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1. INTRODUCTION
In the last RAN1 meeting, the discussion for M-TRP beam management continued, and following agreements were reached [1]. 

	· 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

Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Different beams in different pairs/groups can be received simultaneously 
· FFS: whether M is equal or can be different across different pair/group
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting
· Different beams in different CSI-reports can be received simultaneously
· FFS: whether/how to introduce an association between different CSI-reports
· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 
· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously
· FFS: value of N and M in each option
· FFS: Association between different beams in above options and different TRP/UE panels
· FFS: Identify new use cases per option compared with R16 (including backhaul)
· FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option




The focus of the discussion in RAN1 #103 e-Meeting was mainly on BFD and BFR operation in a M-TRP system. In this contribution, we provide our views and perspective for the remaining points of the study. 
 
2. TRP-SPECIFIC BFR
As of Rel-15/16, there is only one BFD-RS set used for multiple TRP operation. Beam failure is declared only when all BFD-RS within the set fail to meet the required threshold. 
In the last meeting, it was agreed to support independent BFD-RS configuration per TRP where each TRP is associated with a BFD-RS set [1]. Following a similar behaviour as Rel-15/16, per-TRP BFR should be declared when all BFD-RS within the corresponding configured set fail. 
[bookmark: _Hlk61543437]Since NR M-TRP operation is based on up to two TRPs, we think that it would be sufficient to increase the number of BFD-RS sets to 2. As for the numbers of RSs within a BFD-RS set, since Rel-15/16 allows a maximum of 10 BFD-RSs per set, we believe that we should consider a similar cap for M-TRP operation that is to support up to 10 BFR RSs per BFR RS set. Therefore, the max total number of BFR RSs configured for M-TRP can be up to 20 RSs. However, supporting of max total number of 20 BFR RSs can be considered as a UE capability.

Observation 1: Rel-16 NR M-TRP operation is based on up to two TRPs, and it allows a maximum of 10 BFD-RSs per set.
[bookmark: _Hlk61259827]
Proposal 1: For BFD-RSs and BFD-RS sets,
· Keep the same number of BFD-RS per set (10) as Rel-15/16
· Increase the number of BFD-RS sets to 2
· Increase max number of BFD-RSs across all BFD-RS sets per DL BWP to 20  

Rel-15/16 supports both explicit and implicit BFD-RS configuration. For multi-TRP operation, Rel-16 supports both single and multi-DCI configuration. Therefore, we think that Rel-17 should exhibit a similar behaviour to support both explicit and implicit configuration of BFD-RSs. 

Observation 2: Rel-16 supports both explicit and implicit BFD-RS configuration. Furthermore, for multi-TRP operation, Rel-16 supports both single and multi-DCI configuration.

Proposal 2: Support both explicit and implicit BFD-RS configuration with CORESETs. 
In explicit BFD-RS configuration, each BFD-RS set can be explicitly configured. For example, CSI-RSs or SSB can be configured per BFD-RS set such that each set contains RSs corresponds to only one of TRPs. As such, BFD-RS set 1 is configured for TRP1 and BFD-RS set 2 is configured for TRP2. Then for example, if all RSs from BFD-RS set 1 fail, then beam failure is detected for TRP1. The basic configuration and process is equally applicable for both single and multi-DCI operation. 
To support implicit configuration in the single DCI case, we can reuse existing solution based on PDCCH monitoring for BFR. However, for the multi-DCI case, some enhancements may be needed. For example. To support multi-DCI case, CORESETs can be configured with a value for CORESETPoolIndex where each CORESETPoolIndex corresponds to a different TRP. Then, a UE can determine the BFD-RS sets per TRP implicitly as the QCL reference RS for the corresponding CORESETs. For example, RSs associated with CORESETPoolIndex=0  can be mapped to TRP1 while those associated to CORESETPoolIndex=1 can be mapped to TRP2. As such, the UE can determine implicitly the TRP failure when all the BFD-RS associated to a CORESET pool with the same CORESETPoolIndex fail.
 
Obsevation 3: In multi-DCI case, UE can implicitly detect BFR for a TRP when all the BFD-RS associated to a CORESET pool with the same CORESETPoolIndex fail.

Proposal 3: In multi-DCI case, support implicit determination of failed RS based on CORESETPoolIndex. 

[bookmark: _Hlk61544650]For NBI-RS set, a similar association can be made to enable explicit and implicit determination of RS per TRP. NBI-RS and BFD-RS sets can be considered as a collection of RS sets which can be identified per TRP. Then, a UE can identify the NBI-RS per TRP based on the BFD-RS set that failed. The configuration of NBI-RS set can still be based on explicit RRC configuration, or implicitly through the CORESETPoolIndex. 

Obsevation 4: NBI-RS and BFD-RS sets can be considered as a collection of RS sets which can be identified per TRP. Then, a UE can identify the NBI-RS per TRP based on the BFD-RS set that failed.

Proposal 4: Support one-to-one association of the NBI-RS set to the BFD-RS set.

