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1 Introduction

At present, whether beam failure detection (BFD) could be performed in C-DRX (referred to DRX hereafter) inactive time is still open. In this contribution, we analyse this open issue and discuss the related solutions.

2 Discussion
In NR, when DRX is configured, the UE does not have to continuously monitor PDCCH. In DRX, on-duration is the duration that the UE waits for, after waking up, to receive PDCCHs [1]. In NR multi-beam operation control signals over PDCCH are transmitted and received using beamforming technology to overcome the lager path-loss of high frequency bands. However, due to user movement and signal blockage, the channel quality of the serving beam pair in a DRX cycle may degrade and thus cannot satisfy the requirement of PDCCH decoding in another DRX cycle. Accordingly, beam failure detection is introduced based on the up-to-date reference signal (e.g. CSI-RS or SSB) measurement results and it enables switching to suitable beam pair timely to support successful PDCCH monitoring.
Considering the reference signal used for BFD and DRX have their configurations respectively, and the time required by beam management may be the same order of magnitude as DRX on-duration, there are two solutions for the constraint of BFD:
· Option 1: BFD can only be performed during DRX active time in the UE
· Option 2: BFD could be performed during DRX inactive time in the UE
Although in LTE DRX mechanism has just be introduced to save the power consumption in the UE, battery volume is still one of the most important factors that limit the user experience of mobile smart device. So in NR we also should reduce the UE power consumption as much as possible. A related example is that periodic and semi-persistent CSI are only reported in DRX active time. It is obvious that the BFD during DRX inactive time would lead to additional power consumption. So
BFD during DRX inactive time should be avoided as possible if the potential involved problems could be fixed without bringing more power consumption.
Observation 1: BFD during DRX inactive time should be avoided as possible, if allowed.
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.” it means that it is possible that there are multiple reference signals within a DRX period and some of them are in DRX inactive time. However, because the UE does not need to monitor PDCCH in DRX inactive time, so it is assumed that the detected beam failure in inactive time is not very important to an extent. Moreover, even if the detected beam failure in inactive time has negative impacts, we could avoid them by configuring DRX (e.g. DRX cycle and slot offset configurations) and reference signal measurement timing for beam management jointly, because the above the PHY specification for BFD implies that failure indication period is longer than or equal to 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. Specifically, the feasibility of configuring DRX to adapt to the reference signal measurement timing for beam management is shown as follows.
As to reference signal measurement timing configuration, we know from TS 38.211 [3] that the slots where the UE shall assume periodic and semi-persistent CSI-RS to be transmitted are given by the following table.
Table I: Slots containing CSI-RS.

	CSI-RS-timeConfig
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	Slot offset
	Periodicity

	0 – 4
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	5 – 14 
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	10

	15 – 34
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	20

	35 – 74
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	40

	75 – 154
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	80

	155 – 314
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	160

	315 – 634
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	320

	635 – 1274
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According to the present TS 38.331 [4], the DRX cycle and slot offset configurations are as follows.

drx-LongCycleStartOffset


CHOICE {



ms10







INTEGER(0..9),



ms20







INTEGER(0..19),



ms32







INTEGER(0..31),



ms40







INTEGER(0..39),



ms60







INTEGER(0..59),



ms64







INTEGER(0..63),



ms70







INTEGER(0..69),



ms80







INTEGER(0..79),



ms128







INTEGER(0..127),



ms160







INTEGER(0..159),



ms256







INTEGER(0..255),



ms320







INTEGER(0..319),



ms512







INTEGER(0..511),



ms640







INTEGER(0..639),



ms1024







INTEGER(0..1023),



ms1280







INTEGER(0..1279),



ms2048







INTEGER(0..2047),



ms2560







INTEGER(0..2559),



ms5120







INTEGER(0..5119),



ms10240







INTEGER(0..10239)


},


-- FFS need for finer offset granulary


-- FFS need for shorter values for long and short cycles


shortDRX






SEQUENCE {



drx-ShortCycle





ENUMERATED
{













ms2, ms3, ms4, ms5, ms6, ms7, ms8, ms10, ms14, ms16, ms20, ms30, ms32,













ms35, ms40, ms64, ms80, ms128, ms160, ms256, ms320, ms512, ms640, spare9,













spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },



drx-ShortCycleTimer




INTEGER (1..16)


}




























OPTIONAL,
-- Need R


drx-SlotOffset





INTEGER (0..31)

Comparing Table I and the above DRX configurations, we find that the network could configure DRX (e.g. DRX cycle and slot offset configurations herein) and reference signal measurement timing for beam management jointly, so that the DRX inactive time could adapt to the existing reference signal measurement timing configuration for BFD. Moreover, based on the above the PHY specification for BFD, it is also feasible that DRX inactive time could adapt to the failure indication period of BDF.
Observation 2: it is feasible to make DRX inactive time adapt to the failure indication period and reference signal measurement timing for BDF.
Based on the above two observations, it is feasible for the UE to perform BFD only during active time when DRX is enabled.  
Proposal 1: BFD is not performed during inactive time in the UE when DRX is enabled.
3 Conclusion
This contribution discusses whether BFD could be performed in C-DRX inactive time, and gets the following observations and proposal:
Observation 1: BFD during DRX inactive time should be avoided as possible, if allowed.
Observation 2: it is feasible to make DRX inactive time adapt to the failure indication period and reference signal measurement timing for BDF.
Proposal 1: BFD is not performed during inactive time in the UE when DRX is enabled.
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