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1. Introduction
UE battery life is an important aspect of the user’s experience, which will influence the adoption of 5G handsets and/or services. Thus, a new WI of UE power saving in NR was approved in RAN#83 meeting, and in RAN#84 plenary meeting, the WI was updated by capturing the work scope of RAN2 part [1]. In accordance to the WI objectives, RRM measurement relaxation in IDLE/INACTIVE state need to be specified in RAN4, the related work objective is captured as follows:
	Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]
a) [bookmark: _Hlk10649837]Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].
i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]
NOTE: No new measurement quantities should be introduced


In this contribution, we provide our initial analysis on RRM measurement relaxation in IDLE/INACTIVE mode for NR UE power saving.
2. Discussion
In RAN2#107 meeting, the RRM measurement relaxation in RRC_IDLE/INACTIVE state was discussed for relaxing intra and inter-frequency measurement, and the following agreements had been made [2]:
	1. Measurement relaxation criteria can consider both low mobility and UE location in the cell (e.g. whether the UE is in cell-edge).    
2. UE may activate relaxed measurement criteria if at least any of the following conditions are met:   
a) Serving Cell measurement does not change more than a relative threshold during a time period
-  LTE relaxed monitoring criteria in 36.304 is considered as a baseline.  Additional enhancements to address aspects that are specific to NR can be considered. 
b) UE is not a cell edge, meaning that serving cell/beam RSRP/RSRQ/SINR is above a threshold
	  FFS: Whether neighbour cell RSRP should also be considered.


As described in the WI objectives, we only focus on RRM measurement relaxation for intra and inter-frequency measurement. The relaxation for serving cell measurement and inter-RAT measurement is not in the scope. The UE is allowed to reduce the intra and inter-frequency measurement in case of the low mobility and UE location in the cell, where the relaxation criteria need to be further discussed in RAN2. However, from RAN4’s perspective, we need to discuss on “what” to relax, e.g. measurement period, number of monitored SCells, carriers if the relaxation condition is satisfied.
According to the measurement rules for cell re-selection defined in TS 38.304 [3], for intra-frequency measurement, if the serving cell fulfills Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may not to perform intra-frequency measurements, otherwise, the UE shall perform intra-frequency measurements. For inter-frequency measurement, if a NR inter-frequency has a higher reselection priority than the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency, if a NR inter-frequency has an equal or lower reselection priority than the current NR frequency, when the reselection criteria S is not fulfilled, the UE shall perform measurements of NR inter-frequency. From the measurement rules for cell re-selection, the neighbour cells measurements are performed when the cell selection criteria S is not fulfilled, e.g. intra-frequency cell measurement and inter-frequency cell measurement with equal or lower priority than current NR frequency. Thus, the RRM measurement relaxation can be triggered when the following conditions are met:
1. The cell selection criterion S is not fulfilled defined in TS 38.304. 
2. The measured RSRP/RSRQ/SINR is above a threshold which in under discussion in RAN2.
However, for inter-frequency measurement with higher priority than current frequency, in order to guarantee the mobility performance, we think UE is not allowed to relax the measurement requirement. 
Proposal 1: For intra-frequency measurement and inter-frequency measurement with equal or lower priority, the RRM measurement relaxation can be triggered when the following conditions are met:
· The cell selection criterion S is not fulfilled defined in TS 38.304. 
· The measured RSRP/RSRQ/SINR is above a threshold which in under discussion in RAN2.
Proposal 2: For inter-frequency measurement with higher priority, UE is not allowed to relax the RRM measurement requirement.
