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Introduction
In RAN1#102-e, it was agreed to study beam failure recovery (BFR) for multi-TRP with high priority.
	Agreement
Study Rel.17 enhancements on beam management for multi-TRPs with following priority
· High priority:
· Beam measurement/reporting enhancement
· Beam failure recovery for multi-TRP
· Low priority
· Simultaneous reception of same type of channel/RS with different QCL-TypeD
· Simultaneous reception of different type of channel/RS with different QCL-TypeD 


It was further agreed that a number of potential enhancement aspects are to be considered.
	Agreement
· Evaluate enhancement to enable per-TRP based beam failure recovery starting with Rel-15/16 BFR as the baseline.
· Consider following potential enhancement aspects to enable per-TRP based beam failure recovery 
· Issue 1: TRP-specific BFD
· Issue 2: TRP-specific new candidate beam identification
· Issue 3: TRP-specific BFRQ
· Issue 4: gNB response enhancement
· Issue 5: UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response


Discussion
2.1 TRP-specific Beam Failure Detection
The following was agreed in RAN1#103-e:
	Agreement
· For M-TRP beam failure detection, support independent BFD-RS configuration per-TRP, where each TRP is associated with a BFD-RS set.
· FFS: The number of BFD RSs per BFD-RS set, the number of BFD-RS sets, and number of BFD RSs across all BFD-RS sets per DL BWP
· Support at least one of explicit and implicit BFD-RS configuration
· With explicit BFD-RS configuration, each BFD-RS set is explicitly configured
· FFS: Further study QCL relationship between BFD-RS and CORESET
· FFS: How to determine implicit BFD-RS configuration, if supported
Agreement
Support TRP-specific BFD counter and timer in the MAC procedure
· The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS



In RAN1#104-e, the following was agreed:
	Agreement
For M-TRP BFR
· Support 2 BFD-RS sets per BWP, and up to N resources per BFD-RS set
· FFS: value of N (e.g. fixed in specification, or UE capability)
· FFS: number of BFD RSs across all BFD-RS sets per DL BWP (e.g. fixed maximum value or UE capability)


In RAN1#104b-e, the following was agreed.
	Agreement
· Support S-DCI and M-DCI in TRP-specific BFR in Rel.17
· S-DCI is low priority, M-DCI is high priority
· Unified design for S-DCI and M-DCI should not be precluded due to the prioritization
Agreement
On BFD-RS of TRP-specific BFR
· BFD-RS resource number: 
· The total number of RSs in two BFR-RS sets per DL BWP is a UE capability
· On the maximum number of RS per BFD-RS set, down-select from the following two alternatives in RAN1#105-e
· Alt1: max value is 2
· Alt2: max value is a UE capability, including possible candidate value of 1
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}


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 other words, the UE can be provided, for a BWP of a serving cell, with a set of BFD RS () per TRP i. Alternatively, the UE can implicitly determine a set of BFD RS per TRP based on CORESET pool indexes of CORESETs. BFD in Rel-15/16 support both explicit and implicit configuration of BFD RS. We propose to support both also for Rel-17 per-TRP BFR.
Proposal 1: Support both explicit and implicit configuration of BFD RS per TRP.
Proposal 2: Implicit determination of the first BFD-RS set follows implicit determination in Rel-15/16, but based on the first CORESET pool. Similarly for the second BFD-RS set.
The BFD RS set in Rel-15/16 is limited to two RSs. A UE capable of multi-TRP operations is typically more capable, so the maximum number of BFD RS could be increased compared to Rel-15/16. In RAN1#105-e, it was agreed that the total number of RSs in two BFR-RS sets per DL BWP is a UE capability. Since this UE capability is introduced, there is no need to introduce an additional UE capability for the number RS per BFD-RS set. Hence, we prefer to set the maximum number of BFD-RS per set to 2.
Proposal 3: Support Alt 1, i.e. up to two BFD-RS per BFD-RS set.
2.2 TRP-specific New Beam Identification
The following was agreed in RAN1#103-e and RAN1#104-e.
	Agreement
· For M-TRP new beam identification
· Support independent configuration of new beam identification RS (NBI-RS) set per TRP if NBI-RS set per TRP is configured
· FFS: detail on association of BFD-RS and NBI-RS
· Support the same new beam identification and configuration criteria as Rel.16, including  L1-RSRP, threshold
Agreement
For M-TRP BFR 
Support 1-to-1 association between each BFD-RS set and an NBI-RS set
· FFS: Association details



