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1 Introduction
In this contribution, we discuss the remaining issues of multi TRP beam failure detection and recovery.
2 Discussion
2.1 Multi TRP Beam Failure Detection and Recovery Procedure
2.1.1 Handling beam failure detection on both TRPs of SpCell
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Triggered BFR for a TRP (i.e. a BFD-RS set) is cancelled when a MAC PDU is transmitted and this PDU includes an Enhanced BFR MAC CE or Truncated Enhanced BFR MAC CE which contains beam failure recovery information of that BFD-RS set of the SpCell. BFR for a BFD-RS set of serving cell is considered successfully completed, 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 or Truncated Enhanced BFR MAC CE which contains beam failure recovery information of this BFD-RS set of the Serving Cell.

BFR is triggered for TRP1 at time T1. Enhanced BFR MAC CE or Truncated Enhanced BFR MAC including beam failure recovery information for TRP1 is transmitted at time T2. BFR for TRP 1 is cancelled. Later at time T3, BFR for TRP2 is triggered. In case transmission of Enhanced BFR MAC CE or Truncated Enhanced BFR MAC including beam failure recovery information for TRP1 fails at T2, BFR for TRP2 is likely to fail if RACH is not initiated as BFR for TRP1 is not successfully completed as the DL reception will fail via both TRPs. So we propose that “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.

Proposal 1: “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.
2.1.2 Handling beam failure detection on both TRPs of SCell
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In the MAC specification there are two types of BFR

· BFR for a Serving Cell (or Cell specific BFR)
· BFR for a BFD-RS set of Serving Cell

When ‘BFR for a Serving Cell’ is triggered, UE transmits leagcy (Truncated) BFR MAC CE. This inlcudes one candidate beam and one candidate beam availaibilty indication for a Serving Cell. When ‘BFR for BFD-RS set’ is triggered, UE transmits (Truncated) Enhanced BFR MAC CE. This inlcudes one candidate beam and one candidate beam availaibilty indication for each failed BFD-RS set of Serving Cell.

Since RAN2 has agreed to transmit 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, it is reasonable to follow option 2. 

Proposal 2: 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 i.e. 

· BFR for BFD-RS set 1 of an SCell shall be cancelled when a MAC PDU is transmitted and this PDU includes an Enhanced BFR MAC CE or Truncated Enhanced BFR MAC CE which contains beam failure recovery information of BFD-RS set 1 of the SCell.
· BFR for BFD-RS set 2 of an SCell shall be cancelled when a MAC PDU is transmitted and this PDU includes an Enhanced BFR MAC CE or Truncated Enhanced BFR MAC CE which contains beam failure recovery information of BFD-RS set 2 of the SCell.
2.1.3 Criterion to cancel the triggered BFRs for BFD-RS set of SpCell
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This was discussed in RAN2#116 meeting. 15 out of companies supported this proposal. Two companies had concern that in case beam failure is detected for TRP 2 after BFR for TRP 1 is cancelled upon transmission of MAC PDU including beam failure recovery information of TRP 1, RA procedure is not triggered. However as discussed in 2.3.1, RA procedure can still be triggered if BFR for TRP1 is not successfully completed. So we propose:

Proposal 3: 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.
2.2 Scheduling Request Aspects of Multi TRP BFR

2.2.1 PUCCH-SR resource/SR configuration
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According to RAN1 agreements up to two PUCCH resource can be configured in a cell group for multi TRP BFR. The issue is how to configure these two PUCCH-SR resources. 
· Option 1: One SR configuration is associated with one PUCCH-SR resource. In this case 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.
· Option 2: One SR configuration is associated with up to two PUCCH-SR resources. In this case only one SR configuration is signaled for multi TRP BFR i.e. i.e. up to one schedulingRequestId for multi TRP BFR is included in MAC-CellGroupConfig. In order to associate two PUCCH-SR resources to same schedulingRequestId, schedulingRequestId configured for multi TRP BFR can be included in up to two SchedulingRequestResourceConfig.
In our view option 1 is aligned with current design of SR configuration where one SR configuration is associated with one PUCCH-SR resource. So we propose,

Proposal 4: For multi TRP BFR, 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.