In the WI scope, one of the aspects is to specify RRM measurement relaxation by allowing measurements with longer intervals. According to TR 38.840 [4], increasing the measurement period can be considered under the certain conditions to save the UE power consumption. When DRX is configured, UE RRM measurements are associated with the DRX cycle in RRC_IDLE/ Inactive modes. The RRM measurement period is relaxed to associate with the period of the DRX cycle, e.g., 1*DRX cycle changed to N*DRX cycle for RRC_IDLE/RRC_INACTIVE, where N is configurable. If the serving cell with better signal quality and the highest frequency priority, UE could not need cell reselection for a while, then the frequent RRM measurement could be unnecessary. And extending the measurement period may be an efficient method to save UE power consumption. The evaluation for UE power saving in time domain including impact on mobility performance was studied in RRC_IDLE/INACTIVE modes, and the outcome of the evaluation for RRC_IDLE/INACTIVE is shown as follows: 
-	By increasing measurement period, the UE power saving gain at least depends on the number of I-DRX/paging cycles to be skipped for measurement and the number of SSB burst sets to be used for measurement and periodic activities. When measurement is performed once every 4 paging cycles, the gain is 17.9%-19.7% (one SSB burst set for measurement and periodic activities), 0.89%-5.36% (two or three SSB burst sets for measurement and periodic activities). 
Proposal 3: If the measurement relaxation criteria are met, increasing measurement period can be beneficial for UE power saving purpose.
Reducing the number of cells/carriers to be measured for intra and inter frequency is another aspect need to be considered for UE power saving. According to TS38.133 [5], UE measurement capabilities are defined in RRC_IDLE/INACTIVE state, UE is required to have the capability to monitor at least 8 NR frequency carriers including intra-frequency carrier. However, under certain conditions, e.g. low mobility or UE is not in cell-edge, the number of NR carriers can be reduced to be measured. From the analysis and the power consumption model for neighbour cell RRM measurements in TS38.840, reducing the number of cells/carriers to be measured can save significantly the power consumption.
Proposal 4: If the measurement relaxation criteria are met, reducing the number of carriers to be measured can be beneficial for UE power saving purpose.
One of the issues need to be discussed is whether the UE measurement capabilities requirement need to be revised when the measurement relaxation criteria are met. From our side, we think there is no need revisit the UE measurement capabilities; since it is UE’s capabilities, however, we think the number of carriers to be measured can be reduced if the measurement relaxation criteria are met. How to reduce the number of carriers and/or cells need further studied. One of the alternatives is to use the similar mechanism of reducing measurement in RRC_CONNECTED mode. In RRC_CONNECTED mode, UE is required to measure 24 beams for one of the SCC in the same band, and for other SCC in the same band, UE is required to measure 2 beams. We think the same approach can be used to reduce the number of NR inter-frequency carriers in RRC_IDLE/INACTIVE mode, if inter-frequency carriers are in the same FR2 band, UE is required to measured one of the inter-frequency carrier in that FR2 band, and UE may not to measure the other inter-frequency carriers in the same FR2 band.
Proposal 5: In order to reduce the number of NR inter-frequency carriers in RRC_IDLE/INACTIVE mode, if inter-frequency carriers are in the same FR2 band, UE is required to measured one of the inter-frequency carrier in that FR2 band. 
3. Conclusion
In this contribution, we provide our initial analysis on RRM measurement relaxation in IDLE/INACTIVE mode for NR UE power saving, and provide the proposals as follows:
Proposal 1: For intra-frequency measurement and inter-frequency measurement with equal or lower priority, the RRM measurement relaxation can be triggered when the following conditions are met:
· The cell selection criterion S is not fulfilled defined in TS 38.304. 
· The measured RSRP/RSRQ/SINR is above a threshold which in under discussion in RAN2.
Proposal 2: For inter-frequency measurement with higher priority, UE is not allowed to relax the RRM measurement requirement.
Proposal 3: If the measurement relaxation criteria are met, increasing measurement period can be beneficial for UE power saving purpose.
Proposal 4: If the measurement relaxation criteria are met, reducing the number of carriers to be measured can be beneficial for UE power saving purpose.
Proposal 5: In order to reduce the number of NR inter-frequency carriers in RRC_IDLE/INACTIVE mode, if inter-frequency carriers are in the same FR2 band, UE is required to measured one of the inter-frequency carrier in that FR2 band. 
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