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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
[bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK6]In RAN#102, WI on Low-power wake-up signal and receiver for NR was approved for UE power saving[1]. The objectives of the WI include commonly LP-WUS and LP-SS design for both IDLE/INACTIVE and CONNECTED modes.
	· [bookmark: _Hlk153295984][bookmark: OLE_LINK7]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
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.


This contribution discussed some issues during LP-WUS/LP-SS monitoring for UE in CONNECTED mode.
Discussion
Monitoring with or without C-DRX
[bookmark: OLE_LINK9]On the LP-WUS monitoring procedure for UE in CONNECTED mode, regarding to the different couple levels with C-DRX, three directions with sub-options have been discussed and captured into TR[2].
	Direction 1: LP-WUS monitoring occasion is determined based on timer(s) related C-DRX
	Option 1: similar to Rel-16 DCP, i.e. the LP-WUS monitoring occasion is located before drx-onDurationTimer.

	
	Option 2: the LP-WUS monitoring occasion is located at any time outside DRX active time to indicate UE to enter into active time

	Direction 2: LP-WUS monitoring occasion is not determined based on timer(s) related C-DRX
	Option 4: the LP-WUS monitoring occasion is located at any time regardless of whether DRX is configured or not.

	Direction 3: LP-WUS is transparent to current MAC operation
	The LP-WUS monitoring occasion should be determined based on physical layer design/restriction.
This direction may not have any impact on MAC.


[bookmark: OLE_LINK11]LP-WUS in option 1 of direction 1 is a simple replacement of ps-PDCCH,and can be applied for long-DRX cycle. Option 2 extends to enable LP-WUS monitoring during short or long DRX cycles. In our view, the power-saving gain of both two options may be marginal compared to DCP, especially for UE not in deep-sleep, and may have negative impacts on UPT if a longer ramp-up time is required.
Direction2 and direction3 can trigger PDCCH monitoring in time without considering the timer state related to C-DRX, and UEs associated with one LP-WUS do not need to be configured with aligned C-DRX durations. It may take more flexibility and help to get both power saving and latency reduction.
Proposal 1: Consider direction 2 or direction 3 for LP-WUS monitoring by UE in CONNECTED mode.

[bookmark: OLE_LINK18]Activation and deactivation procedure
For a connected UE, it is straightforward for UE to follow the gNB’s configuration to monitor LP-WUS or not, just like the procedure for ps-PDCCH monitoring. On the other hand, Considering the target coverage of LP-WUS and LP-SS may align with the coverage of PUSCH for msg3, which usually is smaller than the coverage of DL PDCCH, UE may fall back to legacy PO monitoring when it moves out of coverage of LP-WUS and the cell-reselection has not been triggered. For this case, additional L1/L2 commands on WUS monitoring mode can be considered to get sync between gNB and UE. 
Meanwhile, for a cell with full LP-SS/LP-WUS coverage, no special configuration would be required. That is, LP-WUS could be configured/activated for a UE in the cell, and not used when it is released/de-activated by gNB in the cell.
Proposal 2: Consider both RRC signalling and L1/L2 command for activation and deactivation of LP-WUS monitoring.

Duty cycle and continuous monitoring
Compared with UE in IDLE/INACTIVE mode, UE in the CONNECTED mode is more sensitive to latency. Furthermore, for UE not in ultra-deep sleep, the percentage of power cost for continuous monitoring of LP-WUS may be marginal, which may alleviate the strict power restriction requirements for WUR.
Proposal 3: Consider both duty-cycle and continuous monitoring of LP-WUS for UE in CONNECTED mode.

Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: Consider direction 2 or direction 3 for LP-WUS monitoring by UE in CONNECTED mode.
Proposal 2: Consider both RRC signalling and L1/L2 command for activation and deactivation of LP-WUS monitoring.
Proposal 3: Consider both duty-cycle and continuous monitoring of LP-WUS for UE in CONNECTED mode.
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