	
[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #116-e	R2-2111206
Electronic, 1st Nov. – 12th Nov. 2021

Agenda item:	8.17.3
Source: 	Huawei, HiSilicon
Title: 	Beam failure recovery for multi-TRP
Document for:	Discussion and Decision
1.  Introduction
In RAN2 #115-e meeting, we discussed beam failure detection (BFD) and beam failure recovery (BFR) for multi-TRP (mTRP). RAN2 agreed that TRP-specific BFD is needed. The relevant agreements are extracted as follows [1].
	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 BFR, RAN2 FFS on the detailed recovery procedure. In this contribution, we discuss how to support enhanced BFR for mTRP.
2. Discussion
2.1 Cell beam failure and TRP beam failure
In Rel-16, the UE perform BFD per serving cell. However, TRP-specific BFD is supported for mTRP in Rel-17. In this case, the UE performs BFD per TRP of a serving cell. Therefore, not only cell-level beam failure (BF) but also TRP-level BF can be detected by the UE. Since only two TRPs are considered in a serving cell for mTRP transmission in Rel-17, the UE considers that cell-level BF has occurred on a serving cell when TRP-level BF has occurred on both TRPs of that cell occur.
Proposal 1: The UE considers that Cell-level BF has occurred on a serving cell when TRP-level BF has occurred on both TRPs of that cell.
In RAN2 #115-e meeting, some agreements related to cell-level BF were made, which are extracted below.
	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 above agreements describe UE’s behaviour when cell-level BF is detected on SpCell and/or SCell. Note that “BFR is triggered for that SCell” as mentioned above implicitly means RACH is not initiated and MAC CE will be transmitted to request recovery for that SCell.
Observation 1: In RAN2 #115-e agreement, BFR is triggered for a cell means that the UE will transmit MAC CE to request recovery and RACH is not initiated on that cell.
The UE behaviour when BF is only detected on part of TRPs of a SpCell and/or SCell needs to be further specified. If only part of TRP (i.e., one TRP in Rel-17) of SpCell and/or SCell occur TRP-level BF, there is a good chance that the link between UE and TRP that doesn’t occur BF is still working. Therefore, in this case, a preferable method to request recovery is to transmit MAC CE, instead of initiating RACH.
Proposal 2: If BF is detected on one TRP of a SpCell and/or SCell on which the UE performs BFD on two TRPs, BFR is triggered for that TRP of the cell. The UE will transmit a MAC CE for recovery and RACH is not initiated on that cell.
RAN2 FFS what is meant in detail by “beam failure is detected on both TRPs”. According to the MAC spec [2], in Rel-16, beam failure is detected on a serving cell if BFI_COUNTER >= beamFailureInstanceMaxCount.
	1>	if beam failure instance indication has been received from lower layers:
2>	start or restart the beamFailureDetectionTimer;
2>	increment BFI_COUNTER by 1;
2>	if BFI_COUNTER >= beamFailureInstanceMaxCount:
3>	if the Serving Cell is SCell:
4>	trigger a BFR for this Serving Cell;
3>	else:
4>	initiate a Random Access procedure (see clause 5.1) on the SpCell.


Now for Rel-17, we have BFI_COUNTER1 and beamFailureInstanceMaxCount1 for TRP1, and BFI_COUNTER2 and beamFailureInstanceMaxCount2 for TRP2 of the serving cell. Therefore, we have the following different BF cases.
a) BFI_COUNTER1 >= beamFailureInstanceMaxCount1 and BFI_COUNTER2 < beamFailureInstanceMaxCount2
b) BFI_COUNTER1 < beamFailureInstanceMaxCount1 and BFI_COUNTER2 >= beamFailureInstanceMaxCount2
c) BFI_COUNTER1 >= beamFailureInstanceMaxCount1 and BFI_COUNTER2 >= beamFailureInstanceMaxCount2
BF is detected on TRP1 of the serving cell in case a), while BF is detected on TRP2 of the serving cell in case b). In case c), BF is detected on both TRPs, i.e., cell-level BF occurs on the serving cell.
Proposal 3: BF is detected on both TRPs if the value of each BFI_COUNTER corresponding to each TRP reaches a pre-defined threshold.
Note that BF is detected on both TRPs does not imply that it occurred on two TRPs exactly at the same time. For instance, TRP1 encounters BF at slot #x, later, TRP2 encounters BF at slot #y. Then the UE determines that BF is detected on both TRPs if the BF that occurred on TRP1 hasn’t successfully recovered yet.
Observation 2: BF is detected on both TRPs does not imply that two TRPs occur BF at exactly the same time.
2.2 Enhanced BFR MAC CE
We summarize the cases in which UE will transmit MAC CE for BFR: (1) SpCell occurs TRP-level BF, (2) SCell occurs TRP-level BF, and (3) SCell occurs cell-level BF. The legacy BFR MAC CE can indicate the relevant recovery information for each serving cell. However, in Rel-17, an enhanced BFR MAC CE is needed to indicate the relevant recovery information of each TRP of each serving cell. As for the detailed recovery information, RAN1 has some relevant agreements [3] as extracted below.
	Agreement
For multi-TRP BFR, a single MAC-CE is used at least for BFRQ for all TRPs in all CCs in a cell group, which includes
· Indices of failed BFD-RS set (as an indication of failed TRP link)
· Indices of CC containing the failed TRP link
· An indicator whether a new candidate beam is identified in the NBI-RS set associated with the failed BFD-RS set, and an resource indicator representing the new candidate beam (if identified) based on the number of NBI-RS resources in the corresponding NBI-RS set. 
· FFS: Content of MAC-CE related to SpCell when transmitted on msg3, msgA
· Note: MAC-CE signaling design details are up to RAN2
· The term “failed TRP link” is used here for discussion purposes only


