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1. Introduction

In last RAN plenary, a new WI ‘UE Power Saving in NR’ has been initiated with the following objective:
5)
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 the 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 introduces how to trigger the RRM measurement relaxation in RRC_IDLE and RRC_INACTIVE.
2.
Discussion
For UE power saving, the intra-/inter-frequency measurements can be deactivated depending on whether to satisfy specific conditions. In order to easily explain the deactivation of the measurements, let’s call it ‘No measurement state’ in this contribution. Even in the No measurement state, the serving cell measurement is performed to avoid a degradation in mobility performance. When the regular intra-/inter-frequency measurements have been performed, it is regarded as ‘Normal measurement state’. In this contribution, a new state ‘Relaxed measurement state’ means the state allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured. Regardless of the measurement states, serving cell measurement is always performed.

Table 1 Measurement states (in this contribution)
	
	Serving cell
	Intra-/inter-freq neighbours

	No measurement state
	Normal measurement
	No measurement

	Relaxed measurement state
	Normal measurement
	Relaxed measurement

	Normal measurement state
	Normal measurement
	Normal measurement


Proposal 1: A relaxed measurement state is introduced on top of existing normal measurement state and no measurement state.
In the current specification, two existing states are triggered with the following conditions where a few RSRP/RSRQ thresholds provided via System Information are used as in Table 2 and 3. Regardless of the measurement states, higher-priority inter-frequencies have to be always measured.
Table 2 Conditions on Intra-frequency measurements
	No measurement state
	Srxlev > SIntraSearchP
	Squal > SIntraSearchQ

	Normal measurement state
	Srxlev > SIntraSearchP
	Squal < SIntraSearchQ

	
	Srxlev < SIntraSearchP
	Squal > SIntraSearchQ

	
	Srxlev < SIntraSearchP
	Squal < SIntraSearchQ


Table 3 Conditions on Inter-frequency measurements (equal or lower-priority frequencies only)
	No measurement state
	Srxlev > SNonIntraSearchP
	Squal > SNonIntraSearchQ

	Normal measurement state
	Srxlev > SNonIntraSearchP
	Squal < SNonIntraSearchQ

	
	Srxlev < SNonIntraSearchP
	Squal > SNonIntraSearchQ

	
	Srxlev < SNonIntraSearchP
	Squal < SNonIntraSearchQ


It is assumed that new RSRP/RSRQ thresholds need to be introduced to trigger the Relaxed measurement state. The comparison with the thresholds is used to identify if UE is in cell edge. In addition, the existing mobility states should be also applied to the triggering condition because the Relaxed measurement state has to be initiated only when UE is stationary or in low mobility. It should be avoided that the degradation in mobility performance results from the RRM measurement relaxation. It is an easy way to use the current mobility states. For example, the RRM measurement relaxation would be initiated only in the Normal-mobility state.
Proposal 2: The existing mobility states for transition with relaxed measurement are reused.
2.1
Intra-frequency Neighbour Cell Measurements
As an idle or inactive UE is close to the cell boundary, the UE needs to perform the regular intra-frequency neighbour cell measurements, i.e. it’s in the Normal measurement state. 
If the UE has not identified that cell reselection is impending relaying on both the serving cell quality comparison with the configurable RSRP/RSRQ thresholds and low UE mobility situation, it can initiate the relaxed RRM measurement for intra-frequencies. In order to preclude the case that UE is so close to the cell edge, new RSRP and RSRQ thresholds can be introduced separately from the existing thresholds, s-IntraSearchP and s-IntraSearchQ. Typically, they are set to the values lower than the existing thresholds. The Normal-mobility state can be regarded as the low UE mobility situation.
Proposal 3: s-RelaxedIntraSearchP and s-RelaxedIntraSearchQ are introduced for transition with relaxed intra-frequency measurement.
In the current specification, UE applies no intra-frequency neighbour cell measurements if Srxlev is above s-IntraSearchP and Squal is above s-IntraSearchQ. However, even for deciding the No measurement state, the mobility state can be applied. It is beneficial to reinforce the mobility performance, especially in small cell size. For intra-frequency neighbour cell measurement, UE applies no measurement if Srxlev is above s-IntraSearchP, Squal is above s-IntraSearchQ and UE mobility state is normal mobility.
Proposal 4: For intra-frequency neighbour cell measurement, UE applies no measurement if Srxlev is above s-IntraSearchP, Squal is above s-IntraSearchQ and UE mobility state is normal mobility.
The Relaxed measurement state is triggered when the conditions described in the following proposals meet. In the cases, UE mobility state derived from MSE (Mobility State Estimation) is the lowest state, Normal-mobility state.
Proposal 5: For intra-frequency neighbour cell measurement, UE applies relaxed measurement if Srxlev is above s-IntraSearchP, Squal is below s-IntraSearchQ but above s-RelaxedIntraSearchQ and UE mobility state is normal mobility.
Proposal 6: For intra-frequency neighbour cell measurement, UE applies relaxed measurement if Srxlev is below s-IntraSearchP but above s-RelaxedIntraSearchP, Squal is above s-IntraSearchQ and UE mobility state is normal mobility.
Proposal 7: For intra-frequency neighbour cell measurement, UE applies relaxed measurement if Srxlev is below s-IntraSearchP but above s-RelaxedIntraSearchP, Squal is below s-IntraSearchQ but above SintraSearchQ2 and UE mobility state is normal mobility.
For the cases other than above, UE performs intra-frequency neighbour cell measurements. All cases are given in Annex.
Proposal 8: For intra-frequency neighbour cell measurement, UE applies normal measurement for other cases.
2.2
Inter-frequency Neighbour Cell Measurements
As an idle or inactive UE is close to the cell boundary, the UE needs to perform the regular inter-frequency neighbour cell measurements, i.e. it’s in the Normal measurement state. 

