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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#107 meeting, there were continued discussions on the RRM enhancement for L1 measurements, including requirements for L1-RSRP measurement for FR2 multi-Rx chain DL reception. The agreements and open issues are captured in the WF [1]. Following agreements were made.
	· Conditions for beam pair selection:
· 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:
· 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
· Methods to achieve faster beam sweeping 
· 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.
· Candidate values for beam sweeping factor reduction:
· The candidate number can be {2, 4, 6} for FR2-1.


In this contribution, we further provide our views on L1-RSRP measurement delay requirements for FR2 multi-Rx chain DL reception.
2. Discussion
2.1 L1-RSRP measurement requirements for group-based beam reporting
There are still some open issues left for finalization L1-RSRP measurement requirements for group-based beam reporting.
L1-RSRP measurement for group-based beam reporting
In the last RAN4 meeting, it was agreed that measurement delay requirements for group-based beam reporting will be defined under assumption that UE uses a single Rx panel for measurements at one time instance. The main reason is that NW has no idea before group-based beam reporting of which resource pair in the two resource sets can be configured on the same OFDM symbol. Thus, it is reasonable to assume that UE measures one RS resource in one resource set at a time as the baseline. It should not always mandate UE to measure two resources for group-based beam reporting simultaneously.

There may be possibility of NW configuring two overlapping RS resources in the two sets, e.g., based on previous group-based beam reporting. The necessity of configuring overlapping RS is not clear. At least from RAN1 specification perspective, there is no restriction on the configuration of the two resource sets. It may be configured in FDM or TDM. UE could still measure the two RSs one by one even if it is configured in FDM. 
In existing L1 measurement requirements, e.g., RLM/BFD/CBD/L1-RSRP, the evaluation/measurement period is specified for one L1-RS measurement only. Whether another overlapping RS can be measured simultaneously is specified by measurement restriction requirements. The overlapping RSs could be for same or different type of L1 measurements.
Then the question would be that whether similar requirement structure should be used for L1-RSRP measurement for group-based beam reporting. The measurement procedure and reporting for the L1-RSRP and group-based beam reporting are specified in TS 38.214 as follows.
	L1-RSRP reporting
	L1-RSRP group-based beam reporting

	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-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.


Firstly, for both of the measurements, UE is required to measure maximum 64 CSI-RS and/or SSB resources, which would be further decided by UE capability. The only difference is that the CSI-RS and/or SSB resources to be measured by UE are configured from two CSI resource sets, which would not impact L1-RSRP measurement requirements. For both of the measurements, UE is required to measure one RS at a time with the exception that some overlapping RSs could be measured simultaneously if certain conditions are met. Moreover, in legacy L1-RSRP measurement requirements, there is no requirements on how UE would measure all of the L1-RSRP resources. 
Secondly, for L1-RSRP reporting, the UE is required to report L1-RSRP results for up to 4 CSI-RS and/or SSB resources in a single report. For L1-RSRP group-based beam reporting, the UE is required to report L1-RSRP results for up to 4 CSI-RS or SSB resource pairs that UE can be received simultaneously in a single report.
Therefore, the UE measurement and reporting behavior are similar for legacy L1-RSRP and group-based beam reporting. Same requirement structure should be used for group-based beam reporting. 
Proposal 1: The L1-RSRP measurement period requirements for group-based beam reporting are specified for one RS. Whether to support simultaneous measurement of two RSs from two resource sets is up to measurement restriction for L1-RSRP measurement.

Whether to support simultaneous measurement of two RSs from two resource sets should be up to if measurement restriction is applicable for the case. In scheduling restriction and measurement restriction discussion paper [2], we propose to consider measurement restriction relaxation (enhancement) in Rel-18 multi-Rx WI. The proposal is copied here for convenience.
Proposal 2: Measurement restriction relaxation (enhancement) are applicable for CSI-RS based RLM, BFD which includes cell specific BFD and TRP specific BFD, and L1-RSRP including group-based beam reporting.

