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Introduction
In RAN1#102-e, it was agreed to study beam failure recovery (BFR) for multi-TRP with high priority. 
Discussion
The following was agreed in RAN1#106bis-e:
	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


To support TRP-specific BFR, TRP-specific beam failure detection (BFD) has been agreed. This means that a UE can detect if the link to a first TRP has failed, while the link to a second TRP has not failed. If so, the UE can recover only the failed link without disrupting the good link to the other TRP.
In RAN1#106-e, it was agreed to support both explicit and implicit configuration of the BFD-RS in the two BFD-RS sets. Implicit configuration is only supported in the case that two CORESET pools are configured. Further enhancements on the implicit configuration method for multi-TRP BFR have been discussed, such as adopting the RLM RS selection rule. In our view, such enhancements, if adopted, shouldn’t be applied only to implicit configuration for multi-TRP BFR, but also to legacy single-TRP BFR, which would be out of scope. Therefore, it is preferred to reuse the legacy implicit configuration method, with the difference that it is based on CORESETs with the same CORESETPoolIndex.
Proposal 1: For implicit configuration of BFD RS set k per CORESET pool k, reuse the Rel-15/16 implicit configuration method, but based only on the CORESETs in CORESET pool k.
The case with CORESETs with more than 1 activated TCI states is also discussed in agenda item 8.1.2.4 and it is preferred to discuss it in only that agenda item. For explicit configuration of two BFD RS sets, the remaining details can be left to RAN2.
Proposal 2:  Details of explicit configuration of two BFD RS sets is left to RAN2.
Rel-17 multi-TRP BFR is based on per-TRP beam failure detection, i.e. having two BFD-RS sets. If only a single BFD-RS set is configured, the Rel-15/16 BFR should be followed. For multi-TRP BFR, a 1-to-1 association between each BFD-RS set and a new beam identification RS (NBI-RS) set has been agreed. Hence, it follows that for Rel-17 multi-TRP BFR with two BFD-RS sets, two NBI-RS sets should be configured. Even though this follows from current agreements, it could be agreed for clarity.
Proposal 3: For Rel-17 multi-TRP BFR with two BFD-RS sets, two NBI-RS sets are configured.
The 1-to-1 association implies that if the UE detects beam failure in the first BFD-RS set, it shall try to find a new candidate beam from the first NBI-RS set. If the UE detects beam failure in the second BFD-RS set, it shall try to find a new candidate beam from the second NBI-RS set.
Proposal 4: If the UE detects beam failure in the first BFD-RS set, it shall try to find a new candidate beam from the first NBI-RS set with L1-RSRP above a threshold, if any. If the UE detects beam failure in the second BFD-RS set, it shall try to find a new candidate beam from the second NBI-RS set with L1-RSRP above a threshold, if any. 
The physical layer aspect of the proposal above could be formulated as in the following proposal, which is a minor modification of the spec text for SCell NBI.
Proposal 5: 
For multi-TRP BFR, upon request from higher layers to evaluate candidate beams in a first NBI-RS set, the UE indicates to higher layers whether there is at least one periodic CSI-RS configuration index and/or SS/PBCH block index from the first NBI-RS set with corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold, and provides the periodic CSI-RS configuration indexes and/or SS/PBCH block indexes from the first NBI-RS set and the corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold, if any.
For multi-TRP BFR, upon request from higher layers to evaluate candidate beams in a second NBI-RS set, the UE indicates to higher layers whether there is at least one periodic CSI-RS configuration index and/or SS/PBCH block index from the second NBI-RS set with corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold, and provides the periodic CSI-RS configuration indexes and/or SS/PBCH block indexes from the second NBI-RS set and the corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold, if any.
In Rel-16 SCell BFR, the NBI-RS are indexed from 0 to N-1, where N is the number of entries in the list candidateBeamRSSCellList-r16. The index is called “candidate RS ID”. The maximum value of N is 64. Note that the candidate RS ID is different from the SSB index or CSI-RS index it represents. The Rel-16 SCell BFR MAC CE carries the candidate RS ID.
For Rel-17 M-TRP new beam identification, there are two sets of NBI-RS, with N1 entries in the first set and N2 entries in the second set. Rel-16 includes various NBI-related UE capabilities, e.g. maxNumberCSI-RS-SSB-CBD, support64CandidateBeamRS-BFR-r16, and maxTotalResourcesForAcrossFreqRanges-r16, that should also apply to Rel-17 M-TRP NBI. 
Proposal 6: The number of NBI-RS in the first and second NBI-RS set is N1 and N2, respectively, and the maximum value of N1+N2 is 64 (same value as Rel-16).
· The number of configured NBI-RS for Rel-17 M-TRP BFR is subject to the relevant Rel-16 UE capabilities.