If the UE has not identified that cell reselection is impending relaying on both the serving cell quality comparison with the configurable RSRP/RSRQ thresholds and low UE mobility situation, it can initiate the relaxed RRM measurement for inter-frequencies. In order to preclude the case that UE is so close to the cell edge, new RSRP and RSRQ thresholds can be introduced separately from the existing thresholds, s-RelaxedInterSearchP and s-RelaxedInterSearchQ. Typically, they are set to the values lower than the existing thresholds. The Normal-mobility state can be regarded as the low UE mobility situation.
Proposal 9: s-RelaxedInterSearchP and s-RelaxedInterSearchQ are introduced for transition with relaxed inter-frequency measurement.
In the current specification, UE skips performing equal or lower-priority inter-frequency neighbour cell measurements if Srxlev is above s-NonIntraSearchP and Squal is above s-NonIntraSearchQ. However, even for deciding the No measurement state, the mobility state can be applied. It is beneficial to reinforce the mobility performance, especially in small cell size. For inter-frequency neighbour cell measurement, UE applies no measurement if Srxlev is above s-NonIntraSearchP, Squal is above s-NonIntraSearchQ, UE mobility state is normal mobility and cell reselection priority of the frequency is equal to or lower than serving frequency. On the other hand, UE has to perform higher-priority inter-frequency neighbour cell measurements regardless of the serving cell quality and UE mobility state.
Proposal 10: For inter-frequency neighbour cell measurement, UE applies no measurement if Srxlev is above s-NonIntraSearchP, Squal is above s-NonIntraSearchQ, UE mobility state is normal mobility and cell reselection priority of the frequency is equal to or lower than serving frequency.
The Relaxed measurement state is triggered when the conditions described in the following proposals meet. In the cases, UE mobility state derived from MSE (Mobility State Estimation) is the lowest state, Normal-mobility state.
Proposal 11: For inter-frequency neighbour cell measurement, UE applies relaxed measurement if Srxlev is above s-NonIntraSearchP, Squal is below s-NonIntraSearchQ but above s-RelaxedInterSearchQ, UE mobility state is normal mobility and and cell reselection priority of the frequency is equal to or lower than serving frequency.
Proposal 12: For inter-frequency neighbour cell measurement, UE applies relaxed measurement if Srxlev is below s-NonIntraSearchP but above s-RelaxedInterSearchP, Squal is above s-NonIntraSearchQ, UE mobility state is normal mobility and cell reselection priority of the frequency is equal to or lower than serving frequency.
Proposal 13: For inter-frequency neighbour cell measurement, UE applies relaxed measurement if Srxlev is below s-NonIntraSearchP but above s-RelaxedInterSearchP, Squal is below s-NonIntraSearchQ but above s-RelaxedInterSearchQ, UE mobility state is normal mobility and cell reselection priority of the frequency is equal to or lower than serving frequency.
For the cases other than above, UE performs inter-frequency neighbour cell measurements. All cases are given in Annex.
Proposal 14: For inter-frequency neighbour cell measurement, UE applies normal measurement for other cases.
3. Conclusion
It is suggested that 
Proposal 1: A relaxed measurement state is introduced on top of existing normal measurement state and no measurement state.
Proposal 2: The existing mobility states for transition with relaxed measurement are reused.

