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1. Introduction
In RAN#95e meeting, the Rel-18 FR2 multi-RX DL reception work item was approved [1] and in RAN#96e meeting the objectives were revised by updating relevant RF objective for spherical coverage [2]. And then in RAN#98e meeting, the RRM objectives contained in the WID were revised, which is provided as following [3]. 
	· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier
· Enhanced RRM requirements:
· The following requirements should be studied and specified if necessary:
· L1-RSRP measurement delay
· RLM and BFD/CBD requirements
· Scheduling/measurement restrictions
· TCI state switching delay with dual TCI
· Receive timing difference between different directions (different QCL Type D RSs)

NOTEs:
· The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.
· The work on L3 measurement related aspects for scheduling/measurement restriction requirements is not precluded.
· Further check in RAN #100 whether to include other L3 measurement related aspects and objectives subject to RAN4 progress.


During the RAN4#106 meeting, the baseline L1 measurement requirements for potential multi-Rx enhancement have been discussed, the following agreements were achieved and captured in the WF [4]. 
	<Agreement from RAN4#106 RRM Session> 
WF on NR FR2 multi-Rx chain DL reception – Part 1
Topic #1: General aspects
<Agreement >:
Baseline L1 measurement requirements for potential multi-Rx enhancement
· For cell specific RLM: section 8.1
· For cell specific link recovery: section 8.5
· For TRP specific link recovery: section 8.18
· For L1-RSRP measurement: section 9.5


In this contribution, we would like to further provide our analysis on the RLM and BFD/CBD requirements issues.
2. Discussion
2.1 The RRM requirement analysis for RLM/BFD/CBD
L1 measurement contains L1-RSRP, L1-SINR, RLM, BFD and CBD, and the RS type could be either SSB or CSI-RS. Nevertheless, RLM, BFD/CBD is not relevant to 4 layer DL MIMO, and the RS resources configured for RLM/BFD is not configured for L1-RSRP reporting. The corresponding RadioLinkMonitoringConfig from TS 38.331 is provided as below for reference. 
[image: ]
That means in the group-based reporting for beam management stage, there is no guarantee that the RS resources-RLM/BFD/CBD from two TRPs can be received simultaneously even if UE reports N CRI/SSBRIs and their RSRP values indicating that N beams from associated TRPs can be received simultaneously by UE.
Proposal 1: The RS resources configured for RLM/BFD is not configured for L1-RSRP reporting. Not to consider RSs-RLM/BFD/CBD simultaneous reception in group-based reporting for beam management stage.
However, for the DL transmission stage after the selected CRIs/SSBRIs report, it would be feasible for UE with multi-Rx chains to receive the RSs for RLM/BFD/CDB transmitted from the indicated Tx beams simultaneously. 
Proposal 2: For Multi-Rx reception, it is feasible to consider simultaneous reception of two RSs for RLM/BFD.
From this, the corresponding RRM requirement, i.e., evaluation period requirement enhancement is need to be discussed, wherein the beam sweeping factor N is still the controversial point. Considering the SSB/CSI-RS resource configuration for L1-RLM/BFD/CBD measurement, shown in Table 1.
Table 1 SSB/CSI-RS resource configuration for L1-RLM/BFD/CBD measurement
	SSB resource
	N=8

	CSI-RS in resource set configured with repetition ON
	N=ceil(maxNumberRxBeam /Nres_per_set)

	CSI-RS resources in a resource set is configured with repetition OFF and the QCL association is known to UE N=1
	N=1

	CSI-RS based CBD measurement
	N=8


From Table 1, it can be observed that for CSI-RS in resource set configured with repetition ON, when Nres_per_set  is larger than or equal to maxNumberRxBeam, N=1 condition can apply, i.e., UE is not required to consider Rx beam sweeping. While, for CSI-RS with repetition OFF and the QCL association is known to UE, always no Rx beam sweeping. So 
Proposal 3: Beam sweeping factor reduction are only feasible for SSB based RLM/BFD/CBD, and CSI-RS based CBD measurement
For the RSs types for RLM/BFD/CBD. From our perspective, the CSI-RS+SSB combination need further discussion. The main reason is that the CSI-RS+SSB measurement requirement definition is relevant to simultaneousRxDataSSB-DiffNumerology capability in FR1, for example 
	If different SCS is used for CSI-RS based RLM-RS and SSB based RLM-RS, then CSI-RS based RLM-RS and SSB based RLM-RS shall be TDMed.
If same SCS is used for CSI-RS based RLM-RS and SSB based RLM-RS, then CSI-RS based RLM-RS and SSB based RLM-RS can be FDMed or TDMed.


