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Introduction
In RAN4#100, Rel-17 link recovery procedure for feMIMO WI has been discussed, it was concluded with an agreement to clarify the WID scope to identify RAN4 study objective. In RAN#93, the bullet of RAN4 independent study scope has been removed from the WID [1], but RAN4 continues to discuss the TRP specific BFD/CBD/BFR/RLM for mTRP operation in this meeting as in [2].
Discussion
 
0. Rel-17 feMIMO BFD/BFR. 

In previous releases, the existing BFD/BFR requirements are defined from same cell perspective. In RAN1, TRP-specific BFD/BFR is introduced for R17 FeMIMO and two BFD-RS sets can be configured on a CC for inter-cell multi-TRP scenario. RAN4 needs to study the impact of TRP-specific BFD/BFR on link recovery requirements.
	RAN1 #106 Agreement
The maximum number of BFD-RS resources per set is a UE capability, including a possible candidate value of 1 in Rel.17. 
 Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Implicit configuration: 
· M-DCI: 
· BFD-RS set k (k = 0, 1) is derived based on X TCI of CORESETs with CORESETPoolIndex = k
· FFS: value of X (determined in spec or UE capability), and TCI selection rule when the number of CORESETs with CORESETPoolIndex = k exceeds X (e.g. reuse RLM RS selection rule)
· FFS: CORESETs with more than 1 activated TCI states
 Conclusion
BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET via implicit configuration for S-DCI mTRP is not supported in Rel-17.
Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Explicit configuration of BFD-RS resources in BFD-RS set k, k = 0, 1
· FFS: CORESETs with more than 1 activated TCI state.




In Rel-17 for TRP-specific BFD/BFR, the total of BFD-RSs on one CC configured with two BFD-RS sets could be up to 4. RAN1 has agreed to support per-TRP beam failure recovery. For TRP specific beam failure detection UE can be configured with TRP-specific BFD-RS set (q0) and NBI-RS set (q1) (with 1 to 1 mapping i.e. there is a candidate beam RS set configured for each of the BFD-RS set). Up to 2 BFD-RS sets are supported per a TRP. BFR can be triggered if all the BFD-RS in the TRP specific set of q0 are in failure condition. TRP specific counter and timers i.e. TRP/BFD-RS set specific MAC procedure for failure detection is supported. A UE can be configured with up to two PUCCH-SR for mTRP BFR purposes. mTRP BFR is considered for SpCell and SCells.  Currently, RAN1 agreed to configure at least two TRPs for inter-cell mTRP, the total of BFD-RSs on one CC configured with two BFD-RS sets could be up to 4 for inter-cell TRP-specific BFD/BFR.

Observation 1 : Rel-17 feMIMO supports per-TRP BFD/BFR. :
· In Rel-15 and Rel-16 for intra cell-specific BFD/BFR, the UE is required to be able to perform BFD measurements on up to 2 BFD-RSs on one CC.
· In Rel-17 for inter-cell TRP-specific BFD/BFR, the total of BFD-RSs on one CC configured with two BFD-RS sets could be up to 4.

Proposal 1 :  RAN4 studies if Rel-15/16 BFR requirements can be applicable to Rel-17 inter-cell beam management and inter-cell mTRP.
Proposal 2 : The Rel-17 requirements needs to verify per-TRP BFR operations up to a UE capability. RAN4 discuss if a UE is required to perform BFD measurements on up to 4 BFD-RSs on one CC in Rel-17.


0. Radio Link Monitoring on non-serving cell

For radio link monitoring in feMIMO, a UE only monitors the primary cells and none of the secondary cells. Although the CA and inter-cell BM are very different features for considering multiple cell communication the similar approach could be used here. for RLM in inter-cell BM, a UE should monitor only reference signals from the serving cell. This would include the case where UE receives beam indication for dedicated channels (PDCCH for example) and the TCI State indicates RS associated with different PCI than serving cell. In other words, RAN4 needs to check RAN1 discussion if a UE would include the RS associated with different PCI to the RLM RS set, but we don’t see clear RAN1 agreement on it yet.   
Proposal 3:  RAN4 monitors RAN1 discussion if a RS associated with different PCI is included to the RLM RS set. Otherwise, a UE monitors only serving cell RSs for radio link monitoring. 

0. QCL definition for UL

	
RAN1 #106 Agreement
· RAN4 will further study QCL definition update for PUCCH and PUSCH in applicability of requirements



RAN4 made an agreement to further study QCL definition update for PUCCH and PUSCH in applicability of requirements. Since the Rel-17 TCI switching includes UL spatial filter according to QCL indication to another reference signal (DL CSI-RS or SSB). So far, QCL assumption has been used for downlink channel/RS and same spatial relation assumption is used for uplink channel/RS. Which type of RS can be used as a reference for QCL assumption of downlink channel/RS or as a reference for spatial relation assumption of uplink channel/RS needs to be discussed in RAN1.

	TS38.133, 3.6.7 Applicability of QCL
For the requirements specified in this version of the specification, a reference signal is considered to be QCLed to another reference signal if it is in the same TCI chain as the other reference signal, provided that the number of Reference Signals in the chain is no more than 4. It is assumed there is single QCL type per TCI chain. 
A TCI chain consists of an SSB, and one or more CSI-RS resources, and the TCI state of each Reference Signal includes another Reference Signal in the same TCI chain.
DMRS of PDCCH or PDSCH is QCLed with the reference signal in its active TCI state and any other reference signal that is QCLed, based on above criteria, with the reference signal in the active TCI state.



Although QCL indication implies channel similarity between channel links regardless of DL and UL, RAN1 specs have used the QCL property only for DL signals. For beam management, UL QCL indicates a UL spatial filter selection, but this UL beam selection is derived from DL-beam based indication on QCL relation in RAN1/2 specs. Therefore, the current statement in TS38.133, 3.6.7 seems still valid for applicability of UL QCL. 
Observation 2 : Although QCL indication implies channel similarity between channel links regardless of DL and UL, RAN1 specs have used the QCL property mainly for DL signals. 

Conclusion
In this contribution, we discuss about feMIMO features and RRM spec impacts. Our observations and proposals are as follow :
Observation 1 : Rel-17 feMIMO supports per-TRP BFD/BFR. :
· In Rel-15/Rel-16 for intra cell-specific BFD/BFR, the UE is required to be able to perform BFD measurements on up to 2 BFD-RSs on one CC.
· In Rel-17 for inter-cell TRP-specific BFD/BFR, the total of BFD-RSs on one CC configured with two BFD-RS sets could be up to 4.
Proposal 1 :  RAN4 studies if Rel-15/16 BFR requirements can be applicable to Rel-17 inter-cell beam management and inter-cell mTRP.
Proposal 2 : The Rel-17 requirements needs to verify per-TRP BFR operations up to a UE capability. RAN4 discuss if a UE is required to perform BFD measurements on up to 4 BFD-RSs on one CC in Rel-17.
Proposal 3:  RAN4 monitors RAN1 discussion if a RS associated with different PCI is included to the RLM RS set. Otherwise, a UE monitors only serving cell RSs for radio link monitoring. 
Observation 2 : Regarding QCL definition update for UL, although QCL indication implies channel similarity between channel links regardless of DL and UL, RAN1 specs have used the QCL property mainly for DL signals. 
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