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1 Introduction

In RAN2#107bis meeting, PDCCH based WUS was discussed and following agreements were made:
Agreements

=>
From RAN2 perspective, it is desirable to support WUS for both short and long DRX and it can be configurable by the network.  However, RAN2 will follow the final RAN1 decision.

=>
Ask RAN1 if there are technical feasibility concerns to support WUS for short DRX

=>
Ask RAN1, what is the assumption regarding whether the UE considers also PDCCH-WUS during WUS occasion(s) to determine when/whether to report P/SP SRS and CSI (i.e. CSI/SRS are performed only during active time).  

In RAN2#108 meeting, PDCCH-based WUS was further discussed and made the following agreements:
Agreements:

1 PDCCH-WUS does not impact bwp-InactivityTimers, data inactivity timer and SCell inactivity timers

2 From RAN2 perspective, PDCCH-WUS indication regarding start/not start of the drx-OnDurationTimer on its next occurrence irrespective of BWP switch procedure (if WUS is configured in the new BWP otherwise the UE follows legacy).

3 UE behavior when PDCCH-WUS occurs during BWP switch is the same as when PDCCH-WUS occurs during Active Time (i.e. onDurationtimer is started).
4 UE behavior when PDCCH-WUS occurs during a measurement gap is the same as when PDCCH-WUS occurs during Active Time ((i.e. onDurationtimer is started)
In this paper, we discuss stage 3 remaining issues about PDCCH-WUS monitoring, and mainly focus on the exception conditions for UE not monitoring PDCCH-WUS.
2 Discussion

RAN2 made the agreement that UE does not monitor PDCCH-WUS during DRX Active Time or measurement gap or BWP switch. We think besides this, there are some other exception conditions under which UE should not monitor PDCCH-WUS either.
Case1: UE behaviour when a PDCCH-WUS occasion partially overlaps with DRX Active Time or measurement gap or BWP switching
According to the agreements in RAN2#107 and RAN2#108, UE does not monitor WUS during DRX Active Time or measurement gap or BWP switching. It’s not clear what’s the UE behaviour if a configured PDCCH-WUS monitoring occasion partially overlaps with DRX Active Time or measurement gap or BWP switching, which can be shown in the following figure as an example:
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Figure 1 A PDCCH-WUS monitoring occasion partially overlaps with DRX Active Time
This case is possible, since DRX Active Time may end at any time point given for example it’s dynamically controlled by drx-inactivityTimer. Thus, a PDCCH-WUS monitoring occasion may partially overlaps with the DRX Active Time.

In Rel-15, a similar case was handled during DRX discussion, i.e., UE does not monitor PDCCH if the DRX Active Time starts or ends in the middle of a PDCCH occasion:

The MAC entity needs not to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the Active Time starts or ends in the middle of a PDCCH occasion).
Thus, in our view, UE does not monitor PDCCH-WUS if DRX Active Time starts or ends in the middle of a PDCCH-WUS monitoring occasion. 
The UE behaviour when a PDCCH-WUS occasion partially overlaps with measurement gap or BWP switching is the same as that when a PDCCH-WUS occasion partially overlaps with DRX Active Time.
Proposal 1 UE does not monitor PDCCH-WUS if the PDCCH-WUS monitoring occasion partially overlaps with DRX Active Time or measurement gap or BWP switching.
Case2: UE behaviour when some of the configured multiple PDCCH-WUS occasions overlap with DRX Active Time or measurement gap or BWP switching
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Figure 2 some of the configured multiple PDCCH-WUS monitoring occasions overlap with DRX Active Time

Based on RAN1 agreements, there could be several PDCCH-WUS monitoring occasions configured before the next occurrence of drx-onDurationTimer. Since DRX Active Time may end at any time point, it is possible that some of the PDCCH-WUS monitoring occasions overlap with the DRX Active Time while the others are located outside the DRX Active Time. According to the agreement in RAN2#107, UE does not monitor PDCCH-WUS on the WUS monitoring occasion(s) which overlap with DRX Active Time, but it is not clear whether UE monitors WUS on the rest of WUS monitoring occasion(s) which do not overlap with DRX Active Time.

