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1 Introduction
In this contribution, we discuss the open issues of multi TRP beam failure detection and recovery.
2 Discussion
2.1 RA Cancellation Aspects of Multi TRP BFR

The cancellation of RA procedure triggered due to a pending SR triggered by BFR for a BFD-RS set of a Serving Cell, which has no valid PUCCH resources configured, was discussed in RAN2#116bise. Following agreements were made in RAN2#116bise:
· 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.
· 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

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. 
So in our view, similar to SCell, 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.
Proposal 1: 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.
2.2 Enhanced BFR MAC CE Format Aspects
2.2.1 Indication of whether one or both TRPs are failed

[image: image1]
According to option 2, two sets of serving cell bitmap are included in MAC CE. The first set of serving cell bitmap indicates the failure information associated with the first BFD-RS set and the second set of serving cell bitmap indicates the failure information associated with the second BFD-RS set. Beam failure recovery information does not include TRP ID (i.e. BFD-RS set ID)

According to option 3, a Sj bitmap in addition to serving cell Ci bitmap is included. This Sj bitmap indicates per failed Serving Cell configured with mTRP BFD/BFR whether one or both of the TRPs associated with the Serving Cell failed. The R bit of the AC/Candidate RS ID octet indicates the failed TRP ID. This is shown in Figure 1.
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Figure 1
Option 2 is not aligned with RAN2#115e agreement. Additionally, it incurs more overhead as two bit maps needs to be always included. In our view, Option 3 is simple, aligned with existing agreements and has less overhead as the second bitmap is needed only for the failed serving cells with mTRP BFD configuration.

Proposal 2: Include a Sj bitmap in addition to serving cell Ci 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. The R bit of the AC/Candidate RS ID octet indicates the failed TRP ID (i.e. BFD-RS set ID)

Each Sj bit corresponds to one failed serving cell. It indicates whether both TRPs of serving cell have failed or not. There are several ways in which Sj bit is mapped to serving cell:

· Option 1: Sj bit corresponds to serving cell with ServingCellIndex j, S0 corresponds to SpCell.

· Option 2: Sj corresponds to jth failed serving cell in increasing order of Serving Cell Index. Serving Cell index of SpCell is assumed to be zero. This is simple and incurs less overhead. So propose to adopt this.

Example of Option 2 is shown in Figure 2. Serving cells for which at least one TRP is failed are Serving cell with serving cell index 2, Serving cell with serving cell index 13, Serving cell with serving cell index 22 and Serving cell with serving cell index 31. Highest serving cell index of serving cell for which at least one TRP has failed is 31 (> 8), so BFR MAC CE 2 with 4 octet Ci bitmap is used. Number of serving cell for which at least one TRP is failed is 4 (<8), so one octet Si bit map is added. S0 corresponds to first failed serving cell i.e. with serving index 2. S1 corresponds to second failed serving cell i.e. with serving index 13. S2 corresponds to third failed serving cell i.e. with serving index 22. S3 corresponds to fourth failed serving cell i.e. with serving index 31. S4 to S7 is ignored and is set to 0
Option 2 has less overhead as the size of bitmap depends on number of serving cells for which at least one TRP has failed. 
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Figure 2
Proposal 3: One octet Sj bitmap is included in MAC CE with 7 Ci bits and 1 SP bit. Up to 4 octets Sj bitmap are included in MAC CE with 31 Ci bits and 1 SP bit.

Proposal 4: Sj corresponds to jth failed serving cell in increasing order of Serving Cell Index. Serving Cell index of SpCell is assumed to be zero.

2.2.2 LCID/eLCID in MAC Subheader of Enhanced BFR MAC CE

In the legacy, LCID is used for BFR MAC CE with one octet Ci and truncated BFR MAC CE with one octet Ci. eLCID is used for BFR MAC CE with four octets Ci and truncated BFR MAC CE with four octets Ci. Similar principle can be applied for enhanced BFR MAC CEs. Use of LCID for one octet Ci format reduces MAC sub header size.
Proposal 5: LCID is used for Enhanced BFR MAC CE with one octet Ci and truncated Enhanced BFR MAC CE with one octet Ci.

