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1 Introduction

According to RP-191607 [1], the PDCCH-based power saving signal/channel in triggering UE adaptation to DRX operation would be specified. This contribution discusses some remaining issues for the power saving signal.
2 Discussion
A UE can be configured with PDCCH-based power saving signal (i.e. WUS) in DRX. If WUS is configured for the UE, then it should monitor WUS occasions at a known offset before DRX OnDuration. When the UE detects its WUS outside of the Active Time, it needs to wake up to detect PDCCH in the next OnDuration. The active time can be extended if there is continuous scheduling for this UE. Sometimes the active time may cover the WUS occasion which is illustrated in the following figure 1. Under this situation, it needs to clarify whether the UE needs to receive WUS within the overlapped occasion. During the last RAN1 meeting, it was agreed that the monitoring occasion(s) of the power saving signal/channel outside the Active Time is “indicated” to the UE by the gNB with an offset before the DRX ON[2]. RAN1 does not clearly state how to deal with WUS detection in overlapped occasion. WUS is carried by DCI format, which needs to occupy UE’s DCI detection number. For the overlapped occasion, the UE should prioritize PDCCH monitoring for potential scheduling than WUS detection. So we think the UE does not detect WUS during the overlapped occasion. 
When the UE does not receive any scheduling information after the overlapped occasion and turns to DRX, does the UE need to wake up in the next OnDuration? Two alternatives may be adopted:

· Alternative 1: No PDCCH monitoring in the next OnDuration, illustrated in Fig.1a
· Alternative 2: PDCCH monitoring in the next OnDuration, illustrated in Fig.1b

As the overlapped occasion is close to the next Onduration, the gNB can schedule this UE directly through the current DCI other than WUS if the gNB has known that there is downlink data for this UE. So if the UE does not receive any scheduling information during the overlapped period, it means that the gNB does not want to schedule this UE and there is no data for this UE in the subsequent slots. The UE can go to sleep and does not need to monitor PDCCH in the next Onduration, i.e. Fig.1a is preferred.
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Fig.1a No PDCCH monitoring in the next OnDuration


[image: image2.emf]Active Time

WUS

OnDuration

Time

WUS

DRX Cycle m DRX Cycle m+1

PDCCH 

Monitor


Fig.1b PDCCH monitoring in the next OnDuration
Proposal 1: When active time covers WUS occasion, UE does not detect WUS and assume there is no WUS for the next OnDuration.
UE can be configured with two types of DRX cycles: short DRX cycle and long DRX cycle. It needs to specify how to configure WUS for these two types of DRX cycles. There are three potential options:

· Option 1: WUS is only linked to long DRX cycle

· Option 2: WUS is only linked to short DRX cycle
· Option 3: WUS can be linked to both DRX cycles 
For option 1 and option 2, WUS is only linked to one type of DRX cycle. As WUS is introduced for UE power saving, it is nature to apply WUS in long DRX cycle, which can reduce UE power consumption further. Option 2 can be excluded as it can only be effective for power saving in limited scenarios.
Option 3 is different with option 1 because it can be flexible to apply WUS in both types of DRX cycle. For UE configured with short DRX cycle, it is assumed that data transmission would take place for a period of time, so drx-ShortCycleTimer is configured to permit active data transmission during this period. When UE finds that drx-ShortCycleTimer expires, it turns to long DRX cycle. According to the current specification [2], drx-ShortCycleTimer can be configure from 1 drx-ShortCycle  to 16 drx-ShortCycle. For example, if the network configures drx-ShortCycleTimer as 8 drx-ShortCycle, the data transmission may occur during the first 4 short DRX cycles, there is no data transmission in the subsequent 4 short DRX cycles. If option 1 is applicable and the UE can not be configured with WUS with short DRX cycle, the UE has to wake up to monitor downlink control information in every OnDuration in short DRX cycle, which is disadvantageous for power saving. On the other hand, if the network configures small drx-ShortCycleTimer such as 1 or 2 drx-ShortCycle, there is no need to apply WUS for this short DRX cycle as UE usually needs to perform data transmission during this short period. So whether to apply WUS in short DRX cycle depends on the length of drx-ShortCycleTimer.
Proposal 2: When wakeup signal is configured, the wakeup signal is applicable for long DRX cycle by default, and is configurable for short DRX cycle.
3 Conclusion

In this contribution we analyzed PDCCH-based power saving signal, and made the following proposals:
Proposal 1: When active time covers WUS occasion, UE does not detect WUS and assume there is no WUS for the next OnDuration.
Proposal 2: When wakeup signal is configured, the wakeup signal is applicable for long DRX cycle by default, and is configurable for short DRX cycle.
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