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1 Introduction
In RAN2#101b, beam failure recovery for Scell was discussed, including possible solutions on how to report beam failure for an SCell. The following broad solutions were discussed [1]:
a) CFRA BFR on SCell UL and SCell DL. The CORESET-BFR for BFR response monitoring should be configured in USS.

b) CFRA BFR on SCell UL and PCell DL, using the same CORESET-BFR as BFR on SpCell.

c) CFRA BFR on PCell UL and PCell DL, using same resources as BFR on SpCell but different preambles.

d) MAC CE transmission on PCell to indicate the new beams.

Online discussion did not yield clear consensus on a given approach [2]:

· Chair: It seems unclear what is the scenario and requirements for the Scell BFR.
An LS was therefore sent to RAN1 to gather better understanding of what deployments and scenarios that require BFR reporting for SCell [1]. In this contribution, the above solutions are discussed and analysed. 
2 Discussion

Prior to discussing possible solutions to report BFR for an SCell, it is important to understand the severity and the required latency for reporting a beam failure detected on SCell. Solutions based on random access provide faster recovery at the cost of PRACH overhead that scales with the number of UEs configured with BFR per SCell. However, since NR does not support radio link failure reporting for SCells anyway, considering a rapid solution is not necessary.

Observation 1:
RLF is not reported for SCells in NR. A rapid solution for BFR on SCell is not required.
Since beam failure on an SCell is detected according to the quality of the CSI-RS configured on the SCell, it makes sense to transmit the beam failure recover response on the SCell as well. Basing the success for the BFR procedure detected on an SCell on receiving a response on the SpCell is not indicative of testing the recovery of the DL of the SCell, and thus may lead to a successive beam failure detection and recovery cycles. Therefore, a reasonable preamble based solution for BFR on SCell requires receiving RAR on the SCell that triggered BFR.
As per TS 38.321, RA on SCell can only be initiated by PDCCH order and the corresponding RAR is always sent on the SpCell. A preamble based BFR solution involving either the UE selecting a CF preamble on SCell or receiving RAR on the SCell requires considerable changes to TS 38.321. Further, changes are required to TS 38.331 to configure CFRA preambles (either on the SpCell or the SCell) per UE to indicate the selected SSB and/or CSI-RS above a configured RSRP threshold. Since the BFR RA procedure relies on falling back to CBRA if no CF PRACH is configured or if there are not any SSBs/CSI-RS that meet the RSRP threshold, replicating the BFR random access procedure to the SCell is not possible. 
Observation 2:
A preamble based solution for BFR on SCell may require changing the RA procedure to receive the RAR on the SCell on which beam failure was detected to test the SCell downlink.
Observation 3:
RA on SCell in NR is limited to CFRA initiated by PDCCH order. A preamble on SCell based BFR solution requires considerable changes to the RA procedure.

Observation 4:
A preamble based BFR solution requires configured dedicated CF PRACH resources per UE to indicate the selected SSB and/or CSI-RS above a configured RSRP threshold.
The PRACH overhead associated with a preamble based BFR solution is more profound if CF preambles are booked on the PCell, which could be on lower frequencies with fewer available resources in common deployments. Such configuration may be necessary if the SCell is a downlink-only cell.  

Observation 5:
A preamble on SCell based BFR solution does not support reporting beam failure for DL only SCells.
Observation 6:
A preamble based BFR solution results in significant PRACH overhead that scales with the number of UEs configured with BFR per SCell, especially if CF preambles are configured on the SpCell.
In addition to the aforementioned issues, reporting beam failure recovery using a random access procedure that involves either transmitting a preamble or receiving RAR on the SCell may be interrupted by the expiry of the SCell deactivation timer. 
Observation 7:
A preamble based BFR solution involving transmitting a preamble on SCell or receiving RAR on SCell can be interrupted by the expiry of the SCell deactivation timer.

Considering the analysis and the observations above, random access based solutions to report a detected beam failure for an SCell are neither scalable nor feasible without significant specification work in R15. Therefore, reporting beam failure for an SCell using a BFR MAC CE should be supported.
Proposal 1:
Beam failure recovery for an SCell is reported using a BFR MAC CE.
A BFR procedure triggered by sending a BFR MAC CE can be considered successful if the UE receives a PDCCH transmission addressed to its C-RNTI on the SCell on which beam failure was detected after reporting beam failure.
Proposal 2:
The UE considers a BFR procedure for SCell successful if it receives a PDCCH transmission on the SCell on which BFR was detected addressed to its C-RNTI after reporting a beam failure.
The BFR MAC CE should include the candidate beam identity or index, at least.
Proposal 3:
The BFR MAC CE indicates a candidate beam index from candidateBeamRSList. 
As per TS 38.331, the maximum number of candidate beams (maxNrofCandidateBeams) is 16 [4]. Therefore, 4 bits are sufficient for the purpose of reporting the selected candidate beam. If the BFR MAC CE is 1 octet, the remaining bits can be considered as reserved bits for future use, which could be used to indicate the SCell ID if more than 1 SCell supports BFR or a corresponding RSRP measurement of the indicated SSB or CSI-RS.
Proposal 4:
The candidate beam index in the BFR MAC CE is 4 bits.

Proposal 5:
The BFR MAC CE is 1 octet in size.

3 Conclusion

RAN2 should discuss the above and agree to the following: 
Proposal 1:
Beam failure recovery for an SCell is reported using a BFR MAC CE.

Proposal 2:
The UE considers a BFR procedure for SCell successful if it receives a PDCCH transmission on the SCell on which BFR was detected addressed to its C-RNTI after reporting a beam failure.

Proposal 3:
The BFR MAC CE indicates a candidate beam index from candidateBeamRSList. 

Proposal 4:
The candidate beam index in the BFR MAC CE is 4 bits.

Proposal 5:
The BFR MAC CE is 1 octet in size.
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