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1 Introduction

In RAN2#107 meeting, WUS 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)

In this paper, we discuss the issues about configuration of the PDCCH-based power saving signal/channel.
2 Discussion

2.1 PDCCH-WUS configuration in time domain

In last RAN2 meeting, it’s agreed:

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.
Regarding the PDCCH-WUS time domain configuration, there are actually two options which are being discussed in RAN1:

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.

Observation 1 The configuration of the offset of the PDCCH-based WUS can be either based on dedicated configuration with offset relative to the start of the drx-ondurationTimer or based on search space configuration.

Here, our intention is not to touch what’s being discussed in RAN1 scope but trying to clarify the possible RAN2 impacts if either option is selected by RAN1.

Regarding alt.1, the periodicity of WUS monitoring occasion aligns with the DRX cycle, i.e. irrespective of DRX cycle switching, the WUS monitoring occasion always locates at a configured offset relative to the on-duration, shown as an example in the following figure. In our view, this is the simplest way to configure the PDCCH-WUS monitoring occasion and has no impact on RAN2 regarding UE behaviours on monitoring PDCCH-WUS.
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Figure 1 Dedicated WUS offset configured by network
Observation 2 Dedicated configuration with offset relative to the start of the drx-ondurationTimer has no impact on RAN2.

Regarding alt.2, the PDCCH-WUS monitoring occasions is determined based on the search space configuration. In this case, the periodicity of PDCCH-WUS monitoring occasion may not align with the DRX cycle, especially considering the DRX cycle can be switched between short and long DRX cycles. Then, the offset of the WUS monitoring occasion to the start of drx-ondurationTimer could be variable. In our view, this alternative may have impacts on RAN2 regarding UE behaviours on monitoring PDCCH-WUS. Since the periodicity of PDCCH-WUS monitoring occasion is not aligned with the DRX cycle, there could be a certain case that the PDCCH-WUS monitoring occasion is located very close to the start of on-duration as an example shown below. Then, we may need to configure a minimum offset to ensure that the PDCCH-WUS is  located in a proper location so that the UE has enough time to decode the PDCCH-WUS. Further some RAN2 mechanism may be needed to make the UE skip the PDCCH-WUS monitoring during the minimum offset, as shown in the following figure
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Figure 2 variable WUS offset based on search space configuration
Observation 3 If WUS offset is based on search space configuration, the WUS offset may be variable which may have impacts on RAN2 regarding UE behaviours on PDCCH-WUS monitoring.
Proposal 1 From RAN2 point of view, it’s preferable to configure dedicated PDCCH-WUS offset relative to the start of drx-ondurationTimer.
2.2 WUS configuration in frequency domain
According the agreement in RAN2#107, 

The WUS is configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG) 

Further, during the TS 38.300 running CR discussion, the following wording is captured:

In addition, the UE may be indicated, when configured accordingly, to monitor the PDCCH during the next occurrence of the on-duration by a PDCCH-based power saving signal/channel addressed to PS-RNTI on the active BWP outside active-time.

There is an Editor’s Note regarding active BWP:
Editor’s note: Restricting the monitoring of the PDCCH-based power saving signal/channel on the active BWP is a working assumption in RAN1 and needs to be confirmed/infirmed.
A serving cell may be configured with one or multiple DL BWPs, and the maximum number of BWPs per serving cell is 4. For a serving cell, only one DL BWP is active at a time. PDCCH-WUS may be configured on one BWP or several BWPs. So, it would be good to confirm the wording in the current TS 38.300 running CR. Furthermore, if there is no WUS configuration on the current active DL BWP, UE should follow the legacy DRX behaviour.
Proposal 2 PDCCH-WUS monitoring occasions are configured per DL BWP.

Proposal 3 If there is no PDCCH-WUS configuration on the active DL BWP, UE should follow the legacy DRX behaviour.
3 Conclusion

Based on the discussion we propose the following:
Proposal 1 
From RAN2 point of view, it’s preferable to configure dedicated PDCCH-WUS offset relative to the start of drx-ondurationTimer.
Proposal 2
PDCCH-WUS monitoring occasions are configured per DL BWP.
Proposal 3
If there is no PDCCH-WUS configuration on the active DL BWP, UE should follow the legacy DRX behaviour.
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