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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#104-e meeting, there were initial discussions on the RRM impacts and general aspects of FR2 multi-Rx chain DL reception. The following agreements were achieved and captured in the WF [1]. 
	<Agreement >:
Issue 1-1-1-2: Number of searchers for cell detection and measurements
· 2 searchers are assumed.
Issue 1-1-3: Feasibility/necessity of enhancing requirements for L1 measurements
· Following L1 measurements related requirements are considered in the multi-Rx chain WI
· L1-RSRP measurement
· BFD/CBD
· RLM
· L1-SINR
· TCI state switching with dual TCI
· Scheduling/measurement restrictions


There were issues related to L1 measurements being identified and discussed. The open issues are also captured in the WF [1]. In this contribution, we further provide our views on L1 measurements for FR2 multi-Rx chain DL reception.
2. Discussion
2.1 General
Some general aspects for L1 measurement for multi-Rx chain DL reception are as follows.
	Issue 1-2-2: General part for L1 measurement requirements enhancements
Issue 1-2-2-1: Simultaneous reception of two different QCL-Type D RSs for L1 measurement
· Proposals
· Option 1: For the case when both different QCL-Type D RSs are received by two different UE Rx panels at a time, no measurement restriction and scheduling availability are needed because of beamforming conflict.
· Option 2: For the case when two different QCL-Type D RSs are received by same UE Rx panel at a time, the legacy R15/R16 requirement (e.g., measurement restriction and scheduling availability) should be reused.
· Option 3: UE is assumed to perform simultaneous data receptions with different beam directions or perform simultaneous L1 measurements with different beam directions.
· Option 4: Simultaneous DL reception of same or different type of RSs from different directions is supported for defining L1 measurement requirements to support multi-TRP operation.


For UE supporting independent beam management (IBM), there is no measurement restriction on measurements of RSs from different directions on the same OFDM symbol. For examples, the measurement restriction requirements for beam failure detection are as follows.
	For FR2, if the network configures same or mixed numerology between SSB for BFD measurement on one FR2 band and CSI-RS for RLM, BFD, CBD, L1-RSRP or L1-SINR measurement on the other FR2 band, UE shall be able to perform the related SSB based measurements in one band without any measurement restrictions on the other band, provided that UE is capable of independent beam management on this FR2 band pair.


Similarly, there is no scheduling restriction for inter-band CA when UE is performing L1 measurements on a band different from serving cell band for UE supporting IBM
In general, same principle can be used to define beam management related requirements for multi-Rx chain UE as such UE is also able to receive signals from different directions. Therefore, for the case when both different QCL-Type D RSs are received by two different UE Rx chains at the same time, no measurement restrictions are needed. Similarly, UE with multi-Rx chain is assumed to be able to perform simultaneous data reception and L1 measurements from different beam directions. So, scheduling availability is also not needed.
Then the question would be how multi-Rx chain is implemented or what the implication of antenna panel by multi-Rx chain. In our view, we don’t need to define antenna panel concept from RRM requirements perspective. If UE supports simultaneousReceptionDiffTypeD or similar UE capability, the UE can receive two signals from different directions simultaneously with multi-Rx chain. It is up to UE implementation how UE receive two signals from different directions simultaneously. The angular separation of the two signals can be further discussed. However, there is no need to differentiate the cases of single panel reception and different panel reception.
Proposal 1: For multi-Rx chain UE, measurement restriction and scheduling restriction is not needed anymore if UE is able to receive different QCL-Type D RSs simultaneously by indicating simultaneousReceptionDiffTypeD or similar UE capability.

	Issue 1-2-2-2: whether measured RS samples can be reduced for L1 measurement delay in case of FR2 multi-Rx reception
· Proposals
· Option 1: Yes
· Option 2: No


Enhanced RRM requirements for multi-Rx chain UE should maintain the existing accuracy requirements. Otherwise, beam management performance may be degraded. It would be not possible to reduce L1 measurement samples while meeting existing accuracy requirements.
Proposal 2: L1 measurement samples are not reduced for FR2 multi-Rx chain DL reception.

	Issue 1-2-2-3: Features for L1 measurement requirements enhancement
· Proposals
· Option 1: The study for L1-RSRP/RLM/BFD/CBD measurements for Reporting under CCA, for RedCap and for satellite access should be discussed later based on the normal case agreements.
· Option 2: The study for L1-RSRP/RLM/BFD/CBD measurements for Reporting under CCA, for RedCap, for satellite access, and for a cell with different PCI from serving cell should be discussed later based on the normal case agreements.
· Option 3: Deprioritize joint feature of multi-Rx chain DL reception and other features.


