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1 Introduction

In RAN1 #92bis, the following agreements were made regarding the timer for the beam failure recovery procedure in NR: 

Agreement: 

· Send an LS to RAN2 with following information

· RAN1 confirms the need for beamFailureRecoveryTimer and keep its uses as current RAN1 agreement

· Note: unsuccessful CFRA based BFR upon expiry of beamFailureRecoveryTimer means that UE shall not use CFRA for BFR after beamFailureRecoveryTimer expired and no indication to higher layer is required

· The following use case will be captured in the LS

· Candidate beam selection for contention-free PRACH-based BFR is based on L1-RSRP. For qualified candidate beam but poor SINR, the timer enables UE to try contention-based PRACH resources after timer expires 

· Note: CBRA resource can be used when there is no candidate beam identified from candidate-beam-RS-list, as described by TS 38.321 section 5.1.2.

· beamFailureRecoveryTimer does not apply to the use of CBRA resources.

And in RAN1 Ad-hoc 201801, the following agreement regarding BFR timer was made:

Agreement:

Behavior of Beam-failure-recovery-Timer

· Start Beam-failure-recovery-Timer upon beam failure detection event declared by UE

· Stop Beam-failure-recovery-Timer upon reception of gNB response for beam failure recovery request transmission
Include as part of LS to RAN2
Agreement: 

· From RAN1 perspective, contention-free PRACH-based beam failure recovery is considered unsuccessful when one of the following conditions is met

· Upon expiry of Beam-failure-recovery-Timer 

· Upon reaching max. # of BFRQ transmissions

Include as part of LS to RAN2
This contribution discusses the implications of these RAN1 agreements on MAC-layer BFR procedure, as well as additional details need to be designed to support the BFR procedure.

2 Discussion

Comparing the above RAN1 agreements for BFR with the BFR procedure specified in the current MAC-layer specification, we can identify the following key differences: 

•
Under the new RAN1 agreement, UE continuously performs only one type of RACH procedure for BFR, i.e. either only CFRA or only CBRA based BFR. Whereas in the current MAC specification, UE can switch between CFRA and CBRA during a BFR procedure, depend on whether any qualified candidate beams are available at the beginning of an attempt. 

•
The new RAN1 agreement also require BFR procedure to use a new timer, beamFailureRecoveryTimer (also called BFR timer in the rest of this document). The agreement specifies that the main purpose of this new timer is to control whether/when UE should switch from CFRA to CBRA based BFR.

Due to these changes, we think RAN2 needs to discuss a few more details for the new procedure specified by the new RAN1 agreement to work. They include the following:
1. Which type of RACH procedure should be used when BFR is initiated
As the note in the RAN1 agreement suggests, if there is no candidate beam identified from candidate-beam-RS-list, CBRA resources should be used. In addition, BFR timer is not used for CBRA based BFR. 
The agreement also confirms the need for BFR timer and kept its use as current RAN1 agreements (those made in RAN1 Ad-hoc 201801), i.e. BFR timer is started upon beam failure detection event declared by UE. Since CBRA based BFR procedure does not use any BFR timer, we can interpret these agreements as UE always start from CFRA based BFR, if dedicated BFR PRACH resources are configured.
Based on the above two observations, we can conclude that upon detection of beam failure, UE should apply the following criteria to decide whether to perform CFRA or CBRA based BFR: 
1>
if beamFailureRecoveryConfig is configured and includes rachConfigBFR and candidateBeamRSList:
2> 
initiate beamFailureRecoveryTimer;
2> 
initiate a CFRA based BFR procedure by applying the parameters configured in BeamFailureRecoveryConfig;
 

1>
else:


2>
initiate a CBRA based BFR procedure on the SpCell;

Note that which parameters UE should use for CBRA based BFR is FFS. 
Proposal 1. 
Upon detection of beam failure, UE initiates beamFailureRecoveryTimer and initiates only CFRA based BFR if beamFailureRecoveryConfig is configured and includes rachConfigBFR and candidateBeamRSList. Otherwise, UE initiates only CBRA based BFR without using beamFailureRecoveryTimer.

2. The need and use for beamFailureRecoveryTimer
According to the RAN1#92bis agreement, only CFRA based BFR is performed while BFR timer is running. The intention of this timer is to allow UE to contiguously use CFRA based BFR once it is chosen at start of a BFR procedure. More specifically, CFRA based BFR requires availability of qualified candidate beams. Because the qualification of candidate beams is determined based on L1-RSRP of candidate beams, which tend to have large variations between measurements, qualified candidate beams may not be always available at beginning or during a CFRA based BFR procedure. When that occurs, based on the RAN1 agreement, UE should not switch to CBRA based procedure. Instead, MAC layer should wait and polls PHY layer again for qualified candidate beams (for example, at the next transmission occasion of the reference signals for the candidate beams), until they become available or the BFR timer expires
This design is better because generally CFRA is faster than CBRA in recovering from beam failures and hence should be used as much as possible. Allowing UE to make multiple CFRA attempts helps filter out the large variations in L1-RSRP and increase the chance of CFRA being used. On the other hand, if no qualified candidate beams can be found after multiple attempts, then very likely all beams are lost, and it no longer makes sense for UE to continue trying CFRA. The use of BFR timer prevents UE from searching qualified beams endlessly in such cases. 

Note that for the same reason CBRA based procedure does not require BFR timer because its execution does not require availability of candidate beams.

Proposal 2. 
If no qualified candidate beams are available while beamFailureRecoveryTimer is running, MAC polls PHY for qualified candidate beams until they become available or beamFailureRecoveryTimer expires.

The termination of CFRA based BFR procedure is based on two events: when the preamble transmission counter reaches its maximum value, or the BFR timer has expired. In the latter case, we think there is an additional corner case, in which BFR timer expires in the middle of an on-going CFRA procedure (i.e. after Msg1 has been transmitted). If that happens, we think it is better for UE to finish the CFRA procedure instead of stopping it and switching to CBRA right away.
Proposal 3. 
UE switches from CFRA based BFR procedure to CBRA based one, if one of the following conditions is met:

· PREAMBLE_TRANSMISSION_COUNTER has reached preambleTxMax; or

· Expiry of BFR timer when there is no on-going CFRA attempt; or

· Unsuccessful completion of a CFRA attempt and the BFR timer has expired.
3 Summary
Based on the above discussions, we’d recommend RAN2 to discuss and decide on the following proposals:
Proposal 1. 
Upon detection of beam failure, UE initiates beamFailureRecoveryTimer and initiates only CFRA based BFR if beamFailureRecoveryConfig is configured and includes rachConfigBFR and candidateBeamRSList. Otherwise, UE initiates only CBRA based BFR without using beamFailureRecoveryTimer.

Proposal 2. 
If no qualified candidate beams are available while beamFailureRecoveryTimer is running, MAC polls PHY for qualified candidate beams until they become available or beamFailureRecoveryTimer expires.

Proposal 3. 
UE switches from CFRA based BFR procedure to CBRA based one, if one of the following conditions is met:

· PREAMBLE_TRANSMISSION_COUNTER has reached preambleTxMax; or

· Expiry of BFR timer when there is no on-going CFRA attempt; or

· Unsuccessful completion of a CFRA attempt and the BFR timer has expired.
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