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1 Introduction

SID on Study on support of reduced capability NR devices [1] was approved in RAN#86 e-meeting. Power saving is one of the objectives of the SID:
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].

· Extended DRX for RRC Inactive and/or Idle [RAN2]

· RRM relaxation for stationary devices [RAN2]

This paper aims to discuss the RRM relaxation for reduced capability UEs.
2 Discussion
2.1 Clarification on “stationary”

Firstly, we would like to clarify the “stationary devices” in the SID. Industrial wireless sensors, video surveillance and wearables are the use cases considered in the SI, for some industrial sensors or surveillance cameras, it is purely stationary as it may be fixed in some places. However, some devices actually can move such as motion sensors, medical devices or smart watches. In some cases, these devices move within a certain range or move slowly, for example, the medical devices only moves slowly in the hospital and may stop in somewhere for treatment, the user wears the smart watch in the office or the kid wears the smart watch in the school. These “almost-stationary” cases should also be considered and it brings considerable power saving gains. Thus, the “stationary devices” includes the purely stationary devices and the movable devices moving slowly or nearly stopped. To achieve this, it is not suitable to judge “stationary” by UE type or stationary indication from CN. The better way is to define “stationary devices” referring to the low mobility criteria defined in Rel-16.
Proposal 1: The “stationary devices” includes the purely stationary devices and the movable devices moving slowly or nearly stopped. The low mobility criteria can be reused to define whether the UE is stationary or not.
2.2 Discussion on RRM relaxation
RRM measurement is to support UE seamless mobility. In Rel-16 UE power saving WI [2], power consumption reduction in RRM measurements was studied and the evaluation of power saving gain for RRM measurement relaxation was captured in TR 38.840 [3]. The main evaluations of power saving gain for different RRM measurement relaxation schemes are summarized as below. It shows the attractive power saving gain considering stationary (e.g., 0km/h), pedestrian (e.g., 3km/h) and vehicular (e.g., 30km/h) scenarios.
Table 1: Evaluation of power saving gain for different RRM measurement relaxations
	
	Power saving gain
for UE in RRC_IDLE/INACTIVE
	Power saving gain

for UE in RRC_CONNECTED

	Adapting/Relaxing RRM measurement in time domain

(RRM measurement period adjustment)
	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).
	11.1% - 26.6% power saving gain is shown for extending measurement period 4 times, and 7.4% - 17.8% power saving gain is shown for extending measurement period 2 times, comparing with the baseline assumption.

	Adapting/Relaxing inter-frequency measurements

(Reduction in number of SSBs and frequencies)
	By assuming reducing inter-frequency layers from 6 to 3, 4%-35% power saving gain.
	Reduce the number of measured inter-frequency layers can provide 21~38% power saving gain.

	Adapting/Relaxing intra-frequency measurements

(Reduction in number of cells)
	By assuming number of neighbouring cells to be measured is reduced, it is shown that about 4.7% - 7.1% power saving gain can be observed.
	About 1.8% - 21.3% power saving gain can be observed if reducing the number of measured cells.


Observation 1: RRM measurement relaxation for serving cell and neighboring cells for UE in RRC_IDLE/INACTIVE state and RRC_ CONNECTED state can yield attractive power saving gain.

In Rel-16 UE power saving WI, RRM measurement relaxation for neighbour cells for both intra/inter-frequency for UE in RRC_IDLE/INACTIVE have been supported. The RRM measurement relaxation mechanism is generally summarised as below:

· Network can configure RRM measurement relaxation via SIB2 and the following criteria can be configured independently (i.e. either low mobility or UE location or both):
· Based UE with low mobility: Serving cell RSRP measurement does not change more than a relative threshold during a time period;

· Based on UE location in the cell, i.e. UE not at cell edge: Serving cell RSRP and/or RSRQ measurement is above a threshold.

