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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#106 meeting, there were continued discussions on the RRM enhancement for RLM and BFD/CBD 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 RLM and BFD/CBD requirements for FR2 multi-Rx chain DL reception.
2. Discussion
Considering other objectives of the WID, the RRM requirements to be defined can be summarized in Fig 1.
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Fig 1. RRM requirements enhancement for multi-Rx
RLM and BFD/CBD measurements includes cell specific RLM and BFD/CBD measurements and TRP specific RLM and BFD/CBD measurements. Cell specific RLM and BFD/CBD measurements is NOT relevant to supporting 4-layer MIMO in FR2. TRP specific RLM and BFD/CBD could be useful procedure for 4-layer MIMO operation, but existing requirements could already serve the purpose. Thus, the requirements for both cell specific and TRP specific RLM and BFD/CBD are considered as enhancement for multi-Rx capable UE.
Observation 1: Requirements for both cell specific and TRP specific RLM and BFD/CBD are considered as enhancement for multi-Rx capable UE.
For L1 measurements, including RLM and BFD/CBD, the potential enhancement could be on beam sweeping factor reduction, measurement restriction/scheduling restriction enhancement (relaxation) and sharing factor reduction. 
Regarding measurement restriction/scheduling restriction enhancement (relaxation) for L1 measurements, including RLM and BFD/CBD, it is analyzed in [2]. 
Regarding sharing factor for L1 measurements of RLM/BFD/CBD, there is no enhancement for sharing factor between L1 measurements and L3 measurements as simultaneous L1/L3 measurements are not supported in this release.
	Issue 1-1-6: Simultaneous L3 measurements and L1 measurements
· Simultaneous L3 and L1 measurements is not supported in this release for multi-Rx.
· Note: The agreement has no impact on scheduling restriction discussion for L3 measurements. Feasibility and benefit of scheduling restriction relaxation for L3 measurements is FFS.


However, TRP sharing factor could be considered for TRP specific RLM and BFD/CBD.
RLM and BFD/CBD measurement delay reduction, including beam sweeping factor reduction and TRP sharing factor 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 in the past meetings. 
The evaluation period for RLM and BFD/CBD measurements in FR2 is quite long. For instance, the evaluation period for SSB base BFD is defined as ceil (5  P  N)  TDRX when DRX cycle length > 320ms. Considering 640ms DRX cycle length and P = 1, which is the best assumption in terms of measurement delay, the evaluation period is 25s already. When longer DRX cycle is configured and/or P is larger than 1 which would be typical case, the evaluation period could be in minutes level. The beam management performance may not be guaranteed with such long evaluation period. Therefore, it is beneficial to reduce beam sweeping factor for L1 measurements for FR2.
Observation 2: There is benefit on beam management performance and system performance accordingly if beam sweeping factor can be reduced for RLM and BFD/CBD, at least under certain cases.

Then, the scenarios for beam sweeping factor reduction should be clarified. According to existing requirements, the SSB based RLM and BFD/CBD measurements for FR2 are performed with beam sweeping factor of 8 for all the cases. 
In some cases, the CSI-RS based RLM and BFD/CBD 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 RLM and BFD/CBD 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.
The feasibility of beam sweeping factor reduction for L1-RSRP measurement was discussed in [3]. The principle and technical reason are same for RLM and BFD/CBD measurements. So, only proposal is present here.
Proposal 1: RAN4 is to further study if L3 measurement results are always available to be used for RLM and BFD/CBD measurements.
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 RLM and BFD/CBD measurement.

2.2 TRP Sharing factor
TRP specific link recovery can be considered as useful procedure for supporting 4-layer MIMO in FR2 as analyzed in [4]. From RAN1 design perspective, the UE is only required to measure BFD-RS resources in different sets in TDM manner. Existing requirements can already achieve the purpose. Therefore, enhancement on existing TRP specific link recovery requirements is not a must for supporting 4-layer MIMO in FR2. 
Enhancement on TRP specific link recovery requirements can be considered, similar to RLM and legacy BFD/CBD. In addition to beam sweeping factor reduction, there is a TRP sharing factor PTRP for measurements of two BFD-RS sets or two CBD-RS sets on the overlapping resources in time. 
For TRP specific BFD, in existing requirements the value of PTRP is defined as 2, if SSB/CSI-RS resources in the two sets 𝑞̅0,0 and 𝑞̅0,1 are overlapped, else it is 1. For multi-Rx chain UE, the TRP sharing factor can be reduced to 1 if the SSB/CSI-RS resources in the two BFD-RS sets are overlapped in time and the two reference singals are from two directions with 2-AOA that the UE can receive simultaneously.
For TRP specific CBD, same conclusion as for TRP specific BFD can be drawn.
Proposal 3: The TRP sharing factor for TRP specific BFD/CBD can be reduced to 1 if the SSB/CSI-RS resources in the two BFD-RS sets or CBD-RS sets are overlapped in time and the two reference signals are from two directions with 2-AOA that the UE can receive simultaneously.

It is noted though both beam sweeping factor and TRP sharing factor can be reduced for TRP specific link recovery separately, it cannot be reduced at the same time. Only one can be reduced at a time and it should be up to UE implementation which one is reduce for TRP specific RLM.
Observation 3: For TRP specific link recovery, beam sweeping factor reduction and TRP sharing factor reduction cannot apply at the same time.

3. Summary
[bookmark: _Hlk23953093]In this contribution, we further provided views on RLM and BFD/CBD requirements for FR2 multi-Rx chain DL reception. Following proposals and observations are present.

Observation 1: Requirements for both cell specific and TRP specific RLM and BFD/CBD are considered as enhancement for multi-Rx capable UE.
Observation 2: There is benefit on beam management performance and system performance accordingly if beam sweeping factor can be reduced for RLM and BFD/CBD, at least under certain cases.
Observation 3: For TRP specific link recovery, beam sweeping factor reduction and TRP sharing factor reduction cannot apply at the same time.

Proposal 1: RAN4 is to further study if L3 measurement results are always available to be used for RLM and BFD/CBD measurements.
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 RLM and BFD/CBD measurement.
Proposal 3: The TRP sharing factor for TRP specific BFD/CBD can be reduced to 1 if the SSB/CSI-RS resources in the two BFD-RS sets or CBD-RS sets are overlapped in time and the two reference signals are from two directions with 2-AOA that the UE can receive simultaneously.
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