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1 Introduction

This contribution discusses further details of the Scell Beam Failure Recovery procedure. In particular open issues stemming from the reply LS by RAN1 are addressed in this contribution.
2 Discussion
In recent RAN1/RAN2 meetings the UE behavior for Scell Beam Failure Recovery (BFR) procedure was discussed. RAN1 is currently specifying Beam Failure Recovery procedure for SCell as part of the MIMO enhancements Work Item. SCell Beam Failure Recovery (BFR) was briefly discussed in RAN1 and RAN2 during Release 15 but due to time constraints it was postponed to further releases. In RAN1#98, RAN1 provided responses to questions raised by RAN2 in order to design the Beam Failure Recovery mechanism. 
The reply LS can be found in R1-1909833

	1. Response/information on SCell BFR:

Response

RAN1 would like to thank RAN2 for the questions on SCell BFR and RAN1 responses are provided as follows. 

Q1: Can the UE transmit BFR MAC CE using UL grant of any serving cell or should there be a restriction not to send it on failed serving cell(s)?

R1: At least from RAN1 perspective, there is no need for introducing such restrictions on MAC CE transmission for BFR in Rel-16.

Q2: If the UE already has the UL grant on serving cell(s) on which BFR MAC CE can be transmitted based on the answer to question 1, is the UE still required to transmit SR-like indication for BFR?

R2: In this case, UE is not required to transmit SR-like indication for SCell BFR.

Q3: Is there a case where the SR-like dedicated PUCCH resource for SCell BFR is not configured? If the SR-like dedicated PUCCH resource is not configured, one possible option being considered by RAN2 is that the UE follows the existing framework for requesting uplink resources when no uplink resources are available (i.e. performs CBRA on SpCell).

R3: RAN1 did not discuss this case. RAN1 plans to conclude on this by RAN1#98bis.

Q4: Is the SR-like dedicated PUCCH resource for SCell BFR configured for each SCell separately or is it common for all SCell(s) of the same cell group (i.e. MCG/SCG)?

R4: The SR-like dedicated PUCCH resource for SCell BFR is not configured separately for each SCell. 

Q5: What conditions are used for the (successful) completion of the SCell BFR?

R5: When UE receives beam failure recovery response (BFRR) to step 2, UE can consider BFR procedure is finished, where the BFRR to step 2 is a normal uplink grant to schedule a new transmission for the same HARQ process as PUSCH carrying the step 2 MAC CE, which is the same as normal “ACK” for PUSCH.
Additional information

RAN1 would like to provide the following additional information on SCell BFR to RAN2.

· RAN1 suggests RAN2 to give higher priority for SCell BFR MAC CE than at least UL data, and also higher priority for SCell BFR PUCCH than normal SR

· The details on MAC CE for BFR, and whether to transmit a MAC CE to carry BFRQ information for 1 SCell or multiple SCells is up to RAN2

· RAN1 identified that beam failure on multiple SCells can occur simultaneously but have not reached consensus on how often this occurs




