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Introduction
Regarding the topic of the BFR resource configuration and enhanced procedure in mTRP scenario, RAN2 had many discussions, and several agreements were made in the past meetings.
In RAN2 #115e meeting, the agreements were made related to the mTRP BFR as following. 
	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”


The RAN2 #116e meeting further made the following agreements.
	New BFR MAC CE including beam failure recovery information of both failed TRPs is transmitted when beam failure is detected for both TRPs of SCell. The Following pieces of information are included in enhanced BFR MAC CE for M-TRP BFR
Info 1: For the Identity of serving cell of failed TRP, Ci/SP fields are included. 
Info 2: For indicating whether candidate beam is available or not for a failed TRP of serving cell, AC field is included.
Info 3: Candidate beam (if available) for a failed TRP is indicated by including the Candidate RS ID field.
Both single octet bitmap (7 Ci bits and 1 SP bit) and 4 octet bitmap (31 Ci bits and 1 SP bit) formats are supported for enhanced BFR MAC CE.
Both truncated and non-truncated enhanced BFR MAC CE are supported.
Triggered BFRs for a BFD-RS set of a SCell shall be cancelled when a MAC PDU is transmitted and this PDU includes enhanced BFR MAC CE (or Truncated enhanced BFR MAC CE, if supported) which contains beam failure recovery information (i.e. candidate beam available or not, candidate beam if available) of that BFD-RS set of the SCell.
if a PDCCH addressed to C-RNTI indicating uplink grant for a new transmission is received for the HARQ process used for the transmission of the enhanced BFR MAC CE which contains beam failure recovery information of a BFD-RS set of a serving cell: BFI_COUNTER corresponding to the BFD-RS set of the serving cell is set to 0.
if the SCell is deactivated, BFI_COUNTER corresponding to each BFD-RS set of the serving cell is set to 0.
if Random Access procedure initiated on SpCell due to beam failure detection on both TRPs (i.e. BFD-RS sets) of SpCell is successfully completed: BFI_COUNTER corresponding to each BFD-RS set of the SpCell is set to 0.
if the beamFailureDetectionTimer corresponding to a BFD-RS set of a serving cell expires; or if beamFailureDetectionTimer, beamFailureInstanceMaxCount, or any of the reference signals used for beam failure detection corresponding to a BFD-RS set of a serving cell is reconfigured by upper layers: BFI_COUNTER for this BFD-RS set of the serving cell is set to 0.
For SCell configured with multiple TRPs, SR can be triggered irrespective of whether beam failure is detected on one or both TRPs of SCell.
For SpCell configured with multiple TRPs, SR can be triggered if beam failure is detected on only one TRP of SpCell.
The cases for which SR is allowed (as per proposal 15, 16), SR is triggered if either of conditions a) and b) below are met:
- If UL-SCH resources are not available for a new transmission; or 
- If UL-SCH resources are available for a new transmission but cannot accommodate the enhanced BFR MAC CE or enhanced truncated BFR MAC CE plus its sub header as a result of LCP.
If a SR was triggered by BFR for a BFD-RS set of a serving cell and a MAC PDU is transmitted and this PDU includes an enhanced BFR MAC CE or a Truncated enhanced BFR MAC CE which contains beam failure recovery information for this BFD-RS set of the serving cell, pending SR is cancelled and the corresponding sr-ProhibitTimer is stopped, if running.
If a SR was triggered by BFR for a BFD-RS set of an SCell and this SCell is deactivated, pending SR is cancelled and the corresponding sr-ProhibitTimer is stopped, if running.
It is assumed that If beam failure is detected on both TRPs (i.e. BFD-RS sets) of an SpCell, UE initiate RACH procedure and transmits new BFR MAC CE including beam failure recovery information needed to recover both TRPs. (other options not excluded for now, it is FFS whether the UE can skip BFR information needed to recover one of the TRPs if there is not enough bits).


