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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#108 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.
	· RS to be considered for L1-RSRP reported via GBBR  
· Do not introduce requirements for Rel-17 GBBR measurements involving both SSB and CSI-RS measurements
· Should the RS configured for measurements reported via GBBR and used for multi-rx be configured based on L3 report?
· How to configure RS for measurements reported via GBBR is NW implementation. RAN4 not to introduce any configuration restrictions.
· Consideration of non-simultaneous RS measurements for GBBR
· RAN4 to also consider non-simultaneous RS measurements from different TRPs for Rel-17 group-based L1-RSRP report requirements.
· Measurement period for L1-RSRP configured for GBBR 
· 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
· FFS: For CSI-RS based L1-RSRP measurements in FR2, the existing L1-RSRP measurement period is reused when configured for GBBR.
· Conditions for to measurement period reduction for L1-RSRP configured for GBBR
· 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
· Shall L1-SINR requirements be defined for the multi-RX UE
· FFS: Changes in non-group-based L1-RSRP measurement delay due to multi Rx operation are also considered for L1-SINR
· When UE did not find any beam pair to report
· 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:
· SSB can be configured as QCL source for CSI-RS based Rel-17 group-based beam reporting.


In this contribution, we further provide our views on remaining open issues for L1-RSRP measurement delay requirements for FR2 multi-Rx chain DL reception.
2. Discussion
2.1 L1-RSRP measurement 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.


It was agreed that fast beam sweeping will be introduced for UE capable of multi-Rx chain operation. The UE can perform SSB-based L1 measurements faster with reduced beam sweeping factor. It was also agreed that GBBR measurement delay requirements will be defined under assumption that UE uses a single Rx panel for measurements at one time instance. In essence, there would be no difference between GBBR and non-GBBR L1-RSRP measurements. The fast beam sweeping should be applicable for GBBR L1-RSRP measurement.
There is no strong motivation to have additional time for GBBR L1-RSRP measurement as indicated by K in option 2. The purpose would be to allow UE to find best beam pairs with more measurements. However, it is UE implementation specific. It is difficult to decide the value and gain is unclear.
For CSI-RS based GBBR L1-RSRP measurement, the requirements are dependent on UE capability maxNumberRxBeam when Rx beam sweeping is needed. It would not be necessary to combine the UE capability maxNumberRxBeam and fast beam sweeping which is mainly for SSB-based measurement. Thus, it is reasonable to reuse legacy requirements for CSI-RS-based GBBR L1-RSRP measurement.
Proposal 1: For measurement period for SSB-based L1-RSRP measurement configured for GBBR, N = [reducedNumberRxBeam] for UE supporting faster beam sweeping under multi-Rx operations; otherwise, N=8.
Proposal 2: For measurement period for CSI-RS based L1-RSRP measurement configured for GBBR, the existing L1-RSRP measurement period requirement is reused.

Issue 1-2-3: Measurement period for non-GBBR (i.e., measurement period of L1-RSRP not configured for GBBR)
	· Proposals
· Option 1: Consider faster beam sweeping factor related enhancement
· Option 2: Do not consider enhancement to measurement period of L1-RSRP not configured for GBBR 


The fast beam sweeping can be used for SSB-based L1 measurements for UE capable of multi-Rx. It includes RLM, BFD and L1-RSRP measurement. Even if it is L1-RSRP measurement is not configured non-GBBR, fast beam sweeping can also be used to reduce measurement delay. Moreover, as discussed above there would be no essential difference regardless of whether L1-RSRP measurement is configured for GBBR or not.
Proposal 3: For SSB-based L1-RSRP measurement configured for non-GBBR, the existing L1-RSRP measurement period requirement is reused.

Issue 1-2-5: Conditions for enhanced requirements for L1-RSRP not configured with GBBR 
	· Proposals
· Option 1: It is possible to enhance the measurement delay under certain conditions, e.g.:
· Condition 1 (dual TCI condition): The enhanced L1-RSRP requirements apply, provided dual TCI is configured.
· Condition 2 (intra-cell condition): The enhanced L1-RSRP requirements apply, provided the two RSs are from the same cell.
· Condition 3 (non-CA/non-DC condition): UE is not configured with CA or DC.
· Condition 4 (for overlapping): RAN4 agrees that for the enhanced L1-RSRP requirements to apply, there should be at least some overlapping OFDM symbols for RS1 and RS2. FFS how to capture this.
· Condition 5 (side conditions): The side conditions for the enhanced L1-RSRP requirements should also cover the interference conditions in the overlapping OFDM symbols for RS1 and RS2.
· Option 2: Reduced beam sweeping scaling factor is always enabled, without further conditions.


