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1. Introduction
In RAN#103 meeting, the revised WID for R18 low-power Wake-up Signal and Receiver for NR was agreed [1]. In the WID [1], the objective of the RRC_IDLE/INACTIVE modes is 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 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.
· [bookmark: _Hlk163225424][bookmark: _Hlk165903275]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 will discuss the issues for MR serving/neighboring cell RRM measurements relaxation and serving cell RRM measurement offloading from MR to LP-WUR for RRC_IDLE/INACTIVE mode.
2. Discussion
2.1. [bookmark: _Hlk142657515]General
According to the WID [1], regarding the RRM measurement relaxation and offloading, we have the following objectives:
	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)


It could be found that both RRM measurement relaxation and offloading are supported for the serving cell while only RRM measurement relaxation is supported for the neighboring cell. As for the specific definition of these terms, companies had different understandings for RRM measurement relaxation/offloading on serving cell in the last meeting. 
In our understanding, for RRM measurement relaxation/offloading on service cell, there are two cases:
· [bookmark: _Hlk166169966]Case 1: RRM measurement relaxation on serving cell: MR performs serving cell measurement relaxation + optional LR measurement;
In this case, MR performs serving cell measurement relaxation, while there may be LR measurement or not. During the discussion, some companies think this case could be “partial offload”. It is correct in case there is LR measurement. But MR could also perform serving cell measurement relaxation without any LR measurement. 
· Case 2: RRM measurement offloading on serving cell: No MR serving cell measurement + only LR performs measurement;
We understand MR serving cell measurement can be stopped only if there is LR serving cell measurement. This case is the intention for RAN1 to discuss offloading during R18 study item. 
For RRM measurement relaxation on neighboring cell, there is only one case: 
· Case 3: RRM measurement relaxation on neighboring cell: only MR performs neighboring cell measurement further relaxation (including no MR neighboring cell measurement).
According to the WID, the LR cannot perform neighboring cell measurement, so there is no offloading for MR neighboring cell measurement. Considering there is RRM neighboring cell measurement relaxation in Rel-16/17, the RRM neighboring cell measurement relaxation here should be further relaxed than Rel-16/17. Besides, in case MR serving cell measurement is stopped due to offload, it is not reasonable to continue performing any MR neighboring cell measurement. Otherwise, there is no power saving gain, as MR still needs to wake up for neighboring cell measurement.
During Rel-18 SI phase, RAN2 reached the following conclusions regarding RRM measurement relaxation:
	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. 
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.
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. Details are to be decided in WI.


As usual, RAN2 should work on the relaxation criteria, while the detailed RRM relaxation/offloading mechanism, e.g. relaxation factor or relaxed requirement would be discussed and determined by RAN4. That is, serving cell measurement relaxation/offloading and neighboring cell measurement relaxation can be performed if the corresponding criteria are fulfilled. 
Proposal 1: RAN2 assumes MR RRM measurement on the serving cell is relaxed if the configured criteria are fulfilled. Final decision is up to RAN4. 
Proposal 2: RAN2 assumes MR RRM measurement on the serving cell is offloaded to LR (i.e. no MR serving cell measurement) if the configured criteria are fulfilled. Final decision is up to RAN4.
Proposal 3: RAN2 assumes MR RRM measurement on neighboring cell is relaxed (including no MR neighboring cell measurement) if the configured criteria are fulfilled. Final decision is up to RAN4.
2.2. [bookmark: _Hlk166246681]RRM relaxation/offloading criteria
Regarding the specific criteria for MR serving cell RRM measurement relaxation/offloading and MR neighboring cell measurement relaxation, it could be same as or different from the entry condition for LP-WUS monitoring. 
· Direction 1: the criteria for RRM relaxation/offloading are the same as the entry condition for LP-WUS monitoring.
· Direction 2: the criteria for RRM relaxation/offloading are different from the entry condition for LP-WUS monitoring.
Considering RAN1 already made the following Working Assumption [2] for the entry/exit conditions for LP-WUS monitoring as below, the same criteria for RRM relaxation/offloading in Direction 1 is based on MR serving cell quality (FFS on other condition). 
	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
· 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
· 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.


