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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#106-e meeting, the Rel. 17 NR FeMIMO WID [1][4] was discussed. The following was agreed [2] on the topic of enhancements on beam management for multi-TRP:
	Agreement
For aperiodic report of beam reporting option 2, 
· When associated with aperiodic resource setting, extend the existing RRC parameter CSI-AssociatedReportConfigInfo to be configured with two CMR resource sets where each may be configured with their corresponding QCL information.
· FFS: Detailed association scheme 
· When associated with periodic/semi-persist resource setting, the resource setting comprises two CMR resource sets. 

Conclusion
There is no consensus to support M>2 beams per group for beam reporting option 2 in Rel.17. 

Agreement
Support differential L1 RSRP reporting as a UCI reduction scheme for beam measurement/reporting option 2. 

Agreement
Differential reporting across all beam groups in a CSI-report
· Including 1-bit indicator of the CMR set associated with the largest RSRP value in all groups
· NOTE: best beam is assumed in the 1st group 
· 1-bit indicating CMR set with higher RSRP value (e.g. 0 indicating 1st SSBRI/CRI from 1st CMR set, 1 indicating 1st SSBRI/CRI from 2nd CMR set); UCI payload partitioning = 7/4 bits for 1st/2nd SSBRI/CRI in first beam group; 4 bits for all beams in other groups; 

Agreement
For multi-TRP BFR, a single MAC-CE is used at least for BFRQ for all TRPs in all CCs in a cell group, which includes
· Indices of failed BFD-RS set (as an indication of failed TRP link)
· Indices of CC containing the failed TRP link
· An indicator whether a new candidate beam is identified in the NBI-RS set associated with the failed BFD-RS set, and an resource indicator representing the new candidate beam (if identified) based on the number of NBI-RS resources in the corresponding NBI-RS set. 
· FFS: Content of MAC-CE related to SpCell when transmitted on msg3, msgA
· Note: MAC-CE signaling design details are up to RAN2
· The term “failed TRP link” is used here for discussion purposes only

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
For extension of the existing RRC parameter CSI-AssociatedReportConfigInfo for the purpose of M-TRP beam reporting option 2, 
· Introduce a second ‘resourcesForChannel’ in CSI-AssociatedReportConfigInfo

Agreement
For option 2 with differential reporting 
· For each reported beam group other than the 1st beam group, the same SSBRI/CRI ordering as the 1st beam group is assumed. 

Agreement
· For the case of all CORESETs with 1 activated TCI state per CORESET, after 28 symbols from receiving the BFR response, the QCL assumption of all CORESETs associated with the failed BFD-RS set reported in the MAC-CE for TRP-specific BFR is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set
· FFS: How to associate CORESET(s) with failed BFD-RS set
· FFS: SCS configuration of 28 symbols
· FFS: Update of QCL assumption for other DL channels/RSs, UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs 
· FFS: the case of CORESETs with 2 activated TCI states per CORESET. 
· The above applies to SCell and SpCell
· The above applies at least for the multi-DCI case

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 this contribution, we present our views on beam failure recovery for multi-TRP, and proposals for moving forward.

Beam Failure Recovery
In RAN1#106-e meeting, the following was agreed regarding beam failure recovery.
	Agreement
· [bookmark: _Hlk82618632]For the case of all CORESETs with 1 activated TCI state per CORESET, after 28 symbols from receiving the BFR response, the QCL assumption of all CORESETs associated with the failed BFD-RS set reported in the MAC-CE for TRP-specific BFR is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set
· [bookmark: _Hlk82612977]FFS: How to associate CORESET(s) with failed BFD-RS set
· FFS: SCS configuration of 28 symbols
· [bookmark: _Hlk82177673]FFS: Update of QCL assumption for other DL channels/RSs, UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs 
· FFS: the case of CORESETs with 2 activated TCI states per CORESET. 
· The above applies to SCell and SpCell
· The above applies at least for the multi-DCI case



With the above agreement, several FFS items still need to be decided.  In this section we will discuss the following FFS items: how to associate CORESET(s) with failed BFD-RS set, update of QCL assumption for other DL channels/RSs, UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs.
How to Associate CORESET(s) with Failed BFD-RS Set:
[bookmark: _Hlk82692537]Regarding how to associate CORESET(s) with failed BFD-RS set, it is noted that in RAN1#104b-e meeting, the following was agreed regarding beam failure detection criteria for each BFD-RS set.  
	Agreement
Adopt the following beam failure detection criteria for each BFD-RS set
· The physical layer in the UE assesses the radio link quality per BFD-RS set and indicates the BFD-RS set index to higher layers every X ms, if the hypothetical PDCCH BLER of all BFD-RS in the corresponding set of BFD-RS is higher than a threshold
· X is max{minimal periodicity of BFD RS in the set, 2ms}



[bookmark: _Hlk82692576]With the above agreement, it is reasonable to assume that when a BFD-RS resource is detected as being failed, the CORESET(s) that share the same beam as the failed BFD-RS resource will be failed if the same beam is still applied to the CORESET(s).  Therefore, the CORESET(s) associated with the failed BFD-RS set should be the CORESET(s) that are QCLed with the BFD-RS resource(s) in the failed BFD-RS set with respect to “QCL-TypeD”.
Based on the above analysis, we have the following proposal:
Proposal 1: Regarding how to associate CORESET(s) with failed BFD-RS set, the CORESET(s) associated with the failed BFD-RS set should be the CORESET(s) that are QCLed with the BFD-RS resource(s) in the failed BFD-RS set with respect to “QCL-TypeD”.
How to Update QCL assumption for Other DL Channels/RSs:
[bookmark: _Hlk82783771]Regarding how to update QCL assumption for other DL channels/RSs, it is noted that in RAN1#106-e meeting, the following was agreed on the topic of enhancements on multi-beam operation.
	Agreement
On Rel.17 unified TCI framework, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· Aperiodic CSI-RS resources for CSI
· FFS: Discuss if further restriction or further case is necessary
· Aperiodic CSI-RS resources for BM 
· FFS: Discuss if further restriction or further case is necessary
· FFS: Other CSI-RS time-domain behaviors and/or restriction(s)