2.3 RA Cancellation Aspects of Multi TRP BFR

According to current MAC specification [2], the MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for BFR 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 a BFR MAC CE or a Truncated BFR MAC CE which includes beam failure recovery information of that SCell; or
SR can be triggered for a BFD-RS set of a Serving Cell. This pending SR can trigger Random Access procedure if there are no valid PUCCH resources configured. In this case, similar to current principle, the MAC entity may stop, if any, ongoing Random Access procedure, 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 Serving Cell; or
Proposal 5: The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR triggered by BFR for a BFD-RS set of a Serving Cell, 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 Serving Cell.

2.4 Handling overlapping between PUCCH resources 

When the MAC entity has pending SR for beam failure recovery of a BFD-RS set, the PUCCH resource for beam failure recovery of that BFD-RS set for the SR transmission occasion can overlap with PUCCH resources for other purposes (e.g. BSR). The issue is which one should be prioritized. In our view the beam failure recovery is critical. So we propose that

Proposal 6: 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.

2.5 Enhanced BFR MAC CE Format Aspects
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Depending on whether one TRP of serving cell has failed or both TRPs of serving cell have failed, beam failure recovery information of one TRP or both TRPs needs to be included in enhanced BFR MAC CE. This means that there should be an indication (for each serving cell with failed TRP(s)) in enhanced BFR MAC CE which indicates whether both TRPs have failed or not. In other words, the indication is to indicate gNB whether beam failure recovery information of one or both TRPs are included in the enhanced BFR MAC CE.

Observation: There should be an indication (for each serving cell with failed TRP(s)) in enhanced BFR MAC CE which indicates whether both TRPs have failed or not.

Size of Beam Failure Recovery Information for one TRP

· AC Field: Candidate beam availability indication. Size is 1 bit.

· Candidate RS ID Field: There are up to maxNrofCandidateBeams candidate RSs in candidate beam list. Assuming number of candidate beams is 64 (same as in case of SCell BFR in Release 16), size of this field is 6 bits.

· BFD RS Set ID Field: Identification of failed TRP. Size is 1 bit as there are two TRPs.

If one additional field is included to indicate whether beam failure recovery information of TRP of a serving cell is followed by another TRP’s beam failure recovery information for same serving cell, two octets will be needed to indicate beam failure recovery information even when only one TRP has failed. In order to keep the overhead of beam failure recovery information for a TRP to one octet, two approaches can be considered.

Approach 1: 
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Figure 1

In this approach

· Beam failure recovery information consists of one or two octets.

· 1st octet of beam failure recovery information includes 1-bit F field, 1-bit ID field and 6-bit candidate RS ID 1 field.

· The candidate RS ID 1 field is for TRP identified by ID field. ID field is set to BFD-RS Set ID.
· F field indicates whether one TRP is failed or both TRPs are failed.

· 2nd octet of beam failure recovery information included two R bits and 6-bit candidate RS ID 2 field. 

· 2nd Octet is present only if F field is set to 1.

· 6-bit candidate RS ID 2 field is for TRP other than TRP identified by ID field

· Candidate RS ID field set to 0 indicates candidate beam is not available. Candidate RSs in candidate beam list are sequentially indexed from 1.
Approach 2: 
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Figure 2
In this approach

· Beam failure recovery information consists of one or two octets. Each octet is for one TRP and includes AC field, ID field and candidate RS ID or R bits. Candidate RS ID is included if AC field is set to 1. ID field is set to BFD-RS Set ID of failed TRP.

· Up to 4 octet Si bit map is added
· 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.

· One Sj bit corresponds to one 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.
Example of Option 2 is shown in Figure 3. 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 3
In our view approach 1 is simpler and has less overhead compared to approach 2.  So we prefer approach 1 but are ok to discuss approach 2.

Proposal 7: RAN2 to discuss and agree on one of the following approaches.

Approach 1:
· Beam failure recovery information consists of one or two octets.

· 1st octet of beam failure recovery information includes 1-bit F field, 1-bit ID field and 6-bit candidate RS ID 1 field.

· The candidate RS ID 1 field is for TRP identified by ID field. ID field is set to BFD-RS Set ID.

· F field indicates whether one TRP is failed or both TRPs are failed.

