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1  Introduction
In RP-234056 [1], the Release 19 work item on Low-power wake-up signal and receiver for NR (LP-WUS/WUR) has been approved and the normative work in RAN1 starts from RAN1 #116.  
The objective agreed for CONNECTED mode procedure enhancement is as follows: 
· 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 RAN1 #116 meeting, which was the first meeting for the WI, the main agreements were made on listing the cases to be studied for the LP-WUS procedures to trigger PDCCH monitoring and on the options of activation/deactivation of LP-WUS monitoring.
In this contribution, we provide further considerations consideration on the procedures that are needed for CONNECTED UEs to enable LP-WUS operation. 
2  UE MR PDCCH triggered by LP-WUS
In RAN1 #116 meeting, the following agreement is made regarding the tscenarios/cases to be considered to support the LP-WUS procedure to trigger PDCCH monitoring. 
	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 C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-3: LP-WUS monitoring inside 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.



· Case 1 Option 1-1
This option is similar to R16 WUS for C-DRX, LP-WUS can be used before the start of C-DRX ON duration, to trigger UE entering C-DRX ON duration for PDCCH monitoring. 
The functionality is the same as R16 WUS, the difference is that the minimum switching gap between the LP-WUS and the start of the C-DRX ON duration would be larger than legacy values and there might be multiple values according to UE capability. 
[bookmark: _GoBack]The relationship of LP-WUS and legacy WUS needs to be further discussed. It could be based on UE capability to support either one. . 
· Case 1 Option 1-2
This case requires UE to monitor LP-WUS outside C-DRX active time according to the LP-WUS configuration. When LP-WUS is detected, the UE resumes PDCCH monitoring regardless of whether the drx-onDurationTimer is started or not. This would potentially impact UE’s assumption of MR sleep mode, thus reducing the UE power saving gain. It could also potentially impact the design of drx-onDurationTimer or the drx-InactivityTimer which should be discussed and determined involving RAN2. 
· Case 1 Option 1-3
In legacy NR design, when UE starts its drx-onDurationTimer due to the detection of DCI format 2_6, the UE starts PDCCH monitoring and keeps PDCCH monitoring within the whole duration. In this option, LP-WUS triggering PDCCH could further reduce PDCCH monitoring and thus save UE power. The following cases for the LP-WUS monitoring assumption were considered, which are
· Case A: UE switches between LP-WUS monitoring and PDCCH monitoring according to configuration/ indication/ condition 
· Case B: UE keeps monitoring LP-WUS while monitoring PDCCH triggered by detection of LP-WUS
Option 1 is a more natural option, where UE stops PDCCH monitoring and starts LP-WUS monitoring, once it detects a LP-WUS, it resumes PDCCH monitoring and stops LP-WUS monitoring. The corresponding activation/deactivation of LP-WUS monitoring and PDCCH monitoring is discussed in details in the next section. 
Option 2 could be considered if the power consumption of LP WUR is relatively low, and constant monitoring of LP WUS does not consume much additional power. This may help the recovery from the misalignment between gNB and UE on the monitoring status, for example, when UE is monitoring PDCCH but gNB thinks UE is monitoring LP-WUS to save UE power.
· Case 2
Similar to Option 1-3, the legacy UE behavior under this case is to monitor PDCCH according to search space configuration. The two options for the interaction of LP-WUS monitoring and PDCCH monitoring can also be considered here. From design perspective of LP-WUS triggering MR PDCCH procedure as well as activation/deactivation of LP-WUS, Option 1-3 and Case 2 can be similar.