L1-RSRP reporting requirements for group-based beam reporting
The existing L1-RSRP measurement reporting requirements are as follows.
	9.5.3	Measurement Reporting Requirements
The UE shall send L1-RSRP reports only for report configurations configured for the active BWP.
The UE shall report the L1-RSRP value as a 7-bit value in the range [-140, -44] dBm with 1dB step size according to clause 10.1.19 for FR1 and 10.1.20 for FR2 if nrofReportedRS is configured to one. If nrofReportedRS is configured to be larger than one, or if groupBasedBeamReporting is enabled, the UE shall use differential L1-RSRP based reporting as defined in clause 10.1.19 for FR1 and 10.1.20 for FR2. The differential L1-RSRP is quantized to a 4-bit value with 2dB step size. The mapping between the reported L1-RSRP value and the measured quantity is described in 10.1.6.
In EN-DC and NE-DC operation, when the UE is configured to perform E-UTRA SRS carrier-based switching an additional delay can be expected in FR1 if the UE is capable of per-FR gap, or an additional delay can be expected in both FR1 and FR2 if the UE is not capable of per-FR gap.


It can be seen that reporting requirements for group-based beam reporting has already been specified. 
In addition, according to the RAN1 reply LS, UE behaviour is not defined for the scenario where the UE did not find any pair of beams to report. The scenario could happen in reality.
	Question 3: Does RAN1 specification define UE reporting behaviour for the case when NW configures UE with Rel-17 group-based L1-RSRP measurement and report, and UE did not find any pair of beams for report (e.g., the measured L1-RSRP of at least one of the beams of any beam pair is lower than a certain value, e.g., -140dBm)?
Answer for Question 3: From RAN1 perspective, the UE should report the given number of pairs of beams in the report, based on the report configuration. There is no UE behaviour defined for the scenario where the UE did not find any pair of beams to report. From RAN1 point of view, this is not considered an error case.


RAN4 may need to discuss if any requirements should be specified for the scenario. Firstly, the group-based beam reporting was introduced by RAN1. If any new UE behaviour is to be defined for the procedure, it should be discussed in RAN1. Secondly, for differential L1-RSRP based beam reporting, it could indicate delta-RSRP > -30dB. If UE did not find any of pair of beams to report, it can at least report a beam pair with the reported differential L1-RSRP lager than -30dB. NW could interpret the report that there is no beam pair that UE can receive simultaneously. It is not necessary to introduce any new signalling for indication of no beam pair to report.
Proposal 3: No additional reporting requirements are needed for L1-RSRP group-based beam reporting.
Proposal 4: No new signaling or requirements are defined for the scenario where the UE did not find any pair of beams to report.

Issue 1-1-5: Should the RS configured for GBBR be configured based on L3 report?
	· 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


In existing L1-RSRP measurement requirements, for SSB resources, Rx beam sweeping are always assumed. For CSI-RS resources, Rx beam sweeping is not needed if it is configured in a resource set with repletion OFF and QCL source with typeD is provided. Otherwise, Rx beam sweeping is needed. Since the L1-RSRP measurement for group-based beam reporting is based on the assumption that UE uses a single Rx panel for measurements at one time instance, the configured RS resources are not necessarily based previous L3 reports following the same approach.
Proposal 5: L1-RSRP group-based beam reporting is not based on previous L3 reports.

Issue 1-1-6: Assumptions on overlap conditions of RS measurement occasions for GBBR
	· 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


As discussed above, measurement period requirements for L1-RSRP group-based beam reporting are defined for one RS resource only. If simultaneous measurement is supported, it should be captured in the measurement restriction requirements, which only apply for measurement on overlapping L1-RSs. Thus, there is no need to discuss the conditions of full overlap or partial overlap.
Proposal 6: No need to define conditions of full overlap or partial overlap of RSs in the two resource sets for defining requirements for L1-RSRP group-based beam reporting.

