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1. Introduction

In RAN2#107 meeting, the triggering criteria about RRM measurement relaxation was discussed and the following agreements have been made:

Agreements 

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.

In this contribution, we will discuss the detailed RRM relaxation criteria and network controlled mechanism.
2. Discussion
2.1. RRM relaxation criteria
In RAN2#107 meeting, it was agreed that UE may activate relaxed measurement criteria if at least any of the following conditions are met:

· Criteria a: Stationary/Low mobility, i.e. Serving Cell measurement does not change more than a relative threshold during a time period. 
· Criteria b: Not at a cell edge, i.e. serving cell/beam RSRP/RSRQ/SINR is above a threshold.
Criteria a is reused from LTE which is mainly for stationary/fixed MTC UE. If the relaxed monitoring criterion is fulfilled for a configured period, i.e. the serving cell measurement does not change more than a relative threshold, the UE can be determined to be stationary and may choose not to perform intra-frequency or inter-frequency measurements. Criteria a from LTE is more suitable for MTC UEs which is not completely performing measurements and not address the cases that measurements can be reduced, e.g. longer measurement period, less frequency number, less cell number. Besides, criteria a is very strict and there may be only some special types of UE can achieve, especially for eMBB UEs. For a normal UE other than MTC, even not moving, it may not be able to fulfil this criteria, e.g. the direction of the handheld terminal changed. Hence, for a normal eMBB UE which has power saving requirements, criteria a is not enough or applicable for many cases.
Criteria b is more flexible and applicable for more cases. Different from criteria a, just focusing on UE itself state, criteria b will pay more attention to distinguish the service quality of UE. Similar to legacy S-measure criteria, i.e. if measurement quality of serving cell is higher than a configured threshold, UE may choose not to perform intra-frequency measurements or inter-frequency measurements. Criteria b means that if measurement quality of serving cell is good enough, then the UE may choose to perform relaxed measurements, e.g. longer measurement period, reduced frequency number or reduced cell number, where the measurement quality of serving cell has no impacts by these relaxation. Once the measurement quality of serving cell can not fulfil the relaxation criteria, UE can immediately change to normal measurement mode. That is to say, when a UE is not located at a cell central, UE may choose to relax RRM measurement for power saving purpose, while when it moves nearby cell edge, UE may perform normal RRM measurement for better mobility performance.
In criteria b, the thresholds for RRM relaxation can be a little lower than corresponding thresholds in S-measure criteria:

· When the measurement quality of serving cell is better than the thresholds of S-measure criteria, UE is not required to perform intra-frequency or inter-frequency measurement. 
· When the measurement quality of serving cell is between the thresholds of S-measure criteria and the thresholds of relaxation criteria b, UE can choose to perform relaxed measurements, e.g. with longer measurement period, reduced frequencies and reduced cell numbers. The threshold of criteria b should be set by network to achieve a good balance between mobility performance and UE power consumption.
· When the measurement quality of serving cell is lower than the thresholds of relaxation criteria b, UE performs normal measurements. 
The thresholds of relaxation criteria b may be serving cell RSRP/RSRQ, i.e. similar with S-measure criteria.

Proposal 1: Serving cell RSRP/RSRQ is higher than a configured threshold, UE can choose to relax RRM measurement, e.g. with longer measurement period, reduced frequencies or reduced cell numbers.
In legacy S-measure mechanism, intra-frequency measurement and inter-frequency measurement have separate S-measure thresholds. Similarly, intra-frequency measurement relaxation and inter-frequency measurement relaxation can also have separate thresholds.
Proposal 2: Network can configure separate threshold for intra-frequency and inter-frequency RRM measurement relaxation.
Additionally, neighbour cell measurement can also be considered as the criteria of RRM measurement relaxation. For example, when neighbour cell RSRP is higher than a configured threshold, UE may choose to only measure a small number of cells. In this case, there is enough good neighboring cell for the UE. Thus, there is no need for the UE to perform measurement on all detectable cells. When neighbour cell RSRP is lower than the neighbour cell threshold, UE may choose to measure more cells than the above case for mobility performance guarantee. In this case, there is not enough good neighboring cell for the UE. Then, the UE should perform measurement on all detectable cells. 
Moreover, the neighbour cell RSRP can be considered jointly with serving cell measurement. For example, when the serving cell measurement is higher than a threshold and neighboring cell RSRP is lower than another threshold, the UE can be considered as in cell central. In this case, relaxed measurement can be performed. When the serving cell measurement is lower than a threshold and neighboring cell RSRP is higher than another threshold, the UE can be considered at cell edge. In this case, normal measurement should be performed.  
Proposal 3: Besides serving cell RSRP/RSRQ threshold, another threshold for neighbour cell measurement can also be considered as the criteria for RRM measurement relaxation mechanism. FFS on whether to jointly use with serving cell threshold or separately. 
2.2. Network configuration
In our understanding, RRM measurement relaxation function should be indicated for permission by network. RRC_CONNECTED UE should be controlled completely by network for sure. For RRC_IDLE/INACTIVE UE, network can provide whether RRM measurement relaxation function is enabled for this cell, e.g. by explicit broadcasting 1 bit function indicator or implicitly when related parameters are present in SIB(s), or another approach is to provide the indicator or configurations in dedicated signaling, e.g. RRC release/suspend message. 
If the indicator indicates that RRM relaxation function is not enabled or there are no related parameters configuration, UEs in this cell cannot perform RRM relaxation. Otherwise, the RRM relaxation can be performed according to the criteria defined. Furthermore, RRM measurement relaxation related parameters, e.g. serving cell RSRP/RSRQ thresholds or neighbour cell RSRP thresholds can also be configured by SIB/RRC Release/RRC Suspend messages.
Proposal 4: Network can provide RRM measurement relaxation function indicator and/or related parameters to enable the relaxed measurement, e.g. explicit indicator or related configuration in SIB/RRC Release/Suspend message. 

