[bookmark: _Hlk145670493][bookmark: _Hlk117841894]3GPP TSG RAN WG1 #116-bis			                      R1-2402742
Changsha, Hunan Province, China, April 15th – 19th, 2024

Source:	Sharp
Title:	Discussion on LP-WUS operation in CONNECTED modes
Agenda Item:	9.6.3
[bookmark: DocumentFor]Document for:	Discussion and decision
[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 specifying procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedures of LP-WUS monitoring. In RAN1#116, some issues are discussed and agreed for further study:
	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.

[bookmark: OLE_LINK103]Agreement
For RRC CONNECTED mode, maximum number of LP-WUS information bits is up to X bits 
· FFS value X, which is no more than [8 or 16]

Agreement
For RRC CONNECTED mode, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is introduced considering at least following
· LP-WUS processing time
· MR transition time for ramp up
· Time/frequency synchronization of MR
· FFS whether UE can report supported minimum time gap from candidate values
FFS: Whether the minimum time gap values can be more than one

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.
· [bookmark: OLE_LINK104]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 this contribution, some issues on LP-WUS monitoring for UE in CONNECTED mode are discussed.
Discussion
LP-WUS monitoring with or without C-DRX
[bookmark: OLE_LINK109][bookmark: OLE_LINK9]With respect to the LP-WUS monitoring procedure for UE in CONNECTED mode, it can be considered for cases with or without C-DRX configuration respectively.
In case the UE has been provided with C-DRX configuration, the LP-WUS monitoring before DRX- on-durationTimer can be considered to replace the DCP function and if the LP-WUS is deactivated, the UE can switch to DCP monitoring automatically if DCP is also provided. And since the monitoring LP-WUS is known to gNB, the DCP monitoring and LP-WUS monitoring should not be processed at the same time.
Proposal 1: Option 1-1 of the LP-WUS replacing DCP functionality can be used as a baseline when UE is provided with C-DRX configuration.
For UEs without C-DRX configuration, PDCCH skipping and SSSG switching were introduced in Release 17 to reduce the PDCCH monitoring. If continuous LP-WUS monitoring is supported, a separate design for LP-WUS monitoring can be expected, otherwise, a joint design with existing technologies can be considered.
Proposal 2: For UE without C-DRX configuration, continuous LP-WUS monitoring can be considered.

[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 3: Consider both RRC signalling and L1/L2 command for activation and deactivation of LP-WUS monitoring.

Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: Option 1-1 of the LP-WUS replacing DCP functionality can be used as a baseline when UE is provided with C-DRX configuration.
Proposal 2: For UE without C-DRX configuration, continuous LP-WUS monitoring can be considered.
Proposal 3: Consider both RRC signalling and L1/L2 command for activation and deactivation of LP-WUS monitoring.
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