Issue 1-2-2: Conditions under which beam sweeping reduction is possible that will in turn translates to measurement period reduction 
	· It is possible to enhance the measurement delay under certain conditions, e.g.:
· UE has indicated optional UE capability for beam sweeping factor reduction for SSB-based L1-RSRP measurement and UE has the multi-rx operation capability. 
· Condition #2: UE is configured with dual TCI,
· Condition #3: UE is not configured with CA or DC,
· Condition #4: The simultaneously received RSs are in PCell only, 
· Condition #5: Both RSs and their associated signals in the QCL type D infos are detectable during the entire measurement period,
· Condition #6: The RSs are configured to have common (overlapping in time) RS occasions,
· Condition #7: The side conditions, applied in the common RS occasions, hold.
· Condition #8: The measured RS is being received simultaneously with another RS, where the two RSs have QCL-TypeD with different references.


As discussed in [4], we don’t see it is necessary to have general agreements on the set of conditions to be considered in the L1 measurement requirements. The conditions should be discussed in the corresponding requirements by taking agreements we have already made into consideration. The proposal in [4] is also copied here.
Proposal 7: 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.

Issue 1-2-5-2: Measurement period
	· Proposal 1: For multi-rx operation, the measurement period is enhanced by a new scaling parameter L, to account for simultaneous reception of different RSs. L=1 for non-simultaneous reception, L=TBD<1 (e.g., L=½ ) when multi-rx operation is activated and the necessary conditions for multi-rx operation are met.
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P*N*L)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N*L)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N*L)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.





Similar issue is discussed in [5]. In proposal 1 in this paper, it is suggested that the L1-RSRP measurement period requirements for group-based beam reporting are specified for one RS. Whether to support simultaneous measurement of two RSs from two resource sets is up to measurement restriction for L1-RSRP measurement. Thus, the measurement period requirements should be kept the same without introducing any new scaling parameter as it is only for measurement of one RS resource. The requirements for simultaneous reception of the RSs in the two resource sets can be captured in the measurement restriction requirements if necessary.
Proposal 8: The legacy measurement period requirements for L1-RSRP measurements are reused for multi-Rx, i.e., no new scaling factor is introduced. 

Issue 1-2-5-1: UE behaviour during multi-RX operation
	· Proposal 1: UE shall continue measurements when switching to/from multi-rx operation occurs during the measurement period, but the more relaxed requirements (between the corresponding legacy and multi-rx requirements) shall apply for the impacted measurement period.
· Proposal 2: If the UE needs to drop/restart the measurement upon the switching, then switching should not be more frequent than at least one measurement period.


[bookmark: _Hlk141033293][bookmark: _Hlk141033323]The simultaneous measurement of two overlapping RS resources is captured in the measurement restriction requirements. The requirements only apply when multi-Rx operation is activated. In other words, UE measures the overlapping RSs simultaneous when multi-Rx operation is activated and other conditions are met. Otherwise, UE measures the overlapping RSs in a TDM manner. There is no need to specify additional UE behavior.
Proposal 9: No UE behavior is specified for measurement requirements when there is transition between multi-Rx operation activation and deactivation. 

2.2 Others  
Issue 1-3-1: Shall L1-SINR requirements be defined for the multi-RX UE
	· Option 1: Yes 
· Proposal 1: Changes in non-group-based L1-RSRP measurement delay due to multi-Rx operation are also considered for L1-SINR
· Proposal 2: RAN4 to discuss the need of group based SINR reporting for simultaneous reception and inform RAN1 in case it is needed
· Option 2: NO
· Proposal 3: Not discuss this issue because L1-SINR is not supported by Rel-17 group-based reporting.


