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1 Introduction

In RAN2 ad-hoc #1807, [3] was discussed but no conclusion was made. In this contribution, we discuss further how BFD procedure can be performed in DRX mode.
2 Discussion

The current MAC specification [1] does not specify whether UE should perform beam failure detection (BFD) procedure any differently in DRX mode. Similarly, the current PHY specification [2] specifies that the failure indication period is set to “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.” 
Under this rule, if DRX period is longer than the shortest periodicity of the configured BFD RSs, then it is possible that there are multiple instances of RSs between with a DRX period. Based on the required behaviors in the current MAC and PHY specifications, UE may have to wake up multiple times during DRX off time to perform BFD. From power saving point of view, such a behavior is not desirable, especially in the cases where the failure indication period is short and DRX cycle is long. 
The question then is whether BFD procedure can be skipped during DRX off time. We think it is feasible, for the following reasons. 

When UE is in DRX off time, we do not think UE needs to monitor PDCCH. Therefore, UE does not need to care if its beam(s) for PDCCH has failed or not until the next on duration. This is especially true in the case where DRX period is long and its serving beam(s) could fail more than once before the next on duration. Instead of performing failure recovery every time beam has failed, it is more power efficient that UE recovers its beam(s) only when PDCCH needs to be monitored. 
Our understanding is that similar argument has already been applied to other procedures in DRX mode. For example, in RAN2 NR Ad-hoc 1807, it was agreed that periodic and semi-persistent CSI are only reported in DRX active time [4]. Another example is radio link monitor (RLM) procedure. According to the text in Section 5, TS38.213 [2], which is copied below for quick reference, 
if the shortest periodicity for RLM resources is shorter than DRX period, UE needs to assess radio link quality only once per DRX period. And most likely a sensible gNB implementation would configure the offset of those RSs such that there is at least one instance of the RSs during an on duration. That would help UE avoid waking up during DRX off time to perform RLM procedure. 
Given the many similarities between RLM and BFD procedures, we think it is sensible to apply the same rules for RLM in DRX mode to BFR. More specifically, for BFD procedure,  
· UE determines the beam failure indication period as the maximum between the shortest periodicity for RSs configured for beam failure detection (i.e. a set 
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 in TS38.213) and the DRX period;
· UE assesses the radio link quality of RSs in set 
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 only once per indication period.  
Although link measurement and failure indication are performed only once per DRX period, we think beam failures can still be timely detected through proper network configurations. For instance, 
· If UE is delay sensitive, network can configure a short DRX cycle for the UE. If latency of failure detection is still a concern, network can further configure a small maximum for BFD counter, so that it takes only a small number of DRX cycles to trigger beam failure. 
· If UE is configured with a long DRX cycle, that implies UE is not sensitive to delay. For that reason, it would be fine if it takes UEs a few DRX cycles to trigger beam failure.  
Based on the above discussion, we’d like to propose the following for BFD procedure in DRX mode:
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.   

3 Conclusion
Based on the above discussion, we’d recommend RAN2 to discuss and decide on the following proposals:

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.   
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In DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality, evaluated over the previous time period defined in [10, TS 38.133], against thresholds (Qout and Qin) provided by higher layer parameter rlmInSyncOutOfSyncThreshold. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and the DRX period.
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