Proposal 3: s-RelaxedIntraSearchP and s-RelaxedIntraSearchQ are introduced for transition with relaxed intra-frequency measurement.
Proposal 4: For intra-frequency neighbour cell measurement, UE applies no measurement if Srxlev is above s-IntraSearchP, Squal is above s-IntraSearchQ and UE mobility state is normal mobility.

Proposal 5: For intra-frequency neighbour cell measurement, UE applies relaxed measurement if Srxlev is above s-IntraSearchP, Squal is below s-IntraSearchQ but above s-RelaxedIntraSearchQ and UE mobility state is normal mobility.
Proposal 6: For intra-frequency neighbour cell measurement, UE applies relaxed measurement if Srxlev is below s-IntraSearchP but above s-RelaxedIntraSearchP, Squal is above s-IntraSearchQ and UE mobility state is normal mobility.
Proposal 7: For intra-frequency neighbour cell measurement, UE applies relaxed measurement if Srxlev is below s-IntraSearchP but above s-RelaxedIntraSearchP, Squal is below s-IntraSearchQ but above SintraSearchQ2 and UE mobility state is normal mobility.

Proposal 8: For intra-frequency neighbour cell measurement, UE applies normal measurement for other cases.
Proposal 9: s-RelaxedInterSearchP and s-RelaxedInterSearchQ are introduced for transition with relaxed inter-frequency measurement.

Proposal 10: For inter-frequency neighbour cell measurement, UE applies no measurement if Srxlev is above s-NonIntraSearchP, Squal is above s-NonIntraSearchQ, UE mobility state is normal mobility and cell reselection priority of the frequency is equal to or lower than serving frequency.

Proposal 11: For inter-frequency neighbour cell measurement, UE applies relaxed measurement if Srxlev is above s-NonIntraSearchP, Squal is below s-NonIntraSearchQ but above s-RelaxedInterSearchQ, UE mobility state is normal mobility and and cell reselection priority of the frequency is equal to or lower than serving frequency.
Proposal 12: For inter-frequency neighbour cell measurement, UE applies relaxed measurement if Srxlev is below s-NonIntraSearchP but above s-RelaxedInterSearchP, Squal is above s-NonIntraSearchQ, UE mobility state is normal mobility and cell reselection priority of the frequency is equal to or lower than serving frequency.
Proposal 13: For inter-frequency neighbour cell measurement, UE applies relaxed measurement if Srxlev is below s-NonIntraSearchP but above s-RelaxedInterSearchP, Squal is below s-NonIntraSearchQ but above s-RelaxedInterSearchQ, UE mobility state is normal mobility and cell reselection priority of the frequency is equal to or lower than serving frequency.

