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1. Introduction

In RAN #80, a new Rel-16 study item on NR UE power saving was approved [1] with the following objectives for RRM:

1) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]

The study item in RAN1 has been completed with the corresponding agreements and evaluation results were captured in the TR 38.840 [2]. In RAN2#105bis meeting, some progress have been made: 

1. RAN2 evaluates RRM measurement relaxation in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE. 

2. RAN2 to evaluate relaxed monitoring criteria under which the UE may relax RRM measurements. The relaxed monitoring criteria may include the following aspects, but are not limited to:
· UE mobility status (e.g. serving cell variation, speed, movement, direction, cell (re-selection, UE type …)
· Link quality (e.g. serving cell threshold/quality, position in cell, …)
· Serving cell beam status (e.g. beam change, direction, beam specific link condition…)

3. Serving cell measurements are not excluded from the evaluation of relaxed RRM measurements for now.

In this contribution, we discuss the solutions for RRM measurement relaxation by reducing measured cell number.
2. Discussion
2.1. Measured neighboring cell number reduction

For reduced number of measured cell, it is investigated in the study item [2],

· For adapting/relaxing RRM measurement for intra-frequency measurement by reducing the number of measured cells, the followings are observed from simulation results, 
· By assuming number of neighboring cells to be measured is reduced, it is shown that about 4.7% - 7.1% power saving gain can be observed if reducing the number of measured cells for IDLE state. 1 source shows that about 1.8% - 21.3% power saving gain can be observed if reducing the number of measured cells for CONNECTED state.
· In additional to that, by also assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity, 26.43% - 37.5% power saving gain is shown. 

· The corresponding performance impact was not reported and summarized

By limiting the processing for measurement within a constrained time period and/or with reduced complexity, it can be observed the power saving gain is huge (26.43% - 37.5%). The following provides detailed mechanism on how to support reduced number of measured cell for intra-frequency measurement. 

Observation 1: The RRM measurement relaxation by reducing neighboring cell number shows significant power saving gain. 
Current mechanism to reduce the measured neighboring cell number in LTE and NR is S-measure criteria. In idle/inactive mode, when the measurement result is lower than the configured threshold, the UE will perform the measurement on other intra-frequency cells/ inter-frequency cells. In connected mode, S-measure mechanism is used to control the measurement report triggering. When the measurement result is lower than the configured threshold, the UE will perform the measurement report according to the configuration. Otherwise, it is reasonable for the UE not to perform measurement for neighboring cells. 
For some UE with low mobility or stationary state, current S-measure is not enough, since the UE anyway needs to measure all neighboring cells to check whether S-measure condition is satisfied. Considering the receiver sensitivity, not all UEs can observe 8 cells. One example when assuming minimum received power is -123dBm and SIntraSearchP is -90.5dBm (typical value), almost 70% of UEs can detect more than 4 cells based on our simulation, as shown below. 
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Figure 1. The distribution of number of detectable cells for UEs in dense urban scenario
 (The number of detectable cells includes serving cell)

All the detected cells may have quite different quality. Thus, it is not so necessary to always measure all the detectable cells. 
Therefore, in order to achieve power saving benefit, the current S-measurement mechanism can be enhanced for UEs to perform intra-frequency measurement. One alternative to reduce the cell number for RRM measurement is to configure multiple thresholds for S-measure, which can be used to control the measurement for one cell or a cell group.
For example, a second threshold [image: image3.png]s@
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 is introduced, such that UE can perform intra-frequency measurements according to Srxlev values as shown in the following figure. When the measurement result is higher than the original threshold SIntraSearchP, the UE will not measure the neighboring cells. When the measurement results is lower than the threshold SIntraSearchP, but higher than the second threshold, the UE can perform the reduced RRM measurement with less neighboring cell number. When the measurement results of serving or neighboring cell is lower than the second threshold, the UE should perform the RRM measurement for all configured neighboring cells. In this way, the UE can further reduce the cell number to be measured in idle/inactive mode. Similar mechanism is also applied to connected mode. 
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(1) S- measures
 (2) S- measures enh. for reducing intra-frequency measurement

Figure 2. Enhancement for S-measure

Proposal 1: Reducing number of measured intra-frequency cells should be supported for NR UE power saving. For example, an additional threshold can be introduced to reduce the number of intra-frequency measurements based on S-measure enhancement.
3. Text proposal on TR

---------------------------------------------------------Text Proposal Start-------------------------------------------------------

6.4
Higher layer procedures for power consumption reduction in RRM measurements

Relaxing the serving and neighbour cell measurements for NR UE should be studied, considering the mobility related aspects.

The RRM measurement relaxation is considered in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE. The relaxed monitoring criteria under which the UE may relax RRM measurements should be studied. The relaxed monitoring criteria may include the following aspects, but are not limited to:
•
UE mobility status (e.g. serving cell variation, speed, movement, direction, cell re-selection, UE type …)

•
Link quality (e.g. serving cell threshold/quality, position in cell …)

•
Serving cell beam status (e.g. beam change, direction, beam specific link condition…)
Reducing number of measured intra-frequency cells should be supported for NR UE power saving. For example, an additional threshold can be introduced to reduce the number of intra-frequency measurements based on S-measures enhancement. For example, when the measurement results is lower than the threshold SIntraSearchP, but higher than the additional threshold, the UE can perform the reduced RRM measurement with less neighboring cell number. When the measurement results of serving or neighboring cell is lower than the additional threshold, the UE should perform the RRM measurement for all configured neighboring cells.
---------------------------------------------------------Text Proposal End-------------------------------------------------------Proposal 2: RAN2 to consider the above text proposal about the RRM measurement relaxation by reducing measured intra-frequency cell number. 
4. Conclusion

In this contribution, we discuss the RRM measurement relaxation by reducing measured cell number. Based on the discussion, we have the following observations and proposals:

Observation 1: The RRM measurement relaxation by reducing neighboring cell number shows significant power saving gain. 
Proposal 1: Reducing number of measured intra-frequency cells should be supported for NR UE power saving. For example, an additional threshold can be introduced to reduce the number of intra-frequency measurements based on S-measure enhancement.
Proposal 2: RAN2 to consider the above text proposal about the RRM measurement relaxation by reducing measured intra-frequency cell number.
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