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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#107 meeting, there were continued discussions on the RRM enhancement for RLM and BFD/CBD for FR2 multi-Rx chain DL reception. The agreements and open issues are captured in the WF [1]. 
	· Faster beam sweeping is not applicable for CSI-RS based RLM and BFD measurements, due to N=1 in the existing requirements.


In this contribution, we further provide our views on RLM and BFD/CBD requirements for FR2 multi-Rx chain DL reception.
2. Discussion
2.1 Cell specific RLM and BFD/CBD
Issue 2-1-2: Measurements on two RS resources for cell specific RLM and BFD/CBD for multi-Rx
	· Option 1: (Huawei)
· For RLM and cell specific BFD/CBD, there is no need to consider simultaneous RLM/BFD/CBD measurements on two RS resources for monitoring the cell or link quality, and the best Rx beam for each RLM/BFD/CBD RS resource is assumed to be selected from single RS perspective.
· Option 1a: (Qualcomm)
· RAN4 to not consider simultaneously formed multiple UE Rx beam based RLM and BFD/CBD on multiple resources from two TRPs. 
· FFS on measurement restriction and scheduling availability on OFDM symbols overlapping with reference signals configured for RLM and BFD.
· Option 2: (Ericsson)
· For RLM based at least on CSI-RS, the multi-rx operation includes simultaneous reception of two CSI-RSs (with different QCL type D from different directions).
· Simultaneous CSI-RS reception applies for BFD/BFR which is based at least on CSI-RS. NOTE: this is a further clarification, since the basic agreement was already made in [R4-2217587], where for BFD/CBD, the simultaneous reception of two CSI-RSs has been agreed in RAN4#104bis-e.
· Option 2a: (ZTE)
· If multiple CSI-RSs used for BFD/CBD configured for the UE, for the UE capable of simultaneous multi-panel reception, the UE is able to receive multiple CSI-RSs transmitted from different TRPs simultaneously from multiple panels. Therefore the evaluation period for TEvaluate_BFD_CSI-RS and TEvaluate_CBD_CSI-RS can reduce accordingly.
· Option 3: (Nokia)
· For multi-DCI RLM requirements, RAN4 to clarify that the RLM-RS resources in multi-TRP mode may originate from two different TRPs and out-of-sync and in-sync indication applies for the whole cell.
· For single DCI scenario, RLM is monitored only on the link with PDCCH, and legacy RLM requirement baseline applies.
· In single-DCI scenario, link quality monitoring is done only on the link with PDCCH, so legacy link recovery requirements in section 8.5 apply.


For RLM and cell specific BFD/CBD, where one set of RS resources is configured, the UE performs RLM/BFD/CBD measurements on only one RS resource at a time. UE is not required to perform measurements on two RS resources overlapping in time simultaneously for cell specific RLM and BFD/CBD for multi-Rx. There is not procedure in existing specification to support this. Thus, no corresponding requirements should be specified. It is noted that for RLM, RadioLinkMonitoringRS should be provided by the network if multi-TRP operation is enabled for the UE. Otherwise, the UE may not know which RS should be used to perform RLM.
[bookmark: _Hlk140141084]On the other hand, the measurement restriction may be relaxed/enhanced when UE is performing cell specific RLM/BFD/CBD. It means for example when the RS resources for RLM and another RS for L1 measurement are overlapping, i.e., on the same OFDM symbol, and from different directions, i.e., the two RSs are not QCL-ed with QCL-type D, then the UE may be able to measure both the RSs, e.g., when the two RSs are reported in one group in the previous group-based beam reporting.
Though it would be feasible for UE to measure two RSs for RLM measurements simultaneously, there could be other issues to be considered. In order for the simultaneous reception from 2 directions, sub-optimal Rx beams for reception from the 2 directions may be used compared to reception of signal from one direction at a time. It will in the end increase the probability of radio link failure due to best Rx beam may not be used for the measurement. The evaluation period is less important than the measurement accuracy of radio link quality in our view. 
However, in the last meeting, it was agreed that the scheduling restriction relaxation can be made for CSI-RS based L1 measurements with multi-Rx capability in multi-TRP operation scenario. In this case, Best Rx beam may also not be used for CSI-RS based L1 measurements. Since new UE capability should be introduced for L1 measurement enhancements for multi-Rx operation, it would be fine to define requirements for multi-Rx UE to measure two overlapping CSI-RSs from two directions simultaneously. It is up to UE choice whether to support simultaneous L1 measurements of two overlapping RSs from different directions.
For multi-Rx operation, the existing requirements structure for RLM and cell specific BFD/CBD should be reused. We don’t see any necessity of changing this. It means the requirements for simultaneous reception of the RLM-RS and another L1-RS are captured in the measurement restriction requirements for CSI-RS based RLM. 
Proposal 1: The UE is able to perform RLM and cell specific BFD/CBD measurements on two overlapping RSs from different directions simultaneously under certain conditions. It is captured in the measurement restriction requirements. 