Considering that network may configure multiple PDCCH-WUS monitoring occasions for a UE for two possible purposes. One purpose is that network could send PDCCH-WUS repeatedly on the multiple PDCCH-WUS monitoring occasions in order to improve the PDCCH-WUS transmission reliability, and the other purpose is that network may send PDCCH-WUS on the multiple PDCCH-WUS monitoring occasions for beam sweeping. 

Observation 1 Multiple PDCCH-WUS monitoring occasions may be configured by network for the purpose of either PDCCH-WUS repetition or beam sweeping. 
In our view, if the network configures multiple PDCCH-WUS monitoring occasions for the purpose of WUS repetition, even the UE does not monitor WUS on WUS monitoring occasion(s) which overlap with DRX Active Time, UE could still monitor WUS on other WUS monitoring occasion(s) which do not overlap with DRX Active Time. 

If the network configures multiple PDCCH-WUS monitoring occasions for the purpose of beam sweeping, since the WUS sent on different PDCCH-WUS monitoring occasions correspond to different beams, since UE does not monitor WUS on WUS monitoring occasion(s) which overlap with DRX Active Time, the UE may miss the WUS if the WUS sent on these WUS monitoring occasion(s) match the UE’s beam, so in this case UE should also not monitor WUS on the rest of WUS monitoring occasion(s) which don’t overlap with DRX Active Time. In this way, UE would wake up and monitor PDCCH, so the miss-detection of PDCCH-WUS can be avoided,

Based on the analysis above, we propose that if some of the configured multiple PDCCH-WUS occasions overlaps with DRX Active Time, whether UE monitors PDCCH-WUS on other PDCCH-WUS occasions is configured by network.

The UE behaviour when some of the multiple PDCCH-WUS occasions overlap with measurement gap or BWP switching is the same as that when some of the multiple PDCCH-WUS occasions overlap with DRX Active Time.
Observation 2 If some of the configured multiple PDCCH-WUS monitoring occasions overlap with the DRX Active Time or measurement gap or BWP switching, whether UE monitors WUS on other PDCCH-WUS monitoring occasions which don’t overlap with the DRX Active Time depends on the use case of the multiple PDCCH-WUS monitoring occasions.
Proposal 2 If some of the configured PDCCH-WUS occasions overlap with DRX Active Time or measurement gap or BWP switching, whether UE monitors PDCCH-WUS on other PDCCH-WUS occasions is configured by network.
Case3: UE behaviour when a PDCCH-WUS indicating UE to wake up has been received
There is a case that multiple PDCCH-WUS monitoring occasions is located before the next occurrence of drx-onDurationTimer, and UE has detected a WUS before the last WUS monitoring occasion, it is not clear whether UE monitors WUS on the rest of WUS monitoring occasion(s) associated with the next occurrence of drx-onDurationTimer. We think the following two cases could be considered respectively.
Case 1: the WUS indicates UE to wake up

Case 2: the WUS indicates UE not to wake up

For case 1, we can assume that network wants to schedule the UE during the next occurrence of drx-onDurationTimer, so UE should following the WUS indication and could skip the left WUS monitoring occasions before the next occurrence of drx-onDurationTimer.
For case 2, if traffic arrives before the last WUS monitoring occasion associated with the next occurrence of drx-onDurationTimer, network can change its mind and send a second WUS to indicate the UE to wake up, so we think UE should monitor WUS on the rest of WUS monitoring occasion(s) in this case.
Proposal 3 If UE detects WUS indicating UE to wake up, UE can skip the left WUS monitoring occasions associated with the next occurrence of drx-onDurationTimer.

3 Conclusion

Based on the discussion we propose the following:
Proposal 1
UE does not monitor PDCCH-WUS if the PDCCH-WUS monitoring occasion partially overlaps with DRX Active Time or measurement gap or BWP switching.
Proposal 2
If some of the configured PDCCH-WUS occasions overlap with DRX Active Time or measurement gap or BWP switching, whether UE monitors PDCCH-WUS on other PDCCH-WUS occasions is configured by network.
Proposal 3
If UE detects WUS indicating UE to wake up, UE can skip the left WUS monitoring occasions associated with the next occurrence of drx-onDurationTimer.
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