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Introduction
[bookmark: _Ref178064866]In the last RAN2 meeting, RAN2 started the first discussion on LP-WUS and made following agreements:
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 will continue the discussion on the entry/exit condition for LP-WUS monitoring and sub-grouping using LP-WUS based on the agreements of RAN1, RAN2, and RAN4.
[bookmark: _Toc462951621][bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829]Discussion
Entry and exit conditions for LP-WUS monitoring
If LP-WUS is not detected during LP-WUS monitoring, the UE does not monitor the corresponding paging occasions using MR. To ensure the UE doesn't miss paging during this process, LP-WUS should only be monitored when its reception quality is sufficiently reliable.
LP-SS is being designed to allow UE to measure the channel quality of LP-WUS using LR, and LP-SS and LP-WUS will be transmitted using the same frequency and bandwidth. Although SSB and LP-WUS have a strong channel correlation, the reliability of LP-WUS is better demonstrated by LP-SS measurement using LR rather than SSB measurements using MR.
Observation 1	The LP-SS measurement using LR is better to indicate the reliability of LP-WUS than SSB measurements using MR.
When the UE is not performing the LP-WUS monitoring, i.e., before the entry condition is met, the UE may not perform LP-SS measurement using LR for power saving purpose. However, since the target coverage of LP-WUS and LP-SS is the coverage of PUSCH for message3 as described in WID, the coverage of the cell supporting LP-WUS and LP-WUS itself are likely similar. If so, the power saving from not performing LP-SS measurements using LR outside the LP-WUS coverage would be minimal.
Observation 2	It is UE implementation whether to perform LP-SS based measurements using LR while MR is awake.
Observation 3	Power saving from not performing LP-SS measurements using LR outside LP-WUS coverage would be marginal, because the cell coverage and the LP-WUS coverage are likely to be similar.
If above observations are correct, the UE may perform LP-SS measurements using LR even when not performing the LP-WUS monitoring to precisely evaluate whether LP-WUS is reliable. The only case where UE should stop using reliable LP-WUS due to poor MR measurements is when the cell reselection is triggered. When the serving cell changes by cell re-selection, the UE will stop LP-WUS monitoring though it is not specified as an exit condition of LP-WUS monitoring. Therefore, if he LP-SS based LR measurement results indicate that the reception quality of LP-WUS is reliable, there is no reason for UE to stop LP-WUS monitoring based on the MR measurements.
Observation 4	If the LP-SS based LR measurements indicate that the reception quality of LP-WUS is reliable, there is no reason for UE to stop the LP-WUS monitoring based on MR measurements.
Based on above observations, we propose that if LP-SS based LR measurement is available, the UE determines whether to start LP-WUS monitoring based on the LP-SS based LR measurements, not MR measurements. If UE is not performing the LP-SS based LR measurement, the UE should be able to evaluate the entry condition of using LP-WUS based on the MR measurements.
Proposal 1	If the LP-SS based LR measurement is available, UE determines whether to start LP-WUS monitoring based on the LP-SS based LR measurement, not MR measurement.
Proposal 2	If the LP-SS based LR measurement is not available, UE determines whether to start LP-WUS monitoring based on the MR measurements.
After the entry condition of LP-WUS monitoring is met, MR can wake up for various reasons, e.g. due to the detection of LP-WUS, for performing RRM measurement, for SI request/reception, or for transitioning to RRC_CONNECTED. The UE may be able to monitor PEI or paging occasion using activated MR. However, except the case when transitioning to RRC_CONNECTED, MR will accomplish its task rapidly then return to sleep. Hence, in such cases, the advantages of suspending LP-WUS monitoring are not substantial. When transition to RRC_CONNECTED, the UE will stop LP-WUS monitoring even though this case is not specified as an exit condition.
Observation 5	Apart from the case when transitioning to RRC_CONNECTED, the benefit of suspending LP-WUS monitoring based on activation of MR is marginal.
Additionally, if LR is turned off while MR is active and then turned back on after MR activity ends, MR cannot transition to sleep mode until LR is ready to monitor LP-WUS. This could delay the entry of MR into sleep state. If significant power saving from suspending LP-WUS monitoring during MR activity is not demonstrated, the MR activity should not be specified as a stop condition of LP-WUS monitoring.
Proposal 3	The stop condition of LP-WUS monitoring is based on the LP-SS based LR measurement only.
Proposal 4	It is UE implementation whether to stop the LP-WUS monitoring based on MR activation.

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. 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. 
The UE supporting both LP-WUS subgrouping and PEI subgrouping will monitor the paging occasion using MR only when both the LP-WUS subgroup ID and the PEI subgroup ID are indicated in LP-WUS and PEI, respectively. Therefore, if different subgroup ID is assigned for LP-WUS subgrouping and PEI subgrouping, then the paging false alarm can be significantly reduced. Therefore, LP-WUS subgrouping and PEI subgrouping should be configured independently of each other.
Observation 6	The paging false alarm can be significantly reduced by assigning different subgroup ID for LP-WUS subgroup and PEI subgroup.
Proposal 5	LP-WUS subgrouping and PEI subgrouping are configured independently.
Conclusion
Observation 1	The LP-SS measurement using LR is better to indicate the reliability of LP-WUS than SSB measurements using MR.
Observation 2	It is UE implementation whether to perform LP-SS based measurements using LR while MR is awake.
Observation 3	Power saving from not performing LP-SS measurements using LR outside LP-WUS coverage would be marginal, because the cell coverage and the LP-WUS coverage are likely to be similar.
Observation 4	If the LP-SS based LR measurements indicate that the reception quality of LP-WUS is reliable, there is no reason for UE to stop the LP-WUS monitoring based on MR measurements.
Proposal 1	If the LP-SS based LR measurement is available, UE determines whether to start LP-WUS monitoring based on the LP-SS based LR measurement, not MR measurement.
Proposal 2	If the LP-SS based LR measurement is not available, UE determines whether to start LP-WUS monitoring based on the MR measurements.
Observation 5	Apart from the case when transitioning to RRC_CONNECTED, the benefit of suspending LP-WUS monitoring based on activation of MR is marginal.
Proposal 3	The stop condition of LP-WUS monitoring is based on the LP-SS based LR measurement only.
Proposal 4	It is UE implementation whether to stop the LP-WUS monitoring based on MR activation.
Observation 6	The paging false alarm can be significantly reduced by assigning different subgroup ID for LP-WUS subgroup and PEI subgroup.
Proposal 5	LP-WUS subgrouping and PEI subgrouping are configured independently.

