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1. Introduction
[bookmark: _Hlk492027000]In RAN1 #106bis-e meeting [1], RAN1 made following agreements on the enhancement on BM for M-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 provide further details considering mainly the agreed high priority topics. In particular, section 2 includes beam reporting enhancements and section 3 discuss beam failure recovery related aspects. 
2. Enhancement on Beam Measurement and Reporting
[bookmark: _Hlk528168953][bookmark: _Hlk23778132]UE panel/antenna related feedback
In RAN1 #106bis-e meeting[1], regarding to this issue FL have proposed the following proposals based on the majority company support. .
	Round 3 Proposal. 
[bookmark: _Hlk86844043]Updated FL Proposal 1.1: for group-based beam reporting gNB configures UE: 
· Alt-1: to report beams are associated with same and/or different RX spatial filters  



The above additional reporting criteria is useful for the network scheduling decision. Regarding to other alternatives such as beams are received for spatial multiplexing or diversity, this should be network scheduling decision with the information of reporting in alternative 1. Also, the number of layers should be reported in terms of CSI reporting. The number of layers cannot be determined only with beam measurement, and this should be determined by CSI acquisition procedure. In addition to maintain existing terminology, we only support for using “RX spatial filter” without introducing “panel”. Therefore, we are supporting the updated FL proposal that is captured above.      
Proposal 2-1: For group-based beam reporting, support gNB configures UE to report beams are associated with same and/or different RX spatial filters. 
3. Beam Failure Recovery Enhancements for Multi-TRP
Here, we discuss the remaining issues related to the beam failure recovery in multi-TRP operation. 
3.1 Clarification on Simultaneous configuration of cell-specific and TRP-specific BFR on the same cell
In RAN1#104bis-e[2], RAN1 has made following agreement on configuration of cell-specific and TRP-specific BFR. 
	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. 



In RAN1#106bis-e, RAN1 has made following agreement on configuration of cell-specific and TRP-specific BFR. 
	Agreement
For RACH-based transmission, at least when all BFD-RS sets fail in SPCell, CBRA is supported.



In the previous RAN2#115-e meeting[3], the following was agreed:
	MAC entity maintains separate beamFailureDetectionTimer and BFI_COUNTER for each BFD-RS set of a serving cell configured with multiple BFD-RS sets.
beamFailureDetectionTimer and beamFailureInstanceMaxCount configuration is configured independently for each TRP of serving cell.
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;

For the case of both intra cell and inter cell: 
BFD-RS set ID is included in BFR MAC CE to identify the failed TRP.

For the case of intra cell (FFS for inter cell). 
If beam failure is detected on both TRPs (i.e. BFD-RS sets) of an SCell, BFR is triggered for that SCell. 
- FFS whether UE transmits a) legacy BFR MAC CE or b) new BFR MAC CE indicating both failed TRPs as well as the beam failure recovery information for both TRPs.
If beam failure is detected on both TRPs (i.e. BFD-RS sets) of SpCell, random access procedure is initiated on SpCell. 
- FFS whether UE transmits a) legacy BFR MAC CE or b) new BFR MAC CE indicating both failed TRPs as well as the beam failure recovery information for both TRPs.
FFS what is meant in detail by “beam failure is detected on both TRPs”