According to the RAN1 reply LS, RAN1 doesn’t see a need for restrictions on MAC CE transmission for BFR in Rel-16, i.e. UE can use UL grant of any serving cell for transmission of SCell BFR MAC CE. However the transmission of the SCell BFR MAC CE on a serving cell for which Beam Failure was declared might likely fail which in turn will delay the whole BFR procedure. It may be argued that UE may most likely not receive UL grants/DCI on a serving cell with beam failure and hence no UL transmission will take place. However UE may in addition to dynamically scheduled uplink transmissions also be configured with UL configured grant resources. 
We basically think that there is no value in continuing uplink transmissions on a serving cell for which BFR procedure was initiated since the UE may anyway not be reachable until the gNB has received the new candidate beams (BFR MAC CE) and reconfigured the set of serving beams accordingly. Therefore we propose that in the event of declaring beam failure and subsequently initiating the BFR procedure, UE shall stop all UL transmissions - e.g. SRS, PUCCH, configured grant PUSCH - on the serving cell (SCell) where the beam failure was detected. By stopping all UL transmissions it is implicitly ensured that the Scell BFR MAC CE is not transmitted on a Scell experiencing a Beam Failure.
We consider the UE behavior w.r.t UL transmissions for the event of declaring Beam failure and initiating BFR procedure similar to the case where the maximum uplink transmission timing difference between TAGs of the MAC entity or the maximum uplink transmission timing difference between TAGs of any MAC entity of the UE is exceeded, i.e. MAC entity stops uplink transmission for a Scell due to the fact that a Beam Failure Recovery procedure was initiated for that Scell, the MAC entity considers the timeAlignmentTimer associated with the SCell as expired
Proposal 1: MAC entity stops uplink transmission for a Scell due to the fact that a Beam Failure Recovery procedure was initiated for that Scell, the MAC entity considers the timeAlignmentTimer associated with the SCell as expired
RAN1 agreed to introduce a SR-like dedicated PUCCH resource in order to request uplink resources for the transmission of the Scell BFR MAC CE. Furthermore the Scell BFR SR PUCCH should have a higher priority than any other (LCH-related) SR for cases when two SR/PUCCH(s) are colliding. As mentioned in the LS there might be cases where network didn’t configure the UE with the BFR SR PUCCH resources, in which case RAN2 considers that UE should trigger the random access procedure for requesting UL resources. However performing the RACH procedure – in particular a contention-based RACH procedure – will result in delaying the Beam Failure Recovery procedure, which is somewhat contradictory to the RAN1 guidance to prioritize Scell BFR SR over any other SR, e.g. SR for URLLC. Therefore we think that for cases when UE doesn’t have valid BFR SR PUCCH resources, it’s better to use any valid SR PUCCH resources being configured for the LCH(s). For example UE may use the SR configuration providing the earliest available PUCCH resources for cases when UE has no valid BFR SR PUCCH resources. Alternatively UE uses PUCCH resources of a preconfigured SR configuration, e.g. SR configuration associated with a URLLC LCH. Only for cases when UE hasn’t any valid PUCCH resources for SR, the UE should fallback to the Random Access Procedure.
Proposal 2: For cases when UE has no valid BFR SR PUCCH resources, it should use valid PUCCH resources of a SR configuration being mapped to one or more LCH(s), in order to request UL-SCH resources for the transmission of the SCell BFR MAC CE. 
According to current agreements UE considers a SCell Beam Failure Recovery procedure successfully completed upon reception of an UL grant scheduling a new transmission for the HARQ process on which SCell BFR MAC CE was sent previously, i.e. thereby acknowledging the reception of the SCell BFR MAC CE. One problem with this definition may arise for cases when the SCell BFR MAC CE was transmitted on a configured grant and– after the expiry of the associated configuredGrantTimer – UE erroneously considers the next CG occasion/UL grant as the response/acknowledgment for BFR even though the Scell BFR MAC CE was not received by the gNB, i.e. the NDI bit is considered as toggled for configured uplink grants if the corresponding configuredGrantTimer is not running.

Therefore we propose that UE considers a SCell Beam Failure Recovery procedure successfully completed upon reception of a dynamic UL grant scheduling a new transmission for the HARQ process on which SCell BFR MAC CE was sent previously.
Proposal 3: UE considers a SCell Beam Failure Recovery procedure successfully completed upon reception of a dynamic UL grant scheduling a new transmission for the HARQ process on which SCell BFR MAC CE was sent previously.
Currently there is no UE behavior defined for cases when the SCell Beam Failure Recovery procedure is not successfully completed. When BFR SR on PUCCH fails, i.e. maximum number of transmissions is reached, RACH is triggered which ultimately leads to RLF/problem indication to RRC. The question would be whether some behaviour needs to be defined also for the case when UE doesn’t receive a Response/ACK for the transmission of the SCell BFR MAC CE. It may be beneficial to define a maximum time the UE is monitoring for a Response/ACK for the BFR MAC CE and for cases when no ACK was received to retrigger the transmission of the SCell BFR MAC CE. This would avoid a situation where UE is endlessly waiting for the Response/ACK. 
Proposal 4: RAN2 to discuss whether UE behaviour needs to be specified for cases when SCell BFR procedure is not successfully completed, e.g. retriggering of BFR SCell MAC CE transmission. 
3 Conclusion
This contribution discusses details of the SCell Beam failure recovery procedure. It is proposed to agree on the following:

Proposal 1: MAC entity stops uplink transmission for a Scell due to the fact that a Beam Failure Recovery procedure was initiated for that Scell, the MAC entity considers the timeAlignmentTimer associated with the SCell as expired.

Proposal 2: For cases when UE has no valid BFR SR PUCCH resources, it should use valid PUCCH resources of a SR configuration being mapped to one or more LCH(s), in order to request UL-SCH resources for the transmission of the SCell BFR MAC CE.
Proposal 3: UE considers a SCell Beam Failure Recovery procedure successfully completed upon reception of a dynamic UL grant scheduling a new transmission for the HARQ process on which SCell BFR MAC CE was sent previously.
Proposal 4: RAN2 to discuss whether UE behaviour needs to be specified for cases when SCell BFR procedure is not successfully completed, e.g. retriggering of BFR SCell MAC CE transmission. 
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