· If the relaxed measurement criterion is fulfilled, the UE may choose to perform relaxed measurements (measurements with longer intervals) or choose not to perform measurement.
· It is controlled by network whether measurements can be relaxed on high priority frequencies.
Observation 2: The function of neighboring cell RRM measurement relaxation for UE in RRC_IDLE/RRC_INACTIVE has been supported in Rel-16.
Based on the study in Rel-16 UE power saving WI, this RRM measurement relaxation mechanism for eMBB UEs can bring power saving gain. For reduced capability UEs, considering the UEs might be stationary or might be stationary in the centre of the cell, the RRM measurement relaxation mechanism can be reused for reduced capability UEs to save power consumption. It can be extended to reduced capability UEs easily without additional specification impacts.
Proposal 2: Neighboring cell RRM measurement relaxation mechanism supported in Rel-16 for UE in RRC_IDLE/INACTIVE also applies to reduced capability UEs.
· Neighboring cell RRM measurement relaxation enhancement in RRC_IDLE/INACTIVE
In Rel-16, if the UE performs RRM measurement relaxation, the measurement interval can be lengthened. To further reduce the power consumption with minimal impacts on measurement performance, other relaxation solutions can be considered, such as reducing the number of SSBs to be measured. For example, SSB can be used to identify the location of the UE within a cell. For the measured beams of neighboring cell, the UE has to measure all the beams of neighbor cell if no ssbTomeasure is configured. When ssbTomeasure is configured, UE will measure the specific beam with the index indicated. This helps UE to shrink the range of measured beams according to the cell specific parameter. However, when UE is in the coverage of a specific beam, the beams to measure for a neighbor cell may be different. Overall, not all beams for a neighbor cell are useful, the unnecessary detection and measurement results in power waste. The network can provide some useful information to achieve power saving gain, e.g. by limiting the number of SSBs for RRM measurement.
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Figure 4 Beams of Neighbor cells
Proposal 3: Consider further neighboring cell RRM measurement relaxation with network assistance.
· Serving cell RRM measurement relaxation in RRC_IDLE/INACTIVE
Mobility in RRC_IDLE/INACTIVE is based on cell reselection and UE performs intra/inter-frequency measurements when serving cell quality is lower than configured threshold. However, with serving cell RRM measurement relaxation, UE may not be able to timely evaluate measurement results for cell reselection. If there is a sudden movement, measurements for neighbour cell may not be able to be triggered on time and then it effects effectiveness of cell reselection. Moreover, if RRM measurement relaxation for neighbour cell is applied, UE needs to determine whether to perform measurement relaxation for neighbour cells based on the results of serving cell measurements. UE may enter the mode of neighbour cell RRM measurement relaxation even if the relaxation criteria is not fulfilled due to serving cell RRM measurement relaxation, which leads to worse mobility performance.

Observation 3: Serving cell RRM measurement relaxation for UE in RRC_IDLE/INACTIVE may have impact on mobility performance.
Therefore, the assurance of mobility performance for UE in RRC_IDLE/INACTIVE should be considered for further study on serving cell RRM measurement relaxation mechanism.
Proposal 4: Study the serving cell RRM measurement relaxation for UE in RRC_IDLE/INACTIVE with minimizing impacts on mobility performance.

· Serving cell and neighboring cell RRM measurement relaxation in RRC_CONNECTED

According to the Observation 1, the power saving gain could be obtained by serving cell and neighboring cell RRM measurement relaxation in RRC_CONNECTED. However, the RRM measurement relaxation may cause more handover failure, which will degrade the network performance. So, we think RRM measurement relaxation in RRC_CONNECTED should be as a low priority. If it is decided to be studied finally, it should be strictly controlled by the network and network can decide it based on its strategy and history information. 
Proposal 5: RRM measurement relaxation in RRC_CONNECTED could be considered as a low priority and relaxation should be under the control of the network.

3 Conclusion and Proposals
In this contribution, the RRM measurement relaxation for reduced capability UEs was discussed with the following observations and proposals:
· Clarification on “stationary”

Proposal 1: The “stationary devices” includes the purely stationary devices and the movable devices moving slowly or nearly stopped. The low mobility criteria can be reused to define whether the UE is stationary or not.
· Discussion on RRM relaxation

Observation 1: RRM measurement relaxation for serving cell and neighboring cells for UE in RRC_IDLE/INACTIVE state and RRC_ CONNECTED state can yield attractive power saving gain.
Observation 2: The function of neighboring cell RRM measurement relaxation for UE in RRC_IDLE/RRC_INACTIVE has been supported in Rel-16.
Proposal 2: Neighboring cell RRM measurement relaxation mechanism supported in Rel-16 for UE in RRC_IDLE/RRC_INACTIVE also applies to reduced capability UEs.
Neighboring cell RRM measurement relaxation enhancement in RRC_IDLE/INACTIVE
Proposal 3: Consider further neighboring cell RRM measurement relaxation from the dimension of reducing the number of measurement SSB of neighboring cell.
Serving cell RRM measurement relaxation in RRC_IDLE/INACTIVE
Observation 3: Serving cell RRM measurement relaxation for UE in RRC_IDLE/INACTIVE may have impact on mobility performance.
Proposal 4: Study the serving cell RRM measurement relaxation for UE in RRC_IDLE/INACTIVE with minimizing impacts on mobility performance.

Serving cell and neighboring cell RRM measurement relaxation in RRC_CONNECTED
Proposal 5: RRM measurement relaxation in RRC_CONNECTED could be considered as a low priority and relaxation should be under the control of the network.
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