Issue 2-1-4: Evaluation period requirements
	· Option 1: (Ericsson)
· Since beam sweeping factor reduction is not fulfilling the WI goal with respect to different RSs, the RLM/BFD/CBD evaluation periods can be enhanced with a new scaling parameter L. L=1 for non-simultaneous reception, and L<1 for simultaneous reception with multi-rx (e.g., L=1/2 but can be TBD for now) when the necessary conditions for multi-rx are met:
· Option 2:
· Legacy requirements are reused.



In the existing requirements, e.g., CSI-RS based RLM, the evaluation period is specified with beam sweeping factor N and sharing factor P for competing measurement occasions overlapping with SMTC/MG for L3 measurements.
	Table 8.1.3.2-2: Evaluation period TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS for FR2
	Configuration
	TEvaluate_out_CSI-RS (ms) 
	TEvaluate_in_CSI-RS (ms) 

	no DRX
	Max(200, Ceil(Mout×P×N)×TCSI-RS)
	Max(100, Ceil(Min×P×N) × TCSI-RS)

	DRX ≤ 320ms
	Max(200, Ceil(1.5×Mout×P×N)× Max(TDRX, TCSI-RS))
	Max(100, Ceil(1.5×Min×P×N)× Max(TDRX, TCSI-RS))

	DRX > 320ms
	Ceil(Mout×P×N) × TDRX
	Ceil(Min×P×N) × TDRX

	NOTE:	TCSI-RS is the periodicity of the CSI-RS resource configured for RLM. The requirements in this table apply for TCSI-RS equal to 5 ms, 10 ms, 20 ms or 40 ms. TDRX is the DRX cycle length.






In Rel-18 multi-Rx, it was agreed that beam sweeping factor reduction is up to UE capability. So, the beam sweeping factor N should still be kept in the evaluation period requirements. The sharing factor P should also be kept as no enhancement on this is made in the WI. 
The evaluation period requirements are only specified for one RLM-RS under the assumption that the RLM-RS can always be measured except over the resource occasions shared for L3 measurements. If the RLM-RS is overlapped with another RS for L1-measurement, e.g., RLM/BFD/CBD/L1-RSRP, the UE is required to measure one but not both of the RLM-RS and the other L1-RS. Longer measurement period for the RLM-RS based RLM is expected, and no requirements are defined.
As discussed above, the existing requirements structure for RLM and cell specific BFD/CBD should be reused for multi-Rx operation. It means the evaluation period requirements should be kept the same without introducing any new scaling parameter as it is only for evaluation of one CSI-RS. The requirements for simultaneous reception of the RLM-RS and another L1-RS can be captured in the measurement restriction requirements. 
Proposal 2: The legacy evaluation period requirements for RLM and cell specific BFD/CBD measurements are reused for multi-Rx, i.e., no new scaling factor is introduced. 

2.2 TRP specific BFD/CBD
Issue 2-2-1: TRP specific BFD/CBD requirements enhancement for multi-Rx
	· Option 1:
· Consider PTRP=1 for the TRP specific BFD/CBD requirements for multi-Rx operation.
· For multi-DCI only.
· Option 3: 
· Reuse R17 TRP specific BFD/CBD requirement for multi-RX operation.


TRP specific link recovery can be considered as useful procedure for supporting 4-layer MIMO in FR2. 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 for multi-Rx capable UE can also be considered, similar to enhancement on RLM and legacy BFD/CBD that Rx beam sweeping factor can be reduced based on UE capability. 
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 capable 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 signals are from two directions with 2-AOA that the UE can receive simultaneously. Similar to RLM and cell specific BFD/CBD, the simultaneous measurement should be allowed based on UE capability.
In the last meeting, conditions for scheduling restriction for L1 measurements relaxation(enhancement) for multi-Rx were agreed.
	· In multi-TRP operation scenario, for the case PDCCH/PDSCHs are transmitted from two TRPs simultaneously, and CSI-RS is transmitted from anyone of the TRPs, scheduling restriction relaxation can be made for CSI-RS based L1 measurements with multi-Rx when following conditions are met
· 	The CSI-RS is not in a CSI-RS resource set with repetition ON
· 	The CSI-RS and one of the PDCCH/PDSCHs are transmitted through different TRPs at the same time
· 	CSI-RS has same QCL source as the active TCI state of any one of the PDCCH/PDSCHs
· 	Resources of the active TCI states for the two PDCCHs or PDSCHs have been reported via GBBR in a pair
· 	UE is activated with multi-Rx operation
· For SSB based L1 measurements, scheduling restrictions relaxation is not considered for UE supporting Rel-18 multi-Rx capability.