Some remaining issues are left for further study.
	The meaning of “beam failure is detected on both TRPs” is to be clarified, It is FFS which of the following options shall be applied:
Option 1 (12/17): “beam failure is detected on both TRPs” means that BFR is triggered for a TRP of the serving cell while the BFR for another TRP of same serving cell is still pending (i.e. not cancelled).
Option 2 (4/17): “beam failure is detected on both TRPs” means that BFR is triggered for a TRP of the serving cell while the BFR for another TRP of same serving cell is still pending (i.e. not successfully completed)
Cell specific or TRP specific BFR / BFR cancellation when beam failure is detected on on both TRPs of SCell is to be determined. It is FFS which of the following options shall be applied:
Option 1(5/17): Cell specific BFR of SCell is triggered. Triggered Cell specific BFR of SCell is cancelled when BFR MAC CE containing beam failure information of both TRP of the SCell is transmitted.
Option 2 (12/17): TRP specific BFR for both the failed TRPs remains as pending. TRP specific BFR cancellation procedure (as discussed in Proposal 10) is applied for each TRP independently. 
It is FFS whether Triggered BFRs for a BFD-RS set of a SpCell shall be cancelled when a MAC PDU is transmitted and this PDU includes enhanced BFR MAC CE (or Truncated enhanced BFR MAC CE, if supported) which contains beam failure recovery information (i.e. candidate beam available or not, candidate beam if available) of that BFD-RS set of the SpCell.