The different criteria for RRM relaxation/offloading in Direction 2 is to introduce separate criteria for RRM measurement relaxation/offloading, e.g. similar to the Rel-16/17 RRM relaxation criteria, like low mobility.  
After the study in Rel-18, the following conclusion was made in TR 38.869 [3]:
	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.


It could be observed that there is no power saving gain if UE starts to monitor LP-WUS while the serving cell measurement relaxation/offloading or neighboring cell measurement relaxation has not been performed. In this way, if the criteria for RRM relaxation/offloading are different from the entry condition for LP-WUS monitoring, i.e. Direction 2, there may be a risk that the entry condition for LP-WUS monitoring is fulfilled, but the RRM relaxation/offloading criteria have not been fulfilled. Thus, we should avoid such case without any power saving gain. In this way, Direction 1, i.e. the criteria for RRM relaxation/offloading are the same as the entry condition for LP-WUS monitoring, is preferred. 
Observation 1: It is not reasonable that RRM is not relaxed/offloaded (i.e. the RRM relaxation/offloading criteria are not fulfilled) while monitoring LP-WUS (i.e. the entry condition for LP-WUS monitoring is fulfilled).
Proposal 4-1: The criteria for serving cell measurement relaxation/offloading and neighboring cell measurement relaxation are the same as the entry condition for LP-WUS monitoring (i.e. based on serving cell quality via MR, FFS via LR in addition).
[bookmark: _Hlk165991783]Besides, regarding the specific threshold of the RRM relaxation/offloading criteria, it could be same as or different from the threshold of entry condition for LP-WUS monitoring. In order to guarantee serving cell measurement is relaxed/offloading and neighboring cell measurement is relaxed when UE monitors LP-WUS, thresholds of the criteria for the serving/neighboring cell measurement relaxation should be lower than or equal to the threshold of the entry condition for LP-WUS monitoring. Based on the analysis above, we provide two examples to illustrate the thresholds and UE behaviors for the serving cell measurement relaxation/offloading and neighboring cell measurement relaxation comparing to the LP-WUS monitoring in the following figures.      

    
Figure 1: Thresholds and UE behaviors for serving cell offloading/neighboring cell measurement relaxation and LP-WUS monitoring