In RAN1#106b-e, there was an agreement that CBRA can be triggered when both BFD-RS sets fail. RAN2 is currently discussing options for whether the UE transmits legacy MAC CE or new MAC CE (indicating the TRP failure information). This has relation to the open issue in RAN1 whether TRP specific or cell specific BFR can be configured. 
When the mTRP BFR is configured, the UE should have at most 2 BFD-RS sets configured and the cell specific failure does not need to be monitored on a separate BFD-RS set. The triggering of cell specific BFR i.e., the fall back to Rel-15/16 BFR can be determined based on failure status of TRPs and the availability of the candidate beams for failed TRPs (BFD-RS sets associated with the TRPs/CORESETPoolIndex values). If the UE cannot find any suitable candidate for either of the TRPs, it should fallback to Rel-15/16 BFR i.e., trigger CFRA (if configured) or CBRA to provide the BFR MAC CE.
Observation 3-1: For mTRP BFR, the UE can be configured with up to 2 BFD-RS sets per CC and the cell specific beam failure should not be monitored based on the separate set of BFD-RS. 
Proposal 3-1: For mTRP BFR, at most 2 BFD-RS sets are configured per CC.
Proposal 3-2: Cell-specific BFR (i.e. fallback to Rel-15/16 BFR, CFRA/CBRA) is supported, triggering of cell specific BFR is determined based on the TRP-specific failure(s) and the candidate beam availability on SpCell.
Regarding the above RAN2 agreement, we have following proposal,
Proposal 3-3: From RAN1 perspective, if both TRPs fail and candidate(s) are available, the UE uses the TRP specific failure recovery. In case both TRPs fail but no new candidate beam can be indicated for the TRPs, the UE transmits cell-specific BFR (i.e. fallback to rel15/16 BFR/legacy BFR MAC CE)
3.2 Implicit/explicit BFD-RS set configuration for CORESET 
In RAN1 #106-e meeting[4], RAN1 made following agreements and conclusion on the BFD-RS configuration per TRP. 
	Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Implicit configuration: 
· M-DCI: 
· BFD-RS set k (k = 0, 1) is derived based on X TCI of CORESETs with CORESETPoolIndex = k
· FFS: value of X (determined in spec or UE capability), and TCI selection rule when the number of CORESETs with CORESETPoolIndex = k exceeds X (e.g. reuse RLM RS selection rule)
· FFS: CORESETs with more than 1 activated TCI states

Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Explicit configuration of BFD-RS resources in BFD-RS set k, k = 0, 1
· FFS: CORESETs with more than 1 activated TCI state.

Conclusion
BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET via implicit configuration for S-DCI mTRP is not supported in Rel-17.




In the implicit configuration, the RSs to be included in the failure detection resource sets would be determined by the active TCI states for respective CORESETs. Currently (Rel-15/16) the maximum value of BFD-RS in the set of q0 is two and a UE may be configured up to 3 CORESETs with active TCI states. This leaves the selection of BFD-RS for UE implementation and network is not aware what RS UE monitors for failure detection. For radio link monitoring a rule was specified and same tule could be used for BFD-RS selection. As a result of the selection there is no ambiguity on which RS were selected to specific set of q0.  
Proposal 3-4: For selecting the X TCI states when the number of CORESETs with active TCI states for a CORESETPoolIndex value k exceeds the X, re-use the RLM-RS selection rule.
In RAN1#105-e[5], we have made following agreement for SFN PDCCH, which means, SFN PDCCH is not supported for M-DCI base multi-TRP. Because implicit mapping of BFD-RS set for per-TRP BFR is only applicable to M-DCI based M-TRP, any CORESET cannot be indicated with two TCI states. 
Observation 3-2: For implicit BFD-RS configuration in Rel-17, PDCCH cannot be indicated with two TCI states. 
	Agreement
Enhanced MAC CE signaling is not applicable to any of the configured CORESETs in a BWP if the CORESETs are configured with different CORESETPoolindex values in the BWP.



There was a discussion of updating explicit BFD-RS set via MAC-CE. However, the explicit BFD-RS set is intended for the deployment with small number of beams are supported. Implicit BFD-RS set is designed for active beam switching. Thus, we don’t see need for introducing new beam update procedure for explicit BFD-RS set.
Observation 3-3: For explicit BFD-RS configuration in Rel-17, update of explicit BFD-RS set via MAC-CE is not required. 
3.3 PUCCH-SR 
In RAN1#106bis-e[1], RAN1 has made following agreement on PUCCH-SR. 
	[bookmark: _Hlk78399123]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.



There is still one open point if this is supported for SCell, and we don’t see any reason to preclude the case. 
Proposal 3-5: Support to configure an association between a BFD-RS set on SCell and a PUCCH-SR resource / SR configuration for per TRP BFR.