According to the updated WID of NR UE power saving, RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing number of cells/carriers to be measured will be specified in WI stage [2]. For the stationary (e.g. 0km/h) and pedestrian (e.g. 3km/h) scenarios, all three dimensions of measurement relaxation, i.e. time domain relaxation, reducing number of cells and number of frequencies, can have clear power saving gains according to the evaluation results in TR [1]. 
Hence, we propose to support all three dimensions of RRM measurement relaxation in idle and inactive mode. From the perspective of flexibility, network can independently enable and configure parameters for these three dimensions of RRM measurement relaxation, i.e. time domain relaxation, reducing number of cells and number of frequencies. For example, in the indoor scenario, network can configure the time domain relaxation for RRM measurement or measurement with less cell number. While in some deployment scenarios, the operator may assume that the measurement on some carrier can represent the measurement of corresponding band. In this case, network can configure the RRM relaxation by reducing number of frequencies. Moreover, RAN4 is also the leading WG for this objective. Thus, RAN4 input is also required on the mechanism details enabled to relax RRM measurements. 
Proposal 5: RAN2 understand that network can independently enable and control three dimensions of RRM measurement relaxation, i.e. time domain relaxation, reducing number of cells and number of frequencies. 
Proposal 6: An LS is sent to RAN4 to inquire input on the mechanism details enabled to relax RRM measurements. 

Furthermore, in some actual deployments with both high frequency cells and low frequency cells co-existing, low frequency is used for coverage purpose. RRM measurement relaxation may be only applied for high frequency cells and not for low frequency cells in this case. Thus, the RRM measurement relaxation criteria may be only configured as frequency specific. If the configured measurement relaxation criteria is met on the specific frequencies, RRM measurement relaxation can be performed only on the corresponding frequency, while normal measurement should be performed on other frequencies. Thus, frequency specific RRM measurement relaxation can also be considered. In this way, network can flexibly configure and control the RRM measurement relaxation on frequencies. 
Proposal 7: RRM measurement relaxation may be focused on specified frequencies and no impact on other frequencies.

3. Conclusion

In this contribution, we discuss the UE RRM measurement relaxation criteria and network controlled methods. Based on the discussion, we have the following observations and proposals:
Proposal 1: Serving cell RSRP/RSRQ is higher than a configured threshold, UE can choose to relax RRM measurement, e.g. with longer measurement period, reduced frequencies or reduced cell numbers.

Proposal 2: Network can configure separate threshold for intra-frequency and inter-frequency RRM measurement relaxation.
Proposal 3: Besides serving cell RSRP/RSRQ threshold, another threshold for neighbour cell measurement can also be considered as the criteria for RRM measurement relaxation mechanism. FFS on whether to jointly use with serving cell threshold or separately. 

Proposal 4: Network can provide RRM measurement relaxation function indicator and/or related parameters to enable the relaxed measurement, e.g. explicit indicator or related configuration in SIB/RRC Release/Suspend message. 

Proposal 5: RAN2 understand that network can independently enable and control three dimensions of RRM measurement relaxation, i.e. time domain relaxation, reducing number of cells and number of frequencies. 

Proposal 6: An LS is sent to RAN4 to inquire input on the mechanism details enabled to relax RRM measurements. 

Proposal 7: RRM measurement relaxation may be focused on specified frequencies and no impact on other frequencies.
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