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Introduction
[bookmark: _Ref178064866]In this contribution, we discuss sub-grouping and entry/exit condition for LP-WUS monitoring according to the following objective in [1].
· 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)
[bookmark: _Toc462951621][bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829]Discussion
Entry and exit condition for using LP-WUS
During the SI phase, RAN2 has studied the entry and exit condition of using LP-WUS and concluded that the conditions could be at least based on the serving cell measurement using LR and/or MR, with detailed conditions to be discussed in the WI phase.
If LP-WUS is not detected while using LP-WUS, the UE does not monitor the corresponding paging occasion using MR. To prevent UE from missing paging during this process, the use of LP-WUS should only occur when the reception quality of LP-WUS is sufficiently reliable. Therefore, it is obvious that in determining whether to use LP-WUS, the measurement results of LR which is used to receive LP-WUS should be considered first. 
The most indicative measure of the reliability of LP-WUS would be the measurement results of LP-WUS using LR. However, we still do not know if LP-WUS is a signal capable of stable quality measurement. Moreover, LR capable of receiving existing PSS/SSS can perform RRM using PSS/SSS instead of LP-SS, as specified in WID. Therefore, RAN1 or RAN4, responsible for the design of LP-WUS and LP-SS, will decide what LR measurement to consider for determining the use of LP-WUS.
Proposal 1	The entry and exit condition of using LP-WUS is at least based on the LR measurements.
Proposal 2	Leave what the LR measurements in Proposal 1 refer to, i.e., LP-WUS, LP-SS, or SSB, up to RAN1/4.
Even if the exit condition of using LP-WUS is not met, MR may wake up for purposes other than paging monitoring, such as neighbour cell measurement or request/reception of system information. During such periods, the UE may be able to monitor PEI or paging occasion using MR. However, once MR completes its waking purposes, it will return to sleep, and the power saving gain obtained by not performing LR monitoring during this period will be negligible.
Additionally, If LR is turned off while MR is active, and LR is then turned back on after MR activity ends, MR cannot transition to sleep mode until LR is ready to monitor LP-WUS. This may actually result in increased UE power consumption. If the significant power saving gain obtained by suspending LR monitoring during MR activity is not clearly demonstrated, MR activity should not be considered when deciding to start/stop using LP-WUS.
Observation 1	If LP-WUS quality is sufficient, there is no reason to prevent UE from using LP-WUS while MR is active, e.g., for RRM measurements or SI request/reception.
Proposal 3	The entry and exit condition of using LP-WUS is not based on the MR state, e.g., awake or sleep mode. 
The reliability of LP-WUS received via LR can only be assessed through the LR measurement. The only case where UE stops using reliable LP-WUS due to poor MR measurements is when the cell reselection to a different cell is triggered. When the serving cell changes, the UE will determine whether to use LP-WUS based on the configuration received from the new serving cell. Therefore, the MR measurement does not need to be considered when deciding on LP-WUS usage.
Observation 2	Even if the serving cell quality measured by MR is poor, if LP-WUS quality is still reliable, there is no reason to prevent UE from using LP-WUS for paging monitoring.
Proposal 4	The entry and exit condition of using LP-WUS is not based on the MR measurements.
Subgrouping
After extensive discussions in R17 PEI, RAN2 determined that, the core network is fundamentally responsible for allocating UEs to UE paging subgroups based on UE characteristics, such as paging probability. If the core network chooses not to provide the subgrouping information, the UE subgroup can be derived based on UE-ID. Since PEI subgrouping and LP-WUS subgrouping have the same purpose but differ only in the channel through which they are transmitted and the performance of the receiver, the two subgrouping methods defined in R17 PEI can be directly reused for LP-WUS subgrouping. Therefore, we propose following:
Proposal 5	For LP-WUS subgrouping, reuse two subgrouping methods defined in R17 PEI, i.e., CN-assigned subgrouping and UE ID-based subgrouping.
The R17 PEI supports up to 8 subgroups. The maximum number of subgroups LP-WUS can support depends on the payload size of LP-WUS, which is yet undetermined, but due to size limitation for stable reception via LR, LP-WUS may support fewer subgroups than PEI. However, this is not an issue from the perspective of UE operation. When LP-WUS subgrouping and PEI subgrouping are configured together, the UE can maintain two subgroup information, i.e., one for LP-WUS and another for PEI, and determine whether to turn-on MR based on the LP-WUS subgroup information, while PEI subgroup information will be used to determine whether to monitor paging occasions. Therefore, LP-WUS subgrouping and PEI subgrouping can be configured independently of each other.
Proposal 6	The LP-WUS subgrouping is independent of the PEI subgrouping.
LP-WUS configuration
As WI progresses, additional information that needs to be included in the LP-WUS configuration may be considered, but at the least, the entry/exit condition for using LP-WUS discussed above and the subgrouping information, e.g., the number of subgroups, should be included in the LP-WUS configuration for UEs in RRC_IDLE/INACTIVE. To enable UEs in RRC_IDLE/INACTIVE to use LP-WUS without state transition to RRC_CONNECTED after cell reselection, the information required to use LP-WUS in RRC_IDLE/INACTIVE needs to be broadcast via system information. 
The LP-WUS design is intended to be commonly applicable to both IDLE/INACTIVE and CONNECTED modes. However, the subgrouping is not applicable to UEs in RRC_CONNECTED, and different entry/exit condition for LP-WUS monitoring can be considered for different RRC state. Therefore, different LP-WUS configuration for UEs in RRC_CONNETED and UEs in RRC_IDLE/INACTIVE may be required.
Proposal 7	As a baseline, the LP-WUS configuration for UEs in RRC_IDLE/INACTIVE is broadcast via system information.
Conclusion
Proposal 1	The entry and exit condition of using LP-WUS is at least based on the LR measurements.
Proposal 2	Leave what the LR measurements in Proposal 1 refer to, i.e., LP-WUS, LP-SS, or SSB, up to RAN1/4.
Observation 1	If LP-WUS quality is sufficient, there is no reason to prevent UE from using LP-WUS while MR is active, e.g., for RRM measurements or SI request/reception.
Proposal 3	The entry and exit condition of using LP-WUS is not based on the MR state, e.g., awake or sleep mode. 
Observation 2	Even if the serving cell quality measured by MR is poor, if LP-WUS quality is still reliable, there is no reason to prevent UE from using LP-WUS for paging monitoring.
Proposal 4	The entry and exit condition of using LP-WUS is not based on the MR measurements.
Proposal 5	For LP-WUS subgrouping, reuse two subgrouping methods defined in R17 PEI, i.e., CN-assigned subgrouping and UE ID-based subgrouping.
Proposal 6	The LP-WUS subgrouping is independent of the PEI subgrouping.
Proposal 7	As a baseline, the LP-WUS configuration for UEs in RRC_IDLE/INACTIVE is broadcast via system information.
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