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1 Introduction

In RAN2 AH 1801 meeting, it was agreed that beam failure detection should be performed by MAC, and RA parameters for BFR should be captured in MAC spec as follows,

1 ResponseWindowSize-BFR is applied only for contention free BFRR preamble (as already captured in MAC specification).
2 PreambleInitialReceivedTargetPower-BFR and powerRampingStep-BFR are applied only for contention free BFRR preamble.

3 Maximum power applied to common RACH is dictated by the ra-PreambleTx-Max.

4 PreambleTransMax-BFR is applied only for contention free BFRR preamble. FFS how to capture it.  

5 Agreements will be captured in the MAC CR and reviewed during email discussion 

An LS [3] was also approved to ask RAN1 a few questions on BFR design, as quoted below,
	Q1: RAN2 asks RAN1 to clarify the principles of “beam-failure instance” counter maintenance, as well as the associated expected parameters and information/events received from the physical layer. 

Q2: Can RAN1 clarify the exact role and usage of the beamFailureRecoveryTimer?

Q3: RAN2 would like to know promptly from RAN1 if and how they envision supporting BFR in CA.


Meanwhile the following was agreed in RAN1.
	Agreement:

For beam failure detection model, PHY performs detection of beam failure instances, and indicates a flag to higher layer if a beam failure instance is detected

· FFS: When/Whether PHY needs to report candidate beam list and beam failure instance to MAC

· FFS: Whether non-beam failure instance is defined or is needed

Agreement:
Change candidate beam selection model to the following alternatives:

· PHY performs L1-RSRP evaluation of each candidate new beam, provides to higher layer the subset of {beam RS index, L1-RSRP measurements} that satisfies the L1-RSRP threshold

· RAN 1 expects higher layer to perform new candidate beam selection based on the subset of {beam RS index, RSRP measurements}

· Note: The mapping between beam RS index(es) to PRACH resource(s)/sequence(s) is done in MAC

· Support for candidate beam selection model is specified in the RAN2 specifications
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

Agreement: 

· Indication of beam failure instance to higher layer is periodic and indication interval is determined by the shortest periodicity of BFD RS 
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, which is also lower bounded by [10] ms.

· Note: if the evaluation is below beam failure instance BLER threshold, there is no indication to higher layer.

·  PHY provides to higher layer one or more sets of {beam RS index, L1-RSRP measurement} that satisfies the L1-RSRP threshold upon higher layer request.


In this contribution, we share our views on the remaining issues of beam failure recovery related to TS 38.321.

2 Discussion
2.1 Triggering of Beam Failure Recovery
Two options were mentioned in [3] on how to trigger beam failure recovery,
	Option 1: PHY delivers two types of notifications to MAC, namely “beam failure instance” and “no beam failure instance”. The former would e.g. result in MAC incrementing the counter and the latter in MAC resetting the counter. But this requires RAN1 to design a “no beam failure” criteria and notification. 

Option 2: PHY delivers to MAC “beam failure instance” notifications only and MAC maintains a timer for resetting the counter: the timer is (re)started upon every new reception of “beam-failure instance”. At timer expiry the counter is reset. But this also requires RAN1 to provide RAN2 with an indication of the maximum time interval of the beam failure “checks” in PHY so that RAN2 can design the timer accordingly or more generally to provide RAN2 with guidance on the timer values.