It was agreed that Rel-17 group-based beam reporting is used as a prerequisite to define requirement for simultaneous reception. However, L1-SINR is supported by Rel-17 group-based beam reporting. It is only supported by Rel-16 group-based beam reporting where only one resource set can be configured. Thus, L1-SINR requirements are not defined in Rel-18 multi-Rx WI.
[bookmark: _Hlk141033396]Proposal 10: Requirements for group-based beam reporting with L1-SINR are not defined in Rel-18 multi-Rx WI, where only Rel-17 group-based beam reporting is supported. 

Issue 1-3-3: Whether SSB+CSI-RS is supported for GBBR
In RAN1 Reply LS [3], following answer was provided.
	Question 1: RAN4 understands that two resource sets consisting of SSB + SSB or CSI-RS + CSI-RS can be configured for Rel-17 group-based L1-RSRP measurement and report. However, RAN4 is not clear whether the two resource sets configured for Rel-17 group-based L1-RSRP measurement and report can contain a mix of SSB and CSI-RS. Can RAN1 clarify whether a mix of SSB and CSI-RS can be configured for Rel-17 group-based L1-RSRP measurement and report?
Answer for Question 1: The two resource sets configured for Rel-17 group-based L1-RSRP report cannot contain a mix of SSB and CSI-RS


Therefore, SSB+CSI-RS is not supported for Rel-17 group-based beam reporting.
Proposal 11: SSB+CSI-RS is not supported for Rel-17 group-based beam reporting. 

Issue 1-3-4: Conditions of the QCL configurations for CSI-RS resource used for GBBR
	· Option 1: RAN4 needs to investigate the conditions of the QCL configurations for CSI-RS resource used for group-based L1-RSRP measurements.
· [bookmark: _Hlk141033625]E.g. FFS whether SSB used for non-GBBR can be configured as the source RS for CSI-RS used for GBBR.


Since the baseline requirements for L1-RSRP group-based beam reporting is defined for one RS only. Similar to legacy L1-RSRP measurement requirements, SSB can be configured as QCL source for CSI-RS based L1-RSRP measurement. Regarding measurement restriction requirements for simultaneous measurement, the conditions can be further discussed. In general, SSB can also be configured as QCL source for simultaneous measurement technically though it may not be necessarily to do this. 
Proposal 12: SSB can be configured as QCL source for CSI-RS based Rel-17 group-based beam reporting. 

3. Summary
[bookmark: _Hlk23953093]In this contribution, we further provided views on L1-RSRP measurement for FR2 multi-Rx chain DL reception. Following proposals and observations are present.

Proposal 1: The L1-RSRP measurement period requirements for group-based beam reporting are specified for one RS. Whether to support simultaneous measurement of two RSs from two resource sets is up to measurement restriction for L1-RSRP measurement.
Proposal 2: Measurement restriction relaxation (enhancement) are applicable for CSI-RS based RLM, BFD which includes cell specific BFD and TRP specific BFD, and L1-RSRP including group-based beam reporting.
Proposal 3: No additional reporting requirements are needed for L1-RSRP group-based beam reporting.
Proposal 4: No new signaling or requirements are defined for the scenario where the UE did not find any pair of beams to report.
Proposal 5: L1-RSRP group-based beam reporting is not based on previous L3 reports.
Proposal 6: No need to define conditions of full overlap or partial overlap of RSs in the two resource sets for defining requirements for L1-RSRP group-based beam reporting.
Proposal 7: 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.
Proposal 8: The legacy measurement period requirements for L1-RSRP measurements are reused for multi-Rx, i.e., no new scaling factor is introduced. 
Proposal 9: No UE behavior is specified for measurement requirements when there is transition between multi-Rx operation activation and deactivation. 
Proposal 10: 1-SINR requirements are not defined in Rel-18 multi-Rx WI, where only Rel-17 group-based beam reporting is supported. 
Proposal 11: SSB+CSI-RS is not supported for Rel-17 group-based beam reporting. 
Proposal 12: SSB can be configured as QCL source for CSI-RS based Rel-17 group-based beam reporting. 
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