Similarly, enhancement on TRP sharing factor is also considered only for CSI-RS based TRP specific BFD/CBD when no Rx beam sweeping is needed for the measurement. The conditions can be defined as below.
· The CSI-RS is not in a CSI-RS resource set with repetition ON
· The two CSI-RS resources in the two sets q ̅_0,0 and q ̅_0,1for beam failure detection is transmitted through different TRPs at the same time
· The two CSI-RS resources are QCL-ed with QCL-TypeD with the RSs in the active TCI states of two CORESETs with different Coreset pool index.
· Resources of the active TCI states for the two CORESETs have been reported via GBBR in a pair
· UE is activated with multi-Rx operation

Proposal 3: Consider PTRP=1 for CSI-RS based TRP specific BFD requirements for multi-Rx operation under following conditions,
· The CSI-RS is not in a CSI-RS resource set with repetition ON
· The two CSI-RS resources in the two sets q ̅_0,0 and q ̅_0,1for beam failure detection is transmitted through different TRPs at the same time
· The two CSI-RS resources are QCL-ed with QCL-TypeD with the RSs in the active TCI states of two CORESETs with different Coreset pool index.
· Resources of the active TCI states for the two CORESETs have been reported via GBBR in a pair
· UE is activated with multi-Rx operation

For TRP specific CBD, the TRP sharing factor cannot be enhanced since beam sweeping is always needed.
Proposal 4: TRP sharing factor for TRP specific CBD requirements for multi-Rx operation is not enhanced.

Issue 2-2-2: Whether to enhance TRP specific CBD procedure
	· Option 1: 
· It is proposed to make a decision if the issues in R4-2307348 should be addressed to ensure system performance, and if the necessary requirements can be defined to ensure the expected UE behavior.
· Option 2:
· For TRP specific link recovery, enhancement on BFD/CBD may be considered in Rel-19.
· Option 3: 
· Proposal 4: Rel-17 TRP specific BFD/CBD procedure can resume the failure beam from each RSs set with different QCL type D from two TRPs. No new enhancement is needed for multi-Rx UEs.
· Option 4
· RAN4 to not consider simultaneously formed multiple UE Rx beam based RLM and BFD/CBD on multiple resources from two TRPs.


Based on current TRP specific CBD design, it only needs to identify usable candidate beam per TRP. How NW can take advantage of TRP specific CBD is up to NW implementation. If enhancement on TRP specific CBD is to be considered, it needs RAN1 involvement. Even from RAN4 perspective, it is out of scope of this WI. Thus, TRP specific CBD procedure enhancement is not considered in this Rel-18 multi-Rx WI. It is suggested to consider it in Rel-19.
Proposal 5: For TRP specific link recovery, enhancement on BFD/CBD may be considered in Rel-19.

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.
Proposal 1: The UE is able to perform RLM and cell specific BFD/CBD measurements on two overlapping RSs from different directions simultaneously under certain conditions. It is captured in the measurement restriction requirements. 
Proposal 2: The legacy evaluation period requirements for RLM and cell specific BFD/CBD measurements are reused for multi-Rx, i.e., no new scaling factor is introduced. 
Proposal 3: Consider PTRP=1 for CSI-RS based TRP specific BFD requirements for multi-Rx operation under following conditions,
· The CSI-RS is not in a CSI-RS resource set with repetition ON
· The two CSI-RS resources in the two sets q ̅_0,0 and q ̅_0,1for beam failure detection is transmitted through different TRPs at the same time
· The two CSI-RS resources are QCL-ed with QCL-TypeD with the RSs in the active TCI states of two CORESETs with different Coreset pool index.
· Resources of the active TCI states for the two CORESETs have been reported via GBBR in a pair
· UE is activated with multi-Rx operation
· Proposal 4: TRP sharing factor for TRP specific CBD requirements for multi-Rx operation is not enhanced.
Proposal 5: For TRP specific link recovery, enhancement on BFD/CBD may be considered in Rel-19.
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