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1. Introduction
UE power saving WI has been approved in [1] and updated in [2] and the targets related to the 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 

This contribution provides our considerations on this subject.
2. Discussion
Regarding RRM aspects on UE power saving, we provided our analysis on the power consumption of IDLE/INACTIVE state UE RRM activities at [3]. At this meeting a more detailed analysis is provided at [6]. In addition the outcome in [8] also shows that: 

· For RRC IDLE/INACTIVE state, 

· 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). 
Although the spread of some results is noticeable, relaxing/increasing the measurement period is one promising solution deserved further investigation. This is also inline with the observation of [8]: 

· For certain conditions (e.g., low mobility deployment/UE speed/favourable RSRP conditions), the number of RSRP measurement samples for a given duration (e.g., measurement period / evaluation period) can be relaxed with negligible impact on accuracy achieved by existing Rel-15 measurement 

Hence we have the following proposal:

Proposal 1: RAN4 should investigate how to relax measurement requirement, particularly on the time interval requirements or the number of cells to be measured, for neighbour cells in IDLE/INACTIVE state.
Since 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 meeting RAN2 has achieved the following conclusions [4]
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The first part of agreement 2 is regarding to how to identify low mobility scenario. 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 [5]. However in R16 UE power saving, since handheld UEs are considered as majority, we think that the range of scenarios would be much wider than [5], 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. How to relax requirement for R16 NR UE power saving is still open for this case.
The second part of agreement 2 is regarding the UE location issue. Although it mentions that “serving cell/beam RSRP/RSRQ/SINR is above a threshold”, the exactly meaning of the “threshold” is 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. Our understanding is that a new threshold could be introduced between the current SIntraSearchP / SIntraSearchQ and the cell selection criterion S as shown in figure 1 although other possibilities is not precluded. Following this assumption, the relax requirements could apply for the region between the 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. 
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Figure 1 Region where measurement requirement relaxation can apply
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 to monitor 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 [6]. For example, in some location, if UE cannot find any cell in some neighbour frequency layers, the UE may reduce corresponding measurement activities for that frequency, hence a relaxed requirement is needed. In this case, neighbour cell RSRP can also be considered as a proper trigger.
Regarding how to define the relaxed measurement requirement, for both intra-frequency and inter-frequency requirements, the methodology of LTE R12 IncMon could be used as a reference. For example, for some frequency layers, when the predefined triggering criteria is satisfied, the RRM requirement can be relaxed N 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. The concrete value of N may be determined by simulation campaigns which apparently require noticeable working time.
Proposal 2: The methodology for RRM requirement relaxation should be discussed, and that of R12 IncMon could be used as a baseline.
Furthermore, there is scope for RAN2 to design corresponding mechanism to reduce the number of frequency layers to be measured. In our view at least there will be no impact on the total number of frequency layers in UE measurement capability requirement if this mechanism is used. RAN4 should confirm whether this is any other impact on RRM performance requirement when such mechanism is available.  
In addition in order to achieve the UE power saving object, in the WI it also mentions that the number of cells to be measured can be reduced. Currently RAN2 is designing the corresponding mechanism and RAN4 could check the impact on RAN4 specs following RAN2’s conclusions. 

Proposal 3: If the number of frequency layers for inter-frequency measurement is reduced under RRC_IDLE/RRC_INACTIVE state for UE power saving purpose, there is no impact on the total number of frequency layers in UE measurement capability requirement. 
Proposal 4: Impact on RAN4 specs should be investigated when RAN2’s criteria on how to reduce the number of cells to be measured are concluded. 

On RSRP/RSRQ accuracy, in [7], this accuracy requirement applies to both IDLE/INACTIVE UE and CONNECTED UE. We currently do not see a need to further refine/modify any accuracy requirement for IDLE/INACTIVE UE when relaxed RRM requirements are defined. Furthermore, reduction of measurement samples are not in the scope of WI, Therefore, RAN4 should deprioritize the discussion on RSRP/RSRQ accuracy requirement relaxation.
Proposal 5: RAN4 should deprioritize the discussion on RSRP/RSRQ accuracy requirement relaxation.

3. Conclusion

In this paper, we provide our considerations on UE RRM requirements for the NR UE power saving WI and provide the following proposals:
Proposal 1: RAN4 should investigate how to relax measurement requirement, particularly on the time interval requirements or the number of cells to be measured, for neighbour cells in IDLE/INACTIVE state

Proposal 2: The methodology for RRM requirement relaxation should be discussed, and that of R12 IncMon could be used as a baseline
Proposal 3: If the number of frequency layers for inter-frequency measurement is reduced under RRC_IDLE/RRC_INACTIVE state for UE power saving purpose, there is no impact on the total number of frequency layers in UE measurement capability requirement

Proposal 4: Impact on RAN4 specs should be investigated when RAN2’s criteria on how to reduce the number of cells to be measured are concluded.

Proposal 5: RAN4 should deprioritize the discussion on RSRP/RSRQ accuracy requirement relaxation
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