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. Note that 2-to-1 or no association has not been agreed to be supported. 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 4: For Rel-17 multi-TRP BFR with two BFD-RS sets, two NBI-RS sets are configured.
Indexing/ordering of the BFD-RS sets should be supported, e.g. through implicit association with CORESET pools. Similarly, the two new beam identification RS (NBI-RS) sets should be associated with a BFD-RS set each. How this association or ordering is implemented in the ASN.1 and can be left to RAN2.
Proposal 5: The details of the 1-to-1 association between BFD-RS sets and NBI-RS sets are left to RAN2.
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 6: 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 7: 
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 8: 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.
2.3 TRP-specific BFRQ
The following was agreed in RAN1#104-e.
	Agreement
BFRQ response 
· Support at least the same gNB response as in Rel.16 SCell BFR (i.e. DCI with toggled NDI scheduling a same HARQ process ID as the PUSCH carrying BFRQ MAC-CE)

Agreement
For BFRQ of M-TRP BFR
· Option 3: Up to two dedicated PUCCH-SR resources in a cell group
· FFS: Whether PUCCH-SR for SCell can be reused for M-TRP
· Support BFRQ MAC-CE that can convey information of failed CC indices, one new candidate beam for the failed TRP/CC (if found), and whether new candidate beam is found
· Support at least indication of a single TRP failure 
· FFS: whether/what information of failed TRP(s) is conveyed in the MAC-CE
· FFS: whether/how to support  indication of more than one TRP failure, corresponding BFR procedure, and applicable cell type (SCell vs. SpCell)
· FFS: UE behavior when TRP failure status is different across cells
· FFS: Whether PUCCH SR resource can be configured with 2 spatial relations


The following was agreed in RAN1#104b-e:
	Agreement
· Support simultaneous configuration of cell-specific BFR and TRP-specific BFR in different CCs.
· FFS: whether cell-specific and TRP-specific BFR can be configured in the same CC. 

Agreement 
A UE configured with TRP-specific BFR can be configured with 1 PUCCH-SR resource in a cell group
· NOTE: it has been agreed in RAN1#104-e that a UE can be configured with up to 2 PUCCH-SR resources in a cell group

Agreement
For the TRP specific BFR, for a UE configured with two PUCCH-SR resources in a cell group when beam failure is detected in a one or more CCs in one or more of BFD-RS sets configured in one or more of CCs,
· Down select one of the following PUCCH-SR resource selection rules when SR is triggered (or their combinations) for the study, without precluding other alternatives, in RAN1#105-e
· Alt-1: PUCCH-SR resource associated with other/non-failed BFD-RS set, association details FFS
· Alt-2: PUCCH-SR resource associated with failed BFD-RS set, association details FFS
· Alt-3: Leave it up to UE implementation
· Note: PUCCH-SR resource is PUCCH resource carrying SR
· FFS: Whether two PUCCH-SR resources are under the same or different SR resource configuration or SR configuration (eventual decision may or may not happen in RAN1)


The following was agreed in RAN1#105-e:
	Agreement
Select one of the following alternatives with possible modification in RAN1#106-e
· Alt 2.5.2 A:
· On PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, there is no consensus to adopt alt-1 or alt-2. PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 B: 
· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 2 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 C: 
· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 1 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 D: 
· [bookmark: _Hlk73050134]Revert the past agreement on supporting configuration of up to 2 PUCCH-SR resources. A UE can be configured up to 1 PUCCH-SR resource in a cell group. 



