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1. Introduction

The need for beamFailureRecoveryTimer between RAN1 and RAN2 was identified due to different understanding and was raised for discussion in RAN #79. RAN plenary therefore made the following conclusion [1].
	For beamFailureREcoveryTimer:

· The current agreed specification remains as is: beamFailureRecoveryTimer is not specified until further guidance.

· RAN1 may further discuss in RAN1 whether and how the timer is used in the context of CBRA.  RAN1 should consider the existing RAN2 MAC procedure and if/when agreed in RAN1, inform RAN2 if and how the timer is envisioned to be used and how UE behaves in the case of timer expiry.  

· NOTE: From RAN1 perspective this would not be considered as a new RRC parameter or new feature, if a timer is agreed.


Thus, RAN1 further discussed the behaviour of beamFailureRecoveryTimer in RAN1 #92 bis meeting due to RAN plenary ruling. RAN1 confirmed that beamFailureRecoveryTimer is needed, and raised a potential use case from RAN1 perspective.  The corresponding LS as below [2] was sent for RAN2 to take into consideration.
	Overall Description:
RAN1 has discussed the use case of the beamFailureRecoveryTimer in the context of CBRA and reached following agreements:

· 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

· RAN1 confirms the following as a valid use case for beamFailureRecoveryTimer

· 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
ACTION: 
RAN1 respectfully asks RAN2 to take the above information into consideration. 


This contribution is to discuss the use case for beamFailureRecoveryTimer raised by RAN1, i.e.,   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.

On top of that, we provide an analysis for handling this valid use case with minimum impact to MAC specification.
2. Discussion

RAN2 had kindly asked RAN1 to clarify the usage of beamFailureRecoveryTimer. Then RAN1 replied us that the main usage of beamFailureRecoveryTimer is to ensure CFRA-based beam failure recovery procedure does not run endlessly and will terminate before or upon expiration of the timer. The details are shown in LS [1] as quoted below:
	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
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
The main usage of beamFailureRecoveryTimer is to ensure that CFRA-based beam failure recovery procedure does not run endlessly and will terminate before or upon expiration of the timer. For instance, 

· if beamFailureRecoveryTimer has expired and no new candidate beam satisfying the L1-RSRP requirement is identified, CFRA-based beam failure recovery is considered unsuccessful; or
· if beamFailureRecoveryTimer has not expired, but the max # of BFRQ transmissions is reached, CFRA-based beam failure recovery is considered unsuccessful; or
· if beamFailureRecoveryTimer has expired, but the max # of BFRQ transmission is not reached, CFRA-based beam failure recovery is considered unsuccessful


The original purpose of beamFailureRecoveryTimer was for the UE to consider BFR procedure (or RA procedure for BFR) is not successfully completed upon beamFailureRecoveryTimer expiry. The example is illustrated in Figure 1. RAN2 thought the purpose is similar to max preamble transmission (e.g., PREAMBLE_TRANSMISSION_COUNTER = preambleTxMax + 1). So the timer may be not needed from RAN2 point of view and RAN2 made the following agreement.

	RAN2 #101 Agreement [4]

=> From RAN2 point of view beamFailureRecoveryTimer is not supported


Observation 1:  RAN2 had agreed not to support beamFailureRecoveryTimer.
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Figure 1: The original intention of beamFailureRecoveryTimer
Based on the current MAC spec [3], the UE is allowed to dynamically switch between CF RA and CB RA during a single RA procedure. For example, the UE may initiates a CF RA procedure, and select a SSB/CS-RS associated with CF RA resource for a first attempt. But the UE may not receive a PDCCH during a RA response window at the first attempt. Then the UE may perform a RA resource selection procedure again for a second attempt. If none of qualified SSB/CS-RS associated with CF RA resources above a threshold, the UE may select any SSB associated with CB RA resources at the second attempt. If the second attempt is still not successful, the UE may try to perform the RA selection procedure again for a third attempt. At the third attempt, the UE may also select SSB/CS-RS to determine whether to use CF or CB RA resources. An exemplary diagram of a single RA procedure is shown in Figure 2. 
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Figure 2: CF RA and CB RA switch during a single RA procedure
Observation 2:  CF RA and CB RA is allowed to be dynamically switched during a single RA procedure.
However, such dynamic switch between CF and CR may be not helpful for beam failure recovery. For instance, if the UE attempts many times on CF RA resource(s) for BFR but not successful, it may mean that the configured CF RA resource(s) for BFR are not valid or not qualified enough. The UE should adopt CB RA resource(s) for increasing successful probability of BFR.

