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1. Introduction

In RAN2#106 meeting, some agreements about PDCCH-based power saving signals/channel had been made: 

Agreement 

1.
From RAN2 perspective, the WUS signalling is used to indicate to the UE to wake up to monitor the onDuration.  Apart from the onDuration, there are no DRX procedure impacts.

2.
FFS on UE behaviour when WUS collides with any event part of legacy active time (e.g. DRX Inactivity timer).  This will be discussed in the WI phase. 

3.
Details of WUS design is left to RAN1

In this contribution, we discuss the procedure triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDuration Timer and the detailed corresponding abnormal handling.
2. Discussion
RAN1 is discussing the WUS details including whether it targets a single UE or a group of UEs or both approaches. From our understanding, if WUS targets a single UE, WUS presence can be simply used to indicate the UE to wake up to monitor during drx-onDuration, which can greatly reduce overhead compared to WUS absence for wakeup purpose especially in sparse traffic case. If WUS targets a group of UEs, UE will always find WUS in each WUS occasion with its dedicated WUS indicator, e.g. WUS on or WUS off. According to RAN1 latest agreements, the gNB can indicate to the UE the monitoring occasion of WUS with an offset before drx-onDuration by explicit higher layer signaling or through the CORESET/search space. In a word, UE should wake up to monitor PDCCH in the next drx-onDuration Timer if the UE receives a positive WUS signaling with a indicated offset before the drx-onDuration Timer. Examples are shown in Fig1.
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Fig  WUS examples
Hence, we propose:

Proposal 1: UE should monitor PDCCH in the next drx-onDuration Timer if WUS, with an indicated offset before that drx-onDuration Timer, indicates UE to wake up.
The second issue we want to discuss is how to handle the situation when WUS collides with any event part of legacy active time (e.g. DRX Inactivity timer). There may be two options:
Option 1: UE continues to monitor WUS that collides with legacy active time and then decides whether to monitor PDCCH in the next drx-onDuration Timer;

Option 2: UE does not monitor WUS that collides with legacy active time and autonomously monitors PDCCH in the next drx-onDuration Timer;
Option 1 will follow the regular monitoring behavior between WUS in legacy active time and other WUS occasion. Option 2 is an optimization that UE can avoid simultaneously monitoring both PDCCH and WUS in legacy active time, e.g. in separate search space, etc. Besides, when WUS occasion is closed to drx-onDuration timer and current WUS in legacy active time, it is high probability that there will still be data transfers in the following drx-onDuration timer. Hence UE can directly prolong active time to include drx-onDuration timer without WUS indication as shown in the left of Fig 2. But when WUS targets a group of UEs, it is hardly guarantee that WUS is near drx-onDuration timers for all UEs. In group based WUS, option 1 is preferable. As shown in UE3 of Fig 2, there is some distance between WUS in active time and the next drx-onDuration timer. If there is no more data in the buffer, it may be better to let UE sleep in the next drx-onDuration timer.
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Fig 2 Examples of two options
Proposal 2: When WUS collides with any event part of legacy active time (e.g. DRX Inactivity timer), it can be baseline that UE continue to monitor WUS signaling and then decide whether to monitor PDCCH in the next drx-onDuration Timer.
The third issue is how to deal with the situation if no WUS signaling is detected for a long time. For that case, WUS may be lost due to poor link quality or there is really no traffic transfer requirement. Some companies think that it is better to wake UE up to monitor PDCCH with legacy DRX pattern even if no positive WUS is detected for a specific time. We are not sure whether PDCCH detection can be successful when WUS failure. From network perspective, network cannot know when and how long UE missed WUS and start to resume PDCCH monitoring. There is no impact on network scheduling behaviors for UE recovery. For the purpose of power saving, it is hardly decided how long UE should resume PDCCH monitoring without receiving WUS. Hence it can be left to UE implementation whether resume PDCCH monitoring with legacy DRX pattern if no any WUS signaling is detected for a long time.
Proposal 3: It is left to UE implementation whether to resume PDCCH monitoring with legacy DRX pattern or continue to sleep if no any WUS signaling is detected for a long time.
3. Conclusion

In this contribution, we discuss the detailed procedure related to the PDCCH-based power saving signal/channel. Based on the discussion, we have the following observations and proposals:

Proposal 1: UE should monitor PDCCH in the next drx-onDuration Timer if WUS, with an indicated offset before that drx-onDuration Timer, indicates UE to wake up.

Proposal 2: When WUS collides with any event part of legacy active time (e.g. DRX Inactivity timer), it can be baseline that UE continue to monitor WUS signaling and then decide whether to monitor PDCCH in the next drx-onDuration Timer.
Proposal 3: It is left to UE implementation whether to resume PDCCH monitoring with legacy DRX pattern or continue to sleep if no any WUS signaling is detected for a long time.
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