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1 Introduction

The power saving WID (RP-191607) has been updated based on the outcome of RAN2 study item phase, for RRM relaxation, the objective is as follows:
1) 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 

In this paper, we discuss the triggering criteria of RRM relaxation
2 Discussion

In NR, for RRC_IDLE/INACTIVE state, the RRM measurement rules for cell re-selection is specified in TS 38.304 and copied as follows:
	Following rules are used by the UE to limit needed measurements:

-
If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.

-
Otherwise, the UE shall perform intra-frequency measurements.

-
The UE shall apply the following rules for NR inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-
For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8].
-
For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:

-
If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority;

-
Otherwise, the UE shall perform measurements of NR inter-frequencies or inter-RAT frequency cellsof equal or lower priority according to TS 38.133 [8].


Based on the specification, UE may not perform intra-frequency measurements if the channel quality of the channel quality of the serving cell is good enough, i.e., the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ. This is also applied to the inter-frequency measurements with equal or lower reselection priority than the current NR frequency. 

However, for inter-frequency with higher priority, UE shall perform measurements according to the requirements according to RAN4 specification. In other words, even if the channel quality of the serving cell is good enough, UE still needs to perform measurements of inter-frequency with higher priority. 
The RAN4 requirements for measurements of inter-frequency with higher priority is as follows:

The UE shall search every layer of higher priority at least every Thigher_priority_search = ([60] * Nlayers) seconds, where Nlayers is the total number of higher priority NR and E-UTRA carrier frequencies broadcasted in system information.

Observation 1 UE does not perform intra-frequency measurement if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ
Observation 2 UE does not perform measurements of inter-frequency of equal or lower priority if the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ
Observation 3 UE shall perform measurements of inter-frequency with higher priority than the reselection of the current NR frequency.
In the power saving WID, the RAN2 objective is to define a criteria so that the UE can be triggered to relax RRM measurement. The focus is on the intra and inter-frequency measurement for RRC_IDLE/INACTIVE state.
For NB-IoT/MTC, IDLE mode RRC measurement relaxation is defined, and the UE is not requirement to perform intra and inter frequency measurement if the relaxation criteria is met. The use case in NB-IoT/MTC is that the device is in low mobility or stationary, if the device is under the threshold but does not meet the requirement for cell-reselection, then the device would always need to perform intra and inter-frequency measurement which causes power consumption.

Basically, it defines an range within which the UE is not required to perform neighbour cell measurement. As shown in the following figure, when the UE moves within the range of “SSearchDeltaP”, the UE can be allowed to relax neighbour cell measurements.
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Even if the relaxation criteria is met, NB-IoT/MTC device is still need to perform intra and inter-frequency at least once per 24 hours, and perform intra and inter-frequency measurement for at least 5 minutes after cell reselection, as shown in the following:

-
The relaxed monitoring criterion in sub-clause 5.2.4.12.1 is fulfilled for a period of TSearchDeltaP, and

-
Less than 24 hours have passed since measurements for cell reselection were last performed, and

-
The UE has performed intra-frequency or inter-frequency measurements for at least TSearchDeltaP after selecting or reselecting a new cell.

Observation 4 For NB-IoT, UE may choose not to perform intra-frequency or inter-frequency when relaxed monitoring criteria is fulfilled. 

For NR, when considering RRM relaxation, it’s agreed to consider at least whether the UE is at the cell edge, or the UE is stationary or with low mobility. 
In the case when UE is with low mobility or stationary, similar as LTE NB-IoT/MTC, intra and inter frequency measurements can be relaxed. In other words, UE is not required to perform intra and inter frequency measurements when the channel quality is below threshold. We think the LTE NB-IoT/MTC can be taken as baseline. 

Proposal 1 Take the NB-IoT RRM measurement relaxation criteria as baseline.
UE is required to perform measurement of inter-frequency with higher priority irrespective of the serving cell quality. We don't think the RRM relaxation should be applied to the measurement of inter-frequency with higher priority since it has nothing to do with the UE mobility state. Besides, the RAN4 requirement for the measurement of inter-frequency with higher priority is already relaxed enough.
Proposal 2 UE does not perform RRM relaxation for measurement of inter-frequency with higher priority.
3 Conclusion

Based on the discussion we propose the following:
Observation 1
UE does not perform intra-frequency measurement if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ
Observation 2
UE does not perform measurements of inter-frequency of equal or lower priority if the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ
Observation 3
UE shall perform measurements of inter-frequency with higher priority than the reselection of the current NR frequency.
Observation 4
For NB-IoT, UE may choose not to perform intra-frequency or inter-frequency when relaxed monitoring criteria is fulfilled.
Proposal 1
Take the NB-IoT RRM measurement relaxation criteria as baseline.
Proposal 2
UE does not perform RRM relaxation for measurement of inter-frequency with higher priority.
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