If a UE is configured with TRP-specific BFR in a CC, it may experience beam failure on a single BFD-RS set or on both BFD-RS sets. If beam failure has been declared for both BFD-RS sets, the multi-TRP BFRQ MAC CE should be able to indicate both failures as well as both corresponding new candidate beams, if found. 
The Rel-16 SCell BFR MAC CE carries the candidate beam index (0 to N-1) rather than the SSB or CSI-RS index. This principle is readily applied to the M-TRP NBI by indexing the candidate beams in the first set from 0 to N1-1 and indexing the candidate beams in the second set from N1 to N1+N2-1.
Proposal 7: Beam failure of both BFD-RS sets can be reported in the BFRQ MAC CE as well as both new candidate beam indexes, if found. The candidate beams in the first set are indexed from 0 to N1-1 and the candidate beams in the second set are indexed from N1 to N1+N2-1.
It was agreed to support an association between BFD RS set on SpCell and PUCCH-SR resource, for the purpose of enhanced reliability of PUSCH scheduling on SpCell. It was also discussed whether an association between a BFD-RS set on SCell and a PUCCH-SR resource / SR configuration for per TRP BFR should be supported. The beam failure status of all SCells is anyway conveyed in the MAC CE, and there is no need to specify a complicated or incomplete association rule for SCells.
Proposal 8: An association between a BFD-RS set on SCell and a PUCCH-SR resource / SR configuration for per TRP BFR is not supported.
It was agreed that RACH-based transmission can be triggered on an SpCell at least when beam failure is detected on all BFD-RS sets on the SpCell. A few other potential scenarios were listed:
· 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
· [bookmark: _Hlk86938153]Scenario 5: If MAC-CE based reporting does not work (details FFS)
· Scenario 6: When no PUCCH-SR is configured
Regarding scenario 4 and scenario 6, it is normal that RACH is triggered when no corresponding SR is configured and no UL grant is available. However, an agreement for this isn’t necessary. 
Regarding scenario 5, the UE may transmit the MAC CE in a PUSCH, but not receive the recovery response within a certain time. In this case, it may be motivated to trigger RACH to try to recover the link before it’s too late.
Proposal 9: RACH-based transmission can be triggered on an SpCell if MAC-CE based reporting does not work (Scenario 5)
Conclusion
In this contribution, we considered aspects of multi-TRP beam failure recovery. We have the following proposals and observation:
Proposal 1: For implicit configuration of BFD RS set k per CORESET pool k, reuse the Rel-15/16 implicit configuration method, but based only on the CORESETs in CORESET pool k.
Proposal 2:  Details of explicit configuration of two BFD RS sets is left to RAN2.
Proposal 3: For Rel-17 multi-TRP BFR with two BFD-RS sets, two NBI-RS sets are configured.
Proposal 4: If the UE detects beam failure in the first BFD-RS set, it shall try to find a new candidate beam from the first NBI-RS set with L1-RSRP above a threshold, if any. If the UE detects beam failure in the second BFD-RS set, it shall try to find a new candidate beam from the second NBI-RS set with L1-RSRP above a threshold, if any. 
Proposal 5: 
For multi-TRP BFR, upon request from higher layers to evaluate candidate beams in a first NBI-RS set, the UE indicates to higher layers whether there is at least one periodic CSI-RS configuration index and/or SS/PBCH block index from the first NBI-RS set with corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold, and provides the periodic CSI-RS configuration indexes and/or SS/PBCH block indexes from the first NBI-RS set and the corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold, if any.
For multi-TRP BFR, upon request from higher layers to evaluate candidate beams in a second NBI-RS set, the UE indicates to higher layers whether there is at least one periodic CSI-RS configuration index and/or SS/PBCH block index from the second NBI-RS set with corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold, and provides the periodic CSI-RS configuration indexes and/or SS/PBCH block indexes from the second NBI-RS set and the corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold, if any.
Proposal 6: The number of NBI-RS in the first and second NBI-RS set is N1 and N2, respectively, and the maximum value of N1+N2 is 64 (same value as Rel-16).
· The number of configured NBI-RS for Rel-17 M-TRP BFR is subject to the relevant Rel-16 UE capabilities.
Proposal 7: Beam failure of both BFD-RS sets can be reported in the BFRQ MAC CE as well as both new candidate beam indexes, if found. The candidate beams in the first set are indexed from 0 to N1-1 and the candidate beams in the second set are indexed from N1 to N1+N2-1.
Proposal 8: An association between a BFD-RS set on SCell and a PUCCH-SR resource / SR configuration for per TRP BFR is not supported.
Proposal 9: RACH-based transmission can be triggered on an SpCell if MAC-CE based reporting does not work (Scenario 5)
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