In SCell BFR (Rel-16), a UE can be configured with an SR resource to indicate failure of one or more SCells. By transmitting the SR to indicate SCell failure, the UE indicates the network that it requires UL resources for transmitting the (SCell) BFR MAC CE. MAC CE provides the information on the failed SCell(s), an indication of candidate beam availability and a candidate beam index if available (i.e. the RSRP of at least one candidate beam in the candidate-beam-rs-list is above threshold). It should be noted that although the network may configure or assign SR ID for indicating SCell BFR, the SR ID may be associated with one or more UL logical channels thus the SR may not specifically indicate only SCell failure. Network may choose to configure the SR in a dedicated manner for SCell BFR but this would be left for NW implementation. 
The SCell approach could also be valid configuration option for multi TRP BFR i.e. NW can map the PUCCH-SR for mTRP BFR to an SR ID that may have zero, one or more logical channels mapped to it i.e., the SR configuration is shared between the mapped logical channels and mTRP BFR. Network may as per implementation configure SR ID that is only used for mTRP BFR purposes or it could map to the SCell. 
Proposal 3-6: PUCCH-SR for mTRP can be mapped to a configured SR ID that may be shared with other functionality. Details are up to RAN2.

3.4 gNB Response after Beam Failure Recovery Request 
	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 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
· FFS: How to associate CORESET(s) with failed BFD-RS set
· FFS: SCS configuration of 28 symbols
· 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



As per RAN1 agreement, the RS to be included to the BFD-RS set is derived based on the CORESETPoolIndex associated with respective CORESETs. Thus, the failed BFD-RS set and the provided candidate beam RS maps to CORESETs through the CORESETPoolindex. 
Proposal 3-7: CORESET association with the failed BFD-RS set is done through the mapping between CORESETPool index and the BFD-RS set.
3.5 Single TRP operation after gNB response
In addition, when UE is not able to indicate suitable candidate (qnew) for the failed TRP from the provided candidate beam list, after receiving gNB response, UE would not be required to monitor the CORESETs associated with the failed BFD-RS set for PDCCH until reconfigured by network. This could also apply for the UL transmission associated with the failed TRP. In one option, UE could fallback to single TRP mode. Fallback to single TRP mode could be considered also when both TRPs fail.
Proposal 3-8: If UE indicates that no suitable candidate for the failed BFD-RS set was found, UE is not required to monitor PDCCH on the CORESET(s) associated with failed BFD-RS set and falls back to single TRP operation.

4. Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss remaining details related to multi-TRP/panel transmission. The following observations and proposals are made.
BM Related observations/proposals
Proposal 2-1: For group-based beam reporting, support gNB configures UE 	to report beams are associated with same and/or different RX spatial filters 
BFR Related observations/proposals
[bookmark: _Hlk4746949][bookmark: OLE_LINK9]Observation 3-1: For mTRP BFR, the UE can be configured with up to 2 BFD-RS sets per CC and the cell specific beam failure should not be monitored based on the separate set of BFD-RS. 
Proposal 3-1: For mTRP BFR, at most 2 BFD-RS sets are configured per CC.
Proposal 3-2: Cell-specific BFR (i.e. fallback to Rel-15/16 BFR, CFRA/CBRA) is supported, triggering of cell specific BFR is determined based on the TRP-specific failure(s) and the candidate beam availability on SpCell.
Proposal 3-3: From RAN1 perspective If both TRPs fail and candidate(s) are available, the UE uses the TRP specific failure recovery. In case both TRPs fail but no new candidate beam can be indicated for the TRPs, the UE transmits cell-specific BFR (i.e. fallback to rel15/16 BFR/legacy BFR MAC CE)
Proposal 3-4: For selecting the X TCI states when the number of CORESETs with active TCI states for a CORESETPoolIndex value k exceeds the X, re-use the RLM-RS selection rule.
Observation 3-2: For implicit BFD-RS configuration in Rel-17, PDCCH cannot be indicated with two TCI states. 
Observation 3-3: For explicit BFD-RS configuration in Rel-17, update of explicit BFD-RS set via MAC-CE is not required. 
Proposal 3-5: Support to configure an association between a BFD-RS set on SCell and a PUCCH-SR resource / SR configuration for per TRP BFR.
Proposal 3-6: PUCCH-SR for mTRP can be mapped to a configured SR ID that may be shared with other functionality. Details are up to RAN2.
Proposal 3-7: CORESET association with the failed BFD-RS set is done through the mapping between CORESETPool index and the BFD-RS set.
Proposal 3-8: If UE indicates that no suitable candidate for the failed BFD-RS set was found, UE is not required to monitor PDCCH on the CORESET(s) associated with failed BFD-RS set and falls back to single TRP operation.
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