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[bookmark: _Ref528762725]Introduction
In RAN2#125bis meeting, RAN2 started the discussion on Rel-19 LP-WUS WI. And the following agreements were achieved on the LP-WUS operation in RRC_IDLE/INACTIVE.
	· 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 give our further considerations on LP-WUS operation for IDLE/INACTIVE.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Discussion
2.1	Subgrouping
2.1.2 LP-WUS subgrouping
In RAN2#125bis meeting, it was agreed that the PEI subgrouping method is taken as baseline for LP-WUS subgrouping, i.e. CN assigned and UE_ID based subgrouping. It is FFS for the maximum number of subgroups. RAN2 can wait for RAN1 conclusion on the FFS considering the maximum number of subgroups mainly depends on the payload of LP-WUS.
Proposal 1: The maximum number of subgroups for LP-WUS depends on RAN1 conclusion.
For CN assigned subgrouping for PEI, AMF is responsible for assigning subgroup ID to the UE. The brief procedure [1] is:
1.	The UE indicates its support of CN assigned subgrouping via NAS signalling.
2.	If the UE supports CN assigned subgrouping, the AMF determines the subgroup ID assignment for the UE.
3.	The AMF sends subgroup ID to the UE via NAS signalling.
4.	The AMF informs the gNB about the CN assigned subgroup ID for paging the UE in RRC_IDLE/ RRC_INACTIVE state.
For CN assigned subgrouping for LP-WUS, the procedure for CN assigned subgrouping for PEI can be reused. The difference is the CN assigned subgrouping ID is used for LP-WUS, not PEI.
Proposal 2: For CN assigned subgrouping for LP-WUS, the similar procedure for CN assigned subgrouping for PEI is reused.
Proposal 3: Send an LS to SA2/CT1/RAN3 for the design of CN assigned subgrouping for LP-WUS.
For UE_ID based subgrouping for PEI, the gNB and UE can determine the subgroup ID based on the UE ID and the total number of subgroups for UE ID based subgrouping in the cell. The following is the formula for UE_ID based PEI subgrouping in TS 38.304[2]:
	SubgroupID = (floor(UE_ID/(N*Ns)) mod subgroupsNumForUEID) + (subgroupsNumPerPO - subgroupsNumForUEID),
where:
N: number of total paging frames in T, which is the DRX cycle of RRC_IDLE state as specified in clause 7.1
Ns: number of paging occasions for a PF
UE_ID: 5G-S-TMSI mod X, where X is 32768, if eDRX is applied; otherwise, X is 8192
subgroupsNumForUEID: number of subgroups for UE_ID based subgrouping in a PO, which is broadcasted in system information


For simplicity, the similar formula can be reused for UE_ID based subgrouping for LP-WUS. However, some parameters may need further discussion. For example, parameter X which may depend on the maximum number of subgroupings for LP-WUS if we refer to the formula for UE_ID based PEI subgrouping. But considering the maximum number of subgrouping for LP-WUS is still under discussion, the details for the parameters how to obtain UE_ID which is calculated based on X for UE_ID based LP-WUS subgrouping, can be decided after the conclusion on the maximum number of subgroupings for LP-WUS.
Proposal 4: For UE_ID based subgrouping for LP-WUS, similar formula for PEI subgrouping is reused, i.e.,
SubgroupID = (floor (UE_ID/(N*Ns)) mod subgroupsNumForUEID_LP) + (subgroupsNumPerPO_LP – subgroupsNumForUEID_LP), where
UE_ID is related to 5G-S-TMSI, detail FFS,
N is the number of total paging frames in DRX cycle,
Ns is the number of the PO for a PF, 
subgroupsNumForUEID_LP and subgroupsNumPerPO_LP are the subgroup number for UE_ID based subgrouping for LP-WUS and the total subgroup number for LP-WUS, respectively.
2.1.2 Association between LP-WUS subgrouping and PEI subgrouping
RAN1 has agreed it is up to UE implementation whether to monitor PEI or not after the UE receives LP-WUS indicating wake-up. In this section, we would like to further clarify the association between LP-WUS subgrouping and PEI subgrouping.
It is useless for paging false alarm reduction to ensure different subgrouping IDs for LP-WUS and PEI are assigned for one UE. For example: For both UE1 and UE2 which are grouped into the same subgroup, CN subgrouping ID for LP-WUS is 1 while CN subgrouping ID for PEI is 2. When UE1 is paged, UE2 will be waken-up to receive LP-WUS, PEI and associated PO. Further reducing paging false alarm rate is not achieved via PEI monitoring after LP-WUS. But if UEs belong to the same LP-WUS subgrouping are assigned to different PEI subgroupings, further paging false alarm rate can be reduced. For example: For UE1, UE2 and UE3, CN subgrouping ID of LP-WUS is 1. And for PEI subgrouping, UE1 is assigned with CN subgrouping ID 2 while the CN subgrouping ID of PEI for UE2 and UE3 is 1. When UE1 is paged, both UE2 and UE3 will not be waken-up to receive associated PO after monitoring PEI. When UE2 is paged, UE1 will not be waken-up to receive associated PO after monitoring PEI while UE3 will be waken-up to receive associated PO after monitoring PEI. Paging false alarm rate can be reduced.
