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Introduction
Energy conservation has emerged as an important issue in recent mobile communication network environments. Accordingly, RAN2 starts with the new Work Item (WI), Low-power wake-up signal and receiver for NR (LP-WUS/WUR) [1]. 
Among the WID[1], objectives related with RAN2 RRC IDLE/INACTIVE mode are as follows:
	· 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 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 this contribution, we would like to discuss the detailed RRM measurement relaxation and offloading methods to support LP-WUS in RRC IDLE/INACTIVE mode.

Discussion
A UE in RRC_IDLE or RRC_INACTIVE state needs to perform mobility measurements as defined in TS 38.304 to camp on the optimal cell. Consequently, for the majority of UEs, the serving cell measurements require the most frequent execution, thus having the greatest influence on UE energy consumption.
Using the MR for serving cell measurements has a significant impact on UE energy consumption and reduces the LP-WUS/WUR gain according to the observations from the study evaluation results. In order to achieve the UE power saving gain by LP-WUS/WUR, the RRM measurement on serving cell and neighboring cell via MR can be relaxed or may be stopped when UE is using LP-WUS and MR is in ultra-deep sleep. However, it should be noted that these RRM relaxations may affect the mobility performance in RRC_IDLE or RRC_INACTIVE states. 
And during the study item (SI) phase, RAN2 made agreements as follows: 
	[bookmark: OLE_LINK142][bookmark: OLE_LINK135][bookmark: OLE_LINK137]Proposal 14-1: R2 assumes In ultra-deep-sleep, RRM measurement on serving cell via MR is relaxed (may include no measurement) if RRM measurement on LR is feasible/supported. FFS on the details, e.g. how to relax, in which condition,. 
Proposal 14-2: R2 assumes In ultra-deep-sleep, RRM measurement on neighboring cell via MR is relaxed (may include no measurement) if RRM measurement on LR is feasible/supported. FFS on the details, e.g. how to relax, in which condition,.
Proposal 15: FFS: RRM measurement for neighboring cell by LR as well as corresponding cell (re-) selection. 



RRM relaxation is a key feature to reduce NR UE power consumption, implemented through less frequent measurement of serving and neighbor cell qualities, such as Reference Signal Received Power (RSRP), Reference Signal Received Quality (RSRQ), and Signal-to-Interference-and-Noise Rate (SINR). RRM relaxation can be initiated through RRM relaxation triggers, and in Release 16, two types of triggers were specified: low mobility criteria and not at cell edge criteria. The subjective term 'low mobility' is utilized to define the mobility level of a UE with the preconfigured specific values like RSRPSearchDeltaP and TSearchDeltaP.  The subjective term 'not at cell edge' is utilized to define the channel quality of a UE with the preconfigured threshold, RSRPSearchThresholdP. When a condition (or both conditions) are satisfied, the terminal may alleviate RRM measurement by performing RRM once every multiple of a pre-configured DRX cycle, or even stop RRM measurement.

Conditions for serving cell/neighbor cell RRM measurement relaxation
As in previous RAN2 agreements and TR [2], NR now supports MR RRM measurement relaxation on the serving cell and/or neighbor cell in UE ultra-deep sleep, provided that RRM measurement on LR is feasible/supported. Considering the use cases of RRM measurement relaxation, the triggering condition does not need to differ from the current criteria of NR. Therefore, we may either reuse the MR measurement-based criteria or even introduce LR measurement-based new criteria for serving cell and/or neighbor cell RRM measurement relaxation triggering conditions such as: 
· MR low mobility and/or not at cell edge criteria
: During ultra-deep sleep, the UE must perform MR measurement, and based on the measurement results, the UE may perform MR serving/neighbor cell RRM measurement relaxation.

· LR low mobility and/or not at cell edge criteria
: During ultra-deep sleep, a UE with LR measurement could assess the LR measurement criteria and may perform MR serving/neighbor cell RRM measurement relaxation.
Proposal 1: RAN2 needs to discuss whether to adopt measurement-based criteria to trigger serving cell and/or neighbor cell RRM measurement relaxation, in case if RRM measurement on LR is feasible/supported. For example, MR and/or LR based low mobility or not at cell edge criteria.