Since it has been agreed in RAN1 that there will be no “non-beam failure” indication, Option 1 above cannot be supported in NR. Option 2 uses a timer to ensure that the time gap between any two “consecutive” beam failure instances is within a given value, which also provides a sensible solution on defining “consecutive beam failure instances”. Hence Option 2 should be adopted, although some details need to be fixed, e.g., the timer should not be (re)started upon the particular beam failure instance that triggers Beam Failure Recovery.
Besides Option 1 and Option 2, another option is to use a timer to ensure that the total time for the Beam-Failure-Instance-MaxCount +1 consecutive beam failure instances that triggers the Beam Failure Recovery procedure is within a given value. The benefit of this option is that the UE processing related to such a timer is significantly lower comparing to Option 2.
Proposal 1: Option 2 in [3] or the following option is adopted for triggering of Beam Failure Recovery,
· Use a timer to ensure that the total time for the set of consecutive beam failure instances that triggers Beam Failure Recovery is within a given value.
2.2 Beam failure recovery timer
As can be seen in section 1, beamFailureRecoveryTimer is used to ensure that the time consumed on (non-contention based) Beam Failure Recovery (whether successful or not) is within a given value. In light of such a definition, text needs to be added to the MAC spec such that beam failure instance indication is only handled in MAC when beamFailureRecoveryTimer is not running. Otherwise the continually generated beam failure instances may trigger the starting of beamFailureRecoveryTimer again and again and the timer may never expires.
Furthermore, the following agreements reached in RAN1 AH 1706 meeting has only been partly captured in the MAC spec, i.e. upon expiry of beamFailureRecoveryTimer, it is now only mentioned in section 5.17 of TS 38.321 that beam failure recovery failure should be indicated to upper layers, but nothing is mentioned about “refraining from further beam failure recovery”. In our understanding, it should be clarified in the MAC spec that after the indication of unsuccessful recovery from beam failure, subsequent beam failure instances is not handled until later indicated by upper layers.
	Agreements:

In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery
o
Relationship between RLF and unsuccessful beam failure recovery indication (if any) e.g. whether beam failure recovery procedure influences or is influenced by the RLF event


Proposal 2: Indication of beam failure instance from lower layers is only handled when beamFailureRecoveryTimer is not running.

2.3 Candidate beam selection
The RA parameters for BFR were extensively discussed in RAN2 AH 1801 meeting, see e.g. [4], and agreements have been reached on the following parameters (see [1]):

· Response window size, 

· Preamble initial received target power, 
· Power ramping step, 
· Max preamble transmit power, 
· Max number of preamble transmissions.
However, the parameters on thresholds for candidate beam selection are still missing in RAN2 discussions. 
According to [6], the parameter name for the threshold (for CSI-RS) for candidate beam selection is Beam-failure-candidate-beam-threshold. Furthermore, for SSB, “deriving the threshold” can be specified as scaling the L1-RSRP with Pc_SS before comparing it with Beam-failure-candidate-beam-threshold, i.e. in a way similar to clause 6 of TS 38.213 [7] for beam failure detection as follows,
The physical layer in the UE shall assess the radio link quality according to the set 
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 of resource configurations against the threshold Qout,LR [10, TS 38.133]. The threshold Qout,LR corresponds to the default value of higher layer parameter RLM-IS-OOS-thresholdConfig and Beam-failure-candidate-beam-threshold, respectively. For the set 
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, the UE shall assess the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions DM-RS monitored by the UE. The UE applies the configured Qin,LR threshold for the periodic CSI-RS resource configurations. The UE applies the Qout,LR threshold for SS/PBCH blocks after scaling a SS/PBCH block transmission power with a value provided by higher layer parameter Pc_SS. 
Proposal 3: Align with RAN1 agreements on the thresholds for candidate beam selection, i.e. Beam-failure-candidate-beam-threshold for CSI-RSRP and a threshold derived from Beam-failure-candidate-beam-threshold for SS-RSRP, in TS 38.321.

3 Conclusion

This contribution discusses the remaining issues on the beam failure recovery procedure and proposes the following:

Proposal 1: Option 2 in [3] or the following option is adopted for triggering of Beam Failure Recovery,
· Use a timer to ensure that the total time for the set of consecutive beam failure instances that triggers Beam Failure Recovery is within a given value.
Proposal 2: Indication of beam failure instance from lower layers is only handled when beamFailureRecoveryTimer is not running.

Proposal 3: Align with RAN1 agreements on the thresholds for candidate beam selection, i.e. Beam-failure-candidate-beam-threshold for CSI-RSRP and a threshold derived from Beam-failure-candidate-beam-threshold for SS-RSRP, in TS 38.321.
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