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1. Introduction
In RAN#103 meeting, the following objectives of Rel-19 LP-WUS work item have been agreed [1]:
	· [bookmark: _Hlk161231539]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 same information can be delivered by the OOK and OFDM signal constructing the overlaid sequences.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes (RAN1, RAN2, RAN3,RAN4)
· [bookmark: OLE_LINK12]Specify procedure and configuration of LP-WUS indicating paging triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring 
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. 
· 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 neighbour cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)


In this contribution, we focus on the discussion of overall procedure for LP-WUS in RRC_IDLE/INACTIVE.
2. Discussion
In our understanding, LP-WUS procedure in RRC_IDLE/INACTIVE state is as follows: 
[image: ]
1. LP-WUS configuration needs to be provided by the network.
2. The UE supporting LP-WUS should continuously evaluate the monitoring condition of LP-WUS based on corresponding configuration. If the monitoring condition is fulfilled, the UE can open LR to monitor LP-WUS. Otherwise, LR needs to be closed and MR should be used to monitor PO as in legacy.
3. For the UE, if the monitoring condition is fulfilled, it monitors LP-WUS according to configuration, e.g., LP-WUS subgroup, time/frequency resource of LP-WUS, etc. For the gNB, LP-WUS can be used to wake up the MR of the UE to monitor paging according to UE capability. 
2.1. LP-WUS configuration 
At least the following configurations need to be provided to the UE for LP-WUS monitoring:
· Monitoring condition. According to evaluation in section 8.2 of TR38.869 [2], there could be partial LP-WUS coverage in the cell. The UE needs to continuously evaluate whether the monitoring condition of LP-WUS is fulfilled to decide when to start/stop LP-WUS monitoring.
· Resource for LP-WUS. If monitoring condition is fulfilled, UE needs to know how to monitor LP-WUS in time-frequency domain.
· LP-WUS subgroup. If subgroup is supported, the UE needs to know the number of subgroups and which subgroup needs to be monitored.
· Other configuration may also need to be provided depending on further discussion, e.g., LP-SS configuration, RRM relaxation configuration, etc.
Generally, SIB can be used to provide cell specific LP-WUS configuration for UEs in both RRC_IDLE and RRC_INACTIVE. Furthermore, for UEs in RRC_INACTIVE, RRC release message can also be used to provide UE specific configuration. For the time being, we do not see benefit to have UE specific configuration for LP-WUS. Thus, we think LP-WUS configuration via SIB is sufficient for both RRC_IDLE and RRC_INACTIVE.
Proposal 1: SIB is used to provide LP-WUS configuration (including monitoring condition, LP-WUS resource and subgroup, etc.), for both RRC_IDLE and RRC_INACTIVE.
2.2. Monitoring condition of LP-WUS
UE should continuously evaluate the monitoring condition of LP-WUS if configured by the network:
· Before the monitoring condition of LP-WUS is not fulfilled, the UE needs to keep MR open and monitor PO as in legacy. MR measurement on legacy SSB is used be compared with pre-configured monitoring condition to decide when to start monitor LP-WUS.
· [bookmark: OLE_LINK15]When the monitoring condition is fulfilled, the UE should turn on LR to monitor LP-WUS and turn off MR to enter ultra-deep-sleep state for power saving. LR is also used to perform measurement to decide whether to stop monitoring LP-WUS and turn on MR to monitor PO as in legacy. According to the WID, both LP-SS and existing PSS/SSS are possible for LR to perform measurement:
· For LR that can only receive LP-SS, LP-SS should be used as the target reference signal for RRM measurement.
· For LR that can receive existing PSS/SSS, existing PSS/SSS can also be used for RRM measurement instead of LP-SS. 
Proposal 2: UE should perform MR RRM measurement based on legacy SSB of the serving cell before the monitoring condition is fulfilled.
Proposal 3: UE should perform LR RRM measurement when the monitoring condition is fulfilled, and the target reference signal could be different according to the capability of LR.
2.3. LP-WUS monitoring
Subgrouping for LP-WUS is beneficial to reduce the negative impact from false alarm thus needs to be supported according to the WID. 
The maximum total number of subgroups associated with certain PO/PF is determined by the number of bits that can be carried in payload of LP-WUS and the payload format, e.g., bitmap indication or group ID. The number of subgroups of LP-WUS was discussed in the last RAN1 meeting but no agreement was achieved. It has been concluded in RAN1 that RAN2 needs to decide how to map a UE to a subgroup for LP-WUS.
	Conclusion
For idle/inactive mode, how to map a UE to a subgroup ID for LP-WUS is left to RAN2 to decide.


Thus, it is proposed to discuss how to map a UE to a subgroup based on further RAN1 input on subgroup number.
Proposal 4: RAN2 to discuss how to map a UE to a subgroup based on further RAN1 input on subgroup number.
From gNB perspective, UE capability related to LP-WUS is needed to decide whether to use LP-WUS to wake up the UE to monitor paging. For CN paging, LP-WUS related capability can be provided by AMF in UERadioPagingInformation. For RAN paging, corresponding capability can be reported by the UE in UECapabilityInformation.
Proposal 5: The gNB needs to be aware of UE capability related to LP-WUS via UERadioPagingInformation or UECapabilityInformation.
3. Conclusions
In this contribution, we discussed overall procedure of LP-WUS and the proposals are summarised as below.
Proposal 1: SIB is used to provide LP-WUS configuration (including monitoring condition, LP-WUS resource and subgroup, etc.), for both RRC_IDLE and RRC_INACTIVE.
Proposal 2: UE should perform MR RRM measurement based on legacy SSB of the serving cell before the monitoring condition is fulfilled.
Proposal 3: UE should perform LR RRM measurement when the monitoring condition is fulfilled, and the target reference signal could be different according to the capability of LR.
Proposal 4: RAN2 to discuss how to map a UE to a subgroup based on further RAN1 input on subgroup number.
Proposal 5: The gNB needs to be aware of UE capability related to LP-WUS via UERadioPagingInformation or UECapabilityInformation.
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