In this paper, we would like to discuss the remaining issues of the enhanced mTRP BFR procedure from RAN2 perspective and provide our view. 
Discussion
In RAN2 #115e meeting, how to understand the details of ‘beam failure is detected on both TRPs’ is FFS. The RAN2 #116e meeting further discussed to clarify the meaning of ‘beam failure is detected on both TRP’ with two options. However, no conclusion was made. 
Basically, the concept of ‘beam failure is detected on both TRPs’ could be ‘BFR is triggered for a TRP of the serving cell while the BFR for another TRP of the same serving cell is still pending’. This is also the common part of the two options. It seems the only difference between these two options is the interpretation of the ‘pending’ BFR. 
In the Rel-16 MAC spec, all BFR triggered for an SCell shall be cancelled when a MAC PDU is transmitted and this PDU includes a BFR MAC CE or Truncated BFR MAC CE which contains beam failure information of that SCell. The triggered BFR will be pending until the BFR is cancelled. Once the BFR is cancelled, there will be no BFR pending for that failed SCell and UE will monitor to check if the beam is recovered or not. To better following the existing Rel-16 behavior, we believe it is the simplest way to extend the Rel-16 concept to the Rel-17 mTRP BFR. So, the meaning of the ‘pending’ BFR for one TRP is the triggered BFR is not cancelled. 
For the option 2, if the meaning of pending BFR is interpreted as ‘not successfully completed’, it implies UE may have already sent one BFR MAC CE to recover the failed TRP and no response is received yet when the BFR is triggered for another TRP of the serving cell. It is complicated that UE triggers another BFR before getting the acknowledgement from the previous one. Thus, option 1 is preferred. We have the following proposal.
Proposal 1: For the case that the beam failure is detected on both TRPs, it means the BFR is triggered for one TRP and UE hasn’t sent BFR MAC CE for this failed TRP (i.e., the triggered BFR for this TRP is still pending and not cancelled), while the beam failure is detected on the second TRP of the same serving cell.
Another remaining issue is that whether cell specific or TRP specific BFR is triggered and cancelled when beam failure is detected on both TRP of SCell. First, TRP specific BFR triggering mechanism has already been agreed in Rel-17. Second, the RAN2 #116e meeting further agreed the TRP specific BFR cancellation scheme, i.e., triggered BFR for the failed TRP of SCell shall be cancelled when MAC PDU contains the beam failure recovery information of that failed TRP of the SCell. Therefore, if BFR is triggered for an SCell due to beam failure detected on both TRPs, TRP specific BFR cancellation procedure for each TRP can be handled independently which could be based on whether BFR MAC CE contains the beam failure recovery information of both TRPs or either TRP of that SCell.
If BFR is triggered on both TRPs of one SCell and both are not cancelled, it is equivalent to the logic of so-called cell specific BFR triggering, and it can be determined that the BFR is triggered for this SCell. Hence the definition of cell specific BFR triggering is not needed. Thus, we have the following proposal (option 2 is preferred).
Proposal 2: When beam failure is detected on both TRP of SCell, TRP specific BFR for both failed TRPs are triggered. TRP specific BFR cancellation procedure can be applied for each TRP independently.
In the case above, UE can continue to wait for network providing the UL resource so as to send the BFR MAC CE or the alternative is that UE may initiate the RACH given that the BFR is triggered on the first TRP again in SpCell. Therefore, we have following proposal.  
Proposal 3: If the case is that the second TRP further detects the beam failure while UE hasn’t received the UL resource requested by SR for the first TRP in SpCell, it can be up to UE to either wait for the network response for the first failed TRP or initiate RACH.
One more remaining issue is the cancellation of the triggered BFR for TRP in SpCell case. For SpCell, if BFR is triggered for one TRP and BFR MAC CE containing the beam failure recovery information has been sent, the triggered BFR for the failed TRP shall be cancelled. Meanwhile, it is possible that another BFR is triggered for the second TRP in SpCell while UE has not received any response from network to recover the failed first TRP. In this case, it is up to UE to continue monitoring the response from network or find a workable PUCCH-SR resource to trigger SR for the second triggered BFR. According to the agreements made in the last meeting, it should be noted that the BFI counter for the first TRP is still not reset to 0 if UE does not receive any response from network. If the BFR triggered for the second TRP of SpCell remains pending and once the BFR is triggered in the first TRP again, RACH is initiated on SpCell. Further, we think it is good to align the same cancellation behavior for the triggered BFRs of SpCell and SCell. Thus, we have following proposals.
Proposal 4: Triggered BFRs for a BFD-RS set of a SpCell shall be cancelled when a MAC PDU is transmitted and this PDU includes enhanced BFR MAC CE (or Truncated enhanced BFR MAC CE, if supported) which contains beam failure recovery information (i.e. candidate beam available or not, candidate beam if available) of that BFD-RS set of the SpCell.
In RAN2 #116e meeting, it has been agreed the new BFR MAC CE including the beam failure recovery information for both TRPs can be transmitted via the RACH procedure, if beam failure is detected on both TRPs of SpCell. Other options are not excluded.
In our understanding, UE should be allowed also sending the legacy Rel-16 BFR MAC CE in this case. There are several reasons. First, UL grant resources provided in MSGA or Msg3 may not be big enough, the legacy Rel-16 BFR MAC CE with smaller packet size achieves the same purpose to inform network SpCell beam failure. Even for the Rel-17 BFR MAC CE, the truncated BFR MAC CE has to be considered which is equivalent to sending the legacy MAC CE in case that the UL resource is not big enough. Second, the SSB associated to RACH resource has already implicitly indicate the candidate beams to network. The BFR MAC CE is only for indicate the purpose of RACH to network. Finally, it may be unnecessary for network to always configure multi-TRP for a failed SpCell when network recovers the SpCell for this UE. Network may usually start to recover and configure the single TRP of the SpCell for UE for normal data communication and enable the multi-TRP operation on SpCell later. In that sense, it is not needed to require UE to send the candidate beams for both failed TRPs in SpCell by using Rel-17 new BFR MAC CE. The legacy BFR MAC CE may be good enough. Thus, we believe either legacy BFR MAC CE or the Rel-17 BFR MAC CE can be sent via RACH, if RACH is initiated for BFR on both TRPs of SpCell.
Proposal 5: If RACH is initiated for BFR on both failed TRPs of SpCell, either legacy BFR MAC CE or Rel-17 mTRP BFR MAC CE can be sent via the RACH procedure.
Regarding the dedicated SR resource configured for mTRP BFR, RAN1 already has extensive discussions on this issue. In RAN1 #107e meeting, RAN1 still cannot achieve consensus on whether the two dedicated PUCCH-SR resources are corresponding to one or two SR resource configurations, and it is left to RAN2 for further discussion.
	RAN1 #104b-e 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)

RAN1 #106b-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.