Observation 1: In order to further reduce paging false alarm rate via PEI monitoring, UEs belong to the same LP-WUS subgrouping are expected to be assigned to different PEI subgroupings.
With observation 1, there are two possible options:
· Option 1: Specify in the spec that UEs belong to the same LP-WUS subgrouping are expected to be assigned to different PEI subgroupings.
With this option 1, the calculation for UE_ID based LP-WUS subgrouping can be different from that for UE_ID based PEI subgrouping. For example: For UE_ID based LP-WUS subgrouping, the formula can be similar as that for UE_ID based PEI subgrouping. But different bits in 5G-S-TMSI could be used as UE_ID for LP-WUS subgrouping. Then UEs belong to the same UE_ID based LP-WUS subgrouping may belong to different UE_ID based PEI subgroupings.
For CN assigned mechanism, with the option, we need to notify SA2/CT1 that UEs belong to the same CN assigned LP-WUS subgrouping are expected to be assigned to different CN assigned PEI subgroupings. Finally, it is up to network implementation to ensure UEs belong to the same CN assigned LP-WUS subgrouping are assigned to different CN assigned PEI subgroupings as much as possible.
· Option 2: It is up to network implementation that UEs belong to the same LP-WUS subgrouping are expected to be assigned to different PEI subgroupings. No specification impact is needed.
For UE_ID based LP-WUS subgrouping, the formula for UE_ID based PEI subgrouping can be reused. The network can assign different number of subgroups for UE_ID based subgrouping in a PO for LP-WUS and PEI. For example: subgroupsNumForUEID for PEI is 4 while the number of subgroups for UE_ID based LP-WUS subgrouping in a PO is 5. Or if the maximum number of LP-WUS subgroupings is different from 8, UE_ID (5G-S-TMSI mod X ) will be different between LP-WUS subgrouping and PEI subgrouping as X is related the maximum number of subgroupings. Then UEs belong to the same LP-WUS subgrouping may belong to different PEI subgroupings.
For CN assigned mechanism, it is up to network implementation to ensure UEs belong to the same CN assigned LP-WUS subgrouping are assigned to different CN assigned PEI subgroupings as much as possible if the network wants to further reduce paging false alarm rate via PEI monitoring.
Considering option 2 can achieve similar results for paging false alarm rate, we slightly prefer option 2. 
Proposal 5: It is up to network implementation that UEs belong to the same LP-WUS subgrouping are expected to be assigned to different PEI subgroupings. No specification impact is needed.
2.2	Entry/exit condition(s) for LP-WUS		
In RAN1#116bis meeting, the following working assumption was made for entry/exit condition(s) for LP-WUS [3].
	Working Assumption
From RAN1 perspective, for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode,
· The UE may start LP-WUS monitoring if
· the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· If UE starts LP-WUS monitoring, it may stop the legacy PO monitoring before UE receives LP-WUS indicating wake-up
· The UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if
· the serving cell measurement performed by the LR is below exit threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· FFS the serving cell measurement metrics
· The entry/exit thresholds can be configured separately for different types of LR
· It is left to RAN2 discussion whether the threshold(s) are always configured by the gNB. 
· Note: This may be revisited based on the RAN2/RAN4 discussion.


We support to consider the serving cell measurement performed by the LR only for exit condition of LP-WUS, considering power saving gain from MR measurement. But in order to avoid pingpong, not only the serving cell measurement performed by the MR but also the serving cell measurement performed by LR need to be considered for entry condition of LP-WUS. 
Proposal 6: UE may start LP-WUS monitoring if the serving cell measurement performed by the MR is above the entry threshold (if configured) and the serving cell measurement performed by the LR is above the entry threshold (if configured).
Proposal 7: UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if the serving cell measurement performed by the LR is below exit threshold (if configured).
It is unclear if the threshold(s) for entry/exit conditions is cell measurement quantity or beam measurement quantity. In our understanding, the threshold(s) for entry/exit conditions is serving cell measurement quantity. If it is confirmed, how to derive the serving cell measurement quantity of LR needs to be clarified further.
Proposal 8: Thresholds for entry/exit conditions of LP-WUS are based on serving cell measurement quantity.