Proposal 14: For inter-frequency neighbour cell measurement, UE applies normal measurement for other cases.
4. Annex
Table A-1

Intra-frequency Neighbour Cell Measurements
	Srxlev
	Squal
	Mobility state
	Meas. state for intra-Freq

	> s-IntraSearchP
	> s-IntraSearchQ
	Normal
	No measurement state

	> s-IntraSearchP
	≤s-IntraSearchQ and > s-RelaxedIntraSearchQ
	Normal
	Relaxed measurement state

	> s-IntraSearchP
	≤ s-RelaxedIntraSearchQ
	Normal
	Normal measurement state

	≤s-IntraSearchP and > s-RelaxedIntraSearchP
	> s-IntraSearchQ
	Normal
	Relaxed measurement state

	≤s-IntraSearchP and > s-RelaxedIntraSearchP
	≤s-IntraSearchQ and > s-RelaxedIntraSearchQ
	Normal
	Relaxed measurement state

	≤s-IntraSearchP and > s-RelaxedIntraSearchP
	≤ s-RelaxedIntraSearchQ
	Normal
	Normal measurement state

	≤ s-IntraSearchP
	> s-IntraSearchQ
	Normal
	Normal measurement state

	≤ s-IntraSearchP
	≤s-IntraSearchQ and > s-RelaxedIntraSearchQ
	Normal
	Normal measurement state

	≤ s-IntraSearchP
	≤ s-RelaxedIntraSearchQ
	Normal
	Normal measurement state

	> s-IntraSearchP
	> s-IntraSearchQ
	High or Medium
	Normal measurement state

	> s-IntraSearchP
	≤s-IntraSearchQ and > s-RelaxedIntraSearchQ
	High or Medium
	Normal measurement state

	> s-IntraSearchP
	≤ s-RelaxedIntraSearchQ
	High or Medium
	Normal measurement state

	≤s-IntraSearchP and > s-RelaxedIntraSearchP
	> s-IntraSearchQ
	High or Medium
	Normal measurement state

	≤s-IntraSearchP and > s-RelaxedIntraSearchP
	≤s-IntraSearchQ and > s-RelaxedIntraSearchQ
	High or Medium
	Normal measurement state

	≤s-IntraSearchP and > s-RelaxedIntraSearchP
	≤ s-RelaxedIntraSearchQ
	High or Medium
	Normal measurement state

	≤ s-IntraSearchP
	> s-IntraSearchQ
	High or Medium
	Normal measurement state

	≤ s-IntraSearchP
	≤s-IntraSearchQ and > s-RelaxedIntraSearchQ
	High or Medium
	Normal measurement state

	≤ s-IntraSearchP
	≤ s-RelaxedIntraSearchQ
	High or Medium
	Normal measurement state


Table A-2

Inter-frequency Neighbour Cell Measurements
	Srxlev
	Squal
	Mobility state
	Cell reselection priority
	Measurement state for inter-Freq

	> s-NonIntraSearchP
	> s-NonIntraSearchQ
	Normal
	Equal or lower
	No measurement state

	> s-NonIntraSearchP
	≤s-NonIntraSearchQ and > s-RelaxedInterSearchQ
	Normal
	Equal or lower
	Relaxed measurement state

	> s-NonIntraSearchP
	≤ s-RelaxedInterSearchQ
	Normal
	Equal or lower
	Normal measurement state

	≤s-NonIntraSearchP and > s-RelaxedInterSearchP
	> s-NonIntraSearchQ
	Normal
	Equal or lower
	Relaxed measurement state

	≤s-NonIntraSearchP and > s-RelaxedInterSearchP
	≤s-NonIntraSearchQ and > s-RelaxedInterSearchQ
	Normal
	Equal or lower
	Relaxed measurement state

	≤s-NonIntraSearchP and > s-RelaxedInterSearchP
	≤ s-RelaxedInterSearchQ
	Normal
	Equal or lower
	Normal measurement state

	≤ s-NonIntraSearchP
	> s-NonIntraSearchQ
	Normal
	Equal or lower
	Normal measurement state

	≤ s-NonIntraSearchP
	≤s-NonIntraSearchQ and > s-RelaxedInterSearchQ
	Normal
	Equal or lower
	Normal measurement state

	≤ s-NonIntraSearchP
	≤ s-RelaxedInterSearchQ
	Normal
	Equal or lower
	Normal measurement state

	> s-NonIntraSearchP
	> s-NonIntraSearchQ
	High or Medium
	Equal or lower
	Normal measurement state

