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Introduction
In RAN#102 meeting, new WID Low-power wake-up signal and receiver for NR [1] was agreed. One of the objectives in this WID was:
	· 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)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· 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 neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)


In RAN2#125bis meeting, RAN2 discussed the topic online but no conclusion was achieved. In this contribution, we give our further considerations on serving cell RRM measurement offloaded/relaxation and neighbor cell RRM relaxation of UE MR in RRC_IDLE/INACTIVE.
Discussion
Background
A UE in RRC_IDLE/INACTIVE mode needs to perform RRM measurements for cell selection/reselection to ensure it camps on the best cell. A UE in RRC_IDLE/INACTIVE mode shall perform measurement and evaluation of serving cell according to the requirement defined in TS 38.133. If the serving cell is good enough (e.g. in cell center), the UE may not perform neighbor cell measurements, including:
-	If the serving cell fulfills Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may not perform intra-frequency measurements. 
-	If the serving cell fulfills Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority. 
-	The UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies. 
In R16, in order to reduce UE power consumption, UE relaxes RRM measurements for neighbor cells when it meets the criteria of low mobility and/or not at cell edge was introduced.
In R17, In RRC_IDLE and RRC_INACTIVE an (e)RedCap UE is allowed to relax neighbor cell RRM measurements when the stationary criterion is met or when both stationary criterion and not-at-cell-edge criterion are met.
Serving cell RRM measurement via MR with LP-WUS operation
The SI conclusion on RRM relaxation/offloading in RAN2 in TR 38.869[2], clause 9.6 is:
	-	RAN2 has studied and concluded the feasibility for RRM measurement relaxation (including no measurement) for serving cell by MR and neighboring cell by MR at least if RRM measurement on LR for serving cell is feasible/supported.


According to the SI conclusion in RAN2, it is unclear the meaning of UE serving cell RRM measurement offloaded from MR to LP-WUR in WID [1]. There are two possible understanding for UE serving cell RRM measurement offloaded from MR to LP-WUR
· Understanding 1: UE serving cell RRM measurement via MR is stopped, i.e. no UE serving cell RRM measurement via MR.
· Understanding 2: UE serving cell RRM measurement via MR is relaxed, i.e. UE serving cell RRM measurement via MR is performed with longer cycle.
The following is the SI conclusion on RRM relaxation/offloading in RAN1 in TR 38.869[2], clause 9.1.
	-	UE power saving gain cannot be observed if the existing Rel-18 MR RRM measurement periodicity for serving and neighbour cells are applied and UE MR enters in ultra-deep sleep during LP LP-WUS monitoring, therefore MR serving and neighbour cell measurement with further time domain relaxation than that is allowed in Rel-18 specification for IDLE/INACTIVE and/or at least serving cell RRM offloaded from MR to LR are beneficial.


