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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).



The RAN2 #116bis-e meeting made the follow agreements regarding the mTRP BFR.
	When “beam failure is detected on both TRPs” of SCell, TRP specific BFR for both the failed TRPs remains as pending. TRP specific BFR cancellation procedure is applied for each TRP independently.
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.
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 not successfully completed
One SR configuration is associated with one PUCCH-SR resource. Up to two SR configurations are signaled for multi TRP BFR i.e. up to two schedulingRequestId for multi TRP BFR are included in MAC-CellGroupConfig.
[060] For the enhancement BFR MAC CE design, it is FFS with:
•Two sets of serving cell bitmap (Option 2)
•A bitmap in addition to serving cell bitmap (Option 3)
[060] FFS whether to support TRP level truncation.
[060] MAC entity may stop, ongoing Random Access procedure due to a pending SR for BFR of a BFD-RS set of an SCell, which has no valid PUCCH resources configured, if a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU contains an Enhanced BFR MAC CE or a Truncated Enhanced BFR MAC CE which includes beam failure recovery information of that BFD-RS set of the SCell.
[060] FFS, MAC entity may stop, ongoing Random Access procedure due to a pending SR for BFR of a BFD-RS set of SpCell, which has no valid PUCCH resources configured, if a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU contains an Enhanced BFR MAC CE or a Truncated Enhanced BFR MAC CE which includes beam failure recovery information of that BFD-RS set of the SpCell
[060] When the MAC entity has pending SR for beam failure recovery of a BFD-RS set and the MAC entity has one or more PUCCH resources overlapping with PUCCH resource for beam failure recovery of that BFD-RS set for the SR transmission occasion, the MAC entity considers only the PUCCH resource for beam failure recovery of that BFD-RS set as valid.



In this paper, we would like to discuss the remaining issues of enhanced mTRP BFR from RAN2 perspective and provide our view. 
Discussion
mTRP BFR MAC CE
In the last RAN2 meeting, enhanced BFR MAC CE has been discussed in the offline. The conclusion is to down-select between option 2 and option 3. 
FFS on the BFR MAC CE 
• Two sets of serving cell bitmap (Option 2)
• A bitmap in addition to serving cell bitmap (Option 3)

The MAC CE format of option 2 is able to directly indicate the failed TRP indices of each failed serving cell by a two sets of TRP level bitmap. The option 3 needs one additional octect to indicate whether one or both TRPs are assoicated with the failed serving cell and also furhter needs to use the R bit of the AC/candidate RS ID octet to indicate the TRP information. In our opinion, the MAC CE format of option 2 is much simpler and more flexible than option 3 in several aspects.
Overhead
For the eight-CC MAC CE case, option 2 and option 3 have simlar overhead, and option 3 is even worse than option 2. Only two bytes are needed to indicate the full informaion of failed TRP of each serving cell in option 2, while option 3 needs additional bit by replacing R bit in AC/candidate RS ID octect to indicate the exact failed TRP index.
Extension
It is possible that the candidate beam space is extended in the future release. Option 2 is much easier to extend the candidate RS ID field by using the legacy R bit which is more future-proof, and option 3 can not do it because of R bit already replaced by the TRP information.
Truncation
Since the TRP index is included in the candidate RS ID octect, it is diffcult for option 3 to indicate the exact TRP ID by using the just first two bytes, while option 2 can do it. Option 3 can only use the first byte to indiate the cell level informaion which is lack of exact failed TRP informaion and is worse than option 2. Thus, option 2 supports trancation better than option 3. 
The option 2 is better than option 3 at least for the eight-CC case. Thus, we have the following proposals.

Proposal 1: The Rel-17 mTRP BFR MAC CE selects option 2 by using two sets of TRP bitmap at least for the eight-CC case.
Another remaining issue related to the mTRP BFR MAC CE is whether and how to support TRP level truncation. In our view, it is important for network to receive the whole failed TRP information as many as possible in a truncated BFR MAC CE so that network can get the full view of how many TRPs and/or serving cells with beam failure issue at the earlier time. It may cause additional latency if the failed TRPs / serving cell information are not reported in time. If the uplink granted resource is not big enough, the beam failure recovery information (i.e., candidate beam) of the failed TRPs should be truanted first, network can anyway recover the beam based on its implementation. So, for the truncated BFR MAC CE, the beam failure recovery information of the failed TRP should be truncated before the failed TRP information and/or failed serving cell are truncated.  
Observation 1: UE should indicate the failed TRP information and/or failed serving cells as many as possible in the truncated BFR MAC CE.
Proposal 2: In the truncated enhanced BFR MAC CE, the second failed TRP field (if any) of each serving cell are truncated after truncating all the beam failure information of the failed TRPs or failed serving cells.