	> s-NonIntraSearchP
	≤s-NonIntraSearchQ and > s-RelaxedInterSearchQ
	High or Medium
	Equal or lower
	Normal measurement state

	> s-NonIntraSearchP
	≤ s-RelaxedInterSearchQ
	High or Medium
	Equal or lower
	Normal measurement state

	≤s-NonIntraSearchP and > s-RelaxedInterSearchP
	> s-NonIntraSearchQ
	High or Medium
	Equal or lower
	Normal measurement state

	≤s-NonIntraSearchP and > s-RelaxedInterSearchP
	≤s-NonIntraSearchQ and > s-RelaxedInterSearchQ
	High or Medium
	Equal or lower
	Normal measurement state

	≤s-NonIntraSearchP and > s-RelaxedInterSearchP
	≤ s-RelaxedInterSearchQ
	High or Medium
	Equal or lower
	Normal measurement state

	≤ s-NonIntraSearchP
	> s-NonIntraSearchQ
	High or Medium
	Equal or lower
	Normal measurement state

	≤ s-NonIntraSearchP
	≤s-NonIntraSearchQ and > s-RelaxedInterSearchQ
	High or Medium
	Equal or lower
	Normal measurement state

	≤ s-NonIntraSearchP
	≤ s-RelaxedInterSearchQ
	High or Medium
	Equal or lower
	Normal measurement state

	> s-NonIntraSearchP
	> s-NonIntraSearchQ
	Normal
	Higher
	Normal measurement state

	> s-NonIntraSearchP
	≤s-NonIntraSearchQ and > s-RelaxedInterSearchQ
	Normal
	Higher
	Normal measurement state

	> s-NonIntraSearchP
	≤ s-RelaxedInterSearchQ
	Normal
	Higher
	Normal measurement state

	≤s-NonIntraSearchP and > s-RelaxedInterSearchP
	> s-NonIntraSearchQ
	Normal
	Higher
	Normal measurement state

	≤s-NonIntraSearchP and > s-RelaxedInterSearchP
	≤s-NonIntraSearchQ and > s-RelaxedInterSearchQ
	Normal
	Higher
	Normal measurement state

	≤s-NonIntraSearchP and > s-RelaxedInterSearchP
	≤ s-RelaxedInterSearchQ
	Normal
	Higher
	Normal measurement state

	≤ s-NonIntraSearchP
	> s-NonIntraSearchQ
	Normal
	Higher
	Normal measurement state


	≤ s-NonIntraSearchP
	≤s-NonIntraSearchQ and > s-RelaxedInterSearchQ
	Normal
	Higher
	Normal measurement state

	≤ s-NonIntraSearchP
	≤ s-RelaxedInterSearchQ
	Normal
	Higher
	Normal measurement state

	> s-NonIntraSearchP
	> s-NonIntraSearchQ
	High or Medium
	Higher
	Normal measurement state

	> s-NonIntraSearchP
	≤s-NonIntraSearchQ and > s-RelaxedInterSearchQ
	High or Medium
	Higher
	Normal measurement state

	> s-NonIntraSearchP
	≤ s-RelaxedInterSearchQ
	High or Medium
	Higher
	Normal measurement state

	≤s-NonIntraSearchP and > s-RelaxedInterSearchP
	> s-NonIntraSearchQ
	High or Medium
	Higher
	Normal measurement state

	≤s-NonIntraSearchP and > s-RelaxedInterSearchP
	≤s-NonIntraSearchQ and > s-RelaxedInterSearchQ
	High or Medium
	Higher
	Normal measurement state

	≤s-NonIntraSearchP and > s-RelaxedInterSearchP
	≤ s-RelaxedInterSearchQ
	High or Medium
	Higher
	Normal measurement state

	≤ s-NonIntraSearchP
	> s-NonIntraSearchQ
	High or Medium
	Higher
	Normal measurement state

	≤ s-NonIntraSearchP
	≤s-NonIntraSearchQ and > s-RelaxedInterSearchQ
	High or Medium
	Higher
	Normal measurement state

	≤ s-NonIntraSearchP
	≤ s-RelaxedInterSearchQ
	High or Medium
	Higher
	Normal measurement state
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