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1 Introduction
In this contribution, we discuss the RAN2 aspects of multi TRP beam failure detection and recovery.
2 Discussion
RAN1 has discussed multi TRP beam failure detection and recovery. The summary of RAN1 agreements [1] is as follows (detailed agreements can be seen in annexure):

· M-TRP BFD-RS configuration

· Two BFD-RS sets are configured per BWP. Each TRP is associated with a BFD-RS set. 

· The total number of RSs in two BFR-RS sets per DL BWP is a UE capability. 
· Number of RSs per BFD-RS is FFS.
· M-TRP BFD procedure

· BFD counter is maintained per TRP

· BFD timer is per TRP

· 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}
· M-TRP Beam failure recovery
· Candidate beams for BFR

· Two NBI-RS sets are configured per BWP. Each TRP is associated with a NBI-RS set. Identification and configuration criteria as Rel.16, including L1-RSRP, threshold is used for identifying beam from candidate beams
· There is one to one association between BFD-RS set and NBI-RS set

· BFRQ
· Up to two dedicated PUCCH-SR resources in a cell group can be configured

· FFS: Selection of PUCCH-SR resource for requesting UL grant upon BFD.
· FFS: Whether two PUCCH-SR resources are under the same or different SR resource configuration or SR configuration

· BFRQ MAC-CE is used to convey information of failed CC indices, one new candidate beam for the failed TRP/CC (if found), and whether new candidate beam is found. Indication of at a single TRP failure is supported
· 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
· BFRQ response
· 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) is supported
2.1 RAN2 Impacts
2.1.1 M-TRP Beam failure detection
In the current MAC specification, beamFailureDetectionTimer and BFI_COUNTER are maintained per serving cell. According to RAN1 agreements, BFD counter and timer are maintained per TRP of serving cell configured with M-TRP beam failure detection and recovery. In case of M-TRP BFD, multiple BFD-RS sets are configured, so the MAC entity needs to maintain separate beamFailureDetectionTimer and BFI_COUNTER for each BFD-RS set of a serving cell configured with multiple BFD-RS sets.

Proposal 1:  MAC entity maintains separate beamFailureDetectionTimer and BFI_COUNTER for each BFD-RS set of a serving cell configured with multiple BFD-RS sets.
For M-TRP beam failure detection and recovery, beamFailureDetectionTimer and beamFailureInstanceMaxCount configuration can be common for all TRPs of a serving cell or can be configured independently for each TRP of serving cell. Since the beam failure detection configuration of each TRP is independently configured, it seems reasonable to signal beamFailureDetectionTimer and beamFailureInstanceMaxCount configuration separately for each TRP.
Proposal 2:   beamFailureDetectionTimer and beamFailureInstanceMaxCount configuration is configured independently for each TRP of serving cell.

In the current MAC specification, MAC receives beam failure instance indication per serving cell. According to RAN1 agreement, beam failure instance indication is sent from L1 to MAC separately for each BFD-RS set of a serving cell. If the MAC entity receives beam failure instance indication for a BFD-RS set of a serving cell, it should: 
- (re-)start beamFailureDetectionTimer corresponding to that BFD-RS set of the serving cell; 

- increment BFI_COUNTER corresponding to that BFD-RS set of the serving cell by 1.
- If BFI_COUNTER >= beamFailureInstanceMaxCount corresponding to that BFD-RS set of the serving cell:

- trigger a BFR for the BFD-RS set of the Serving Cell;

Proposal 3: If the MAC entity receives beam failure instance indication for a BFD-RS set of a serving cell, it shall perform the following: 

- (re-)start beamFailureDetectionTimer corresponding to that BFD-RS set of the serving cell; 

- increment BFI_COUNTER corresponding to that BFD-RS set of the serving cell by 1.
- If BFI_COUNTER >= beamFailureInstanceMaxCount corresponding to that BFD-RS set of the serving cell:

- trigger a BFR for the BFD-RS set of the Serving Cell;
2.1.2 M-TRP Beam failure recovery
According to RAN1 agreement, BFRQ MAC-CE is transmitted upon beam failure detection for a TRP. Note that SR can be triggered for UL grant, if needed as in case of SCell BFR. Following information needs to be included in MAC CE:
1) Identity of Serving cell of failed TRP

2) Identity of failed TRP

3) candidate beam is available for failed TRP or not

4) candidate beam of TRP if available

1), 3) and 4) can be conveyed using existing fields (Ci/SP, AC and Candidate RS ID) in BFR MAC CE. The issue is how to convey 2).

Option 1: According to RAN1 agreements, number of TRPs (i.e. BFD-RS sets) supported is 2. So BFD-RS set ID (0 or 1) can be included in BFR MAC CE to identify the failed TRP. 