For the serving cell metrics, similarly as other thresholds, e.g. the criteria for UE not at cell edge, (LP-)RSRP should be considered while (LP-)RSRQ can be considered if configured. And these metrics are applied to thresholds for both MR and LR if there are agreed for the entry/exit condition(s) of LP-WUS.
Proposal 9: For the metrics of thresholds for both MR and LR, (LP-)RSRP should be considered while (LP-)RSRQ can be considered if configured by gNB.
RAN1 assumes the entry/exit thresholds can be configured separately for different types of LR. LP-WUS coverage for one type or all types may be good enough. The threshold(s) for entry/exit conditions for LP-WUS does not need to be always configured by the gNB. If threshold(s) for entry/exit conditions for LP-WUS is not configured, it is up to UE implementation when to start/stop LP-WUS monitoring if the UE wants to use LP-WUS for power saving. And smart UEs can make sensible UE implementation when to start/stop LP-WUS monitoring.
Proposal 10: Thresholds for entry/exit conditions of LP-WUS are optionally configured by the gNB. If threshold(s) is not configured, it is up to UE implementation when to start/stop LP-WUS monitoring.
2.3 System information update and PWS notification
During SI, it was agreed in RAN2#124 meeting.
	· Regarding how to receive SI change notification and/or ETWS/CMAS when UE is using LP-WUS, Alt 1 is the basline, other alternatives needs further justification and may dep on the payload capacity of LP-WUS is
Alt 1: based on legacy indication in short message/paging, i.e. waking UE up by LP-WUS, and receiving the notification of SI change or ETWS/CMAS as in legacy.


Considering whether enhancements can be introduced for system information update and PWS notification highly depends on the payload capacity of LP-WUS, we prefer to keep the conclusion in SI until there is conclusion on the payload of LP-WUS in RAN1.
Proposal 11: RAN2 keep the study item conclusion on SI update and PWS notification until there is conclusion on the payload of LP-WUS in RAN1, i.e., 
· [bookmark: _GoBack]Based on legacy indication in short message/paging, i.e. waking UE up by LP-WUS, and receiving the notification of SI change or ETWS/CMAS as in legacy.
Conclusion
In this document, we analyse proceudre and configuration for LP-WUS in RRC_IDLE/INACTIVE, and we have the observation and proposls as follows:
Observation 1: In order to further reduce paging false alarm rate via PEI monitoring, UEs belong to the same LP-WUS subgrouping are expected to be assigned to different PEI subgroupings.
Proposal 1: The maximum number of subgroups for LP-WUS depends on RAN1 conclusion.
Proposal 2: For CN assigned subgrouping for LP-WUS, the similar procedure for CN assigned subgrouping for PEI is reused.
Proposal 3: Send an LS to SA2/CT1/RAN3 for the design of CN assigned subgrouping for LP-WUS.
Proposal 4: For UE_ID based subgrouping for LP-WUS, similar formula for PEI subgrouping is reused, i.e.,
SubgroupID = (floor (UE_ID/(N*Ns)) mod subgroupsNumForUEID_LP) + (subgroupsNumPerPO_LP – subgroupsNumForUEID_LP), where
UE_ID is related to 5G-S-TMSI, detail FFS,
N is the number of total paging frames in DRX cycle, 
Ns is the number of the PO for a PF, 
subgroupsNumForUEID_LP and subgroupsNumPerPO_LP are the subgroup number for UE_ID based subgrouping for LP-WUS and the total subgroup number for LP-WUS, respectively.
Proposal 5: It is up to network implementation that UEs belong to the same LP-WUS subgrouping are expected to be assigned to different PEI subgroupings. No specification impact is needed.
Proposal 6: UE may start LP-WUS monitoring if the serving cell measurement performed by the MR is above the entry threshold (if configured) while the serving cell measurement performed by the LR is above the entry threshold (if configured).
Proposal 7: UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if the serving cell measurement performed by the LR is below exit threshold (if configured).
Proposal 8: Thresholds for entry/exit conditions of LP-WUS are based on serving cell measurement quantity.
Proposal 9: For the metrics of thresholds both MR and LR, (LP-)RSRP should be considered while (LP-)RSRQ can be considered if configured by gNB.
Proposal 10: Thresholds for entry/exit conditions of LP-WUS are optionally configured by the gNB. If threshold(s) is not configured, it is up to UE implementation when to start/stop LP-WUS monitoring.
Proposal 11: RAN2 keep the study item conclusion on SI update and PWS notification until there is conclusion on the payload of LP-WUS in RAN1, i.e., 
· Based on legacy indication in short message/paging, i.e. waking UE up by LP-WUS, and receiving the notification of SI change or ETWS/CMAS as in legacy.
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