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1 Introduction

In RAN2#107 meeting, PDCCH based wake-up signal was discussed and following agreements were made:
Agreements:
1. The PDCCH-WUS triggers a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence of the drx-onDurationTimer. 
2. The PDCCH-WUS is considered jointly with DRX i.e. it is only configured when DRX is configured.

3. The PDCCH-WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
4. On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.

5. 
From RAN2 point of view the UE does not monitor WUS during active time.

6. If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.

7. The WUS is configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG) 
8. RLM and RRM measurements are not impacted by WUS design (i.e. the UE continues to measure the required reference signals as per RRM requirements)

There were quite good progress on UE behaviours when PDCCH-WUS is configured, however, there are still some stage 3 remaining issues. In this paper, we discuss the following stage 3 issues about PDCCH-WUS monitoring:
· What is the UE behavior if the PDCCH-WUS monitoring occasions partially overlap with DRX Active Time?
· Confirm the assumption that the configured PDCCH-WUS offset should be less than the configured DRX cycle.
· Whether PDCCH-WUS applies to DRX short cycle?

· How to handle mis-detection issue when PDCCH-WUS is configured?

2 Discussion

2.1 UE behaviour when PDCCH-WUS occasions partially overlaps with DRX Active Time
According to the agreement in RAN2#107, UE does not monitor WUS during DRX Active Time. It’s not clear what’s the UE behaviour if DRX Active Time partially overlaps with the configured PDCCH-WUS monitoring occasions, which can be shown in the following figure:
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Figure 1 PDCCH-WUS monitoring occasion partially overlaps with DRX Active Time
This case is possible, since as being discussed in RAN1, there could be several PDCCH-WUS monitoring occasions configured before the next occurrence of drx-onDurationTimer. DRX Active Time may end at any time point given for example it’s dynamically controlled by drx-inactivityTimer. Thus, the PDCCH-WUS can be partially overlapped with the DRX Active Time.
In Rel-15, 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 occasions.
Proposal 1 UE does not monitor PDCCH-WUS if DRX Active Time starts or ends in the middle of a PDCCH-WUS monitoring occasions.
2.2 Whether the configured PDCCH-WUS offset is larger than DRX cycle?
As agreed, the PDCCH-WUS controls the next occurrence of on-duration:

On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.
During the TS 38.300 running CR discussion, there is an Editor’s note added for handling the concerns of “next occurrence” of on-duration, as following:

Editor’s note: PDCCH-based power saving signal/channel impacting PDCCH monitoring in the next occurrence of the on-duration assumes the offset is always smaller than the DRX cycle, which is to be confirmed/infirmed.
The concern was that if the configured PDCCH-WUS occasion offset is larger than the configured DRX cycle, the wording “next occurrence” would cause some ambiguity since during the configured offset there would be several on-duration(s) as shown in the following figure. For example, if the configured DRX cycle is 2ms which is the shortest one for the short DRX cycle in the current configuration, and when the configured PDCCH-WUS offset is 3ms, there will be an on-duration during the configured offset. Then the ambiguity of “next occurrence” comes that whether the next occurrence means the on-duration which is the closest one to the PDCCH-WUS or the one with the offset to the PDCCH-WUS?
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Figure 2 the case of the configured PDCCH-WUS occasion offset larger than the configured DRX cycle
To us, the configured PDCCH-WUS is somehow related to UE capability since the duration is used to ensure UE has enough time to detecting WUS and to start the on-duration. Thus, in order to make it clear, RAN2 should confirm that the configured DRX cycle should be at least larger than the configured PDCCH-WUS offset, so that the terminology “the next occurrence” would not bring any ambiguity.
Proposal 2 From RAN2 point of view, the configured DRX cycle should be larger than the configured PDCCH-WUS offset.
2.3 Whether the PDCCH-WUS applies to short DRX cycle?
This question was firstly raised in RAN1 which we think it’s worth being discussed in RAN2 as well. In RAN1#98 meeting, the following conclusions were made.
Conclusion:

For next meeting, down select the following two alternatives: The configuration of the offset of the PDCCH-based power saving signal/channel  
· Alt1: Dedicated configuration with offset relative to the beginning of DRX ON
· Alt2: The Offset is based on search space configuration
· FFS: whether this applies to long DRX only or long/short DRX.