Proposal 1: RAN1 focuses on the design for Option 1-1 and 1-3 for Case 1 and Case 2.
· For the procedure design of LP-WUS triggering MR PDCCH procedure as well as activation/deactivation of LP-WUS,  Option 1-3 and Case 2 can be similar.
Proposal 2: For Option 1-2, considering the impact to UE PDCCH monitoring behaviour outside C-DRX active time, this option should be discussed and determined involving RAN2.
Proposal 3: For LP-WUS and PDCCH monitoring, consider the following two cases:
· Case A: UE switches between LP-WUS monitoring and PDCCH monitoring
· Case B: UE can keep monitoring LP-WUS while monitoring PDCCH 
3  Activation and deactivation procedure of LP-WUS 
In this section, we discuss about the activation and deactivation procedures of LP-WUS, where the following options listed in last meeting can be applied to the different cases listed in Proposal 3. 
	Agreement
For RRC CONNECTED mode, from RAN1 perspective, 
· PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling
· FFS whether to support UE assistance.
· LP-WUS monitoring by UE is known to gNB.
· FFS whether implicit/explicit indication from UE is necessary
· In case LP-WUS monitoring is enabled, following options are further studied
· Option 1: No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring
· Option 2: Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.
· Option 3: Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.
· Option 4: Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission.



In the following table, we provide a summary of our views on the options to be supported for each different case. 
· For Option 1-1 of Case 1, it is straightforward to support the activation/deactivation of LP-WUS in the similar way as legacy WUS signaling, i.e. once configured, the LP-WUS is activated, UE monitors LP-WUS according to the configuration, which is Option 1 in the previous agreement. The deactivation of LP-WUS is based on the  configuration, i.e., when UE resumes PDCCH monitoring after the start of C-DRX ON, LP-WUS monitoring is deactivated, which is Option 1 no additional indication. . 
· For Option 1-3 of Case 1 or Case 2, considering the two cases for LP-WUS monitoring assumption in Proposal 3, the activation/deactivation of LP-WUS might be different. 
· For the activation of LP-WUS, either within the C-DRX active time or when no C-DRX is configured, Option 2 and Option 3 and their combinations could be considered. For example, an L1 signaling explicitly indicates the start of LP-WUS monitoring. Or a timer could be defined from the start of the C-DRX ON duration, when no PDCCH is monitored within the timer, UE starts LP-WUS monitoring. Or a L1/L2 signaling indicates a time duration, if no PDCCH is monitored within the duration after the signaling, UE starts LP-WUS monitoring. 
· For Case A and Case B, the above options could all be considered. The motivation to consider Case B is that it could potentially avoid the gNB and UE misunderstanding of the monitoring status. Note that the timer-based activation could also be viewed as a solution to avoid gNB and UE misunderstanding of the monitoring status. It could be further discussed whether Case A with timer-based LP-WUS activation is enough or Case B is additionally needed.  
· Deactivation of LP-WUS
· For Case A, in general, the activation of PDCCH means the deactivation of LP-WUS, which is based on the detection of LP-WUS and can be viewed as an implicit indication. Another case to wake up the PDCCH monitoring is the need for UL transmission, so that the LP-WUS monitoring is deactivated.
· For Case B, since the UE keeps monitoring LP-WUS irrespective of PDCCH monitoring, the deactivation of LP-WUS can not be determined by the wake up of PDCCH monitoring. Therefore, the explicit signaling is more suitable. 
· Deactivation of PDCCH
· The activation of PDCCH is exactly the same as deactivation of LP-WUS for Case A, which can be based on the explicit signaling or a timer. For Case B, since the UE is always monitoring LP-WUS, another possibility to deactivate the PDCCH is to use LP-WUS to indicate the UE to go to sleep.
Table 1. Activation/deactivation of LP-WUS and PDCCH monitoring under different cases
	
	Case 1: With C-DRX configuration
	Case 2: Without C-DRX configuration

	
	Option 1-1
	Option 1-3
	

	Activation of LP-WUS 
	Option 1: No additional indication 

	Same for Case A and Case B
· Option 2: Based on L1/L2 signaling 
· Option 3: Based on timer, if no PDCCH is monitored within a duration, UE starts LP-WUS monitoring