In addition, if any of the exit conditions of ultra-deep sleep mode (to be discussed in Agenda item 8.4.2) are met, UE would activate MR and perform MR transmission/reception. Hence, the UE should deactivate the ongoing MR RRM relaxation if any of the exit measurements occur.
· MR RRM measurement relaxation in UE ultra-deep sleep mode should be halted if an exit condition of ultra-deep sleep mode is met.
Unlike the exit condition, the entry condition is somewhat challenging since the entry condition itself would not ensure the 'low mobility' or 'not at cell edge' of the UE that can relax MR RRM measurements.
Proposal 2: RAN2 needs to discuss and confirm that the MR RRM measurement relaxation in UE ultra-deep sleep mode should be stopped if any of the exit conditions of ultra-deep sleep mode are met. Furthermore, RAN2 also needs to further discuss the corresponding entry conditions (FFS).

Offloading RRM measurement from MR to LR
In this section, we discuss the offloading of RRM measurements from MR to LR, or even mixed measurements between MR and LR. Traditionally, signal characteristics such as path loss and fading vary across frequency bands, and synchronization and measurement across different frequencies and radios are known to be challenging.
Regarding offloading RRM measurements, TR[2] summarizes the discussions from study item (SI) as follows: 
	-	For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR under certain conditions, if any, and relaxation of serving/neighboring cell RRM measurements in MR considering
-	Periodic reference signal(s) is/are used for LR measurements.
-	FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, LP-WUS waveform sequence, LP-SS
-	FFS: periodicity, content
-	MR performs measurements 
-	Alt2: with relaxed periodicity if RRM measurement in MR is relaxed.
-	FFS: Condition for relaxation if any
-	Can apply for both neighboring and serving cell
-	Alt3: only when reference signal(s) based measurements by LP-WUR satisfy certain condition(s), e.g. are below threshold.
-	FFS threshold.
-	Above MR measurement under certain conditions can apply for both neighboring and serving cell
-	Potentially with relaxation methods for MR neighboring cell measurement 
-	Other alternatives are not precluded
-	FFS: Feasibility of RRM measurements of neighbour cells by LP-WUR


Accordingly, RAN1 is now on designing LP-SS for LR synchronization and measurement. In order for a UE to offload serving cell measurements of MR via LR, there are various conditions to be achieved, such as: 
· LP-SS coverage should be equal to the NR SSB coverage
· The signal strength (or its variation) of LP-SS and NR SSB needs to be similar according to the distance (or its variation)
· If adopted, beam based measurements of LP-SS and NR SSB needs to be aligned so that the cell quality derived from beam measurements are alike. 
Considering the yet uncompleted LP-SS design, we are not sure that the offloading of cell measurements are possible. So we propose to wait further RAN1 discussion for now. 
Proposal 3: RAN2 needs to wait for RAN1 to complete the LP-SS design and verify the feasibility of offloading MR SSB measurements through LP-SS measurements.

3. Conclusion
RAN2 is requested to discuss and agree to the following proposals:
Proposal 1: RAN2 needs to discuss whether to adopt measurement-based criteria to trigger serving cell and/or neighbor cell RRM measurement relaxation, in case if RRM measurement on LR is feasible/supported. For example, MR and/or LR based low mobility or not at cell edge criteria.
Proposal 2: RAN2 needs to discuss and confirm that the MR RRM measurement relaxation in UE ultra-deep sleep mode should be stopped if any of the exit conditions of ultra-deep sleep mode are met. Furthermore, RAN2 also needs to further discuss the corresponding entry conditions (FFS).
Proposal 3: RAN2 needs to wait for RAN1 to complete the LP-SS design and verify the feasibility of offloading MR SSB measurements through LP-SS measurements.
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