According the conclusion, relaxation and offloading are separately mentioned. And in WID [1], both RRM relaxation of UE MR for serving cell measurement and UE serving cell RRM measurement offloaded from MR to LP-WUR are captured in the objective. Hence, understanding 1 is reasonable.
As serving cell RRM measurement impacts UE mobility, RAN2 should be careful whether/when UE serving cell RRM measurement via MR can be stopped. In addition, whether UE serving cell RRM measurement via MR can be offloaded to LP-WUR depends on the accuracy of UE serving cell RRM measurement via LP-WUR which depends on RAN4. Therefore, RAN2 assume it is possible to perform RRM measurement offloaded from MR to LP-WUR if the configured criteria are fulfilled with LP-WUS operation. But the final decision is up to RAN4. Considering it may impact UE mobility, RAN2 ask RAN4’s consideration on UE serving cell RRM measurement offloaded from MR to LP-WUR before discussing related criteria.
Proposal 1: RAN2 confirms UE serving cell RRM measurement offloaded from MR to LP-WUR means UE serving cell RRM measurement via MR is stopped, i.e. no UE serving cell RRM measurement via MR.
Proposal 2: RAN2 assumes it is possible to perform serving cell RRM measurement offloading from MR to LP-WUR if the configured criteria are fulfilled. Send an LS to RAN4 to confirm the feasibility.
For a UE operating with LP-WUR, frequently starting up the MR for serving cell RRM measurement (e.g. performing FR1 serving cell measurement of MR every 1 or every 2 cycle) will reduce the UE energy saving gain. RRM relaxation of UE MR serving cell measurement can achieve more UE power saving gain. As a start point, RAN2 assumes it is possible to perform RRM measurement relaxation on serving cell via MR if the configured criteria are fulfilled when the UE is operating with LP-WUS, final decision is up to RAN4.
Proposal 3: RAN2 assumes it is possible to perform RRM measurement relaxation on serving cell via MR if the configured criteria are fulfilled, final decision is up to RAN4.
When the UE performs RRM measurement relaxation on serving cell via MR during LP-WUS operation, there are two possible options for cell selection/reselection.
· Option 1: Serving cell RRM measurement via LP-WUR is used for cell selection/reselection.
· Option 2: Serving cell RRM measurement via MR is used for cell selection/reselection.
With option 1, the cell selection criterion S and cell-ranking criterion R for cell reselection need to be updated. When the UE performs RRM measurement relaxation on serving cell via MR during LP-WUS operation, RRM measurement relaxation on serving cell via MR is still available and valid. With option 2, the existing criteria for cell selection/reselection are kept. Therefore, option 2 is preferred. RAN2 can confirm the assumption, but the final decision is up to RAN4.
Proposal 4: RAN2 assumes serving cell RRM measurement via MR is used for cell selection/reselection when the UE performs RRM measurement relaxation on serving cell via MR during LP-WUS operation. Final decision is up to RAN4.
Neighbor cell RRM measurement relaxation of MR
It is FFS if RRM measurement of LP-WUR can be used for neighbor cells during LP-WUS SI. Based on current progress, there is no discussion on neighbor cell RRM measurement using LR. Hence, RAN2 confirm RRM measurement of MR (i.e. measurement based on SSB) is used for neighbor cell measurement when the UE is performing serving cell measurement with LP-WUR.
Proposal 5：RAN2 confirm RRM measurement of MR is used for neighbor cell measurement when the UE is performing serving cell measurement via LP-WUR.
As mentioned in the background, UE relaxing RRM measurements for neighbor cells in RRC_IDLE/INACTIVE have already been introduced in R16 and R17. And according to the SI conclusion, RAN2 concluded the feasibility for RRM measurement relaxation (including no measurement) for serving cell by MR and neighboring cell by MR at least if RRM measurement on LR for serving cell is feasible/supported. Therefore, RAN2 confirm the discussion of neighbor cell RRM measurement relaxation of MR is based on the UE when the UE is performing serving cell measurement via LP-WUR. Further enhancement on neighbor cell RRM measurement relaxation of MR is considered at least if RRM measurement on LR for serving cell is operated.
Proposal 6: Further enhancement on neighbor cell RRM measurement relaxation of MR is considered when the UE is performing serving cell measurement via LP-WUR.
In legacy procedure, the UE shall perform measurements of NR inter-frequency or inter-RAT frequency of higher priority for load balance purpose. In R16, if highPriorityMeasRelax is configured, the UE may perform relaxed measurements for NR inter-frequency or inter-RAT frequency of higher priority when criterion is fulfilled. The same principle can be kept when the UE is performing serving cell measurement via LP-WUR. If the UE is allowed to relax the measurements of higher priority, more UE power saving can be achieved. But it depends on RAN4.
Proposal 7: RAN2 assumes it is possible to perform RRM measurement relaxation on neighbor cell via MR on NR inter-frequency, or inter-RAT frequency of higher priority if the configured criteria are fulfilled when the UE is performing serving cell measurement via LP-WUR, final decision is up to RAN4.
As mentioned in background, if the serving cell is good enough, e.g. the UE is in cell center, the UE may not perform measurements on intra-frequency cells, NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority. As the UE is in the cell center in this case, it doesn’t need to perform measurements on frequencies of equal or low priority for cell reselection. The same principle can be reused when the UE is performing serving cell measurement via LP-WUR and is in the cell center, as shown in figure 1. 
Similar as R16, criteria low mobility and/or not at cell edge can be considered to relax neighbor cell RRM measurements of MR, including intra-frequency, inter-frequency and inter-RAT frequency. For example: When the UE is not at cell edge, as shown in figure 1, the UE may perform neighbor cell RRM measurements of MR with longer measurement cycle. And it is depended on RAN4 to decide how long neighbor cell RRM measurements of MR can be relaxed when the UE is performing serving cell measurement via LP-WUR.
Considering the final decision of RRM measurement relaxation on neighbor cell via MR is up to RAN4, we propose:
Proposal 8: RAN2 assumes it is possible to perform RRM measurement relaxation on neighbor cell (including no measurement) via MR on NR intra-frequency, inter-frequency of equal or lower priority, or inter-RAT frequency of low priority if the configured criteria are fulfilled when the UE is performing serving cell measurement via LP-WUR, final decision is up to RAN4.


Figure 1 LP-WUS coverage
Conclusion
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we propose:
Proposal 1: RAN2 confirms UE serving cell RRM measurement offloaded from MR to LP-WUR means UE serving cell RRM measurement via MR is stopped, i.e. no UE serving cell RRM measurement via MR.
[bookmark: _GoBack]Proposal 2: RAN2 assumes it is possible to perform serving cell RRM measurement offloading from MR to LP-WUR if the configured criteria are fulfilled. Send an LS to RAN4 to confirm the feasibility.
Proposal 3: RAN2 assumes it is possible to perform RRM measurement relaxation on serving cell via MR if the configured criteria are fulfilled, final decision is up to RAN4.
Proposal 4: RAN2 assumes serving cell RRM measurement via MR is used for cell selection/reselection when the UE performs RRM measurement relaxation on serving cell via MR during LP-WUS operation. Final decision is up to RAN4.
Proposal 5：RAN2 confirm RRM measurement of MR is used for neighbor cell measurement when the UE is performing serving cell measurement via LP-WUR.
Proposal 6: Further enhancement on neighbor cell RRM measurement relaxation of MR is considered when the UE is performing serving cell measurement via LP-WUR.
Proposal 7: RAN2 assumes it is possible to perform RRM measurement relaxation on neighbor cell via MR on NR inter-frequency, or inter-RAT frequency of higher priority if the configured criteria are fulfilled when the UE is performing serving cell measurement via LP-WUR, final decision is up to RAN4.
Proposal 8: RAN2 assumes it is possible to perform RRM measurement relaxation on neighbor cell (including no measurement) via MR on NR intra-frequency, inter-frequency of equal or lower priority, or inter-RAT frequency of low priority if the configured criteria are fulfilled when the UE is performing serving cell measurement via LP-WUR, final decision is up to RAN4.
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