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Introduction 
[bookmark: _Ref79075308]In RAN #102 meeting, new work item on Low-power wake-up signal and receiver for NR (LP-WUS/WUR) is approved with the following scope:

	[bookmark: _Hlk153295984]The objectives of the work item are the following:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· 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.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
This objective is to be further refined in RAN#103



In this contribution, we will investigate the design considerations and proposals for LP-WUS operation in connected mode.



Design Considerations and Proposals for LP-WUS Operation in Connected Mode
In connected mode, LP-WUS can be enhanced to either wake up MR to monitor C-DRX on-duration or to trigger MR PDCCH monitoring without C-DRX operation. The choice between these alternatives impacts power saving gains (PSG) and user-perceived throughput (UPT) differently, depending on the traffic pattern. For example, in the case of Instant Messaging with a 320 ms C-DRX cycle, Alt 1 results in a PSG of 25% and no UPT difference, while Alt 2 can achieve a PSG between 56% to 79% with a significant UPT increase of 94%.

Observation 1: There are two possible enhancements with LP-WUS in connected mode:
· Alt 1: LP-WUS to wake-up MR to monitor C-DRX on-duration, i.e., same functionality as Rel-16 DCI format 2_6
· Alt 2: LP-WUS to trigger MR PDCCH monitoring without C-DRX operation

	Traffic (baseline power saving setting)
	Alt 1: LP-WUS to wake-up MR C-DRX on-duration
	Alt 2: LP-WUS to trigger MR PDCCH monitoring without C-DRX operation

	XR (R17 PDCCH adpt.)
	N/A
	PSG: 11%, UE salinification: +1%
(MR can only go micro sleep)

	FTP (160 ms C-DRX + R16 DCP + R17 PDCCH adpt.)
	PSG: 16%, UPT Diff: -1.7%
	PSG: 33%  53%, UPT Diff: -4%

	Instant Message (320 ms C-DRX + R16 DCP + R17 PDCCH adpt.)
	PSG: 25%, UPT Diff: 0%
	PSG: 56%  79%, UPT Diff: +94%



Considering the need to minimize the number of bits for wake-up indication, Alt 1 enhancement can be more efficient as it may require fewer bits than Alt 2 when considering UEs are separated into different C-DRX groups. This efficiency is crucial since the LP-WUS resource should be minimized to prevent large spectral efficiency loss in connected mode.

Observation 2: By factoring UEs into different C-DRX groups, Alt 1 enhancement can require much smaller number of bits for wake-up indication than Alt 2.

Observation 3: In connected mode, LP-WUS resource should be minimized for confined spectral efficiency loss, which limits the number of bits that can be carried by LP-WUS.

Aiming for a unified LP-WUS design that is applicable in both idle/inactive and connected modes, it is practical to indicate up to 8 bits/subgroups. Alt 1 enhancement has lower requirement on the number of wake-up bits, making it a more practical choice.

Therefore, for connected mode, it is suggested to support LP-WUS to wake up MR to monitor C-DRX on-duration, i.e., the same functionality as Rel-16 DCI format 2_6. Leveraging C-DRX groups helps minimizing resource requirement for UE/UE group identification.

Observation 4: Aiming for a unified LP-WUS design for idle/inactive-mode and connected-mode UEs, up to 8 bits/subgroups can be indicated. Alt 1 enhancement is more practical, regarding the lower requirement on number of wake-up bits.

Proposal 1: For connected mode, support LP-WUS to wake-up MR to monitor C-DRX on-duration, i.e., same functionality as Rel-16 DCI format 2_6.

Given the limited number of bits that can be carried by LP-WUS, complex identification methods such as CRC + RNTI-based scrambling are not feasible. It is possible connected mode UEs is confused by LP-WUS sent to idle-mode UEs. To avoid such confusion, there should be no overlapping in LP-WUS monitoring occasions for idle/inactive mode UEs and connected mode UEs.

Observation 5: Due to limited number of bits that can be carried by LP-WUS, CRC + RNTI-based scrambling is not feasible with LP-WUS.

Proposal 2: At least LP-WUS monitoring occasions for idle/inactive-mode UEs and connected-mode UEs are not overlapped to avoid unexpected indication.


Summary
In this contribution, LP-WUS operation in connected mode is investigated. In particular, the following observations and proposals are provided:

Observation 1: There are two possible enhancements with LP-WUS in connected mode:
· Alt 1: LP-WUS to wake-up MR to monitor C-DRX on-duration, i.e., same functionality as Rel-16 DCI format 2_6
· Alt 2: LP-WUS to trigger MR PDCCH monitoring without C-DRX operation

Observation 2: By factoring UEs into different C-DRX groups, Alt 1 enhancement can require much smaller number of bits for wake-up indication than Alt 2.

Observation 3: In connected mode, LP-WUS resource should be minimized for confined spectral efficiency loss, which limits the number of bits that can be carried by LP-WUS.

Observation 4: Aiming for a unified LP-WUS design for idle/inactive-mode and connected-mode UEs, up to 8 bits/subgroups can be indicated. Alt 1 enhancement is more practical, regarding the lower requirement on number of wake-up bits.

Proposal 1: For connected mode, support LP-WUS to wake-up MR to monitor C-DRX on-duration, i.e., same functionality as Rel-16 DCI format 2_6.

Observation 5: Due to limited number of bits that can be carried by LP-WUS, CRC + RNTI-based scrambling is not feasible with LP-WUS.

Proposal 2: At least LP-WUS monitoring occasions for idle/inactive-mode UEs and connected-mode UEs are not overlapped to avoid unexpected indication.
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