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1. Introduction

In last meeting, RAN2 discussed two aspects of BFR in DRX. The first is whether the UE should measure beam failure detection resources during DRX off time. Since the beam failure resource measurement is in the scope of RAN4, RAN2 decides to follow RAN4 requirements unless they have further agreement. The second is whether the UE should immediately trigger the BFR procedure when beam failure is detected during DRX off time. The trade-off between immediately triggering BFR procedure and delaying to trigger are delay as well as power consumption. 
Thus, this document is to further discuss if the UE should trigger BFR procedure when beam failure is detected during DRX off time.
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Proposal.
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.   

Discussion 

1. BFD is not performed during inactive time

2. BFD is performed regardless of whether the MAC is active time or not

3. Similar to RLM, 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

-
Nokia thinks that we should just follow RAN4 requirements.  Interdigital agrees. 

-
Huawei is concerned because we do not report CSI during DRX 

-
Asustek thinks that we shouldn’t wake up to do BFD 

On whether the UE has to perform BFR if BFD is detected while in DRX 

-
Qualcomm is concerned about the UE triggering BFR.  Lenovo thinks it is a bit strange as the UE may trigger an SR and the UE should be reachable at that point in time.  Nokia agrees and the UE should be reachable.  
Agreements 

=>
UE will follow RAN4 requirements for beam failure measurements.  FFS if triggers BFR remains as usual 


2. Discussion

The purpose of BFR procedure is to recover serving beam(s) if the current serving beam(s) is not qualified (i.e. when the hypothetical BLER for all the BFD RSs are worse than a threshold). If the UE triggers a BFR 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. However, if the UE is in DRX off time, it implies that no scheduling is expected. The process of performing the BFR procedure and waking up due to drx-inactivityTimer will result in unnecessary power consumption. 
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Figure 1: The process of performing BFR procedure and waking up due to drx-inactivityTimer during DRX off time will result in unnecessary power consumption
Furthermore, the UE could not report CSI during DRX off time, so there is no beam measurement information for the network to maintain the serving beam(s). If DRX cycle is long (e.g. long DRX cycle may be up to 10 sec), the UE is likely to suffer from multiple times of beam failure during a DRX off time. Thus, the UE may need to perform BRF procedure several times during DRX off time, which is not beneficial for power saving.
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Figure 2: Performing BFR procedures several times during DRX off time will result in massive power consumption
Observation 1: The process of performing BFR procedure(s) and waking up due to drx-inactivityTimer (started while receiving BFR response) during DRX off time will result in massive power consumption.
One solution for power saving is to restrict the UE could only trigger BFR procedure during Active Time. The UE behaviour may like this: if beam failure is detected (BFI_COUNTER >= beamFailureInstanceMaxCount) during DRX off time, the UE could maintain BFI_COUNTER (i.e. not reset the BFI_COUNTER when beamFailureDetectionTimer expires), and then delay to trigger BFR procedure when the UE is in Active Time. Some companies may argue that if new data arrives and the UE triggers SR or RA during DRX off time, what should the UE do? Based on current specification, if a SR is triggered and pending, the UE should wake up to stay in Active Time to monitor potential scheduling. If the RA is triggered, the UE should also wake up to monitor the upcoming RAR. Therefore, the UE will trigger BFR procedure in Active Time based on the criterion.
However, the concern for this approach is the possible delay for scheduling. If network would like to schedule UE at the very beginning of Active Time, the UE may not be reachable due to BFR procedure is still ongoing. But this concern is also valid if the UE could trigger BFR procedure during DRX off time, since the BFR procedure may still haven’t finished at the beginning of Active Time.
Observation 2:  If BFR procedure can only be triggered during Active Time, the concern is  the possible delay for scheduling, e.g.  if network would like to schedule UE at the very beginning of Active Time.  
Observation 3: Even if the UE could trigger BFR procedure during DRX off time, the delay for scheduling may also happen.

[image: image3.emf]Beam failure detected 

and delay to trigger BFR

BFR

Trigger BFR

delay

Beam failure detected and 

trigger BFR immediately

BFR

delay


Figure 3: Possible delay for scheduling.
Due to both alternatives are not perfect, we should discuss which one is better based on the use cases.
In DRX, short DRX cycle and long DRX cycle are used to adaptively support power saving depending on the traffic. If traffic is low, the network may not schedule UE frequently, thus the long DRX cycle could be used to save power. But the trade-off is that the network could not schedule the UE promptly. If traffic is high, the network may frequently schedule the UE. Lots of DRX timers (e.g. drx-InactivityTimer, drx-RetransmissionTimer, etc.) and rules (e.g. when SR is pending, monitoring RAR, etc.) will force the UE to wake up. It means the UE will stay in Active Time in most of time.
Therefore, if traffic is low (i.e. DRX cycle may be long), it’s not urgent to recover the serving beam during DRX off time since there is no requirement for instantly scheduling by the network. So sacrificing the possible delay for scheduling is not a big problem in this case. But in long DRX cycle, the sleep time is much longer than Active Time, the benefit for power saving will be quite huge because the UE does not need to wake up to perform BFR procedure(s) during a long DRX off time.
On the other hand, if traffic is high (i.e. DRX cycle may be short), as mentioned above, lots of DRX timers and rules will force the UE to wake up. It implies that even if the beam failure is detected during DRX off time, the UE will not delay so much to trigger BFR procedure because the Active Time is coming very soon. Hence, for this case, we think there is no much delay for performing BFR procedure.

	The UE only triggers BFR procedure during Active Time

	
	Low Traffic (Long DRX cycle)
	High Traffic (Short DRX cycle)

	Possible delay for Scheduling
	☹☹
	☹

	UE power saving
	☺☺☺☺☺
	☺


Observation 4:  For high traffic case, if the UE can only trigger BFR procedure during DRX Active time, the delay for triggering BFR procedure is not obvious.

Observation 5: For low traffic case, if the UE can only trigger BFR procedure during DRX Active time, the benefit for power saving is much higher than reducing possible delay for scheduling.
Proposal 1: The UE can only initiate a RA procedure for BFR when the UE is in DRX Active Time.
Proposal 2: If Proposal 1 is agreed, the corresponding CR R2-1818193 [1] is suggested to be adopted.
3.
Conclusion

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

Observation 2:  If BFR procedure can only be triggered during Active Time, the concern is  the possible delay for scheduling, e.g.  if network would like to schedule UE at the very beginning of Active Time.  
Observation 3: Even if the UE could trigger BFR procedure during DRX off time, the delay for scheduling may also happen.
Observation 4:  For high traffic case, if the UE can only trigger BFR procedure during DRX Active time, the delay for triggering BFR procedure is not obvious.

Observation 5: For low traffic case, if the UE can only trigger BFR procedure during DRX Active time, the benefit for power saving is much higher than reducing possible delay for scheduling.
Proposal 1: The UE can only initiate a RA procedure for BFR when the UE is in DRX Active Time.
Proposal 2: If Proposal 1 is agreed, the corresponding CR R2-1818193 [1] is suggested to be adopted.
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