[bookmark: _Hlk115298189]Firstly, L1-RSRP measurements for a cell with different PCI should be already in the scope of the WI. 
For L1 measurement requirements under CCA it is not in the scope. Furthermore, spectrum for CCA operation is FR1 and FR2-2. While multi-Rx chain DL reception is targeted for FR2-1. For satellite access, only FR1 is considered in Rel-17. We don’t think multi-Rx chain DL reception is an appropriate feature for RedCap.
Proposal 3: L1-RSRP measurements for a cell with different PCI is in the scope of the WI.
Proposal 4: For CCA, RedCap and satellite access, L1 measurement enhancement for multi-Rx chain UE is NOT in the scope of the WI.
2.2 BFD/CBD
In Rel-17, requirements for TRP specific link recovery procedures were introduced. The UE is required to measure RS resources configured in two resource sets. Since simultaneous DL reception was not assumed/supported, the requirements were specified that UE can measure the RS resources in the two sets sequentially. 
If simultaneous DL reception is supported for UE with multi-Rx chain simultaneous reception, the BFD/CBD requirements for TRP specific link recovery procedures can be enhanced. For UE capable of simultaneous reception of different QCL type D RSs, the UE is able to measure overlapping RS resources in time domain simultaneously. It was agreed in the last meeting that BFD/CBD requirements are enhanced for multi-Rx chain UE.
Following aspects can be considered for BFD/CBD measurement requirements enhancement.  
	Issue 1-2-5-1: Aspects for BFD/CBD measurement requirements enhancement
· Proposals
· Option 1: FFS whether BFD/CBD measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Sharing factor Psharing factor for both SSB based and CSI-RS based BFD/CBD
· Measurement restrictions for both SSB based and CSI-RS based BFD/CBD 
· Scheduling restrictions for both SSB based and CSI-RS based BFD/CBD 
· The scaling factor PTRP for TRP specific requirements 


The beam sweeping factor N can be reduced for UE supports multi-Rx chain as UE is able to sweep two directions at a time. Whether sharing factor Psharing factor can be enhanced is depending on conclusion on if simultaneous L1 measurements and L3 measurements can be supported, which is under discussion about general aspect of the WI. As discussed in section 2.1, measurement restrictions and scheduling restrictions can be enhanced for multi-Rx chain UE. The scaling factor PTRP for TRP specific beam failure recovery requirements can also be enhanced for multi-Rx chain UE with the same reason that the UE is able to receive signals from different directions simultaneously.
One additional aspect is that for scheduling restrictions/measurement restrictions, there are requirements for BFD/CBD on different CCs of intra-band or inter-band. In our view, these requirements could also be enhanced for UE supporting multi-Rx chain with simultaneous DL reception though the WI is focus on single carrier operation.
Proposal 5: BFD/CBD measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Measurement restrictions for both SSB based and CSI-RS based BFD/CBD 
· Scheduling restrictions for both SSB based and CSI-RS based BFD/CBD 
· The scaling factor PTRP for TRP specific beam failure recovery requirements
· FFS: Sharing factor Psharing factor for both SSB based and CSI-RS based BFD/CBD

2.3 RLM
It was also agreed that RLM measurement requirements are also enhanced for multi-Rx chain UE. For RLM, there is no TRP specific requirements. Following aspects can be considered for RLM measurement requirements enhancement. 
	Issue 1-2-6: RLM measurement requirements enhancement
· Proposals
· Option 1: RLM measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Sharing factor Psharing factor for both SSB based and CSI-RS based RLM
· Measurement restrictions for both SSB based and CSI-RS based RLM
· Scheduling restrictions for both SSB based and CSI-RS based RLM 
· Option 2: no need for enhancements on RLM measurement requirements


Similar to BFD/CBD, beam sweeping factor N, measurement restrictions and scheduling restrictions for RLM can be enhanced for multi-Rx chain UE with the same reason that the UE is able to receive signals from different directions simultaneously.
Proposal 6: RLM measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Measurement restrictions for both SSB based and CSI-RS based RLM 
· Scheduling restrictions for both SSB based and CSI-RS based RLM 
· FFS: Sharing factor Psharing factor for both SSB based and CSI-RS based RLM
2.4 L1-RSRP measurement
It was also agreed that L1-RSRP measurement requirements are also enhanced for multi-Rx chain UE. In Rel-17, requirements for L1-RSRP measurements for a cell with different PCI from serving cell were introduced. The number of cells with PCI different from serving cells is Nmax = 1 for FR2. Only L1-RSRP measurement on one additional cell with different PCI from serving cell is supported. The UE is not required to measure SSB for L1-RSRP measurement and SSB for L1 measurements, including RLM/BFD/CBD/L1-RSRP, on SSB from serving cell. 
Following aspects were proposed and can be considered for L1-RSRP measurement requirements enhancement.
	Issue 1-2-3-1: Aspects for L1-RSRP measurement requirements enhancement
· Proposals
· Option 1: FFS whether L1-RSRP measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Sharing factor Psharing factor for both SSB based measurement and CSI-RS based measurement
· Measurement restrictions for both SSB based and CSI-RS based L1-RSRP 
· Scheduling restrictions for both SSB based and CSI-RS based L1-RSRP 