· 2nd octet of beam failure recovery information included two R bits and 6-bit candidate RS ID 2 field. 

· 2nd Octet is present only if F field is set to 1.

· 6-bit candidate RS ID 2 field is for TRP other than TRP identified by ID field

· Candidate RS ID field set to 0 indicates candidate beam is not available. Candidate RSs in candidate beam list are sequentially indexed from 1.

Approach 2:
· Beam failure recovery information consists of one or two octets. Each octet is for one TRP and includes AC field, ID field and candidate RS ID or R bits. Candidate RS ID is included if AC field is set to 1. ID field is set to BFD-RS Set ID of failed TRP.

· Up to 4 octets Si bit map is added
· 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.

· One Sj bit corresponds to one serving cell. It indicates whether both TRPs of serving cell have failed or not.

· Sj corresponds to jth failed serving cell in increasing order of Serving Cell Index
2.5.1 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 8: LCID is used for Enhanced BFR MAC CE with one octet Ci and truncated Enhanced BFR MAC CE with one octet Ci.

Proposal 9: eLCID is used for Enhanced BFR MAC CE with four octets Ci and truncated Enhanced BFR MAC CE with four octets Ci.

2.5.2 Additional constraint for Enhanced BFR MAC CE transmission in Msg3/MsgA

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

· 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)
· 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 8 bytes i.e. 64 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.

Approach 2: Depending on the size of Msg3/MsgA available after including C-RNTI MAC CE, include enhanced BFR MAC CE with beam failure recovery information of both TRPs; or include enhanced BFR MAC CE with beam failure recovery information of one TRP.
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 10: If RA procedure is initiated for beam failure recovery of both TRPs of SpCell:

· UE transmits enhanced BFR MAC CE with one octet Ci/SP bitmap in Msg3/MsgA.
· If number of available bits in Msg3/MsgA after including C-RNTI MAC CE is not enough, UE includes beam failure recovery information of only one TRP. Otherwise UE includes beam failure recovery information of both TRPs.

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: 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.
Proposal 2: 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 i.e. 

· BFR for BFD-RS set 1 of an SCell shall be cancelled when a MAC PDU is transmitted and this PDU includes an Enhanced BFR MAC CE or Truncated Enhanced BFR MAC CE which contains beam failure recovery information of BFD-RS set 1 of the SCell.

· BFR for BFD-RS set 2 of an SCell shall be cancelled when a MAC PDU is transmitted and this PDU includes an Enhanced BFR MAC CE or Truncated Enhanced BFR MAC CE which contains beam failure recovery information of BFD-RS set 2 of the SCell.
Proposal 3: 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.
Proposal 4: For multi TRP BFR, 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.
Proposal 5: The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR triggered by BFR for a BFD-RS set of a Serving Cell, 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 Serving Cell.

Proposal 6: 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.
Proposal 7: RAN2 to discuss and agree on one of the following approaches.

Approach 1:
· Beam failure recovery information consists of one or two octets.

· 1st octet of beam failure recovery information includes 1-bit F field, 1-bit ID field and 6-bit candidate RS ID 1 field.

· The candidate RS ID 1 field is for TRP identified by ID field. ID field is set to BFD-RS Set ID.

· F field indicates whether one TRP is failed or both TRPs are failed.

· 2nd octet of beam failure recovery information included two R bits and 6-bit candidate RS ID 2 field. 

· 2nd Octet is present only if F field is set to 1.

· 6-bit candidate RS ID 2 field is for TRP other than TRP identified by ID field

· Candidate RS ID field set to 0 indicates candidate beam is not available. Candidate RSs in candidate beam list are sequentially indexed from 1.

Approach 2:
· Beam failure recovery information consists of one or two octets. Each octet is for one TRP and includes AC field, ID field and candidate RS ID or R bits. Candidate RS ID is included if AC field is set to 1. ID field is set to BFD-RS Set ID of failed TRP.

· Up to 4 octets Si bit map is added
· 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.

· One Sj bit corresponds to one serving cell. It indicates whether both TRPs of serving cell have failed or not.

· Sj corresponds to jth failed serving cell in increasing order of serving cell index
Proposal 8: LCID is used for Enhanced BFR MAC CE with one octet Ci and truncated Enhanced BFR MAC CE with one octet Ci.