Two SR configurations for mTRP BFR
It has been agreed that up to two SR configurations are configured for mTRP BFR in the last RAN2 meeting. However, it is unclear for us how to use these two SR resources configured for mTRP BFR. The intention of the triggered SR essentially is to request the uplink resource. It is not desirable to trigger excessive SR to network before receiving the response from network. 
The possible issue on how to use two SR configurations for mTRP BFR is as the following. UE sends SR via one (the first) SR resource when beam failure is detected in one TRP of one SCell and it is possible that UE may detect the beam failure in another TRP of the same or another SCell before UE receives any granted uplink resource for mTRP BFR MAC CE reporting. Then, UE may trigger another SR from the second SR resource configuration. However, this second SR triggering may be redundant and unnecessary (refer to the running CR [1] below)
	1>	if the Beam Failure Recovery procedure determines that at least one BFR for BFD-RS set has been triggered and not cancelled for an SCell for which evaluation of the candidate beams according to the requirements as specified in TS 38.133 [11] has been completed; or
1> if the Beam Failure Recovery procedure determines that at least one BFR for BFD-RS set for only one BFD-RS set has been triggered and not cancelled for an SpCell for which evaluation of the candidate beams according to the requirements as specified in TS 38.133 [11] has been completed:
2>	if UL-SCH resources are available for a new transmission and if the UL-SCH resources can accommodate the Enhanced BFR MAC CE plus its subheader as a result of LCP:
3>	instruct the Multiplexing and Assembly procedure to generate the Enhanced BFR MAC CE.
2>	else if UL-SCH resources are available for a new transmission and if the UL-SCH resources can accommodate the Truncated Enhanced BFR MAC CE plus its subheader as a result of LCP:
3>	instruct the Multiplexing and Assembly procedure to generate the Truncated Enhanced BFR MAC CE.
2>	else:
3>	trigger the SR for beam failure recovery of each BFD-RS set for which BFR has been triggered, not cancelled, and for which evaluation of the candidate beams according to the requirements as specified in TS 38.133 [11] has been completed.



UE sends the mTRP BFR MAC CE containing all the failed TRP information and corresponding candidate beam information via the uplink resource granted by the first triggered SR. When more UL grant resource is arrived due to the second triggered SR, UE may have to unnecessarily send the mTRP MAC CE again. The granted UL resource by the second triggered SR is actually useless. In that sense, it wastes UE power to trigger the redundant SR since UE can get the uplink resource from network anyway, and it may cause ambiguity to network if UE sends the excessive SR.
Observation 2: Since UE can receive the granted UL resource by the first triggered SR anyway, it wastes UE power to trigger the redundant SR and may cause ambiguity to network if UE sends the excessive SR by using the second SR resource configuration.
Since the SR prohibit timer is configured within the SR resource configuration, the SR prohibit timer cannot control the other pending SR triggered from another SR configuration. Therefore, a prohibit timer is proposed being shared cross the two SR resource configurations for mTRP BFR. The basic behavior of the new prohibit timer is that UE is not allowed to send another SR configured by the other dedicated SR resource for mTRP BFR if the new prohibit timer is running. UE is allowed to send the other SR for the second TRP until the new prohibit timer expires if UE has already sent one SR for the first failed TRP of one failed SCell. Noted that this prohibit timer does not impact the triggered BFR, i.e., the BFR for the second TRP is still triggered.
Proposal 3: A prohibit timer is introduced to avoid the excessive SR triggering in the case that UE may trigger the second SR due to the other BFR triggered in the second TRP of one SCell or SCell BFR while UE hasn’t received the uplink resource requested by the first triggered SR.
For the two SR resource configurations for mTRP BFR, how to associate each SR resource configuration with the failed TRP of one SCell is up to RAN1 further discussion and decision.
Proposal 4: It is up to RAN1 to further discuss whether there is an association configuration between BFD-RS set on SCell and a SR resource configuration for BFR. 
There is one remaining issue 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 5: 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: The Rel-17 mTRP BFR MAC CE selects option 2 by using two sets of TRP bitmap at least for the eight-CC case.
Observation 1: UE should indicate the failed TRP information and/or failed serving cells as many as possible in the truncated BFR MAC CE.
Proposal 2: In the truncated enhanced BFR MAC CE, the second failed TRP field (if any) of each serving cell are truncated after truncating all the beam failure information of the failed TRPs or failed serving cells.
Observation 2: Since UE can receive the granted UL resource by the first triggered SR anyway, it wastes UE power to trigger the redundant SR and may cause ambiguity to network if UE sends the excessive SR by using the second SR resource configuration.
Proposal 3: A prohibit timer is introduced to avoid the excessive SR triggering in the case that UE may trigger the second SR due to the other BFR triggered in the second TRP of one SCell or SCell BFR while UE hasn’t received the uplink resource requested by the first triggered SR.
Proposal 4: It is up to RAN1 to further discuss whether there is an association configuration between BFD-RS set on SCell and a SR resource configuration for BFR. 
Proposal 5: The mTRP BFR procedure for intra-cell is applicable for inter-cell mTRP scenario.
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