Agreement
[bookmark: _Hlk82618226]On Rel.17 unified TCI framework, for intra-cell beam indication, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC: 
· DMRS(s) associated with non-UE-dedicated reception on CORESET(s) and the associated PDSCH 
· FFS (to be concluded in RAN1#106bis-e): Non-UE-dedicated PUCCH and non-UE-dedicated PUSCH

Agreement
On Rel.17 unified TCI framework:
· Aperiodic SRS resources or resource sets for BM can share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC 
· FFS: Discuss if/which restriction is necessary, e.g. only for aperiodic, apply to all resources in a set
Note: This doesn’t imply that all time-domain behaviors are automatically supported



[bookmark: _Hlk82692811]With the above agreement, the DL DMRS(s) for non-UE-dedicated CORESET(s) and the associated PDSCH, aperiodic CSI-RS resources for CSI, aperiodic CSI resources for BM, and aperiodic SRS resources or resource sets for BM can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC.  Which channels/RSs can share the same TCI state is up to RRC configuration.  For the DL channels/RSs that are configured to share the same TCI state as those CORESETs associated with the failed BFD-RS set reported in the MAC-CE for TRP-specific BFR, since the QCL assumption of those CORESETs is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set, the QCL assumption of those DL channels/RSs should also be updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set.
Based on the above analysis, we have the following proposal:
Proposal 2: Regarding how to update QCL assumption for other DL channels/RSs, the QCL assumption of the DL channels/RSs that are configured to share the TCI state of the CORESETs associated with the failed BFD-RS set should also be updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set.
[bookmark: _Hlk82699481]How to Update UL Spatial Filter/power Control Assumption for PUCCH, and Other UL Channels/RSs:
[bookmark: _Hlk82783817]Regarding how to update UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs, our view is that this should be treated differently depending on whether a UE is operating with joint TCI (e.g., assuming DL/UL beam correspondence) or separate DL/UL TCI.  It is noted that in RAN1#105-e meeting, the following conclusion was achieved on the topic of enhancements on multi-beam operation.
	Conclusion
On Rel-17 unified TCI framework, for a UE configured with both joint TCI and separate DL/UL TCI, configuration of joint TCI or separate DL/UL TCI is based on RRC signaling 
· There is no consensus in RAN1 on how to support dynamic switching (either MAC-CE or codepoint based)



[bookmark: _Hlk82699772]With the above conclusion, whether a UE is to operate with joint TCI or separate DL/UL TCI is based on RRC signaling.  When the UE is configured to operate with joint TCI, one joint TCI will represent the TCI state for both the DL and UL (e.g., for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC).  With the assumption of joint TCI, and together with the agreement we discussed above on TCI state sharing, some of the DL channels/RSs and some of the UL channels/RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC.  Which channels/RSs can share the same TCI state is up to RRC configuration.  For those UL channels/RSs that are configured to share the DL TCI state, their UL spatial filter should be updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set.
[bookmark: _Hlk82699921]On the aspect of power control assumption, it has been agreed under the topic of enhancements on multi-beam operation that on path-loss measurement for Rel.17 unified TCI framework, a PL-RS is either included in or associated with UL TCI state or (if applicable) joint TCI state.  Furthermore, it has been agreed that on the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework, for each of PUSCH, PUCCH, and SRS, the setting of (P0, alpha, closed loop index) can be associated with UL or (if applicable) joint TCI state.  Therefore, when a UE is configured to operate with joint TCI, its PL-RS and UL PC parameters (P0, alpha, closed loop index) should be updated with the ones associated with the TCI state associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set.
[bookmark: _Hlk82700363][bookmark: _Hlk82700418]When the UE is configured to operate with separate DL/UL TCI, it indicates that DL/UL beam correspondence cannot be assumed.  In that case, when the DL beam(s) fail, the UL beam(s) can still be working, and there is no need to update UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs.
Based on the above analysis, we have the following proposal:
Proposal 3: Regarding how to update UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs, 
· When a UE is configured to operate with joint TCI, the UL spatial filter of the UL channels/RSs that are configured to share the DL TCI state should be updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set.  The PL-RS and UL PC parameters (P0, alpha, closed loop index) should be updated with the ones associated with the TCI state that is associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set.
· When a UE is configured to operate with separate DL/UL TCI, there is no need to update UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs.
Conclusions
In this contribution, we present our views on enhancement on beam management for multi-TRP.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: Regarding how to associate CORESET(s) with failed BFD-RS set, the CORESET(s) associated with the failed BFD-RS set should be the CORESET(s) that are QCLed with the BFD-RS resource(s) in the failed BFD-RS set with respect to “QCL-TypeD”.
Proposal 2: Regarding how to update QCL assumption for other DL channels/RSs, the QCL assumption of the DL channels/RSs that are configured to share the TCI state of the CORESETs associated with the failed BFD-RS set should also be updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set.    
Proposal 3: Regarding how to update UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs, 
· When a UE is configured to operate with joint TCI, the UL spatial filter of the UL channels/RSs that are configured to share the DL TCI state should be updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set.  The PL-RS and UL PC parameters (P0, alpha, closed loop index) should be updated with the ones associated with the TCI state that is associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set.
· When a UE is configured to operate with separate DL/UL TCI, there is no need to update UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs.  
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