Firstly, fast beam sweeping is for UE capable of multi-Rx. It is up to UE implementation how the beam sweeping factor reduction can be achieved. Basically, it needs no further conditions. The question would be whether the UE should perform fast beam sweeping only when multi-TRP operation is activated. In other words, whether the UE should perform fast beam sweeping in single TRP scenario. The fast beam sweeping would require UE to activate multi panels simultaneously which is power consuming. There is pros and cons enabling fast beam sweeping in multi-TRP and single-TRP scenarios. Since it is UE capability anyway, it is preferred no to restrict the scenarios for fast beam sweeping.
It was agreed to introduce a new UE assistance information to indicate to network of the UE preference on multi-Rx operation due to [power saving or] overheating purposes. This assistance information can be used as condition for fast beam sweeping. When UE indicates preference of non-multi-Rx operation, the UE should be allowed not to perform fast beam sweeping.
For the conditions in option 1, only condition 3 is necessary which was already agreed for this WI.
Proposal 4: Fast beam sweeping factor is enabled when UE indicates preference of multi-Rx operation and CA/DC is not configured.

2.2 Others  
Issue 1-3-1: Shall L1-SINR requirements be defined for the multi-RX UE
	FFS
· Changes in non-group-based L1-RSRP measurement delay due to multi Rx operation are also considered for L1-SINR


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 not 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 for GBBR are not defined in Rel-18 multi-Rx WI.
For legacy L1-SINR measurements for non-GBBR, it would be similar as other L1 measurements, e.g., RLM, BFD. The enhanced features for multi-Rx such as fast beam sweeping, measurement restriction relaxation, scheduling restriction relaxation can also be used for legacy L1-SINR measurement.
[bookmark: _Hlk141033396]Proposal 5: Enhanced features for multi-Rx such as fast beam sweeping, measurement restriction relaxation, scheduling restriction relaxation can also be used for legacy L1-SINR measurement.

Issue 1-3-3: UE behaviour at transitions between single-RX and multi-RX operation modes
	· Proposals
· Proposal 1: No UE behaviour is specified for measurement requirements when there is transition between multi-Rx operation activation and deactivation.
· Proposal 2: following behaviour is specified.
· UE behaviour at switching from multi-rx: When one or more conditions are violated during the L1-RSRP measurement period so that the UE is able to continue with single rx, the UE shall continue each of the two (RS1 and RS2) L1-RSRP measurements, each with a single rx, while meeting for each measurement during the transition period the single-rx requirement.
· UE behaviour at switching to multi-rx: When all the necessary conditions for multi-rx operation become met while UE performing single-rx measurements, the UE shall meet for each measurement during the transition period and meet the multi-rx requirement after the transition period.
· Frequent drop/start: If the UE needs to drop/restart the measurement upon the switching, e.g., due to a change in some conditions, then switching should not be more frequent than at least one measurement period.


Detail of analysis is provided in [2] on the same issue. The proposal is copied here.
Proposal 6: No UE behavior is specified for measurement requirements when there is transition between multi-Rx operation activation and deactivation. 

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: For measurement period for SSB-based L1-RSRP measurement configured for GBBR, N = [reducedNumberRxBeam] for UE supporting faster beam sweeping under multi-Rx operations; otherwise, N=8.
Proposal 2: For measurement period for CSI-RS based L1-RSRP measurement configured for GBBR, the existing L1-RSRP measurement period requirement is reused.
Proposal 3: For SSB-based L1-RSRP measurement configured for non-GBBR, the existing L1-RSRP measurement period requirement is reused.
Proposal 4: Fast beam sweeping factor is enabled when UE indicates preference of multi-Rx operation and CA/DC is not configured.
Proposal 5: Enhanced features for multi-Rx such as fast beam sweeping, measurement restriction relaxation, scheduling restriction relaxation can also be used for legacy L1-SINR measurement.
Proposal 6: No UE behavior is specified for measurement requirements when there is transition between multi-Rx operation activation and deactivation. 
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