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1	Introduction

In RAN#102 meeting, a new work item (RP-240801) was agreed for Low Power Wake Up Signal and Receivers designs. These designs are to be primarily targeted at delay and power-sensitive, small form-factor devices, such as industrial sensors, controllers and wearables. Unlike previous power saving study items, the objectives for this study encompasses new signals and receiver architectures.

	[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).
· [bookmark: OLE_LINK1]Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements




The following was agreed in RAN2#125bis meeting:

The LP-WUS related configuration for IDLE/INACTIVE state is provided via system information. FFS if dedicated configuration is needed.
Working assumption: the LP-WUS configuration in SIB at least includes the following information:
-	LP-SS configuration
-	LP-WUS configuration
-	FFS on Entry/exit condition for LP-WUS monitoring 
The PEI subgrouping method is taken as baseline for LP-WUS subgrouping, i.e. CN assigned and UE_ID based subgrouping. FFS the maximum number of subgroups.

In this contribution we focus on the following objective:
· 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)

2	Discussion

As a part of the WID objectives the need to determine entry and exit conditions for LP-WUS monitoring was identified. These procedures are mostly related to RAN2 and the objective (overall) is to be led by RAN2:
	· 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)




Now in scope of the LR based measurements, both entry/exit conditions would be relevant. For entry/exit condition, it could be expected that network can set a threshold for the UE in the system information, after which the LP-WUS should not be monitored and vice versa when LP-WUS should be monitored. Based on this the following is proposed:

Proposal 1: NW can configure in the system information entry/exit condition for LP-WUS monitoring.
Proposal 2: The UE starts LP-WUS monitoring when LP-WUS monitoring entry condition (better than threshold) is fulfilled and the UE stops LP-WUS monitoring when LP-WUS monitoring exit condition (worse than threshold) is fulfilled.

Evidently both exit and entry condition to be considered would relate to the coverage, partly of the cell and more importantly to the LP-WUS coverage. For entry/exit condition, it would seem that most relevant measurement quantity would be such that allows some coverage/range-based threshold to be set. For MR based measurements, it would seem likely that existing measurement quantities suffice as they cover both absolute and relative quantities.  

Proposal 3: LP-WUS monitoring entry and exit condition is related to LP-WUS quality. 

When the UE is not monitoring LP-WUS and both LR and MR based measurement could be considered for LP-WUS monitoring entry condition. Evidently, to avoid the need of using MR and save UE power, the measurement quantity for the exit condition would need to be evaluated based on LR. Based on that the following is proposed.

Proposal 4: LP-WUS monitoring entry condition is evaluated based on MR and/or LR measurement. 
Proposal 5: LP-WUS monitoring exit condition is evaluated based on LR measurement. 

The measurement quantities that can be applied by LP-WUR needs to be determined. In RAN1 SI discussions, different measurement quantities were considered. For LR that is capable of receiving PSS/SSS, measurement quantities would need to be considered based on SSB (PSS/SSS) while there are existing measurement quantities defined for MR based on SSB, such as SS-RSRP. 

Proposal 6: RAN2 assumes that RAN1 defines LR measurements quantities for LP-WUS.

In scope of the IDLE/INACTIVE mode operation, the WID objective seeks to specify LP-WUS triggered paging monitoring. In strict sense this would seem to imply that LP-WUS triggering should result UE to monitor the associated PO. In Rel-18 different approaches were discussed how to determine the PO which UE should monitor, upon LP-WUS triggering: 
· ‘Dynamic PO’; where LP-WUS trigger the UE to monitor a time occasion where PDCCH and PDSCH are monitored would appear dynamically, some predefined time after the LP-WUS 
· ‘Closest PO’; where the LP-WUS trigger the UE to monitor PO that would be closest to the LP-WUS 
· ‘Normal PO’; where LP-WUS would trigger the UE to monitor the same IDLE/Inactive mode PO that UE would monitor normally without LP-WUS
In any case network won’t be aware if UE is monitoring LP-WUS or, as a fall-back, the PO(s). This means that network would need to account both possible situations when transmitting the paging. From network perspective, the alternative procedures, ‘dynamic PO’ and ‘closest PO’ would mean that network would need in minimum transmit the paging in two alternative POs during the paging cycle, one associated to the LP-WUS and other in the normal PO. This would increase the paging overhead, doubling it. Based on that the following is proposed.

Proposal 7: UE monitors the legacy PEI and/or PO after receiving LP-WUS indicating wake-up and no changes to the paging occasion to be monitored are supported.

3	Conclusion

The following is proposed based on the discussion:

Proposal 1: NW can configure in the system information entry/exit condition for LP-WUS monitoring.
Proposal 2: The UE starts LP-WUS monitoring when LP-WUS monitoring entry condition (better than threshold) is fulfilled and the UE stops LP-WUS monitoring when LP-WUS monitoring exit condition (worse than threshold) is fulfilled.
Proposal 3: LP-WUS monitoring entry and exit condition is related to LP-WUS quality. 
Proposal 4: LP-WUS monitoring entry condition is evaluated based on MR and/or LR measurement. 
Proposal 5: LP-WUS monitoring exit condition is evaluated based on LR measurement. 
Proposal 6: RAN2 assumes that RAN1 defines LR measurements quantities.
Proposal 7: UE monitors the legacy PEI and/or PO after receiving LP-WUS indicating wake-up and no changes to the paging occasion to be monitored are supported.