Option 2: Candidate beams can be indexed across candidate beam list of both the TRPs. As a result, the candidate beam RS ID will unique in serving cell. Based on included candidate RS ID in BFR MAC CE, gNB can identify the failed TRP. One issue is that in case the candidate beam is not available, candidate RS ID is not included in BFR MAC CE. In this case failed TRP info i.e. BFD-RS set needs to be included in BFR MAC CE.
Proposal 4: BFD-RS set ID is included in BFR MAC CE to identify the failed TRP when candidate beam is not available for failed TRP. Further discuss whether BFD-RS set ID or candidate RS ID identify the failed TRP when candidate beam is available.
2.1.3 Handling beam failure detection for both TRPs of a serving cell
It is possible that beam failure is detected on both TRPs (i.e. BFD-RS sets) of a serving cell. This scenario is similar to R16 scenario wherein BFD criteria is met for all BFD RSs of serving cell. In this case i.e. when the condition 'BFI_COUNTER >= beamFailureInstanceMaxCount' is met for both BFD-RS sets of a serving cell, one of the following approaches can be considered:
Approach 1: If the serving cell is SCell, BFR is triggered for the serving cell; if the serving cell is SpCell, random access procedure is initiated on SpCell.

Approach 2: Trigger BFR for both the BFD-RS sets of the Serving Cell. In this case beam failure recovery information for both TRPs can be included in BFR MAC CE.
Proposal 5: When the BFD criteria (i.e.'BFI_COUNTER >= beamFailureInstanceMaxCount') is met for both BFD-RS sets of a serving cell, RAN2 should discuss and agree on one of the approaches below:
· Approach 1: If the serving cell is SCell, BFR is triggered for the serving cell; if the serving cell is SpCell, random access procedure is initiated on SpCell.
· Approach 2: Trigger BFR for both the BFD-RS sets of the Serving Cell. In this case beam failure recovery information for both TRPs are included in BFR MAC CE.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1:  MAC entity maintains separate beamFailureDetectionTimer and BFI_COUNTER for each BFD-RS set of a serving cell configured with multiple BFD-RS sets.
Proposal 2:   beamFailureDetectionTimer and beamFailureInstanceMaxCount configuration is configured independently for each TRP of serving cell.

Proposal 3: If the MAC entity receives beam failure instance indication for a BFD-RS set of a serving cell, it shall perform the following: 

- (re-)start beamFailureDetectionTimer corresponding to that BFD-RS set of the serving cell; 

- increment BFI_COUNTER corresponding to that BFD-RS set of the serving cell by 1.
- If BFI_COUNTER >= beamFailureInstanceMaxCount corresponding to that BFD-RS set of the serving cell:

- trigger a BFR for the BFD-RS set of the Serving Cell;
Proposal 4: BFD-RS set ID is included in BFR MAC CE to identify the failed TRP when candidate beam is not available for failed TRP. Further discuss whether BFD-RS set ID or candidate RS ID identify the failed TRP when candidate beam is available.

Proposal 5: When the BFD criteria (i.e.'BFI_COUNTER >= beamFailureInstanceMaxCount') is met for both BFD-RS sets of a serving cell, RAN2 should discuss and agree on one of the approaches below:

· Approach 1: If the serving cell is SCell, BFR is triggered for the serving cell; if the serving cell is SpCell, random access procedure is initiated on SpCell.

· Approach 2: Trigger BFR for both the BFD-RS sets of the Serving Cell. In this case beam failure recovery information for both TRPs are included in BFR MAC CE.
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5 RAN1 agreements

RAN1#103 Agreements

· 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
· 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
· 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

· Support a BFRQ framework based on Rel.16 SCell BFR BFRQ 

· In RAN1#104-e, select one from the following options

· Option 1: Up to one dedicated PUCCH-SR resource in a cell group

· A cell group refers to either MCG, SCG, or PUCCH cell group

· FFS: number of spatial filters associated with the PUCCH-SR resources  

· FFS: How the SR configuration is done

· Option 2:  Up to two (or more) dedicated PUCCH-SR resources in a cell group

· A cell group refers to either MCG, SCG, or PUCCH cell group

· FFS: whether each PUCCH-SR resource is restricted to be associated to one spatial filter

· FFS: How the SR configuration is done

· FFS: Whether no dedicated PUCCH-SR resource can be supported in addition to Option 1 or Option 2
· Study whether and how to provide the following information in BFRQ MAC-CE 

· Index information of failed TRP(s)

· CC index (if applicable)

· New candidate beam index (if found)

· Indication whether new beam(s) is found 

· FFS: whether/how to incorporate multi-TRP failure
RAN1#104 Agreements

· 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)
· For M-TRP BFR 

· Support 1-to-1 association between each BFD-RS set and an NBI-RS set

· FFS: Association details
· 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)

· 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

RAN1#104bis Agreements

· 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
· 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}

· 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
· 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)

RAN1#105 Agreements

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: 

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.