Figure 2: Thresholds and UE behaviors for serving/neighboring cell measurement relaxation and LP-WUS monitoring
For simplicity, the serving cell measurement offloading and serving cell measurement relaxation are provided in Figure 1 and Figure 2, respectively. All the criteria for serving cell measurement relaxation/offloading and neighboring cell measurement relaxation and entry condition for LP-WUS monitoring are based on the serving cell quality via MR. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For neighbor cell measurement relaxation, it refers to the neighboring cell measurement for intra-frequency/inter-frequency with equal or lower priority frequency. As for the inter-frequency with higher priority, it will be more complicated and can be further discussed later. When the serving cell quality based on the measurement via MR exceeds the legacy S-measure threshold, there is no neighboring cell measurement to be performed. Besides, we think the reasonable configuration is that the threshold of the legacy S-measure threshold is higher than or equal to the threshold for the neighboring cell measurement relaxation (i.e. further relaxation is used to differentiate the RRM relaxation in Rel-1617), because the neighboring cell measurement can be further relaxed only if there is neighboring cell measurement.
In Figure 1, there are two alternatives for the threshold of entry condition for LP-WUS monitoring and threshold for serving cell offloading criteria, which could either be higher or lower than legacy S-measure threshold. Besides, the threshold of entry condition for LP-WUS monitoring is the same as the threshold of serving cell offloading criteria. The reason is the entry condition for LP-WUS monitoring is based on the service cell measurement via MR, otherwise, there is no serving cell measurement via MR when serving cell measurement is offloaded. For the green arrow, it represents that UE performs serving cell offloading if the serving cell offloading criteria are fulfilled. 
For Case 1, i.e. the threshold of serving cell offloading criteria and the threshold of criteria for LP-WUS monitoring is higher than legacy S-measure threshold, when the entry condition for LP-WUS monitoring is fulfilled and the serving cell offloading criteria is fulfilled, UE will monitor LP-WUS and perform serving cell measurement offloading from MR to LR and no neighboring cell measurement. For Case 2, i.e. the threshold of serving cell offloading criteria and the threshold of criteria for LP-WUS monitoring is lower than legacy S-measure threshold, UE will monitor LP-WUS and perform serving cell measurement offloading from MR to LR, and MR neighboring cell measurement relaxation. 
In Figure 2, similar to Figure 1, there are two alternatives for the threshold of entry condition for LP-WUS monitoring and serving cell measurement relaxation criteria. Besides, the threshold of entry condition for LP-WUS monitoring is higher than or equal to the threshold of the serving cell relaxation criteria. For Case 1, i.e. the threshold of serving cell relaxation criteria and the threshold of criteria for LP-WUS monitoring is higher than legacy S-measure threshold, when the entry condition for LP-WUS monitoring is fulfilled and the serving cell measurement relaxation is fulfilled, UE will monitor LP-WUS and perform serving cell measurement relaxation and no neighboring cell measurement. For Case 2, i.e. the threshold of serving cell relaxation criteria and the threshold of criteria for LP-WUS monitoring is lower than legacy S-measure threshold, UE will monitor LP-WUS and perform serving cell measurement relaxation, and MR neighboring cell measurement relaxation. 
[bookmark: _Hlk165964377]Proposal 4-2: Thresholds of the criteria for serving/neighboring cell measurement relaxation should be lower than or equal to the threshold of entry condition for LP-WUS monitoring.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Last but not least, we expect the neighboring cell RRM measurement relaxation should have further relaxed requirements than the RRM relaxation in Rel-16/17, e.g. with more critical criteria. But as usual, the detailed RRM relaxation mechanism, e.g. relaxation factor or relaxed requirement would be discussed and determined by RAN4. There is no need for RAN2 to discuss it unless requested by RAN1/RAN4.
Proposal 5: RAN2 to wait for RAN4 to discuss/determine the detailed relaxation/offloading factor and requirements. 
3. Conclusion
In this contribution, we discuss the RRM relaxation of UE MR for both serving and neighboring cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR. Based on the discussion, we have the following observations and proposals.
General:
Proposal 1: RAN2 assumes MR RRM measurement on the serving cell is relaxed if the configured criteria are fulfilled. Final decision is up to RAN4. 
Proposal 2: RAN2 assumes MR RRM measurement on the serving cell is offloaded to LR (i.e. no MR serving cell measurement) if the configured criteria are fulfilled. Final decision is up to RAN4.
Proposal 3: RAN2 assumes MR RRM measurement on neighboring cell is relaxed (including no MR neighboring cell measurement) if the configured criteria is fulfilled. Final decision is up to RAN4.
RRM relaxation/offloading criteria:
Observation 1: It is not reasonable that RRM is not relaxed/offloaded (i.e. the RRM relaxation/offloading criteria are not fulfilled) while monitoring LP-WUS (i.e. the entry condition for LP-WUS monitoring is fulfilled).
Proposal 4-1: The criteria for serving cell measurement relaxation/offloading and neighboring cell measurement relaxation are the same as the entry condition for LP-WUS monitoring (i.e. based on serving cell quality via MR, FFS via LR in addition).
Proposal 4-2: Thresholds of the criteria for serving/neighboring cell measurement relaxation should be lower than or equal to the threshold of entry condition for LP-WUS monitoring.
Proposal 5: RAN2 to wait for RAN4 to discuss/determine the detailed relaxation/offloading factor and requirements. 
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