[bookmark: _Hlk32315000][bookmark: _Hlk77701553][bookmark: _Ref399006623][bookmark: _Hlk108430685]3GPP TSG RAN WG4 Meeting #106	R4-2301327
Athens, Greece, February 27 – March 3, 2023
Agenda item:			9.8.3.2
Source:	vivo
Title:	On L1-RSRP measurement delay for FR2 multi-Rx
Document for:	Discussion
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#105 meeting, there were continued discussions on the RRM enhancement for L1 measurements, including L1-RSRP measurement for FR2 multi-Rx chain DL reception. The open issues are captured in the topic summary [1]. 
In this contribution, we further provide our views on L1-RSRP measurement delay requirements for FR2 multi-Rx chain DL reception.
2. Discussion
For L1 measurements, including L1-RSRP, the potential enhancement could be on beam sweeping factor reduction, measurement restriction/scheduling restriction enhancement (relaxation) and sharing factor reduction. These aspects are also captured in the WF [2].
Regarding measurement restriction/scheduling restriction enhancement (relaxation) for L1 measurements, including L1-RSRP measurement, it is analyzed in [3].
Regarding sharing factor for L1-RSRP measurements and L3 measurements, it is discussed in [4].
L1-RSRP measurement delay enhancement for multi-Rx chain UE is the main focus in this contribution.
2.1 Beam sweeping factor reduction
It was agreed to study feasibility and performance gains from beam sweeping factor reduction for L1 measurements as captured in the WF [2].
	The following options are kept for further consideration: 
· Option 3: N should be reduced under the assumption that UE has some coverage overlap between different panels, how to define the conditions is FFS
· Option 4: N should be reduced with some other conditions/restrictions, exact conditions/constraints are still FFS, should be discussed what needs to be studied further
· Option 6: Do not change for L1


Firstly, the scenarios for beam sweeping factor reduction should be clarified. According to existing requirements, the SSB based L1-RSRP measurements for FR2 are performed with beam sweeping factor of 8 for all the cases. 
In some cases, the CSI-RS based L1-RSRP measurements for FR2 are performed with beam sweeping factor of N=1 when CSI-RS resources in a resource set is configured with repetition OFF and QCL information is provided. In some other cases, the CSI-RS based L1-RSRP measurements for FR2 are performed with beam sweeping factor of N=ceil(maxNumberRxBeam / Nres_per_set) when CSI-RS resources in a resource set is configured with repetition ON.
For beam sweeping factor reduction, it is not for simultaneous reception of two reference signals with two panels. The use case should be for measurement of one reference signal that UE can find the best Rx beam faster by turning on two panels at the same time. 
In [5], two solutions by UE implementation for beam sweeping for L1 measurements were presented. One solution is to perform RX beam sweeping for L1 measurements based on previous L3 measurement results. In this case, it is considered as beam refinement that fine Rx beam sweeping only covers rough beam coverage for L3 measurement. Multi-Rx (multi-panel) simultaneous reception doesn’t help in this case as the rough beam coverage may only covered by a single antenna module. Of course, if the rough beam coverage can be covered by two panels, then it is still feasible to reduce the beam sweeping factor. But it seems not typical implementation in our understanding.
The other solution is to perform Rx beam sweeping for L1 measurements without information or without consideration of L3 measurement results. In this case, UE needs to perform Rx beam sweeping to cover entire spherical coverage. For UE with multi-Rx (multi-panel) simultaneous reception, the beam sweeping factor can be reduced by turning on multi-panel simultaneously.
The question would be which solution is used by UE for Rx beam sweeping for L1-RSRP measurements. Is it reasonable to assume that L3 measurement information is always available? If L3 measurement results are always used for L1-RSRP measurements, then there is no need to reduce beam sweeping factor for multi-Rx UE. If there is case that L3 measurement results are not available for L1-RSRP measurements, then beam sweeping factor reduction would be feasible.
Proposal 1: RAN4 is to further study if L3 measurement results are always available to be used for L1-RSRP measurement.
Proposal 2: Beam sweeping factor reduction is only feasible for the cases, if any, that L3 measurement results are NOT available to be used for L1-RSRP measurement.

Beam sweeping factor reduction for L1-RSRP measurements by turning on multi-Rx chain simultaneously, if it is feasible for some cases, will increase UE complexity and power consumption. There has to be system gain for UE to do so. For L1-RSRP measurement, it is typically used for beam management. If UE can report the beam information as early as possible, there is opportunity for the UE to be scheduled earlier. Thus, there is benefit to reduce L1-RSRP measurement delay by activating multi-Rx chain.
Observation 1: There is benefit on throughput performance if beam sweeping factor can be reduced for L1-RSRP measurement.

2.2 Inter-cell beam management
Inter-cell beam management was supported in Rel-17 with only SSB based intra-frequency L1-RSRP measurement. It is not related to supporting of 4-layer MIMO in FR2, but the measurement requirements for ICBM can be enhanced for UE with multi-Rx chain by taking advantage of simultaneous reception capability. 
If beam sweeping factor reduction is feasible under certain cases for serving cell L1-RSRP measurement, then it could be feasible as well for L1-RSRP measurement for the cell with PCI different from serving cell. 
Proposal 3: Beam sweeping factor reduction, if it is feasible for certain cases for serving cell L1-RSRP measurement, is also feasible and should be considered for L1-RSRP measurement for the cell with PCI different from serving cell.

There is sharing factor if the SSB measurement occasions of the cell with PCI different from serving cell are fully overlapped with SSB measurement occasions of the serving cell. The sharing factor may be reduced for multi-Rx chain UE. Rx sweeping is performed for both serving cell and the cell with PCI different from serving cell. For the fully overlapped SSB occasions, multi-Rx UE can measure SSBs from two directions simultaneously.
Proposal 4: Sharing factor PSC between serving cell and the cell with PCI different from serving cell may be reduced for multi-Rx chain DL reception.

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: RAN4 is to further study if L3 measurement results are always available to be used for L1-RSRP measurement.
Proposal 2: Beam sweeping factor reduction is only feasible for the cases, if any, that L3 measurement results are NOT available to be used for L1-RSRP measurement.
Observation 1: There is benefit on throughput performance if beam sweeping factor can be reduced for L1-RSRP measurement.
Proposal 3: Beam sweeping factor reduction, if it is feasible for certain cases for serving cell L1-RSRP measurement, is also feasible and should be considered for L1-RSRP measurement for the cell with PCI different from serving cell.
Proposal 4: Sharing factor PSC between serving cell and the cell with PCI different from serving cell may be reduced for multi-Rx chain DL reception.
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