Proposal 6: eLCID is used for Enhanced BFR MAC CE with four octets Ci and truncated Enhanced BFR MAC CE with four octets Ci.

2.2.3 Truncation Aspects

In RAN2#116bis-e, discussed whether beam failure recovery information of only one TRP can be included if BFR for both TRPs of a serving cell are triggered. Following agreement was made:
· FFS whether to support TRP level truncation

In our view, TRP level truncation should be supported. It is beneficial to transmit beam failure recovery information of one TRP if sufficient UL grant size is not available to indicate beam failure recovery information of both TRPs, so that at least one TRP can be recovered.
Proposal 7: TRP level truncation is supported.

In case beam failure is detected for one or more TRPs of several serving cells, it is beneficial to maximize reporting of beam failure recovery information of at least one TRP for failed serving cells so that communication with maximum number of serving cells can be restored. 

Proposal 8: During truncation, TRP level truncation is applied to maximize the number of serving cells for which beam failure recovery information of at least one TRP is included in MAC CE.
2.2.4 Enhanced BFR MAC CE transmission in Msg3/MsgA of RA triggered for beam failure of both TRPs of SpCell
If beam failure is detected on both TRPs of SpCell, enhanced BFR MAC CE with beam failure recovery information of both TRPs is transmitted to gNB. enhanced BFR MAC is included in Msg3/MsgA. The size of MsgA/Msg3 is 56bits (for preamble group A).
Enhanced BFR MAC CE at least requires

· 2-byte MAC sub header (assuming LCID is used)
· 3-byte MAC CE payload 

· 1-byte Ci bitmap (We can put a constraint that MAC CE with only 1-byte Ci bitmap is used for Msg3/MsgA)
· 1-byte Sj bitmap 

· 2 bytes of beam failure recovery info for SpCell
C-RNTI MAC CE also needs to be included in Msg3/MsgA. The size of C-RNTI MAC CE is 3 bytes. So total size required for Enhanced BFR MAC CE + C-RNTI MAC CE is 9 bytes i.e. 72 bits. This is larger than minimum size of MsgA/Msg3. As a result, enhanced BFR MAC CE may not be included in Msg3/MsgA. This issue can be resolved using one of the following approaches
Approach 1: 1-byte MAC subheader is applied to enhanced BFR MAC CE included in Msg3/MsgA. In this case enhanced BFR MAC CE includes 1 octet Ci/SP bitmap and 2 octet of beam failure recovery information for SpCell. Beam failure recovery information of SCell’s TRP is not included. Sj bitmap is also not included.
Approach 2: Depending on the size of Msg3/MsgA available after including C-RNTI MAC CE, include BFR MAC CE with beam failure recovery information of both TRPs; or include BFR MAC CE with beam failure recovery information of one TRP or include BFR MAC CE with beam failure recovery information of zero TRPs. UE uses truncated format with one octet Ci bitmap, if truncated format with 4 octet Ci bitmap format  cannot be included.
Approach 3: If RA procedure is initiated for beam failure recovery of both BFD-RS sets of SpCell, UE select preamble group B. This ensures that UL grant is large enough to include the enhanced BFR MAC CE.
Proposal 9: If RA procedure is initiated for beam failure recovery of both TRPs of SpCell, RAN2 to discuss and agree on one of the following
· Option 1: 

· Depending on the size of Msg3/MsgA available after including C-RNTI MAC CE, include BFR MAC CE with beam failure recovery information of both TRPs; or include BFR MAC CE with beam failure recovery information of one TRP or include BFR MAC CE with beam failure recovery information of zero TRPs. 

· UE uses truncated format with one octet Ci bitmap, if truncated format with 4 octet Ci bitmap format cannot be included.