In our understanding, the latest clarification for beamFailureRecoveryTimer from RAN1 LS [2] is to provide a fixed event trigger for switching from CF PRACH resource(s) to CB PRACH resource(s). As illustrated in Figure 3, the UE can perform either CF RA or CB RA when beamFailureRecoveryTimer is running, but only can perform CB RA after beamFailureRecoveryTimer expiry.
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Figure 3: beamFailureRecoveryTimer based method
Observation 3:  The latest clarification for beamFailureRecoveryTimer from RAN1 LS [2] is to provide a fixed event trigger for switching from CF PRACH resource(s) to CB PRACH resource(s).
Proposal 1: UE is not allowed to dynamically switch between CF RA and CB RA upon and/or after an event triggered.
In order to avoid conflicting the agreement (i.e. not support the BFR timer). The simplest way to handle this use case in RA procedure is to utilize PREAMBLE_TRANSMISSION_COUNTER. PREAMBLE_TRANSMISSION_COUNTER can also reflect the consuming time of RA procedure for BFR.
Several benefits by using PREAMBLE_TRANSMISSION_COUNTER rather than beamFailureRecoveryTimer to provide a fixed event trigger for preventing from dynamically switching between CF RA and CB RA are listed below:

1. Without conflicting RAN2 agreement (i.e. not support BFR timer). 
2. PREAMBLE_TRANSMISSION_COUNTER can also reflect the consuming time of (CF) RA procedure for BFR.
3. Design behaviours on a new timer for MAC spec is not required (e.g. when to start/restart or stop the timer).

4. PREAMBLE_TRANSMISSION_COUNTER is incremented and could be determined whether reaching to a specific value when an attempt of RA procedure is end. It can reduce ambiguity since the BFR timer may expire on the intermission of the attempt for RA procedure.
As an example in Figure 4, if PREAMBLE_TRANSMISSION_COUNTER is less than a specific value, the UE could perform either CF RA or CB RA. If the PREAMBLE_TRANSMISSION_COUNTER reaches to the specific value, the UE could only perform CB RA. The specific value could be configured by network.
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Figure 4: PREAMBLE_TRANSMISSION_COUNTER based method
Proposal 2: UE is allowed to perform either CF RA or CBRA for BFR if the PREAMBLE_TRANSMISSION_COUNTER is less than a specific value but is only allowed to perform CB RA for BFR if PREAMBLE_TRANSMISSION_COUNTER is larger or equal to the specific value.

Proposal 3: The specific value of the proposal 2 can be configured by network.
3.
Conclusion

Based on the above analysis for switching between CF RA and CB RA during a single RA procedure, we have the following observations and proposals:
Observation 1:  RAN2 had agreed not to support beamFailureRecoveryTimer.
Observation 2:  CF RA and CB RA is allowed to be dynamically switched during a single RA procedure.
Observation 3:  The latest clarification for beamFailureRecoveryTimer from RAN1 LS [2] is to provide a fixed event trigger for switching from CF PRACH resource(s) to CB PRACH resource(s).
Proposal 1: UE is not allowed to dynamically switch between CF RA and CB RA upon and/or after an event triggered.
Proposal 2: UE is allowed to perform either CF RA or CBRA for BFR if the PREAMBLE_TRANSMISSION_COUNTER is less than a specific value but is only allowed to perform CB RA for BFR if PREAMBLE_TRANSMISSION_COUNTER is larger or equal to the specific value.

