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Introduction
In RAN2 AH 1801 meeting, the initial RAN1 assumption indicated in RAN1 LS [1] regarding the location of the beam failure detection was confirmed by RAN2:
Agreements
1. The beam failure detection is performed by MAC. 

According to RAN1 directions, such Beam Failure Detection (BFD) in MAC consists in counting a number of “beam failure instances” indicated by PHY and declare Beam Failure when the counter reaches a configured maximum number. A reply LS was further sent by RAN2 in [2] asking some clarifications on the exact interactions between PHY and MAC to properly implement the above counter in MAC.
In the meantime, RAN1 made the following agreements in RAN1 AH 1801 meeting, addressing RAN2’s questions for clarification on the BFD:
	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
Agreement: 
· 
Indication of beam failure instance to higher layer is periodic and indication interval is determined by the shortest periodicity of BFD RS , 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.


In this contribution, we address how to capture the Beam Failure Detection procedure in the MAC specification.
Discussion
1.1. Capturing both Beam Failure Detection and Recovery Request procedures in TS38.321 
So far, TS38.321 only captures the Beam Failure Recovery Request (BFRR) procedure in Section 5.17. Since we now need to add the specification of the Beam Failure Detection (BFD) procedure, we suggest renaming the section to “Handling of Beam Failure” and to add two sub-sections for the BFD and BFRR (see TP in Annex).
Proposal 1: The Beam Failure Detection (BFD) and Beam Failure Recovery Request (BFRR) procedures are captured as two sub-sections of Section 5.17 re-titled to “Handling of Beam Failure”.
1.2. Beam Failure Detection in MAC 
Out of the two options mentioned in [2] for implementing the counter on the beam failure instances, it is clear from RAN1 latest agreements above that they selected Option 2 (copied below from [2] as reference):
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.

Figure 1 illustrates the principles of the BFD procedure, which, from MAC perspective can be summarized as follows:
1. MAC entity maintains a Beam Failure Instance (BFI) counter as well as a Beam Failure Instance (BFI) timer per Serving Cell as follows:
2. Upon receiving a Beam Failure Instance (BFI) flag from PHY, the MAC entity increments the BFI counter and (re)starts the BFI timer
3. Upon BFI timer expiry, the MAC entity resets the BFI counter
4. When BFI counter reaches its configured maximum number, MAC triggers BFRR for this Serving Cell 



[bookmark: _Ref503277093]Figure 1: BFD procedure principle

The above procedure works fine as long as the BFI timer is set properly i.e. to a larger value than the indication interval (determined by the shortest periodicity of BFD RS ) and a smaller value than twice the indication interval. As a result, a simple option can reduce to hard-coding the timer to 1.5 x indication interval.
Proposal 2: MAC entity maintains a Beam Failure Instance (BFI) counter as well as a Beam Failure Instance (BFI) timer per Serving Cell.
Proposal 3: Upon receiving a Beam Failure Instance (BFI) flag from PHY, the MAC entity increments the BFI counter and (re)starts the BFI timer.
Proposal 4: Upon BFI timer expiry, the MAC entity resets the BFI counter.
Proposal 5: When BFI counter reaches its configured maximum number, MAC triggers BFRR for this Serving Cell.
Proposal 6: The timer can either be configured or hard-coded to 1.5 x the indication interval.
Conclusion
In this contribution we discussed how to capture the Beam Failure Detection (BFD) procedure in MAC specification based on latest RAN1 and RAN2 agreements. The resulting proposals are as follows and we provide a TP in Annex.
Proposal 1: The Beam Failure Detection (BFD) and Beam Failure Recovery Request (BFRR) procedures are captured as two sub-sections of Section 5.17 re-titled to “Handling of Beam Failure”.
Proposal 2: MAC entity maintains a Beam Failure Instance (BFI) counter as well as a Beam Failure Instance (BFI) timer per Serving Cell.
Proposal 3: Upon receiving a Beam Failure Instance (BFI) flag from PHY, the MAC entity increments the BFI counter and (re)starts the BFI timer.
Proposal 4: Upon BFI timer expiry, the MAC entity resets the BFI counter.
Proposal 5: When BFI counter reaches its configured maximum number, MAC triggers BFRR for this Serving Cell.
Proposal 6: The timer can either be configured or hard-coded to 1.5 x the indication interval
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Annex: Text proposal to 38.321

[bookmark: _Toc502437832]5.17	Handling of Beam Failure Recovery Request procedure
[bookmark: _Toc502437835]5.17.1	Beam Failure Detection procedure
The beam failure detection (BFD) procedure aims at detecting a beam failure on a Serving Cell and triggering accordingly the beam failure recovery request.
RRC controls BFD operation by configuring the following parameters per Serving Cell:
-	beam-failureInstanceMax: the maximum number of consecutive beam failure instance indications received from lower layers before triggering a beam failure recovery request
-	beam-failureInstanceIndicationInterval: the period, in ms, at which MAC may expect a beam failure indication from lower layers.
The following UE variables are used for the BFD procedure:
-	BFI_TIMER;
- 	BFI_COUNTER
The MAC entity shall:
1>	Set BFI_TIMER to 1.5 x beam-failureInstanceIndicationInterval;
1>  Set BFI_COUNTER to 1;
1> if beam failure indication has been received from lower layers:
2>	start the BFI_TIMER;
2>	increment the BFI_COUNTER by 1;
2>	if BFI_COUNTER  = beam-failureInstanceMax + 1:
	3> trigger a beam failure recovery request
1> if BFI_TIMER expires:
2>	reset the BFI_COUNTER to 1;
5.17.2	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.
The MAC entity shall:
1>	if beam failure indication has been received from lower layers:
2>	start the beamFailureRecoveryTimer;
2>	initiate a Random Access procedure (see subclause 5.1) on the SpCell
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>	consider the Beam Failure Recovery Request procedure successfully completed.
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