Per last meeting’s agreement, BFD counter and timer configuration in the MAC procedure is TRP-specific specific. Since there is a BFR RS set per TRP, the per-TRP BFD procedure is performed on a per BFR RS set. Then the counter and timer configuration should be defined per BFD-RS set to support separate count of failure instances per TRP. 
[bookmark: _Hlk61545278]For the BFRQ framework, Rel-16 introduced the BFR for SCell procedure based on SR. The UE is provided by a configuration for PUCCH transmission where the UE can transmit an SR. The UE monitors periodic BFD-RS with TX beams associated with control channel transmissions. If the UE detects failure, it requests an UL grant using the PUCCH-SR resources for BFRQ which are RRC configured in schedulingRequestID-BFR-SCell-r16. Once the UE receives the UL grant, it sends new candidate beam information in a BFR-MAC-CE on the PUSCH using the grant as requested by the PUCCH-SR. The UE needs to choose a spatial filter for the PUCCH corresponding to the desired target TRP. There are two options that have been identified in the last meeting. In our view, Option 2 seem to require additional resource and spatial relation configuration without any significant operational merit over Option 1. Therefore, we prefer Option 1 where one dedicated PUCCH-SR resource is configured for multiple TRPs. Enhancement is needed to the PUCCH configuration to enable multiple spatial relations to be configured. The PUCCH can be configured with two spatial filters, one for each TRP. The UE can transmit the PUCCH-SR using one of the new desired spatial filters.
Observation 5: Option 2 seems to require additional resource and spatial relation configuration without any significant operational. 
Proposal 5: Support up to one dedicated PUCCH-SR resource in a cell group (Option 1) with one spatial filter per TRP.
[bookmark: _Hlk61545477]One special case to consider is the case when both TRPs declare BFR simultaneously. If TRP1 and TRP2 BFR are triggered at the same time, then it’s not clear how the behaviour is defined. Such scenario represents a more severe case of beam failure, and hence it requires the quickest and most reliable response. Therefore, in our view, the BFR associated to TRP1 or PCell should be prioritized. Then, like Rel-15 PCell BFR, a non-contention-based PRACH resource should be used. 
Observation 6: Simultaneous declaration of BFR by both TRPs represents a severe case of beam failure, and hence it requires the quickest and most reliable response.
Proposal 6: If beam failure is detected at both TRP simultaneously, the BFR associated to TRP1 or PCell should be prioritized. 
The BFRQ MAC-CE needs to be enhanced to support per-TRP BFR. In the current BFR MAC-CE, the UE can report the cell but not the TRP since per-TRP BFR is not supported. In Rel-17, BFD/BFR processes are being enhanced to support per TRP beam failure declaration and beam recovery. As discussed earlier, since based on the explicit or implicit configuration, a UE can determine the identity of the failed TRP, then the UE should also include the determined failed TRP index in the BFR MAC-CE. 

Observation 7: In Rel-17, BFD/BFR processes are being enhanced to support per TRP beam failure declaration and beam recovery. 
Proposal 7: Include index information of failed TRPs in BFR MAC-CE. 

3. CONCLUSIONS
This contribution discussed the enhancements for M-TRP beam management with respect to per-TRP BFR. Based on the presented discussion, we make the following proposals:

Observation 1: Rel-16 NR M-TRP operation is based on up to two TRPs, and it allows a maximum of 10 BFD-RSs per set.

Observation 2: Rel-16 supports both explicit and implicit BFD-RS configuration. Furthermore, for multi-TRP operation, Rel-16 supports both single and multi-DCI configuration.

Obsevation 3: In multi-DCI case, UE can implicitly detect BFR for a TRP when all the BFD-RS associated to a CORESET pool with the same CORESETPoolIndex fail.

Obsevation 4: NBI-RS and BFD-RS sets can be considered as a collection of RS sets which can be identified per TRP. Then, a UE can identify the NBI-RS per TRP based on the BFD-RS set that failed.

Observation 5: Option 2 seems to require additional resource and spatial relation configuration without any significant operational. 

Observation 6: Simultaneous declaration of BFR by both TRPs represents a severe case of beam failure, and hence it requires the quickest and most reliable response.

Observation 7: In Rel-17, BFD/BFR processes are being enhanced to support per TRP beam failure declaration and beam recovery. 

Proposal 1: For BFD-RSs and BFD-RS sets,
· Keep the same number of BFD-RS per set (10) as Rel-15/16
· Increase the number of BFD-RS sets to 2
· Increase max number of BFD-RSs across all BFD-RS sets per DL BWP to 20  

Proposal 2: Support both explicit and implicit BFD-RS configuration with CORESETs. 

Proposal 3: In multi-DCI case, support implicit determination of failed RS based on CORESETPoolIndex. 

Proposal 4: Support one-to-one association of the NBI-RS set to the BFD-RS set.

Proposal 5: Support up to one dedicated PUCCH-SR resource in a cell group (Option 1) with one spatial filter per TRP.

Proposal 6: If beam failure is detected at both TRP simultaneously, the BFR associated to TRP1 or PCell should be prioritized. 

Proposal 7: Include index information of failed TRPs in BFR MAC-CE. 
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