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1 Introduction
In RAN2’s last meeting, the progress is captured in [1]:
	· 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.



And RAN1’s latest agreement is captured in [2]:

	Agreement
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.

Agreement

Regarding the LP-WUS information for idle/inactive UEs, at least consider the following：

· Option 1: A bitmap with each bit corresponding to [one or more] subgroups

· Option 2: A codepoint value corresponding to one or more subgroup(s)
· Option 3: Multiple codepoint values with each corresponding to one or more subgroup(s)

· Combination of above options are not precluded

· FFS how to carry LP-WUS information, e.g., by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.

· FFS how to carry LP-WUS information by overlaid OFDM sequences.

· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used

· Other options are not precluded


In this contribution, we give some general considerations on the procedure of LP-WUS from the high layer point of view including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring.
2 Discussion
2.1 Considerations on the procedure of LP-WUS
In last meeting, we have agreed that configuration for LP-WUS broadcasted in SIB as baseline. FFS if dedicated configuration is needed. In the meanwhile, people are not sure the entry/exit condition for LP-WUS monitoring should be part of the configuration for LP-WUS.
Based on the evaluations in R18 SI, at least OOK based signal has much worse detection performance than PDCCH and can hardly provide whole cell coverage. OFDM-based LR has similar or slightly worse detection performance compared to MR. As confirmed by RAN1, the UE may start LP-WUS monitoring if the serving cell measurement performed by the MR is above entry threshold(s), and the UE fall backs to 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). Obviously, the entry and exit condition of using LP-WUS could be at least given to UE to keep track of whether it moves in LP-WUS coverage in the cell. The UE could determine this based on the measured RSRP of LP-SS or PSS/SSS, e.g., compared to an RSRP threshold in system information. Similarly, as in Rel-16/R17 for the relaxing RRM measurement in RRC_IDLE/RRC_INACTIVE state, UE determines whether to move into LP-WUS based on triggers. E.g. the UE may make decision based on the mobility, serving cell signal strength/quality, etc. The entry/exit thresholds can be configured separately for different types of LR.
Proposal 1 Entry/exit condition(s) of using LP-WUS is configured in SIB.
RAN2 has studied LP-WUS configuration, at least via system information broadcast. Another option is that gNB determines whether to move a UE into LP-WUS specifically. Some companies think not all the UE goes to LP-WUS monitoring when in RRC_IDLE/RRC_INACTIVE considering UE’s traffic activity and proposed that NW can indicate UE specifically whether to use LP-WUS configuration. That is true. Considering that the NW knows UE’ traffic and can already assign UE into different paging subgroups, it is possible that NW assign a UE with less paging probability into a subgroup or to a subgroup that even not using LP-WUS. Hence, RRC dedicated signalling is needed.
Proposal 2 Entry/exit condition(s) of using LP-WUS provided by RRC dedicated signaling is not considered.
Obviously, detecting a LP-WUS will transit UE out of ultra-low power WUS monitoring. And UE stops using LP-WUS when exit condition(s) configured in SIB is fulfilled, e.g. the serving cell quality measured by LR is less than the configured threshold. From higher layer’s point of view, similarly as in MICO which has introduced in TS 38.304, the UE may transit out of ultra-low power WUS monitoring and activate main receiver at any time, e.g. for the transferring of mobile originated signalling or user data. An example is T380 expiry can also transit UE out of ultra-low power WUS monitoring as the main receiver needs to initiate RNA update.
Proposal 3 Uplink signalling or user data can move UE out of ultra-low power WUS monitoring. 
2.2 Considerations on paging monitoring by LP-WUS
For LP-WUS for RRC idle/inactive UE, at least UE sub-group ID is indicated, similar as PEI. Maximum payload size for UE subgrouping in LP-WUS is at least based in RAN1’s input while how to map a UE to a subgroup ID for LP-WUS is left to RAN2 to decide. As agreed in RAN2’s last meeting, 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.
One option is that LP-WUS may be used together with PEI if both LP-WUS and PEI are configured. After waken up by LP-WUS, the main receiver could also monitor legacy PEI defined in Rel-17, if it is configured by network and it is supported by UE. In this case, the network already divides UEs into different groups/subgroups by PEI by legacy way. And gNB could be further configured with different time/frequency resources for LP-WUS monitoring or the same time/frequency resource but with different sequences for LP-WUS corresponding to different PEI subgroups. A simple way is LP WUS can carry UE subgroup information (e.g., a bitmap with each bit corresponding to one or more subgroups) to indicate which UE PEI subgroup(s) to monitor to reduce the false wakeup rate Thus, the legacy UE subgrouping for PEI can still be used and the actually applied LP WUS subgrouping can be the same as what's applied for PEI. This option applies to UE which support PEI and had already been assigned with a PEI subgrouping ID. And we do not see much benefit for assign the UE a different LP WUS subgroup ID from the PEI Subgroup ID the UE already belongs to. Additionally, if the UE is assigned to different subgroups for LP-WUS and PEI, UEs in LP-WUS subgroup would be waken up while not waken up by PEI subgroup, the mismatch issue happens. We can first consider this as a baseline and can further discuss whether we need assign different subgroups for LP-WUS and PEI.

