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Introduction
Beam failure recovery procedure is described in section 5.17 of TS 38.321. Based on a number of “beam failure instances” from physical layer MAC will trigger a random access procedure which allows the recovery. At RAN2 AH#1801 RAN2 outlined two options for the beam recovery procedure as described in [2]. In this contribution we provide an evaluation of the two options and suggest RAN2 to develop option 1.
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The three functions beam monitoring, beam failure detection, and beam failure recovery can be depicted as below.


Figure 1 – Beam failure functions
Beam monitoring is a function residing in L1. Beam failure detection is defined in section 5.17 of TS 38.321 and the random access procedure is also defined in TS 38.321. Much of this functionality is already captured in specifications, but some details related to the triggering of beam failure recovery remain.
Beam failure detection
From the RAN1 design it is known that a beam failure request is transmitted in the MAC upon occurrence  of the event that “the number of consecutive detected beam failure instances exceeding a configured maximum number”, and that the PHY layer provides every “detected beam failure instance” to the MAC for the determination.
In the RAN2 discussions [1], RAN2 observed that some information was missing from RAN1 to properly implement the detection of a beam failure. RAN2 has identified the two options for managing the counter in the MAC and described as below
Option 1: The PHY layer delivers two types of notifications to the MAC, namely “beam failure instance” and “no beam failure instance”. The former would e.g. result in incrementing the counter and the latter would lead to resetting the counter. But this requires RAN1 to design a “no beam failure” criteria and notification. 
Option 2: The PHY delivers to the 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.
[bookmark: _Hlk501003620]Option 1 is similar as the RLM procedure where the UE PHY layer compares the measured downlink channel quality with the out-of-sync and in-sync thresholds, Qout and Qin respectively. The physical layer evaluates the downlink channel quality and indicates out-of-sync or in-sync to RRC. The RRC layer then determines whether to trigger RLF or not based on the in-sync and out-of-sync indications. The drawback of the option 1 is to put more requirements on PHY layer to send two types of notifications, based on two different L1 thresholds. However, as an RLM mechanism is anyway needed it should not be unfeasible for RAN1 to design these additions.
With Option 2, there is an implicit assumption that the beam failure instances are periodically indicated as the absence of an indication can be detected. For this the MAC layer needs to be aware of the periodicity and start a timer at each beam failure instance. This adds complexity to MAC while at the same time a new procedure very similar to RLM is added. It should be better to reuse a known and proven design instead of designing something new this late in the standardization procedure. 
Therefore, we think Option 1 should be pursued.
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Text proposal
This text proposal is based on the Running CR for TS 38.321 in R2-1801546.
[bookmark: _Toc502437832]5.17	Beam Failure Recovery Request procedure
The beam failure recovery request procedure 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 the lower layers and indicated to the MAC entity.
Upper layers configure the following parameter for the Beam Failure Recovery Request procedure:
-	beamFailureInstanceMaxCount: The number of consecutive beam failure instances needed to trigger beam failure recovery request.
The following UE variables are used for the Beam Failure Recovery Request procedure:
-	BFR_COUNTER.
The MAC entity shall:
1>	if beam failure indication has been received from lower layers:
2>	increment BFR_COUNTER by 1;
2>	if BFR_COUNTER is equal to beamFailureInstanceMaxCount:
23>	start the beamFailureRecoveryTimer;
23>	initiate a Random Access procedure (see subclause 5.1) on the SpCell;
1>	if beam in sync indication is received from lower layers:
2>	set BFR_COUNTER to 0;
2>	stop the beamFailureRecoveryTimer if running;
1>	if the beamFailureRecoveryTimer expires:
2>	indicate beam failure recovery request failure to upper layers.
1>	if downlink assignment or uplink grant on the PDCCH addressed for the C-RNTI has been received:
2>	stop the beamFailureRecoveryTimer;
2>	set BFR_COUNTER to 0;
2>	consider the Beam Failure Recovery Request procedure successfully completed.
Conclusions
Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 adopts Option 1 for detection of a beam failure.
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