· Option 2
· If RA procedure is initiated for beam failure recovery of both BFD-RS sets of SpCell, UE select preamble group B.
2.3 Inter cell M-TRP

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, the mTRP BFR procedure for intra-cell is applicable for inter-cell mTRP scenario.

Proposal 10: The mTRP BFR procedure for intra-cell is applicable for inter-cell mTRP scenario.

2.4 BFR MAC CE prioritization
UE can be configured with multiple serving cells. Depending on the configuration, a serving cell (say serving cell Y) can be configured with M-TRP BFD/BFR (i.e. multiple BFD-RS sets are configured) while another serving cell (say serving cell X) can be configured with legacy BFD/BFR (i.e. multiple BFD-RS sets are not configured). 

If beam failure is detected for serving cell X, serving cell BFR is triggered and legacy BFR MAC CE needs to be transmitted for BFR of SCell X as per R16 procedure.

If beam failure is detected for TRP(s) of serving cell Y, BFR for BFD-RS set of serving cell Y is triggered and enhanced BFR MAC CE needs to be transmitted for BFR of BFD-RS set of serving cell Y as per R17 procedure.

Depending on the size of available UL grant, both the legacy BFR MAC CE and enhanced BFR MAC CE cannot be always accommodated in same MAC PDU.  So some prioritization rule is needed. The issue is whether to prioritize (LCP) legacy BFR MAC CE or enhanced BFR MAC CE if the UL grant size is not enough.
In our view SpCell’s BFR should be prioritized over SCell. If SP bit in legacy BFR MAC CE is set to 1, Prioritize legacy BFR MAC CE over enhanced BFR MAC CE. If SP bit in enhanced BFR MAC CE is set to 1, Prioritize enhanced BFR MAC CE over legacy BFR MAC CE. If SP bit is not set to 1 in either MAC CEs, UE can prioritize legacy or enhanced BFR MAC CE which indicates more number of serving cells having beam failure.
Proposal 11: If SP bit in legacy BFR MAC CE is set to 1, prioritize legacy BFR MAC CE over enhanced BFR MAC CE. If SP bit in enhanced BFR MAC CE is set to 1, prioritize enhanced BFR MAC CE over legacy BFR MAC CE.

Proposal 12: If SP bit is not set to 1 in either MAC CEs, UE can prioritize legacy or enhanced BFR MAC CE which indicates more number of serving cells having beam failure.
2.5 PUCCH resource prioritization

SR for beam failure recovery of a BFD-RS set 

· 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
SR for SCell BFR 

· When the MAC entity has pending SR for SCell beam failure recovery and the MAC entity has one or more PUCCH resources overlapping with PUCCH resource for SCell beam failure recovery for the SR transmission occasion, the MAC entity considers only the PUCCH resource for SCell beam failure recovery as valid.
As discussed in section 2.4, it is possible that SCell BFR is triggered for serving cell X and BFR of a BFD-RS set of serving cell Y is triggered. As a result, SR is pending for SCell BFR and another SR is pending for beam failure recovery of a BFD-RS set of a serving cell. In case PUCCH resource for pending SR for SCell beam failure recovery overlaps with PUCCH resource for beam failure recovery of BFD-RS set for the SR transmission occasion, which one should be considered valid by UE.
Option 1: the MAC entity considers the PUCCH resource for BFR of BFD-RS set of serving cell as valid and the MAC entity considers the PUCCH resource for SCell beam failure recovery as invalid.

Option 2: the MAC entity considers the PUCCH resource for BFR of BFD-RS set of serving cell as valid and considers the PUCCH resource for SCell beam failure recovery as invalid, if the pending SR for BFR of BFD-RS set of serving cell is for SpCell.
Option 3: the MAC entity considers the PUCCH resource for SCell beam failure recovery as valid and the MAC entity considers the PUCCH resource for BFR of BFD-RS set of serving cell as invalid.
Proposal 13: if PUCCH resource for pending SR for SCell beam failure recovery overlaps with PUCCH resource for pending SR for beam failure recovery of BFD-RS set for the SR transmission occasion, discuss and agree on of the following options:

Option 1: the MAC entity considers the PUCCH resource for BFR of BFD-RS set of serving cell as valid and the MAC entity considers the PUCCH resource for SCell beam failure recovery as invalid.

