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1 Introduction

In RAN#102 meeting, a new WID for LP-WUS/WUR [1] has been approved. In the WID, one of the objectives is to specify the procedures for LP-WUS in RRC_CONNECTED, including the following aspects:
	· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2

· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR


In this contribution, we discuss LP-WUS operation in RRC_CONNECTED and present our views.
2 Discussion
The high-level procedure to use LP-WUS to trigger PDCCH monitoring for RRC_CONNECTED UEs was discussed in last RAN1 meetings, with the following agreements made so far.

	Agreement

· Update the following agreement in RAN1#116 in red:

Agreement

· For RRC CONNECTED mode, from RAN1 perspective, further study following LP-WUS procedures to trigger PDCCH monitoring:
· Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
· Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
· This option may replace DCP functionality
· Option 1-2: LP-WUS monitoring outside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.

· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-2-1: PDCCH monitoring may be additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS

· If this is adopted, it should be configured together with Option 1-1 to achieve power saving gain compared to legacy C-DRX
· Option 1-2-2: PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS

· Option 1-3: LP-WUS monitoring inside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.

· Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration. LP-WUS can be monitored at any time according to the LP-WUS monitoring configuration

· FFS duty-cycled and/or continuous LP-WUS monitoring

· Combination of options in Case 1 and combination of options in Case 1 and Case 2 are not precluded should be considered.

· RAN1 does not discuss C-DRX related timers other than drx-onDurationTimer, this topic is up to RAN2

· Note: Above does not preclude to support fallback mechanism to trigger PDCCH monitoring, if any


Based on above RAN1 agreements, LP-WUS can only be used together with C-DRX. Regarding how to use LP-WUS to trigger PDCCH monitoring by MR with C-DRX configuration, there are three options on the table. 
For option 1-1, LP-WUS has the same function as Rel-16 DCP to indicate UE whether to start the next drx-onDurationTimer. Compared with Rel-16 DCP, the power saving gain mainly comes from the significantly lower power consumption of LP-WUS monitoring by LR than Rel-16 DCP monitoring by MR which is PDCCH based signalling. In this option, UE behaviour upon LP-WUS reception would be the same as the case of DCP, i.e., if UE receives LP-WUS indicating wake up within a time duration located before the start of drx-onDurationTimer, UE starts drx-onDurationTimer.
Observation 1 The power consumption of LP-WUS monitoring by LR would be significantly lower than Rel-16 PDCCH based DCP monitoring by MR.
Proposal 1 In RAN1’s option 1-1, if UE receives LP-WUS indicating wake up within a time duration located before the start of drx-onDurationTimer, UE starts drx-onDurationTimer.
For option 1-2, LP-WUS is monitored outside legacy C-DRX active time to indicate UE to enter C-DRX active time. Compared with option 1-1, this option can enable more flexible triggering for PDCCH monitoring. With this approach, UE power saving gain can be achieved by configuring the UE with a longer C-DRX cycle while the latency performance can still be guaranteed. The main difference between option 1-2-1 and option 1-2-2 is whether to keep drx-onDurationTimer behavior. If drx-onDurationTimer behavior is killed (i.e. option 1-2-2), C-DRX would become useless. If drx-onDurationTimer behavior is followed (i.e. option 1-2-1), UE power saving gain would be limited because UE needs to start drx-onDurationTimer at each DRX cycle to monitor PDCCH. To achieve the most UE power saving gain, a combination of option 1-1 and option 1-2-1 can be supported. For option 1-2, regarding how to enable UE to enter DRX Active Time as soon as possible upon LP-WUS reception, a simple way is that UE stars drx-InactivityTimer. 
Observation 2 Using LP-WUS outside legacy C-DRX active time to trigger UE’s PDCCH monitoring can enable flexible triggering for PDCCH monitoring.
Proposal 2 In RAN1’s option 1-2, if UE receives LP-WUS indicating wake up outside legacy C-DRX active time, UE starts drx-InactivityTimer.
For option 1-3, we understand the use case is that LP-WUS is monitored during PDCCH skipping duration to indicate UE to terminate PDCCH skipping and resume PDCCH monitoring, e.g. when network wants to schedule the UE due to DL data arrival during the UE’s PDCCH skipping duration. This option could enable network to indicate the UE with a long PDCCH skipping duration and then use LP-WUS to resume UE’s PDCCH monitoring whenever needed, which saves UE power and guarantees scheduling latency as well.
Proposal 3 In RAN1’s option 1-3, if UE receives LP-WUS indicating wake up during PDCCH skipping duration, UE resumes PDCCH monitoring.
In our understanding, these three options are not mutually exclusive and to achieve better power saving gain, these options can work together.
Proposal 4 RAN2 to consider supporting RAN1’s option 1-1, option 1-2-1 and option 1-3. 

3 Conclusion
Based on the discussion we make the following observations:

Observation 1 The power consumption of LP-WUS monitoring by LR would be significantly lower than Rel-16 PDCCH based DCP monitoring by MR.
Observation 2 Using LP-WUS outside legacy C-DRX active time to trigger UE’s PDCCH monitoring can enable flexible triggering for PDCCH monitoring.
And we propose the following:
Proposal 1 In RAN1’s option 1-1, if UE receives LP-WUS indicating wake up within a time duration located before the start of drx-onDurationTimer, UE starts drx-onDurationTimer.
Proposal 2 In RAN1’s option 1-2, if UE receives LP-WUS indicating wake up outside legacy C-DRX active time, UE starts drx-InactivityTimer.
Proposal 3 In RAN1’s option 1-3, if UE receives LP-WUS indicating wake up during PDCCH skipping duration, UE resumes PDCCH monitoring.
Proposal 4 RAN2 to consider supporting RAN1’s option 1-1, option 1-2-1 and option 1-3. 
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