	Deactivation of LP-WUS
	Option 1: No additional indication 

	Case A: 
· Option 4: Implicit indication, based on detection of LP-WUS or Based on UL transmission
Case B:
· Option 2: Based on L1/L2 signaling, where network explicitly terminates the LP-WUS monitoring

	Activation of PDCCH monitoring
	Detection of LP-WUS and start of C-DRX ON duration
	Same for Case A and Case B
· Implicit indication, based on detection of LP-WUS or based on UL transmission

	Deactivation of PDCCH monitoring 
	Detection/No detection of LP-WUS indication or outside Active Time C-DRX as legacy
	Case A:  
· Alt 1: Based on L1/L2 signaling 
· Alt 2: Based on timer, if no PDCCH is monitored within a duration, UE stops PDCCH monitoring 
Case B: besides Alt 1 and Alt 2
· Alt 3: Based on indication of LP-WUS (Indication of Go-to-sleep)



Proposal 4: The activation/deactivation of LP-WUS monitoring should be determined based on the supported cases: 
· For Option 1-1 of Case 1, 
· For activation/deactivation  of LP-WUS, Option 1 no additional indication is considered;
· For Option 1-3 of Case 1 and Case 2,
· For Case A, where UE switches between PDCCH and LP-WUS monitoring, 
· For activation of LP-WUS, Option 2 L1/L2 signaling and Option 3 timer-based or a combination of Option 2 and 3 can be considered;
· For deactivation of LP-WUS, Option 4 implicit indication based on detection of LP-WUS or UL transmission are considered.
· For Case B, where UE keeps monitoring LP-WUS,
· For activation of LP-WUS, Option 2 and Option 3 or a combination can be considered,
· For deactivation of LP-WUS, Option 2 L1/L2 signaling is needed,
· For deactivation of PDCCH, indication based on LP-WUS can be also considered. 
Proposal 5: Further discuss whether Case A with timer-based LP-WUS activation is enough or Case B is additionally needed to avoid gNB and UE miss understanding of the monitoring status.
4  Conclusion
In this contribution, the consideration on the procedures that are needed for CONNECTED UEs to enable LP-WUS operation are provided and the following proposals are made: 
Proposal 1: RAN1 focuses on the design for Option 1-1 and 1-3 for Case 1 and Case 2.
· For the procedure design of LP-WUS triggering MR PDCCH procedure as well as activation/deactivation of LP-WUS,  Option 1-3 and Case 2 can be similar

Proposal 2: For Option 1-2, considering the impact to UE PDCCH monitoring behaviour outside C-DRX active time, this option should be discussed and determined involving RAN2.

Proposal 3: For LP-WUS and PDCCH monitoring, consider the following two cases:
· Case A: UE switches between LP-WUS monitoring and PDCCH monitoring
· Case B: UE can keep monitoring LP-WUS while monitoring PDCCH 

Proposal 4: The activation/deactivation of LP-WUS monitoring should be determined based on the supported cases: 
· For Option 1-1 of Case 1, 
· For activation/deactivation of LP-WUS, Option 1 no additional indication is considered;
· For Option 1-3 of Case 1 and Case 2,
· For Case A, where UE switches between PDCCH and LP-WUS monitoring, 
· For activation of LP-WUS, Option 2 L1/L2 signaling and Option 3 timer-based or a combination of Option 2 and 3 can be considered;
· For deactivation of LP-WUS, Option 4 implicit indication based on detection of LP-WUS or UL transmission are considered.
· For Case B, where UE keeps monitoring LP-WUS,
· For activation of LP-WUS, Option 2 and Option 3 or a combination can be considered,
· For deactivation of LP-WUS, Option 2 L1/L2 signaling is needed,
· For deactivation of PDCCH, indication based on LP-WUS can be also considered. 

Proposal 5: Further discuss whether Case A with timer-based LP-WUS activation is enough or Case B is additionally needed to avoid gNB and UE miss understanding of the monitoring status.
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