RAN1 #107e Agreement
Regarding whether the two dedicated PUCCH-SR resources are corresponding to one schedulingRequestId or two schedulingRequestId
· Alt3: Leave it to RAN2



In Rel-16, one dedicated SR resource corresponding to the SCell BFR is configured per MAC cell group by RRC signaling. For Rel-17 mTRP BFR, this one dedicated SR resource for BFR can be extended to configure up to two PUCCH resource for SR (PUCCH-SR resource). Once SR is triggered by the BFR for one TRP due to lack of UL resource, UE selects one PUCCH-SR resource configured under this dedicated SR resource configuration for SR transmission. This method has less MAC spec impact (keep one dedicated SR resource configuration as legacy) in terms of SR triggering procedure and is only simply extended to configure up to two PUCCH-SR resources. 
If two dedicated SR resource for BFR are configured, how to use these two dedicated SR resources needs further study. For example, UE may send SR via one SR resource when beam failure is detected in one TRP of one SCell. It is possible that UE may detect the beam failure in another TRP of the same SCell before UE receives any granted UL resource for BFR MAC CE reporting. UE may trigger another SR from the second SR resource if configured. However, the second SR triggering may be redundant and is unnecessary. UE may send the BFR MAC CE containing all the failed TRP of the SCell and corresponding candidate beam information via the UL resource granted by the first triggered SR. When more UL grant resource is arrived due to the second triggered SR, it wastes UE power if the BFR MAC CE is sent again. Thus, the granted UL resource by the second triggered SR is actually useless. It wastes UE power to trigger redundant SR, and it may cause ambiguity to network if UE sends the excessive SR by using dedicated SR resource for BFR. Thus, we believe it is good enough to configure only one dedicated SR resource for BFR.
Proposal 6: Only one dedicated SR for BFR is configured per MAC cell group like legacy and up to two dedicated PUSCCH-SR resources can be configured to associate with this dedicated SR. 
Regarding the new BFR MAC CE, the RAN2 #116e made agreement on the detailed fields of the MAC CE. Figure 1 is one candidate design of new BFR MAC CE.
The C field in the legacy BFR MAC CE is extended to represent two TRPS of one serving cell separately. Each C field indicates the status of one TRP of one serving cell. If both C fields of one serving cell are set to 1, it means the beam failure are detected on both TRPs of this serving cell. The AC field and candidate beam are also extended to support multi-TRP accordingly.
[image: ]
Figure 1 Rel-17 mTRP BFR MAC CE
Proposal 7: The Rel-17 mTRP BFR MAC CE in Figure 1 is adopted.
In RAN2 #115 meeting, one remaining issue is that whether inter-cell mTRP scenario can be applied to the mTRP BFR solution for the case of beam failure detected on both TRPs of an SCell or SpCell. 
In our understanding, inter-cell mTRP is the scenario with the TCI state for the TRP associated to other PCI, the beam failure detection and mTRP BFR procedure can be reused w/o additional effort in such scenario. Thus, we have the following proposal.
Proposal 8: The mTRP BFR procedure for intra-cell is applicable for inter-cell mTRP scenario.

Conclusion
We’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1: For the case that the beam failure is detected on both TRPs, it means the BFR is triggered for one TRP and UE hasn’t sent BFR MAC CE for this failed TRP (i.e., the triggered BFR for this TRP is still pending and not cancelled), while the beam failure is detected on the second TRP of the same serving cell.
Proposal 2: When beam failure is detected on both TRP of SCell, TRP specific BFR for both failed TRPs are triggered. TRP specific BFR cancellation procedure can be applied for each TRP independently.
Proposal 3: If the case is that the second TRP further detects the beam failure while UE hasn’t received the UL resource requested by SR for the first TRP in SpCell, it can be up to UE to either wait for the network response for the first failed TRP or initiate RACH.
Proposal 4: Triggered BFRs for a BFD-RS set of a SpCell shall be cancelled when a MAC PDU is transmitted and this PDU includes enhanced BFR MAC CE (or Truncated enhanced BFR MAC CE, if supported) which contains beam failure recovery information (i.e. candidate beam available or not, candidate beam if available) of that BFD-RS set of the SpCell.
Proposal 5: If RACH is initiated for BFR on both failed TRPs of SpCell, either legacy BFR MAC CE or Rel-17 mTRP BFR MAC CE can be sent via the RACH procedure.
Proposal 6: Only one dedicated SR for BFR is configured per MAC cell group like legacy and up to two dedicated PUSCCH-SR resources can be configured to associate with this dedicated SR. 
Proposal 7: The Rel-17 mTRP BFR MAC CE in Figure 1 is adopted.
Proposal 8: The mTRP BFR procedure for intra-cell is applicable for inter-cell mTRP scenario.
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