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1. Introduction
UE power saving WI has been approved in [1] and updated in [2] and the targets for RRM in [2] are: 
· 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) Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing 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 
At RAN4 92bis meeting this topic was extensively discussed and a WF was agreed at [3]. In this contribution we provide our further considerations on this topic.
2. Discussion
Regarding RRM aspects on UE power saving, the basic idea is that a UE at favourite environments can reduce its power consumption through reducing its measurement activities. A UE power saving triggering mechanism can be defined to enable that a UE could switch between favourite environments where relaxed RRM measurement requirements apply and normal environments where currently defined RRM measurement requirements apply. Regarding triggering criteria, at previous two RAN2 meetings the agreements are [4] [5]:

RAN2 #107 meeting:
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RAN2 #107bis meeting
Agreements:
1. Network can configure the triggering criteria independently (i.e. either cell-edge or low mobility or both) 

2. Cell-edge criteria will not consider neighbour cell measurements 
The related agreed WF[3] in RAN4#92bis is:
· The following options should be considered for RRM measurement relaxation if the measurement relaxation criteria defined in RAN2 are met in next meeting:
· Option1: RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of carriers to be measured;
· Option2: RRM measurement relaxation of neighbour cell monitoring in LTE MTC/NB-IoT can be reused for defining the RRM requirements for UE power saving in NR
· Other option is not precluded.
2.1 Relaxation on intra-frequency layer measurement
The second part of agreement 2 of RAN2 #107 meeting is regarding the UE location issue. A threshold will be used to assist a UE changes between relaxed or normal RRM measurement states. The second agreement of RAN2 #107bis meeting further limited the scope when selecting the threshold, however the way how the “threshold” works is still not clear. Currently a RRC_IDLE/INACTIVE state UE can use network controlled thresholds SIntraSearchP / SIntraSearchQ to trigger neighbour cell measurement. In addition a UE shall initiate measurements of all neighbour cells if the serving cell does not fulfil the cell selection criterion S. Logically, a new threshold for serving cell could be introduced between the current SIntraSearchP / SIntraSearchQ and the cell selection criterion S as shown in figure 1. Following this assumption, the relax requirements could apply for the region between SIntraSearchP / SIntraSearchQ and the new threshold whereas normal RRM measurement requirements apply for the other regions, i.e., regions between the new threshold and the cell selection criterion S and below the cell selection criterion S. Therefore we have the following proposal:
Proposal 1: RRM relaxation for intra-frequency measurement could be applied on the region between SIntraSearchP / SIntraSearchQ  and new introduced threshold, if there is one. 
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Figure 1 Region where measurement requirement relaxation can apply for intra-frequency measurement
2.2 Relaxation on inter-frequency layer measurement
Another dimension could be considered for reducing UE power consumption under RRC_IDLE/INACTIVE state is the number of frequency layers being measured. NR inter-frequency measurement will be triggered when the serving cell quality is lower than already existing network configured thresholds or when the serving cell does not fulfil S criterion. In NR, the number of frequency layers to be monitored in IDLE/INACTIVE is increased. Based on operator’s input, multi-frequency deployment would be a general case in NR. However, from UE perspective, the power consumption due to inter-frequency measurement would be quite high [9]. In some locations, if UE cannot find any cell in some neighbour frequency layers, the UE may reduce corresponding measurement activities for that frequency to reduce power consumption. A similar approach illustrated in figure 2 could be considered. Basically a threshold for a particular inter frequency layer could be introduced to define a region at that frequency layer where a UE can move between relaxed and normal RRM measurement mode. 
Logically when such a threshold is configured for a particular frequency layer, a UE will execute RRM relaxation when corresponding conditions are satisfied irrespective of the priority of that frequency layer. Otherwise it is not necessary to have such configuration. 
Proposal 2: RRM measurement relaxation for a particular inter-frequency layer could be applied for the region between SnonIntraSearchP / SnonIntraSearchQ  and new introduced threshold, if it is configured, no matter of the priority of that frequency layer. 
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Figure 2 Region where measurement requirement relaxation can apply for inter-frequency measurement
2.3 Number of cells
Reducing the number of cells is one objective in the WI description. However requirement on the number of cells is not  explicitly defined in [7]. For example according to the intra frequency measurement requirement, a UE is only required to measure all cells which can be measured. On the other hand if a UE continuously measures a cell whose signal quality is not good enough to be reselected to, it will not improve mobility performance. Under this scenario, excluding this cell from RRM measurement will reduce UE power consumption with minimal mobility performance impact. The  criteria on how to reduce the number of cells will be defined by RAN2. If such criteria are defined by RAN2, RAN4 should update corresponding parts of its specifications to accommodate this feature. The required update is expected to be very limited.       
Proposal 3: Regarding on how to reduce number of cells, RAN4 needs wait for RAN2’s conclusion and if necessary, update corresponding specifications to adapt to criteria defined by RAN2.
2.4 Details on measurement relaxation
Regarding on how to relax RRM measurement at RRC_IDLE/INACTIVE state, few options are listed in [3].  
In R14 e-NB-IoT, LTE relaxed monitoring criteria based on low mobility scenario was defined in TS36.304, while the corresponding scenario for this optimization is briefly described in [6]. However in R16 UE power saving WI, the handheld UEs are considered as majority, hence we think that the range of scenarios would be much wider than [6], and the occurrence of “stationary UE” in realistic NR deployments would be much less than that in NB-IoT. From the perspective of RRM requirements, there was generally no TS36.133 impact in R14 e-NB-IoT. There was some TS36.133 impact in R15 Fe-NB-IoT regarding to the WUS design, however, the impact is mainly related to serving cell relaxation, which is not in the scope of UE power saving WI. Therefore, we think option 2 in [3] is not suitable and defining relaxed RRM requirements to guarantee minimum impact on mobility performance, which listed as option 1 in [3], is a reasonable way to ensure the success of the WI.   
From the power consumption saving point of view, according to analysis in [8][9], reasonable power consumption saving can be achieved by scaling the measurement interval with a factor 2/4 or above, whereas the impact on mobility performance is limited.  In addition the methodology of LTE R12 IncMon could be used as a reference. Under IncMon scenario, for some frequency layers, when the predefined triggering criteria is satisfied, the RRM requirement can be relaxed 6 times to the normal requirement. Note that the IncMon is already an implemented feature in LTE, and the mobility performance is not seriously impacted when requirement on some frequency is relaxed. 
Proposal 4: Option 1 in [3] should be used as the baseline to finish RRM measurement relaxation. The value of scaling factor should be investigated. 
3. Conclusion
In this paper, we provide our further considerations on UE RRM requirements for the NR UE power saving WI and provide the following proposals:
Proposal 1: RRM relaxation for intra-frequency measurement could be applied on the region between SIntraSearchP / SIntraSearchQ  and new introduced threshold, if there is one. 
Proposal 2: RRM measurement relaxation for a particular inter-frequency layer could be applied for the region between SnonIntraSearchP / SnonIntraSearchQ  and new introduced threshold, if it is configured, no matter of the priority of that frequency layer. 
Proposal 3: Regarding on how to reduce number of cells, RAN4 needs wait for RAN2’s conclusion and if necessary, needs update corresponding specification to adapt to criteria defined by RAN2.
Proposal 4: Option 1 in [3] should be used as the baseline to finish RRM measurement relaxation. The value of scaling factor should be investigated. 
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