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[bookmark: _Ref488331639]Introduction 
in last meeting, RAN2 has discussed the beam failure detection and recovery issues on TRP BFR, and the following agreements are achieved:
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 this contribution, we discuss the remaining RAN2 specification impacts of per-TRP beam failure recovery based on the agreement made in both RAN1 and RAN2. 
[bookmark: _Ref178064866]Discussion
Beam failure declaration
In R15 and R16, the beam failure detection for SpCell and Scell is perform in MAC based on the beamFailureDetectionTimer and BFI_COUNTER, i.e. UE counts the beam failure instance received from lower layer, if BFI_COUNTER reaches the maximal value, UE trigger the BFR procedure.  
And it has been agreed in that TRP-specific BFD counter and timer is introduced for TRP-specific BFR, and the same beam failure detection procedure will be reused for TRP-specific BFD, that is, for each TRP configured for BFD, gNB configures the beamFailureDetectionTimer, beamFailureInstanceMaxCount as well as BFI_COUNTER separately. And MAC entity maintains separate beamFailureDetectionTimer and BFI_COUNTER for each TRP of a serving cell.
As BFD procedure is performed independently, there is one possible scenario that beam failure is detected on both TRPs. We have agreed the general solution for the given case, while it is unclear on how to define beam failure is detected on both TRPs. In our understanding, if TRP2 declare a beam failure during the beam failure recovery procedure of TRP1(i.e. the beam failure recovery has not successfully completed), MAC entity assume beam failure is detected both TRPs.
[bookmark: _Toc85789989]If TRP2 declares a beam failure during the beam failure recovery procedure of TRP1 (i.e. the beam failure recovery of TRP1 has not successfully completed), we assume beam failure is detected both TRPs.
Beam failure reporting
As agreed in RAN1, TRP-specific beam failure is reported to network via the BFR MAC CE, and the content of the MAC CE includes CC index, new beam info and whether the new candidate beam is available as well as TRP information, which is similar as the SCell BFR procedure.
RAN1 Agreement
For BFRQ of M-TRP BFR
· Support BFRQ MAC-CE that can convey information of failed CC indices, one new candidate beam for the failed TRP/CC (if found), and whether new candidate beam is found
· Support at least indication of a single TRP failure 
· FFS: whether/what information of failed TRP(s) is conveyed in the MAC-CE
· FFS: whether/how to support  indication of more than one TRP failure, corresponding BFR procedure, and applicable cell type (SCell vs. SpCell)
· FFS: UE behavior when TRP failure status is different across cells
· FFS: Whether PUCCH SR resource can be configured with 2 spatial relations

And RAN2 can start designing the TRP-specific BFR MAC CE upon RAN1 finalize the study on whether/what information of failed TRP(s) is conveyed in the MAC-CE.
[bookmark: _Toc85789990]R16 BFR MAC CE is considered as a baseline for TRP-specific BFR MAC CE design. 
[bookmark: _Toc85789991] The TRP BFR MAC CE indicates the following beam failure information:
[bookmark: _Toc85789992] -	information about the failed CC indication;
[bookmark: _Toc85789993]-   information about the failed TRP index;
[bookmark: _Toc85789994]-	indication if a new candidate beam RS is detected or not;
[bookmark: _Toc85789995]-	new candidate beam RS index (if available).
During last meeting, it has been discussed the scenario that the beam failure is detected on both TRPs. And one leftover issue is 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. RAN1 has no conclusion on that cell-specific BFD RS and mTRP BFD RS can be configured simultaneously. Also, the legacy BFR MAC CE is for cell beam failure info reporting, the reference signals configured for cell-specific BFD RS set and the candidate beam list may different from the TRP-specific configuration, thus it is preferred to report the TRP BFR MAC CE for both TRP failed scenario.

Considering the above scenario, TRP BFR MAC CE may support to report the beam failure information for both TRPs.
[bookmark: _Toc85789996]TRP BFR MAC CE can consist beam failure information for multiple TRPs.
[bookmark: _Toc85789997]If beam failure is detected on both TRPs, UE report the TRP BFR MAC CE which includes beam information for both TRPs.
SR configuration for TRP-BFR
In R16 SCell BFR, UE may trigger the SR for SCell beam failure recovery for each SCell for which BFR has been triggered if the available UL grant is not able to accommodate the BFR MAC CE. Similar as SCell BFR, TRP-BFR may also trigger a SR to request the UL grant for BFR MAC CE transmission.
RAN1 has agreed that a UE can be configured with up to 2 PUCCH-SR resources in a cell group, and based on current RAN2 specification, UE can be configured with at most one PUCCH resource for a SR configuration. By considering both the RAN2 limitation and RAN1 agreement, the most straightforward way is to associate the two configured PUCCH resources with separate SR configuration for each TRP. 
[bookmark: _Toc85789998]Up to two SR ID is configured for TRP-BFR within the same cell group, each SR ID associate with a PUCCH resource.
BFR completion
R16 SCell BFR completion relies on a successful reception of a PDCCH which is addressed to C-RNTI and contains the uplink grant for a new transmission, and the new transmission use same HARQ process for the transmission of the BFR MAC CE or Truncated BFR MAC CE which contains beam failure recovery information of the corresponding Serving Cell.
RAN1 Agreement
BFRQ response 
· Support at least the same gNB response as in Rel.16 SCell BFR (i.e. DCI with toggled NDI scheduling a same HARQ process ID as the PUSCH carrying BFRQ MAC-CE)

Based on the RAN1 agreement, TRP-specific BFR response is supported same as in SCell BFR, i.e. DCI with toggled NDI scheduling a same HARQ process ID as the PUSCH carrying BFRQ MAC-CE. That is, the same BFR completion condition can be applied for TRP-specific BFR procedure as well. 
[bookmark: _Toc85789999][bookmark: OLE_LINK19]The TRP-BFR is considered as successfully completed if a PDCCH addressed to C-RNTI indicating uplink grant for a new transmission is received.
Conclusion
Based on the discussion above, we have the following proposals:
Proposal 1	If TRP2 declares a beam failure during the beam failure recovery procedure of TRP1 (i.e. the beam failure recovery of TRP1 has not successfully completed), we assume beam failure is detected both TRPs.
Proposal 2	R16 BFR MAC CE is considered as a baseline for TRP-specific BFR MAC CE design.
Proposal 3	The TRP BFR MAC CE indicates the following beam failure information:
-	information about the failed CC indication;
-   information about the failed TRP index;
-	indication if a new candidate beam RS is detected or not;
-	new candidate beam RS index (if available).
Proposal 4	TRP BFR MAC CE can consist beam failure information for multiple TRPs.
Proposal 5	If beam failure is detected on both TRPs, UE report the TRP BFR MAC CE which includes beam information for both TRPs.
Proposal 6	Up to two SR ID is configured for TRP-BFR within the same cell group, each SR ID associate with a PUCCH resource.
Proposal 7	The TRP-BFR is considered as successfully completed if a PDCCH addressed to C-RNTI indicating uplink grant for a new transmission is received.
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