Proposal 9: eLCID is used for Enhanced BFR MAC CE with four octets Ci and truncated Enhanced BFR MAC CE with four octets Ci.

Proposal 10: If RA procedure is initiated for beam failure recovery of both TRPs of SpCell:

· UE transmits enhanced BFR MAC CE with one octet Ci/SP bitmap in Msg3/MsgA.

· If number of available bits in Msg3/MsgA after including C-RNTI MAC CE is not enough, UE includes beam failure recovery information of only one TRP. Otherwise UE includes beam failure recovery information of both TRPs.

4 References
 [1] RAN2 #116 chairman notes
RAN2#116 Agreement [1]


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.


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: “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: “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)





RAN2#116 Agreement [1]


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. 





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.





RAN2#116 Agreement [1]


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.








Agreement (RAN1#104-e)


For BFRQ of M-TRP BFR


Option 3: Up to two dedicated PUCCH-SR resources in a cell group





Agreement (RAN1#104bis-e) 


A UE configured with TRP-specific BFR can be configured with 1 PUCCH-SR resource in a cell group


NOTE: it has been agreed in RAN1#104-e that a UE can be configured with up to 2 PUCCH-SR resources in a cell group





Agreement (RAN1#104bis-e)


For the TRP specific BFR, for a UE configured with two PUCCH-SR resources in a cell group when beam failure is detected in a one or more CCs in one or more of BFD-RS sets configured in one or more of CCs,


Down select one of the following PUCCH-SR resource selection rules when SR is triggered (or their combinations) for the study, without precluding other alternatives, in RAN1#105-e


Alt-1: PUCCH-SR resource associated with other/non-failed BFD-RS set, association details FFS


Alt-2: PUCCH-SR resource associated with failed BFD-RS set, association details FFS


Alt-3: Leave it up to UE implementation


Note: PUCCH-SR resource is PUCCH resource carrying SR


FFS: Whether two PUCCH-SR resources are under the same or different SR resource configuration or SR configuration (eventual decision may or may not happen in RAN1)





Agreement (RAN1#107e)


On the PUCCH-SR resource/SR configurations selection rule when SR is triggered and 2 PUCCH-SR resource/SR configurations are configured, the UE triggers the PUCCH-SR resource/SR configuration that is associated with failed BFD-RS set.


Regarding whether the two dedicated PUCCH-SR resources are corresponding to one schedulingRequestId or two schedulingRequestId


Alt3: Leave it to RAN2





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.














C7

SP
C6
C5
C4
C3
C2
C1
One or 2 octet Beam failure recovery information
...
One or 2 octet Beam failure recovery information
C7

SP
C6
C5
C4
C3
C2
C1
One or 2 octet Beam failure recovery information
...
One or 2 octet Beam failure recovery information
C8
C9
C10
C11
C12
C13
C14
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
F
ID
Candidate RS ID 1
R
R
Candidate RS ID 2
2nd Octet is present if 
F = 1. Otherwise only 1 octet is present
Candidate RS ID is set to 0, if candidate beam is not available. Otherwise it is set to candidate beam ID
Enhanced BFR MAC CE 1
Enhanced BFR MAC CE 2
Beam Failure Recovery Info Format



C7

SP
C6
C5
C4
C3
C2
C1
One or 2 octet Beam failure recovery information
...
One or 2 octet Beam failure recovery information
C7

SP
C6
C5
C4
C3
C2
C1
One or 2 octet Beam failure recovery information
...
One or 2 octet Beam failure recovery information
C8
C9
C10
C11
C12
C13
C14
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
Enhanced BFR MAC CE 1
Enhanced BFR MAC CE 2
S7
S0
S6
S5
S4
S3
S2
S1
2nd Octet is present if 
S = 1. Otherwise only 1 octet is present
Beam Failure Recovery Info Format
AC
ID
Candidate RS ID or R bits
AC
ID
Candidate RS ID or R bits
S7
S0
S6
S5
S4
S3
S2
S1
S15
S8
S14
S13
S12
S11
S10
S9
S23
S16
S22
S21
S20
S19
S18
S17
S31
S24
S30
S29
S28
S27
S26
S25



