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1	Introduction
This TDoc discusses mTRP BFD/BFR issues.
2	Discussion
2.1	New BFR MAC CE for mTRP
RAN2#116-e reached 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.




The BFR MAC CE used for the Rel-16 beam failure recovery is depicted in the following (TS 38.321). The bitmap indicates the cells that have beam failure detected and – depending on whether normal or truncated BFR MAC CE is reported – whether byte containing candidate availability information and possible candidate RS ID is present. 
	

Figure 6.1.3.23-1: BFR and Truncated BFR MAC CE with one octet Ci field


Figure 6.1.3.23-2: BFR and Truncated BFR MAC CE with four octets Ci field



It should be noted that the configuration for a UE may include serving cells with and without mTRP BFD/BFR, that is, only the legacy per serving cell BFD/BFR may be configured for subset of the serving cells for the UE. Furthermore, for some of the cells with mTRP BFD/BFR configured only one TRP has failed while for some cells both TRPs have failed upon transmission of the New BFR MAC CE.
Observation 1: UE configuration can include Serving Cells with and without mTRP BFD/BFR configuration.
Observation 2: Upon transmission of the new BFR MAC CE, the following options for serving cell indication are required:
	-	Beam failure in the Serving Cell is not detected (legacy);
	-	Beam failure in the Serving Cell is detected (legacy – for cells not configured with mTRP BFD/BFR):
	-	Beam failure in one of the TRPs of the Serving Cell is detected;
	-	Beam failure in both of the TRPs of the Serving Cell is detected.
With the existing bitmap of the BFR MAC CE, the first two can be indicated (since NW knows the cells with and without mTRP BFD/BFR configuration), and also for the last two the bitmap can indicate that beam failure happened at least in one of the TRPs.
Simplest solution would be to encode TRP1 and TRP2 octets for the serving cells configured with mTRP BFD/BFR always in the New BFR MAC CE format and the existing R bit in the AC/Candidate RS ID octet could indicate if the beam failure for the given TRP is detected. This, however, seems not optimal as an extra byte of padding is encoded always in case only one TRP fails in a serving cell which could be envisioned to be the likeliest scenario.
To avoid such overhead, a new bitmap can be encoded after the existing bitmap which indicates for the serving cells indicated as failed in the first bitmap with mTRP BFD/BFR configuration if one or both of the TRPs failed in the cell. Furthermore, the R bit in the AC/Candidate RS ID octet can then indicate the TRP ID for which the failure is reported.
Proposal 1: For the New BFR MAC CE format, introduce a second bitmap which indicates per failed Serving Cell configured with mTRP BFD/BFR whether one or both of the TRPs associated with the Serving Cell failed.
Proposal 2: The R bit of the AC/Candidate RS ID octet indicates the failed TRP ID.
2.2	New BFR MAC CE in MsgA/Msg3
RAN2#116-e reached the following agreements:
	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).




As seen above, it was agreed that in case the BFD is on both TRPs of the SpCell and the RA procedure is triggered by the UE, the UE includes the New BFR MAC CE into the MsgA/Msg3 of the RA procedure to indicate the candidate beams for both TRPs of SpCell. However, it should be noted that the MsgA/Msg3 may provide only 4 bytes for the New BFR MAC CE indication – with the minimum MsgA/Msg3 size of 7 bytes while C-RNTI MAC CE takes 3 bytes. Furthermore, since the New BFR MAC CE is of variable size, the MAC subheader will take already two bytes out from the available 4 bytes.
Observation 3: MsgA/Msg3 may provide only 4 bytes for New BFR MAC CE indication out from which 2 bytes are required for the MAC subheader leaving 2 bytes for the BFR information.
Since the New BFR MAC CE will also come with the Ci/SP bitmap in front, 1 byte can be used to indicate BFR information for SpCell. Obviously, 1 byte is not sufficient to indicate candidate beams for both of the TRPs of the SpCell. Furthermore, since the UE does not generally know which SSBs are associated to which TRP, it cannot know if the preamble is transmitted to TRP0 or TRP1 of the SpCell – only in case such SSB would be part of the candidate beam list associated with one of the TRPs, the UE could have such knowledge (however, this is a special case).
Observation 4: The MsgA/Msg3 may provide room to indicate candidate RS ID only for one of the TPRs of the SpCell due to the Ci/SP bitmap taking one byte.
Observation 5: UE does not generally know to which TRP the SSB for which the RACH preamble is transmitted is associated with.
Furthermore, in the case the BFR is detected on only one of the TRPs of the SpCell and RA is triggered for UL grant request (due to no availability of BFR-SR), similarly, the UE would attempt to indicate the New BFR MAC CE in the MsgA/Msg3. Hence, NW could not deduce from the New BFR MAC CE if the BFR happened on one or both of the TRPs in case only one candidate can be encoded to the New BFR MAC CE.
As the RA is triggered only for UL grant request when BFR is detected in only one of the TRPs, a restriction could be specified that the New BFR MAC CE shall be encoded to MsgA/Msg3 only in case both TRPs of the SpCell have failed. This way the NW knows from the presence of the New BFR MAC CE in MsgA/Msg3 already that the BFR happened in both TRPs.
Proposal 3: New BFR MAC CE is encoded to MsgA/Msg3 only in case both TRPs of the SpCell have failed.
2.3	Concurrent beam failure on both TRPs
RAN2#116-e reached the following agreements:
	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.



