the RS configuration from the two sets used for GBBR, either FDM or TDM. 
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 the RS resources used for GBBR can be FDM or TDM, no constraint.
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 two parallel measurements or the the measurement plus data. Whereas all of these simultaneous multi-panel reception is hard to enhance the measurement period itself, only captured at the measurement/scheduling restriction relaxation. Of course the relevant conditions concluded in measurement/scheduling restriction relaxation still needed.
Observation 2: During the non-GBBR L1-RSRP measurement, UE is capable to receive multiple L1-RSRP RSs from multiple TRPs simultaneously through multiple panels.
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 within a single TRP at a time. 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 1: Faster beam sweeping could enhance the requirements of measurement period, including both GBBR and non-GBBR measurement.
2.2 The enhanced measurement requirements for GBBR
The following agreements were achieved in last meeting regarding the measurement requirement of GBBR.
	· Agreements
· For SSB based L1-RSRP measurements in FR2 the measurement period for GBBR defined as:
	Configuration
	TL1-RSRP_Measurement_Period_SSB (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-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	N is FFS  


· N is FFS
· Option 1: N = [reduceNumberRxBeam] for UE supporting faster beam sweeping under multi-Rx operations; otherwise N=8. 
· Option 2: N = 8 + K, where K is the number of SSBs in each CMR set 
· FFS: For CSI-RS based L1-RSRP measurements in FR2, the existing L1-RSRP measurement period is reused when configured for GBBR. 


The original intention is to only capture the enhancement of faster beam sweeping into the requirement of GBBR, Option 1 is a direct expression of the faster beam sweeping.While still some company has different view on the UE behavior during the GBBR measurement, so Option 2 is also discussed. We are not very sure about the UE behavior under Option 2, it seems that longer measurement period is needed for Option 2. Which is far away from the intention of applying multi-panel Rx.
Proposal 2: Regarding the measurement period of GBBR, prefer Option 1, i.e. capture the faster beam sweeping into N.
Regarding the CSI-RS based L1-RSRP measurement for GBBR, no Rx beam sweeping is performed given that the higher layer parameter repetition set to OFF, very limited Rx beam sweeping is performed provided that the higher layer parameter repetition set to ON, so no need to consider the enhancement of fast beam sweeping, directly reuse the existing L1-RSRP measurement period is fine.
Proposal 3: For CSI-RS based L1-RSRP measurements in FR2, the existing L1-RSRP measurement period is reused when configured for GBBR. 
2.3 The enhanced measurement requirements for non-GBBR
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 provided that the relevant conditions are met. While such enhancement has not any impact on the measurement period. 
On the other hand, the enhancement of fast beam sweeping of course can be applied for non-GBBR measurement if the UE supporting the capability. So similar as the enhanced measurement period for GBBR, the scaling factor N can be enhanced for non-GBBR on top of legacy L1-RSRP measurement period, as shown in Table 1.
Table 1. SSB based L1-RSRP measurements in FR2 the measurement period for non-GBBR
	Configuration
	TL1-RSRP_Measurement_Period_SSB (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-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:   N = [reduceNumberRxBeam] for UE supporting faster beam sweeping under multi-Rx operations; otherwise N=8. 


Proposal 4: For the SSB based non-GBBR measurement, the scheduling restriction and measurement restriction can be relaxed provided the relevant condition are met. The N can be enhanced by fast beam sweeping.
For CSI-RS based L1-RSRP measurement for non-GBBR, same analysis as above for GBBR.
Proposal 5: For CSI-RS based L1-RSRP measurements in FR2, the existing L1-RSRP measurement period is reused when configured for non-GBBR. 
2.4 Whether to define the L1-SINR requirements for multi-Rx UE
This issue was discussed in last meeting while no conclusion achieved. Since R17 GBBR only considers the L1-RSRP measurement and report, not referring to L1-SINR measurement and report. Therefore for L1-SINR requirement, only need to consider the L1-SINR requirements for non-GBBR measurement.
From the perspective of measurement period, the requirement for L1-RSRP measurement and that for L1-SINR measurement are similar, so it is reasonable to leverage the enhancement for L1-RSRP measurement to the L1-SINR measurement. In detail, the fast beam sweeping can be applied for L1-SINR measurement for non-GBBR.
Proposal 6: Changes in non-group-based L1-RSRP measurement delay due to multi Rx operation are also considered for L1-SINR
2.5 The UE behaviour at transitions between single-RX and multi-RX operation modes
Based on our analysis in Section 2.2 and 2.3, only one common enhancement for both GBBR measurement and non-GBBR measurement is suggested by us, i.e. the fast beam sweeping for the capable UE. To reflect such enhancement, the straightforward way is to reduce the number of N in the measurement period. 
While regarding the enhancement of fast beam sweeping itself, firstly we should clarify whether the fast beam sweeping is impacted by the switch between single Rx operation and multi-Rx operation. To our understanding, the operation of fast beam sweeping means the UE has some prior info about the mapping between the panels and the beam directions, so less beam sweeping factor is needed. Referring to the transition between single-Rx and multi-Rx operation, for the sake of power saving or overheating avoidance, NW may indicate the UE to switch between the two modes. Such transition is not always accompanied by the ineffectiveness of the mapping between the panels and the beam directions, so even the operation mode transit from multi-Rx mode to single-Rx mode, as long as the mapping between the panels and the beam directions unchanged, then fast beam sweeping is still can be applied.
Observation 3: Fast beam sweeping can be realized due to UE has some prior info about the mapping between the panels and the beam directions.
Observation 4: The transition between single-RX and multi-RX operation modes does not always mean the ineffectiveness of the mapping between the panels and the beam directions.
Proposal 7: As long as the mapping between the panels and the beam directions unchanged, then fast beam sweeping is still can be applied, aligned measurement period requirement can be assumed for the single-Rx and multi-Rx operation modes given that only fast beam sweeping is captured into the enhanced requirement of measurement period.
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. While the RS resources used for GBBR can be FDM or TDM, no constraint.
Observation 2: During the non-GBBR L1-RSRP measurement, UE is capable to receive multiple L1-RSRP RSs from multiple TRPs simultaneously through multiple panels.
Proposal 1: Faster beam sweeping could enhance the requirements of measurement period, including both GBBR and non-GBBR measurement.
Proposal 2: Regarding the measurement period of GBBR, prefer Option 1, i.e. capture the faster beam sweeping into N.
Proposal 3: For CSI-RS based L1-RSRP measurements in FR2, the existing L1-RSRP measurement period is reused when configured for GBBR. 
Proposal 4: For the SSB based non-GBBR measurement, the scheduling restriction and measurement restriction can be relaxed provided the relevant condition are met. The N can be enhanced by fast beam sweeping.
Proposal 5: For CSI-RS based L1-RSRP measurements in FR2, the existing L1-RSRP measurement period is reused when configured for non-GBBR. 
Proposal 6: Changes in non-group-based L1-RSRP measurement delay due to multi Rx operation are also considered for L1-SINR
Observation 3: Fast beam sweeping can be realized due to UE has some prior info about the mapping between the panels and the beam directions.
Observation 4: The transition between single-RX and multi-RX operation modes does not always mean the ineffectiveness of the mapping between the panels and the beam directions.
Proposal 7: As long as the mapping between the panels and the beam directions unchanged, then fast beam sweeping is still can be applied, aligned measurement period requirement can be assumed for the single-Rx and multi-Rx operation modes given that only fast beam sweeping is captured into the enhanced requirement of measurement period.
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