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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#108bis 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]. 
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 General
Issue 1-1-1: General proposals:
	· Proposals 
· Option 1: Fast beam sweeping is always enabled if UE supports the UE capability.
· Option 2: Fast beam sweeping is always enabled if UE supports the UE capability and when UE indicates preference of multi-Rx operation


Firstly, the fast beam sweeping is UE capability and it is not relevant to whether the UE is in multi-Rx operation, e.g., dual TCI states are configured. In general, as long as a UE indicates the UE capability, then the UE would always perform fast beam sweeping. 
However, fast beam sweeping may need turning on multiple panels based on UE implementation. It is indeed multi-Rx operation, which means high power consumption is expected. 
It was agreed to introduce dynamic indication of multi-Rx operation, i.e., a new UE assistance information to indicate to network of the UE preference on multi-Rx operation due to [power saving or] overheating purposes. The UAI can also be used for preference of fast beam sweeping. This provides UE flexibility between fast measurement and power saving.
Proposal 1: Fast beam sweeping is enabled if UE supports the UE capability and when the UE indicates preference of multi-Rx operation.

2.2 L1-RSRP measurement requirements
Measurement period requirements for L1-RSRP configured for GBBR have not concluded yet.
	Issue 1-2-1: Measurement period for L1-RSRP configured for GBBR 
Background: 
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 1-2-2 a: measurement period for SSB based L1-RSRP
· Way forward: Companies are requested to bring further analysis.
· 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 (Apple)
Issue 1-2-2 b: measurement period for CSI-RS based L1-RSRP
· Way forward: Companies are requested to bring further analysis.
· Option 1: For CSI-RS based L1-RSRP measurements in FR2, the existing L1-RSRP measurement period is reused when configured for GBBR.
· Option 2: N = ceil(maxNumberRxBeam / K) + 1, where K is the number of CSI-RSs in each CMR set


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 2: 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 3: For measurement period for CSI-RS based L1-RSRP measurement configured for GBBR, the existing L1-RSRP measurement period requirement is reused.

Measurement period requirements for L1-RSRP not configured for GBBR have not concluded yet.
	[bookmark: _Hlk143075246]Issue 1-2-3: Measurement period for non-GBBR (i.e., measurement period of L1-RSRP not configured for GBBR)
· Way forward: Companies are requested to bring further analysis to next meeting


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 4: For SSB-based L1-RSRP measurement configured for non-GBBR, the existing L1-RSRP measurement period requirement is updated with fast beam sweeping.

2.3 Others  
Whether enhanced requirements for L1-SINR should be define for multi-Rx has not concluded yet.
	Issue 1-3-1: Shall L1-SINR requirements be defined for the multi-RX UE
· Way forward: Companies are requested to bring further analysis to next meeting
Issue 1-3-2a: Measurement period for L1-SINR (based on conclusion of issue 1-3-1)
· Way forward: Companies are requested to bring further analysis to next meeting
Issue 1-3-2b: Other enhancements for L1-SINR (based on conclusion of issue 1-3-1)
· Way forward: Companies are requested to bring further analysis to next meeting


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
Detail of analysis is provided in [2] on the same issue. The proposal is copied here.
Proposal 6: When the side conditions are changed with a transition between multi-Rx operation and no multi-Rx operation, the corresponding multi-Rx requirement is not applicable, and no UE behavior needs to be defined.

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: Fast beam sweeping is enabled if UE supports the UE capability and when the UE indicates preference of multi-Rx operation.
Proposal 2: 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 3: For measurement period for CSI-RS based L1-RSRP measurement configured for GBBR, the existing L1-RSRP measurement period requirement is reused.
Proposal 4: For SSB-based L1-RSRP measurement configured for non-GBBR, the existing L1-RSRP measurement period requirement is reused.
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: When the side conditions are changed with a transition between multi-Rx operation and no multi-Rx operation, the corresponding multi-Rx requirement is not applicable, and no UE behavior needs to be defined.
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