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1. Introduction

In RAN2 AH-1807 meeting, RAN2 took some time to discuss whether the BFR procedure could be triggered during DRX sleep time [1], but there is no consensus. On the other hand, RAN1 also attempted to discuss the same topic via their Email discussion for BFR [2]. Some perspectives were drafted from companies, but RAN1 did not discuss it in last RAN1 meeting due to no enough time. 
Therefore, this contribution tries to summarize the alternatives from RAN2 and RAN1, then discusses which option is better.
2. Discussion

First, it is important to clarify what is the current behaviour for BFR procedure in DRX mode. It is noted that RAN4 only agreed the minimal interval (i.e. 2 ms) between BFI indications, but not the maximal interval. The corresponding description is specified in TS 38.213 as below:
TS 38.213 v15.2.0

The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set 
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 that the UE uses to assess the radio link quality and 2 msec.
From MAC perspective, whether to trigger a BFR procedure is only by counting the number of BFI indications received from PHY. For DRX, if DRX cycle is longer than the shortest periodicity of the configured BFD RSs, it is possible that there are multiple BFI indications between with a DRX cycle.
	TS 38.321 v15.2.0

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>
if beamFailureRecoveryConfig is configured:

4>
start the beamFailureRecoveryTimer, if configured;

4>
initiate a Random Access procedure (see subclause 5.1) on the SpCell by applying the parameters powerRampingStep, preambleReceivedTargetPower, and preambleTransMax configured in beamFailureRecoveryConfig.

3>
else:

4>
initiate a Random Access procedure (see subclause 5.1) on the SpCell.


Thus, it could be seen that BFR is applicable during DRX sleep time, i.e. there is no restriction for the UE to perform BFD and trigger BFR procedure during DRX sleep time, based on current specifications. 
The purpose of BFR is to recover serving beam(s) if the current serving beam(s) is not qualified. BFR procedure is to rely on random access procedure, e.g. when beam failure is detected, the UE could initiate a random access procedure for BFR. Then the NW may transmit an indication (e.g. TCI state indication) to the UE to update the serving beam(s).

However, if the UE is in sleep time of DRX, it may imply that there is no scheduling and/or data transmission ongoing. For an example as shown in Figure 1, If the UE initiates a random access procedure, the UE should wake up to monitor beam failure response. Then the UE should start or restart drx-inactivityTimer while receiving the beam failure response (i.e. PDCCH addressed to C-RNTI), and then stay in active time for a period. Since no scheduling and/or data transmission is ongoing, the process of performing the BFR procedure and waking up due to the drx-inactivityTimer may result in unnecessary power consumption. 
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Figure 1: The process of performing the BFR procedure and waking up due to the drx-inactivityTimer may result in unnecessary power consumption
In addition, if DRX cycle is long (e.g. the DRX cycle may be up to 10 sec), even though the UE recovers the serving beam, the UE may still suffer from next beam failure before the on duration time of next DRX cycle. For an example in Figure 2, the UE may need to perform RA procedure for BFR many times during the sleep time of DRX cycle, which is not beneficial for power saving.
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Figure 2: Performing BFR procedures many times during DRX sleep time is not beneficial for power saving
Observation 1: The process of performing the BFR procedure(s) and waking up due to the drx-inactivityTimer (started while receiving BFR response) during DRX sleep time may result in massive and unnecessary power consumption.
Proposal 1: BFR procedure should not be triggered during DRX sleep time.
In order to refrain from triggering BFR procedure during DRX sleep time, one option is that UE assesses radio link quality of the reference signals configured for beam failure detection once per failure indication period, which is determined as the maximum between the shortest periodicity of the reference signals and the DRX period [3]. In our understanding, if UE assesses radio link quality of the reference signals configured for beam failure detection once per DRX period, it means PHY could only send BFI indication to MAC once per DRX period, e.g. within OnDuration of a DRX cycle. Thus, if BFI indication has not reached to the maximum value for triggering BFR, there would be no chance for triggering BFR in the remaining Active time of the same DRX cycle, since there is no more BFI indication opportunities. It’s too restrictive to not allow the UE trigger BFR during active time of DRX.
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 Figure 3

On the other hand, if BFD timer (1 period to 10 periods of BFD RS) is shorter than DRX cycle (2ms to 10s) and the beamFailureInstanceMaxCount is not equal to 1, the UE will never trigger BFR since BFI counter is always reset before the next DRX cycle.
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Figure 4
Observation 2: If UE only assesses BFD RSs and send BFI indication once per DRX cycle, there are two risks:
· There would be no chance for triggering BFR in the remaining Active time of a DRX cycle since there is no more BFI indication opportunity for the same DRX cycle.
· If BFD timer is shorter than DRX cycle and the beamFailureInstanceMaxCount is not equal to 1, the UE will never trigger BFR.

Therefore, it is not desirable to prevent the UE from assessing BFD RSs and indicating BFI indications multiple times per DRX cycle. Other options could be taken into account.

Option 1-  MAC entity ignores the received BFI indication during DRX sleep time [4].
For this option, PHY is possible to measure BFD RSs and send BFI indication to MAC during DRX sleep time, but if MAC receives the BFI indication during DRX sleep time, the BFI indication will be ignored and the BFI counter will not be increased. So the BFR procedure will not be triggered during DRX sleep time
Option 2 – PHY layer doesn’t send BFI indication to MAC layer during DRX sleep time [5].
For this option, PHY should not send the BFI indication to MAC during DRX sleep time. So MAC will not receive the BFI indication, and then not triggering BFR procedure during DRX sleep time. The detailed description in PHY specification could be determined by RAN1.
Proposal 2: RAN2 selects one of the following options to avoid the UE triggering BFR procedure during DRX sleep time.
· Option 1 - MAC entity ignores the received BFI indication during DRX sleep time.

· Option 2 - PHY layer doesn’t send BFI indication to MAC layer during DRX sleep time.
Proposal 3: If option 1 is agreed, the corresponding CR R2-1815239 [6] could be adopted.

Proposal 4: If option 2 is agreed, an LS to RAN1 is needed.
3.
Conclusion

In the conclusion, we have the following observations and proposals.
Observation 1: The process of performing the BFR procedure(s) and waking up due to the drx-inactivityTimer (started while receiving BFR response) during DRX sleep time may result in massive and unnecessary power consumption.

Proposal 1: BFR procedure should not be triggered during DRX sleep time.
Observation 2: If UE only assesses BFD RSs and send BFI indication once per DRX cycle, there are two risks:

· There would be no chance for triggering BFR in the remaining Active time of a DRX cycle since there is no more BFI indication opportunity for the same DRX cycle.
· If BFD timer is shorter than DRX cycle and the beamFailureInstanceMaxCount is not equal to 1, the UE will never trigger BFR.

Proposal 2: RAN2 selects one of the following options to avoid the UE triggering BFR procedure during DRX sleep time.

· Option 1 - MAC entity ignores the received BFI indication during DRX sleep time.

· Option 2 - PHY layer doesn’t send BFI indication to MAC layer during DRX sleep time.
Proposal 3: If option 1 is agreed, the corresponding CR R2-1815239 [6] could be adopted.

Proposal 4: If option 2 is agreed, an LS to RAN1 is needed.
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