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1 Introduction

In RAN2 #103bis, the following agreement was made:
Agreements 

=>
UE will follow RAN4 requirements for beam failure measurements. FFS if triggers BFR remains as usual 
This contribution continues the discussion on when BFR should be performed if beam failure is detected during DRX off time.

2 Discussion

According to the latest RAN4 requirement (section 8.5.4, TS 38.133), to detect beam failure, the out-of-sync evaluations for all the configured RS resources in set 
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 are performed as specified in subclause 6 in TS 38.213. Two successive beam failure indications from Layer 1 are separated by at least TIndication_interval_BFD (i.e. beam failure indication period in TS 38.321). When DRX is configured, TIndication_interval_BFD is max(10ms, 1.5*DRX_cycle_length, 1.5*TBFD-RS,M) if DRX cycle_length is less than or equal to 320ms, and TIndication_interval_BFD is DRX_cycle_length if DRX cycle_length is greater than 320ms. As a result, in certain configurations, MAC may receive beam failure indication from Layer 1 during DRX off time. 
According to the current MAC specification, BFR is initiated once BFD is triggered. However, if BFD is triggered during DRX off time, this behavior may not be most efficient for UE, for the following reasons.

Firstly, because UE is not required to monitor PDCCH during DRX off time, there is no critical need for UE to recover its failed beam(s) immediately. If UE decides to postpone beam recovery but has new uplink data, it can perform BFR first and then send the scheduling request. Because UE is operating in DRX mode, the type of traffic that it carries must be delay insensitive or can tolerate delay up to duration of the DRX cycle. Therefore, we think it is acceptable for UE to have a short delay due to BFR before it can send SR.   
Observation 1.
During DRX off time, there is no critical need for UE to immediately recover its failed PDCCH beams.

Secondly, postponing BFR close to the next DRX on duration can greatly improve the chance that UE has good PDCCH beam(s) when the next on duration starts. This is because according to the BFD procedure specified above, there is no more beam failure indication from the lower layer before the next on duration. This means that PDCCH beam(s) may fail again due to fluctuating nature of multi-beam operation, but UE is not able to detect that failure when the next on duration starts. The longer a DRX cycle is, the more likely such a failure may happen. Therefore, by postponing BFR as late as possible (up to the next on duration), UE can minimize the chance of having failed beams when DRX active time starts again.
During online discussion at the last meeting [1], some companies expressed concern that BFR may take a non-deterministic amount of time to complete. If the procedure is performed too close to the next DRX on duration, it may not finish by the time UE starts to monitor PDCCH. Hence UE may miss assignments or grants scheduled by network, and those resources end up wasted when that happens. 
We think this concern can be addressed from two perspectives:

· As analysed above, if BFR is performed immediately after beam failure is detected and this recovery is far before the next on duration starts, there is chance that the beam(s) may fail again by the next on duration. And UE cannot detect that failure until sometime later in that DRX cycle (according to the RAN4 requirement on BFD). In that case, UE would miss assignments or grants scheduled by network too. Recovering failed beam(s) close to on duration can help minimize this risk.
· Although time required by BFR may be non-deterministic, UE can estimate its possible duration based on, for example, measured strength of reference signals and the type of BFR (CFRA vs CBRA) to be used, and so on. It can then apply this estimate to start BFR procedure early enough so that the procedure is complete with a high probability by the next on duration. 
In summary, we think there is a chance that PDCCH beam(s) may be out of sync when an on duration starts, regardless of whether BFR is postponed or performed immediately after beam failure is detected. However, the difference is that in the former option, UE has control to minimize that risk to a low level. But in the latter option, either network or UE has little control to avoid that risk.  
Observation 2.
If beam failure occurs during DRX off time, postponing BFR can minimize the risk that UE has failed PDCCH beam(s) when the next DRX on duration starts.

Lastly, postponing beam failure recovery procedure can also help UE avoid extra power consumption. In a smart UE implementation, UE may keep only a low-power circuit to monitor reference signals during DRX off time. If UE performs beam failure recovery procedure immediately after beam failure is detected, it needs to turn on the entire transceiver, which consumes much higher power, to do that. This would result in extra cycle of power on/off of the transceiver circuits and thus extra power consumption, when compared to the case where BFR is performed close to the next DRX on duration.      

Observation 3.
Postponing BFR can help UE avoid extra power consumption.
Based on the above observations, we therefore propose to leave it up to UE implementation when to perform BFR before the next DRX active time, if beam failure is detected during DRX off time.
Proposal.
If beam failure is detected during DRX off time, it is up to UE implementation when to perform beam failure recovery procedure before next DRX Active Time.
The CR that capture this proposal is in [2].

3 Conclusion
In summary, we’d make the following observations and proposals: 
Observation 1.
During DRX off time, there is no critical need for UE to immediately recover its failed PDCCH beams.

Observation 2.
If beam failure occurs during DRX off time, postponing BFR can minimize the risk that UE has failed PDCCH beam(s) when the next DRX on duration starts.

Observation 3.
Postponing BFR can help UE avoid extra power consumption.
Proposal.
If beam failure is detected during DRX off time, it is up to UE implementation when to perform beam failure recovery procedure before next DRX Active Time.
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