In our view, the reason why long DRX cycle is used and not being switched to short DRX cycle (if configured) is that the traffic for the UE is usually sparse. In such case, enabling PDCCH-WUS for long DRX cycle could bring power saving gain since in most cases the network can indicate the UE not to monitor PDCCH during on-duration. 
Observation 1 PDCCH-WUS for long DRX cycle can bring power saving gain since network can indicate UE not to monitor PDCCH during on-duration in most of time. 

However, for short DRX cycle, how much power saving gain can be obtained is not clear, since it’s not even evaluated. The reason is that, when UE is configured with short DRX cycle, it can be switched to short DRX cycle by either drx-InactivityTimer expiry or receiving a DRX Command MAC CE.For either cases, it somehow means the traffic is more active than that in long DRX cycle otherwise the UE would not have been switched to the short DRX cycle. Thus, in this case, we think in most of the time UE would have to be wake-up to monitor the PDCCH for potential scheduling, which makes the WUS monitoring cause extra power consumption. 

Observation 2 PDCCH-WUS for short DRX cycle might be less power efficient than that in long DRX cycle, since UE may need to wake-up to monitor potential scheduling for most of the time. 

Current PDCCH-WUS design has not yet considered to make the PDCCH-WUS monitoring adaptive to the DRX cycle. We think it would be good if RAN2 can trigger the discussion whether PDCCH-WUS can be adaptive to the configured DRX cycle. One possible way is that network can configure the UE whether to enable PDCCH-WUS monitoring or not when UE is switched to short DRX cycle. 
For example, network can configure an RRC signaling when PDCCH-WUS is configured, and in some cases if the network does not want the UE to monitor PDCCH-WUS in short DRX cycle, the network can configure the UE not to monitor PDCCH-WUS upon being switched to short DRX cycle. 
Proposal 3 RAN2 discusses whether UE can be configured to disable PDCCH-WUS monitoring upon being switched to short DRX cycle.
2.4 How to handle mis-detection of PDCCH-WUS?
In the conclusion of TR 38.840, it’s agreed to handle the mis-detection of WUS:

UE behaviour in case of mis-detection of the PDCCH-based power saving signal/channel for wake-up purpose should also be addressed in the WI phase.

According the agreement made in last meeting, UE does not monitor PDCCH for the next occurrence of on-duration unless the PDCCH-WUS indicates the UE to monitor. Given the agreement, mis-detection of PDCCH-WUS, which means that the gNB actually sends the PDCCH-WUS but UE does not receive it, may have impact on the scheduling performance since the UE does not monitor PDCCH while the network actually wants the UE to monitor PDCCH.  

According to RAN1, the target miss-detection ratio for WUS is 0.1%. Currently in RAN1, there are some discussions on handling the mis-detection of WUS, for example, whether to support feedback to the PDCCH-WUS.
From RAN2 point of view, it seems there are no immediate solutions to make the UE identify the mis-detection of PDCCH-WUS, it’s related to the RAN1 design on the reliability of PDCCH-WUS. Thus we propose: 

Proposal 4 RAN2 does not handle mis-detection of PDCCH-WUS until further input from RAN1.
3 Conclusion

Based on the discussion we propose the following:
Proposal 1
UE does not monitor PDCCH-WUS if DRX Active Time starts or ends in the middle of a PDCCH-WUS monitoring occasions.
Proposal 2
From RAN2 point of view, the configured DRX cycle should be larger than the configured PDCCH-WUS offset.
Proposal 3
RAN2 discusses whether UE can be configured to disable PDCCH-WUS monitoring when UE is switched to short DRX cycle.
Proposal 4
RAN2 does not handle mis-detection of PDCCH-WUS until further input from RAN1.
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