Proposal 3: The specific value of the proposal 2 can be configured by network.
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5. Text proposal for 38.321
5.1.2
Random Access Resource selection

The MAC entity shall:

1>
if the Random Access procedure was initiated for beam failure recovery (as specified in subclause 5.17); and

1>
if the contention-free Random Access Resources for beam failure recovery request associated with any of the SSBs and/or CSI-RSs have been explicitly provided by RRC; and

1>
if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs or the CSI-RSs with CSI-RSRP above cfra-csirs-DedicatedRACH-Threshold amongst the associated CSI-RSs is available; and
1> if PREAMBLE_TRANSMISSION_COUNTER < preambleTransCFRA:
2>
select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs or a CSI-RS with CSI-RSRP above cfra-csirs-DedicatedRACH-Threshold amongst the associated CSI-RSs;

2>
set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB or CSI-RS from the set of Random Access Preambles for beam failure recovery request.

1>
else if the ra-PreambleIndex has been explicitly provided by either PDCCH or RRC; and

1>
if the ra-PreambleIndex is not 0b000000; and

1>
if contention-free Random Access Resource associated with SSBs or CSI-RSs have not been explicitly provided by RRC:

2>
set the PREAMBLE_INDEX to the signalled ra-PreambleIndex.

1>
else if the contention-free Random Access Resources associated with SSBs have been explicitly provided by RRC and at least one SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs is available:

2>
select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs;

2>
set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB.

1>
else if the contention-free Random Access Resources associated with CSI-RSs have been explicitly provided by RRC and at least one CSI-RS with CSI-RSRP above cfra-csirs-DedicatedRACH-Threshold amongst the associated CSI-RSs is available:

2>
select a CSI-RS with CSI-RSRP above cfra-csirs-DedicatedRACH-Threshold amongst the associated CSI-RSs;

2>
set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected CSI-RS.

1>
else:

2>
if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:

3>
select an SSB with SS-RSRP above rsrp-ThresholdSSB.

2>
else:

3>
select any SSB.
5.17
Beam Failure Detection and Recovery procedure

The MAC entity may be configured by RRC with a beam failure recovery procedure which is used for indicating to the serving gNB of a new SSB or CSI-RS when beam failure is detected on the serving SSB(s)/CSI-RS(s). Beam failure is detected by counting beam failure instance indication from the lower layers to the MAC entity.

RRC configures the following parameters in the BeamFailureRecoveryConfig for the Beam Failure Detection and Recovery procedure:

-
beamFailureInstanceMaxCount for the beam failure detection;

-
beamFailureDetectionTimer for the beam failure detection;

-
candidateBeamThreshold: an RSRP threshold for the beam failure recovery;

-
preamblePowerRampingStep: preamblePowerRampingStep for the beam failure recovery;

-
preambleReceivedTargetPower: preambleReceivedTargetPower for the beam failure recovery;

-
preambleTransMax: preambleTransMax for the beam failure recovery;
· preambleTransCFRA: the maximum number of contention-free Random Access Preamble transmission for the beam failure recovery;
-
ra-ResponseWindow: the time window to monitor response(s) for the beam failure recovery using contention-free Random Access Preamble;

-
prach-ConfigIndex: prach-ConfigIndex for the beam failure recovery;

-
ra-ssb-OccasionMaskIndex: ra-ssb-OccasionMaskIndex for the beam failure recovery;

-
ra-OccasionList: ra-OccasionList for the beam failure recovery.
The following UE variables are used for the beam failure detection procedure:

-
BFI_COUNTER: counter for beam failure instance indication which is initially set to 0.

The MAC entity shall:

1>
if beam failure instance indication has been received from lower layers:

2>
start or restart the beamFailureDetectionTimer;
2>
increment BFI_COUNTER by 1;

2>
if BFI_COUNTER >= beamFailureInstanceMaxCount:

3>
initiate a Random Access procedure (see subclause 5.1) on the SpCell by applying the parameters configured in BeamFailureRecoveryConfig.

1>
if the beamFailureDetectionTimer expires:

2>
set BFI_COUNTER to 0.

1>
if the Random Access procedure is successfully completed (see subclause 5.1):

2>
consider the Beam Failure Recovery procedure successfully completed.
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