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 9: 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.
Rel-17 multi-TRP enhancements (agenda item 8.1.2) include several components, such as multi-TRP enhancement for PUCCH and multi-TRP enhancement for BFR. It is reasonable to support using multiple of these components together. For example, multi-TRP PUCCH includes reliability enhancement for PUCCH by introducing PUCCH repetition towards multiple TRPs. This may be especially advantageous for a PUCCH that isn’t triggered by the network, which is the case with scheduling request (SR). A PUCCH-SR resource for BFR in Rel-17 uses a Rel-17 PUCCH resource. Therefore, a PUCCH resource used as Rel-17 BFR PUCCH-SR should be able to use the supported Rel-17 PUCCH features, in particular multi-TRP enhancements for PUCCH, which includes configuring/activating two spatial filters for a PUCCH resource.
Proposal 10: This sub-agenda item does not preclude that a PUCCH resource carrying SR, incl. SR for BFR, is configured/activated with two spatial relations, which was agreed in sub-agenda item 8.1.2.1.
A UE may operate with multi-TRP on some cells and single-TRP on other cells. It would therefore be beneficial to harmonize the multi-TRP BFR with the single-TRP BFR so that a UE may trigger BFR jointly for a single-TRP cell and a multi-TRP cell, and report beam failure for a single-TRP cell and a multi-TRP cell using the same multi-cell BFR MAC CE.
Consequently, it is reasonable to support configuring the PUCCH-SR resource for SCell also for the case that one SCell is configured with M-TRP BFR. Note that PUCCH resources for SRs are typically configured in an SpCell in FR1, incl. for Rel-16 SCell BFR. It can also be noted that different TRPs may fail in different cells, e.g. in different frequency bands. In some cells, there may be a single TRP. In some cells, both TRPs may have failed. 
Given that a PUCCH reliability enhancement for M-TRP has already been designed in 8.1.2.1, there is no need to introduce the two PUCCH-SR resources for reliability. If also the SpCell/PUCCH-SCell operates with multi-TRP, the gNB can often determine link quality from the received PUCCH to transmit the PDCCH (scheduling a PUSCH) from a suitable TRP. The gNB can also choose to transmit the PDCCH with the highest aggregation level for increased reliability upon reception of PUCCH-SR for BFR. If the UE doesn’t decode the DCI correctly, the gNB can retransmit the PDCCH from the other TRP. Hence, there is no need to indicate failed TRP via PUCCH-SR. Furthermore, the introduction of 2 PUCCH resources per SR configuration violates the existing RAN2 principle of one PUCCH resource per SR configuration. Considering these aspects, our preference is to revert the previous agreement and only support one PUCCH-SR resource.  
Proposal 11: Revert the past agreement on supporting configuration of up to 2 PUCCH-SR resources. A UE can be configured with up to 1 PUCCH-SR resource in a cell group.
Conclusion
In this contribution, we considered aspects of multi-TRP beam failure recovery. We have the following proposals and observation: 
Proposal 1: Support both explicit and implicit configuration of BFD RS per TRP.
Proposal 2: Implicit determination of the first BFD-RS set follows implicit determination in Rel-15/16, but based on the first CORESET pool. Similarly for the second BFD-RS set.
Proposal 3: Support Alt 1, i.e. up to two BFD-RS per BFD-RS set.
Proposal 4: For Rel-17 multi-TRP BFR with two BFD-RS sets, two NBI-RS sets are configured.
Proposal 5: The details of the 1-to-1 association between BFD-RS sets and NBI-RS sets are left to RAN2.
Proposal 6: 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 7: 
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 8: 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 9: 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 10: This sub-agenda item does not preclude that a PUCCH resource carrying SR, incl. SR for BFR, is configured/activated with two spatial relations, which was agreed in sub-agenda item 8.1.2.1.
Proposal 11: Revert the past agreement on supporting configuration of up to 2 PUCCH-SR resources. A UE can be configured with up to 1 PUCCH-SR resource in a cell group.
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