Similar to BFD/CBD, beam sweeping factor N, measurement restrictions and scheduling restrictions for L1-RSRP measurement can be enhanced for multi-Rx chain UE with the same reason that the UE is able to receive signals from different directions simultaneously.
Proposal 7: L1-RSRP measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Measurement restrictions for both SSB based and CSI-RS based L1-RSRP 
· Scheduling restrictions for both SSB based and CSI-RS based L1-RSRP
· FFS: Sharing factor Psharing factor for both SSB based and CSI-RS based L1-RSRP

	Issue 1-2-3-5: Number of cells with PCI different from serving cells for inter-cell BM
· Proposals
· Option 1: FFS Number of cells with PCI different from serving cells are further discussed for UE supporting multi-Rx chain simultaneous reception and the max number of cells is 8.


For UE supporting multi-Rx chain and simultaneous DL reception, the UE may be able to measure SSBs from two cells with different PCI from serving cell. The max number of cells to be considered can be 8 according to RAN1 conclusion. The number of cells for L1-RSRP measurement for a cell with different PCI from serving cell can be revisited. One way would be that still one cell with different PCI is considered to define L1-RSRP measurement requirements and measurement delay for mulit-Rx chain UE is reduced thanks to simultaneous DL reception of signals from different directions. Another way would be that two cells with different PCI are considered to define L1-RSRP measurement requirements and measurement delay for multi-Rx chain UE remains the same compared to legacy requirements.
Proposal 8: For defining L1-RSRP measurement requirements for a cell with PCI different from serving cells, number of cells with PCI different from serving cells is [1 or 2] and max number of cells to be considered is 8.

2.5 L1-SINR measurement
It was also agreed that L1-SINR measurement requirements are also enhanced for multi-Rx chain UE. Following aspects were proposed and can be considered for L1-SINR measurement requirements enhancement.
	Issue 1-2-4: L1-SINR measurement requirements enhancement
· Proposals
· Option 1: FFS whether L1-SINR measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Sharing factor Psharing factor for both SSB based measurement and CSI-RS based measurement


Similar to other L1 measurements, beam sweeping factor N, measurement restrictions and scheduling restrictions for L1-SINR measurement can be enhanced for multi-Rx chain UE with the same reason that the UE is able to receive signals from different directions simultaneously.
Proposal 9: L1-SINR measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Measurement restrictions for both SSB based and CSI-RS based L1-SINR 
· Scheduling restrictions for both SSB based and CSI-RS based L1-SINR
· FFS: Sharing factor Psharing factor for both SSB based and CSI-RS based L1-SINR

3. Summary
[bookmark: _Hlk23953093]In this contribution, we provided views on on L1 measurements for FR2 multi-Rx chain DL reception. Following proposals and observations are present.
Proposal 1: For multi-Rx chain UE, measurement restriction and scheduling restriction is not needed anymore if UE is able to receive different QCL-Type D RSs simultaneously by indicating simultaneousReceptionDiffTypeD or similar UE capability.
Proposal 2: L1 measurement samples are not reduced for FR2 multi-Rx chain DL reception.
Proposal 3: L1-RSRP measurements for a cell with different PCI is in the scope of the WI.
Proposal 4: For CCA, RedCap and satellite access, L1 measurement enhancement for multi-Rx chain UE is NOT in the scope of the WI.
Proposal 5: BFD/CBD measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Measurement restrictions for both SSB based and CSI-RS based BFD/CBD 
· Scheduling restrictions for both SSB based and CSI-RS based BFD/CBD 
· The scaling factor PTRP for TRP specific beam failure recovery requirements
· FFS: Sharing factor Psharing factor for both SSB based and CSI-RS based BFD/CBD
Proposal 6: RLM measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Measurement restrictions for both SSB based and CSI-RS based RLM 
· Scheduling restrictions for both SSB based and CSI-RS based RLM 
· FFS: Sharing factor Psharing factor for both SSB based and CSI-RS based RLM
Proposal 7: L1-RSRP measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Measurement restrictions for both SSB based and CSI-RS based L1-RSRP 
· Scheduling restrictions for both SSB based and CSI-RS based L1-RSRP
· FFS: Sharing factor Psharing factor for both SSB based and CSI-RS based L1-RSRP
Proposal 8: For defining L1-RSRP measurement requirements for a cell with PCI different from serving cells, number of cells with PCI different from serving cells is [1 or 2] and max number of cells to be considered is 8.
Proposal 9: L1-SINR measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Measurement restrictions for both SSB based and CSI-RS based L1-SINR 
· Scheduling restrictions for both SSB based and CSI-RS based L1-SINR
· FFS: Sharing factor Psharing factor for both SSB based and CSI-RS based L1-SINR
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