That means when UE supports simultaneousRxDataSSB-DiffNumerology, the enhanced RLM/BFD/CBD requirements for simultaneous reception of two RSs would not be applied, and there are no restrictions on measurement and scheduling. However, whether to introduce and reuse simultaneousRxDataSSB-DiffNumerology in R18 multi-panel WI is still under discussion without conclusions yet. So, the following proposal is suggested.
Observation 1: simultaneousRxDataSSB-DiffNumerology would affect the consideration of RLM CSI-RS+SSB measurement restriction requirement
Proposal 4: The simultaneous RS resources for RLM/BFD/CBD can be SSB+SSB and CSI-RS+CSI-RS, whether to consider SSB+CSI-RS needs further discussion
2.2 PTRP
In Rel-17 feMIMO, UE is not assumed to perform BFD/CBD measurements for different TRP simultaneously. So, the sharing factors PTRP is introduced for TRP specific BFD/CBD measurements when resource set of each TRP are overlapped. As the definition of PTRP in Spec., it is defined as 2, if SSB/CSI-RS resource in the two sets  and   are overlapped, else it is 1.
With multi-RX simultaneous reception, even if there is occasion overlapping, UE is able to perform BFD and CBD measurements simultaneously associated to two RSs from different sets. From this,
Proposal 5: For UE capable of simultaneous multi-Rx reception, PTRP can be considered to 1.
Scaling factor P
2.3 Other issues
2.3.1 The evaluation period scaling factor P
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Based on the current L1-measurement requirements, if measurement opportunities colliding among RLM-SSB (or RLM-CSI-RS, BFD-SSB, BFD-CSI-RS, L1-RSRP-SSB, L1-RSRP-CSI-RS), SMTC occasion and GAP happens, UE would apply scaling factor P to prolong the evaluation period to deal with the conflict and at the same time to guarantee the requirement of measurement accuracy. However, the P value based on RLM-SSB/SMTC/GAP overlapping scenarios is defined for single panel reception, if we consider the multi-Rx chain DL reception, the evaluation period scaling factor P may become complicated, since the RLM-SSB/ SMTC occasion/ GAP from different panels would be fully overlapped/partially overlapped/non-overlapped. Fig. 2 shows two of the patterns for RLM-SSB/SMTC/GAP for two Rx chains and their overlapping scenario.
Observation 2: For multi-Rx UE, the RLM-SSB/ SMTC occasion/ GAP from different panels would be fully overlapped/partially overlapped/non-overlapped.

[image: ][image: ]
(a) The configurations for the two RX chains are purely the same; (b) The RLM-SSB/GAP configuration for the two panels are the same but the SMTC is different 
Based on such different overlapping patterns, whether the current scaling factor P is still applicable for multi-Rx chain evaluation period requirement, and whether it is necessary to derive a new scaling factor value that considering overlapping scenarios caused by multi-Rx chain reception are not clear.
Proposal 6: RAN4 need to investigate the applicability of the evaluation period scaling factor P in multi-Rx WI
3. Conclusion
In this contribution, we provided our viewpoints on the RLM and BFD/CBD requirements for this work item, accordingly the following observations and proposals are obtained:
Observation 1: simultaneousRxDataSSB-DiffNumerology would affect the consideration of RLM CSI-RS+SSB measurement restriction requirement
Observation 2: For multi-Rx UE, the RLM-SSB/ SMTC occasion/ GAP from different panels would be fully overlapped/partially overlapped/non-overlapped.
Proposal 1: The RS resources configured for RLM/BFD is not configured for L1-RSRP reporting. Not to consider RSs-RLM/BFD/CBD simultaneous reception in group-based reporting for beam management stage.
Proposal 2: For Multi-Rx reception, it is feasible to consider simultaneous reception of two RSs for RLM/BFD.
Proposal 3: Beam sweeping factor reduction are only feasible for SSB based RLM/BFD/CBD, and CSI-RS based CBD measurement
Proposal 4: The simultaneous RS resources for RLM/BFD/CBD can be SSB+SSB and CSI-RS+CSI-RS, whether to consider SSB+CSI-RS needs further discussion
Proposal 5: For UE capable of simultaneous multi-Rx reception, PTRP can be considered to 1
Proposal 6: RAN4 need to investigate the applicability of the evaluation period scaling factor P in multi-Rx WI
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