Hence, it is proposed that:
Proposal 4 The applied LP WUS subgrouping ID can be the same as what's applied for PEI subgrouping ID.
Another option is that LP-WUS may not be used together with PEI especially for UE not supporting PEI or has not been assigned with any PEI subgrouping ID. After waking up by LP-WUS, the legacy paging monitoring procedure could be triggered for the main receiver. That is, if the UE detects LP-WUS it would start up its main receiver to monitor legacy paging. Whether there is association between LP-WUS and PO, and how to define the association is still FFS in RAN1. For reference, in legacy, Rel-17 PEI supports mapping of up to 8 POs. And whether there will be subgrouping for each PO is still FFS. If yes, the legacy UE subgrouping for PEI can still be used. If that is confirmed, we need to confirm with SA2/CT1 for the design on CN assigned subgrouping for LP-WUS.
Proposal 5 Both CN assigned and UE_ID based subgrouping methods used in PEI can be considered for LP WUS subgrouping for UE without a PEI subgrouping ID.

As analyses above, the network could have the flexibility to divide UEs into different groups/subgroups which could be waken up by LP-WUS. Further, the NW can configure which PEI subgroup(s) will be waken up by a LP-WUS. For the PEI subgroup(s) not configured to be waken up, UE will not use LP-WUS. Similarly, if the LP-WUS does not indicate the subgroup the UE belongs to monitor its associated PO, the UE is not required to monitor LP-WUS.
Proposal 6 The NW can configure which PEI subgroup(s) or PO(s) will be waken up by a LP-WUS. 
After waking up from LP-WUS, the time offset between LP-WUS and the PO/PEI should be long enough to include the transition time to start up the main receiver to be ready for PDCCH monitoring, which depends on the design of LP-WUR and the detailed procedure after waking up. Due to the transition time to start up the main receiver, LP-WUR operation may always have worse latency performance than legacy, it is likely that UE main receiver would miss the PEI monitoring occasions. For such case, UE will monitor corresponding PO(s).

Proposal 7 If the UE is unable to monitor the PEI occasion (i.e. all valid PDCCH MO for PEI) corresponding to its PO, e.g. during MR waking up, the UE monitors the associated PO.
3 Conclusions

Based on the discussion, our proposals are provided as follows:
Proposal 8 Entry/exit condition(s) of using LP-WUS is configured in SIB.
Proposal 9 Entry/exit condition(s) of using LP-WUS provided by RRC dedicated signaling is not considered.
Proposal 10 Uplink signalling or user data can move UE out of ultra-low power WUS monitoring. 
Proposal 11 The applied LP WUS subgrouping ID can be the same as what's applied for PEI subgrouping ID.
Proposal 12  Both CN assigned and UE_ID based subgrouping methods used in PEI can be considered for LP WUS subgrouping for UE without a PEI subgrouping ID.

Proposal 13 The NW can configure which PEI subgroup(s) or PO(s) will be waken up by a LP-WUS.
Proposal 14 If the UE is unable to monitor the PEI occasion (i.e. all valid PDCCH MO for PEI) corresponding to its PO, e.g. during MR waking up, the UE monitors the associated PO.
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