Option 2: the MAC entity considers the PUCCH resource for BFR of BFD-RS set of serving cell as valid and considers the PUCCH resource for SCell beam failure recovery as invalid, if the pending SR for BFR of BFD-RS set of serving cell is for SpCell.
Option 3: the MAC entity considers the PUCCH resource for SCell beam failure recovery as valid and the MAC entity considers the PUCCH resource for BFR of BFD-RS set of serving cell as invalid.

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: 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.

Proposal 2: Include a Sj bitmap in addition to serving cell Ci 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. The R bit of the AC/Candidate RS ID octet indicates the failed TRP ID (i.e. BFD-RS set ID)

Proposal 3: One octet Sj bitmap is included in MAC CE with 7 Ci bits and 1 SP bit. Up to 4 octets Sj bitmap are included in MAC CE with 31 Ci bits and 1 SP bit.

Proposal 4: Sj corresponds to jth failed serving cell in increasing order of Serving Cell Index. Serving Cell index of SpCell is assumed to be zero.

Proposal 5: LCID is used for Enhanced BFR MAC CE with one octet Ci and truncated Enhanced BFR MAC CE with one octet Ci.

Proposal 6: eLCID is used for Enhanced BFR MAC CE with four octets Ci and truncated Enhanced BFR MAC CE with four octets Ci.

Proposal 7: TRP level truncation is supported.

Proposal 8: During truncation, TRP level truncation is applied to maximize the number of serving cells for which beam failure recovery information of at least one TRP is included in MAC CE.

Proposal 9: If RA procedure is initiated for beam failure recovery of both TRPs of SpCell, RAN2 to discuss and agree on one of the following

· Option 1: 

· Depending on the size of Msg3/MsgA available after including C-RNTI MAC CE, include BFR MAC CE with beam failure recovery information of both TRPs; or include BFR MAC CE with beam failure recovery information of one TRP or include BFR MAC CE with beam failure recovery information of zero TRPs. 

· UE uses truncated format with one octet Ci bitmap, if truncated format with 4 octet Ci bitmap format cannot be included.

· Option 2

· If RA procedure is initiated for beam failure recovery of both BFD-RS sets of SpCell, UE select preamble group B.
Proposal 10: The mTRP BFR procedure for intra-cell is applicable for inter-cell mTRP scenario.

Proposal 11: If SP bit in legacy BFR MAC CE is set to 1, Prioritize legacy BFR MAC CE over enhanced BFR MAC CE. If SP bit in enhanced BFR MAC CE is set to 1, Prioritize enhanced BFR MAC CE over legacy BFR MAC CE.

Proposal 12: If SP bit is not set to 1 in either MAC CEs, UE can prioritize legacy or enhanced BFR MAC CE which indicates more number of serving cells having beam failure.
Proposal 13: if PUCCH resource for pending SR for SCell beam failure recovery overlaps with PUCCH resource for pending SR for beam failure recovery of BFD-RS set for the SR transmission occasion, discuss and agree on of the following options:

Option 1: the MAC entity considers the PUCCH resource for BFR of BFD-RS set of serving cell as valid and the MAC entity considers the PUCCH resource for SCell beam failure recovery as invalid.

Option 2: the MAC entity considers the PUCCH resource for BFR of BFD-RS set of serving cell as valid and considers the PUCCH resource for SCell beam failure recovery as invalid, if the pending SR for BFR of BFD-RS set of serving cell is for SpCell.
Option 3: the MAC entity considers the PUCCH resource for SCell beam failure recovery as valid and the MAC entity considers the PUCCH resource for BFR of BFD-RS set of serving cell as invalid.
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RAN2#115e Agreement


BFD-RS set ID is included in BFR MAC CE to identify the failed TRP





RAN2#116e Agreement


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.





RAN2#116bis-e Agreement


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)
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