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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#106-bis-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
Support to configure an association between a BFD-RS set on SpCell and a PUCCH-SR resource / SR configuration for per TRP BFR.
· FFS: Configure an association between a BFD-RS set on SCell and a PUCCH-SR resource / SR configuration for per TRP BFR
A UE capability signaling is introduced for indicating the support of this association. Above applies only for multi-DCI case.

Agreement
RACH-based transmission can be triggered on a SpCell at least in the following scenarios
· Scenario 1: When beam failure is detected on all BFD-RS sets on the SpCell 
· FFS: other scenarios
· Scenario 2: at least one TRP fails on SpCell
· Scenario 3: at least one pre-defined TRP fails on SpCell
· Scenario 4: at least one TRP fails and no PUCCH-SR is configured, and no UL grant is available
· Scenario 5: If MAC-CE based reporting does not work (details FFS)
· Scenario 6: When no PUCCH-SR is configured

Agreement
To associate BFD-RS set k and NBI-RS set j
· Alt-1: 1-to-1, fixed in spec
· Whether NBI-RS configuration is mandatory is separate discussion

Conclusion
Design of MAC-CE related to SpCell when transmitted on msg3, msgA is up to RAN2.

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 CORESETPoolIndex  k (k=0,1) is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD -RS set k (k=0,1) in the MAC-CE for TRP -specific BFR 
· The above applies to Scell and SpCell 
· The above applies for the multi-DCI case

Agreement
SCS of the 28 symbols is the smallest SCS of the active DL BWP for the response reception CC and of the active DL BWP (s) of the CC(s) with the failed TRP link(s) reported in BFR MAC CE.

Agreement
For RACH-based transmission, at least when all BFD-RS sets fail in SPCell, CBRA is supported
 


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 and #106-bis-e meetings, 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

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 CORESETPoolIndex  k (k=0,1) is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD -RS set k (k=0,1) in the MAC-CE for TRP -specific BFR 
· The above applies to Scell and SpCell 
· The above applies for the multi-DCI case




With the above agreements, how to associate CORESET(s) with failed BFD-RS set was decided.  However, some FFS items still need to be decided.  In this section we will discuss the following FFS items: update of QCL assumption for other DL channels/RSs, UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs.
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 and #106-bis-e meetings, 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

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, for DL or UL channels/signals that can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update):
· For DL: A non-UE dedicated PDCCH/PDSCH associated with the serving cell PCI or AP CSI-RS for BM or CSI (per previous agreements) sharing the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.
· For UL: An SRS for BM, for antenna switching, or for codebook/non-codebook based uplink transmission (per previous agreements) sharing the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.
Note: The details of this RRC configuration (e.g. whether via a new RRC parameter or other means) is up to RAN2. This does not imply that a new RRC parameter(s) is necessary from RAN1 point of view.
FFS: Relevant UE capability to be discussed under UE feature agenda item.




[bookmark: _Hlk82692811]With the above agreements, the DL DMRS(s) for non-UE-dedicated CORESET(s) and the associated PDSCH, aperiodic CSI-RS resources for CSI, and aperiodic CSI resources 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 1: 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 2: 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 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 2: 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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