For SCell, there seems to be no reason to associate the TRP failure completion between the TRPs as we always use BFR MAC CE to report the failure.
Proposal 4: For SCell, TRP specific BFR cancellation procedure is applied for each TRP independently.
For SpCell, however, it shall be noted that when the New BFR MAC CE is transmitted for one of the TRPs, there may be no candidate beam information indicated to the NW for that TRP in the MAC CE. In this case, if the Triggered BFRs are cancelled upon the New BFR MAC CE transmission or at the completion of BFR procedure upon NW response to the MAC CE (DCI with new UL grant), the UE has no beam to operate in case the second TRP fails at this point in time (or before the TCI states for the first TRP are reconfigured). The UE would transmit BFR SR in vain while it had no beam to receive an UL grant to indicate the New BFR MAC CE for the second TRP failure. In this case, the RA procedure should be triggered instead since no valid beam for DL for neither of the TRPs exist.
On the other hand, if the candidate beam information for the first TRP was indicated and NW responded with DCI, the failure of the second TRP after this point in time could be indicated with New BFR MAC CE given the new candidate beam indicated for the first failed TRP can be applied for DL reception.
It seems clear the concurrent TRP failure in SpCell cannot follow the analogy of BFR being triggered for the another TRP while the other TRP fails (in case the BFR trigger cancellation follows the same principle as for SCell, ie., TRPs are cancelled upon New BFR MAC CE transmission). The RA procedure shall be triggered by the failure of the second TRP until a beam for the first TRP has been recovered (new TCI state activated) – which also depends on the availability of candidate beam when the first TRP is reported by the New BFR MAC CE.
Proposal 5: For SpCell, the RA procedure for BFR shall be triggered by the failure of the second TRP until a beam for the first TRP has been recovered (new TCI state activated).
2.4	BFR-SR with beam failure on SpCell TRP
The following was agreed in RAN1#106-e meeting:
	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.



As agreed by RAN1, an association between a BFD-RS set on SpCell and a BFR SR configuration can be provided per TRP. This would mean that by detecting a beam failure on a first BFD-RS set associated with certain BFR-SR resource, the UE could, by means of the SR, indicate the beam failure happened on the first BFD-RS set. This could help NW, e.g., to provide the UL grant to transmit the BFR MAC CE through the TRP not associated with the first BFD-RS set.
On the other hand, if the UE has multiple BFR SR configurations, only the one associated with the BFD-RS set that failed should be considered valid in the SR procedure; otherwise, the UE should trigger RA procedure to request for UL resources.
Proposal 6: For SpCell, only the SR configuration associated with the failed BFD-RS set is considered valid in the SR procedure.
However, there seems to be no reason to restrict the NW associating LCHs or indication or the LBT failure recovery to the same SR configuration – similarly to Rel-16. Neither it should be restricted to associate both BFD-RS sets of the SpCell to the same SR configuration.
Proposal 7: As in legacy, for SR configuration associated with a BFD-RS set, NW can also associate logical channels or LBT failure recovery.
Proposal 8: NW can associate both BFD-RS sets of the SpCell to the same SR configuration.
3	Conclusion
Observation 1: UE configuration can include Serving Cells with and without mTRP BFD/BFR configuration.
Observation 2: Upon transmission of the new BFR MAC CE, the following options for serving cell indication are required:
	-	Beam failure in the Serving Cell is not detected (legacy);
	-	Beam failure in the Serving Cell is detected (legacy – for cells not configured with mTRP BFD/BFR):
	-	Beam failure in one of the TRPs of the Serving Cell is detected;
	-	Beam failure in both of the TRPs of the Serving Cell is detected.
Proposal 1: For the New BFR MAC CE format, introduce a second bitmap which indicates per failed Serving Cell configured with mTRP BFD/BFR whether one or both of the TRPs associated with the Serving Cell failed.
Proposal 2: The R bit of the AC/Candidate RS ID octet indicates the failed TRP ID.
Observation 3: MsgA/Msg3 may provide only 4 bytes for New BFR MAC CE indication out from which 2 bytes are required for the MAC subheader leaving 2 bytes for the BFR information.
Observation 4: The MsgA/Msg3 may provide room to indicate candidate RS ID only for one of the TPRs of the SpCell due to the Ci/SP bitmap taking one byte.
Observation 5: UE does not generally know to which TRP the SSB for which the RACH preamble is transmitted is associated with.
Proposal 3: New BFR MAC CE is encoded to MsgA/Msg3 only in case both TRPs of the SpCell have failed.
Proposal 4: For SCell, TRP specific BFR cancellation procedure is applied for each TRP independently.
Proposal 5: For SpCell, the RA procedure for BFR shall be triggered by the failure of the second TRP until a beam for the first TRP has been recovered (new TCI state activated).
Proposal 6: For SpCell, only the SR configuration associated with the failed BFD-RS set is considered valid in the SR procedure.
Proposal 7: As in legacy, for SR configuration associated with a BFD-RS set, NW can also associate logical channels or LBT failure recovery.
Proposal 8: NW can associate both BFD-RS sets of the SpCell to the same SR configuration.
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