Observation 3: An enhanced BFR MAC CE is needed to indicate the relevant recovery information of each TRP of each serving cell.
Notified by our RAN1 colleagues, CBRA based BFR is supported when Cell-level BF is occurred in SpCell. Whether to support CFRA based BFR is still under RAN1’s discussion.
Observation 4: RAN1 agrees to support CBRA based BFR and FFS CFRA based BFR.
In Rel-16 CBRA based BFR procedure, a BFR MAC CE can be included in Msg3/MsgA. There is a SP field in Rel-16 BFR MAC CE, and this SP field is set to 1 to indicate that beam failure is detected for SpCell. The UE can indicate a new available beam to the network through the mapping between SSB and ROs in CBRA procedure. In this case, explicit “Candidate RS ID” indication for SpCell is not needed.
Observation 5: Explicit “Candidate RS ID” indication for SpCell does not exist in Rel-16 BFR MAC CE.
RAN1 has a conclusion in RAN1 #106bis-e meeting: “Design of MAC-CE related to SpCell when transmitted on msg3, msgA is up to RAN2.” However, we think the detailed design is dependent on whether CFRA based BFR is supported. In the Rel-16 BFR procedure, CFRA is performed when an available beam is found in the candidate beam list and the corresponding CFRA resource is configured to the UE. Otherwise, CBRA is performed. If CFRA based BFR is supported for Rel-17 mTRP scenario, it is possible that we can re-use this similar RA type selection rule. Therefore, if CBRA is initiated, it may indicate that no available beam is found for both TRPs. Then there is no need to indicate available beams for the SpCell in the enhanced BFR MAC CE transmitted on Msg3/MsgA. 
Observation 6: The design of the enhanced BFR MAC-CE related to SpCell when transmitted on Msg3/MsgA might depend on whether CFRA based BFR is supported.
If CFRA based BFR is not supported, CBRA is initiated on a SpCell if BF is detected on both TRPs. If a UE finds two available beams for both two TRPs of the SpCell, it is beneficial for the network to know these two available beams from the RA procedure. Both TRPs of the SpCell can get recovered when the RA is successfully completed. Note that one available beam of one TRP can be indicated through the mapping between RSs and ROs in the preamble transmission stage, in this case, only the available beam of the other TRP needs to be included in the enhanced BFR MAC CE transmitted on Msg3/MsgA. If the UE only finds one available beam of one TRP, then this beam can be indicated through preamble transmission and there is no need to include the information in the enhanced BFR MAC CE.
Proposal 4: If RA is initiated on SpCell and the UE has good beams for both TRPs, the beam information which is not indicated through preamble transmission can be included in the enhanced BFR MAC CE transmitted on Msg3/MsgA (for CBRA) or the next uplink message (for CFRA, if supported).
In Rel-16 BFR operation for SCell, BFR is triggered for a SCell if BFI_COUNTER >= beamFailureInstanceMaxCount condition is met on that SCell. Then a BFR MAC CE will be transmitted by the UE to request recovery. The BFI_COUNTER will be set to zero if the UE receives a successful recovery response from the network. If the UE has not received the successful recovery response, the BFR will keep in “trigger state” since BFI_COUNTER >= beamFailureInstanceMaxCount condition is still met. In this case, a BFR MAC CE will be transmitted again. To avoid following unnecessary sending of BFR MAC CE triggered by that SCell, MAC cancel mechanism is used. The relevant procedure in the current MAC spec [2] is extracted below. 
	The MAC entity shall:
1>	if the Beam Failure Recovery procedure determines that at least one BFR 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:
2>	if UL-SCH resources are available for a new transmission and if the UL-SCH resources can accommodate the BFR MAC CE plus its subheader as a result of LCP:
3>	instruct the Multiplexing and Assembly procedure to generate the 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 BFR MAC CE plus its subheader as a result of LCP:
3>	instruct the Multiplexing and Assembly procedure to generate the Truncated BFR MAC CE.
2>	else:
3>	trigger the SR for SCell beam failure recovery for each SCell 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.
All BFRs 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.


For Rel-17 mTRP BFR operation, since the enhanced BFR MAC CE will be transmitted when beam failure was detected on only one of the two TRPs of a SpCell. A similar BFR cancellation should be introduced for SpCell.
Proposal 5: In mTRP BFR operation, BFR cancellation should apply to the SpCell.
3. Conclusion
In this contribution, we have the following proposals:
Proposal 1: The UE considers that Cell-level BF has occurred on a serving cell when TRP-level BF has occurred on both TRPs of that cell.
Proposal 2: If BF is detected on one TRP of a SpCell and/or SCell on which the UE performs BFD on two TRPs, BFR is triggered for that TRP of the cell. The UE will transmit a MAC CE for recovery and RACH is not initiated on that cell.
Proposal 3: BF is detected on both TRPs if the value of each BFI_COUNTER corresponding to each TRP reaches a pre-defined threshold.
Proposal 4: If RA is initiated on SpCell and the UE has good beams for both TRPs, the beam information which is not indicated through preamble transmission can be included in the enhanced BFR MAC CE transmitted on Msg3/MsgA (for CBRA) or the next uplink message (for CFRA, if supported).
Proposal 5: In mTRP BFR operation, BFR cancellation should apply to the SpCell.
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