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Introduction
At RAN #84 the WID for release 16 UE power saving was defined [1]. The description includes the following scope:Rel-16 WID on UE Power saving in NR (RP-191607) incl.
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]


[bookmark: _Hlk21120565]In this contribution, we discuss how the RRM measurement relaxation can be facilitated for RRC_IDLE/INACTIVE UEs and the related UE requirements.
Discussion
According to the WI the discussion related to mechanisms to relax intra- and inter-frequency RRM measurements is restricted to RRC idle and inactive mode only. Next, we look at the different measurement options for RRC idle/inactive mode and discuss potential relaxation options.

Serving Cell measurements
The WID clearly states that relaxation discussion is for intra- and inter-frequency RRM measurements for neighbour cells. I.e. serving cell is clearly not within the scope and no RRM measurement relaxations for the serving cell should be discussed.
Serving cell RRM measurement relaxations is not within the scope of UE power saving discussion.

Current UE power saving methods
According to point 5a) of [1] it is agreed that the RRM measurement relaxation, for UE power saving, may be performed by using longer measurement intervals and/or by reducing the number of cells/carriers, which are measured. 
RAN has agreed that measurement relaxation may involve intra and inter-frequency RRM measurement for neighbour cells with longer intervals, and/or by reducing the number of cells/carriers to be measured
RAN2 has already defined solutions enabling the network to configure the UE in RRC idle and inactive mode with a set of thresholds, which the UE may use in order to reduce both intra-frequency and inter-frequency measurements [3].[bookmark: _Toc12747470]5.2.4.2	Measurement rules for cell re-selection
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 cells of equal or lower priority according to TS 38.133 [8].



Intra-frequency measurement relaxation
According to RAN2, the network may provide the UE with thresholds to determine when the UE is required to perform intra-frequency neighbour cell measurements. These thresholds:
· SIntraSearchP
· SIntraSearchQ
may then be used by the UE to determine when the UE shall perform intra-frequency neighbour cell measurement. Principle being that when the serving cell conditions are good, the UE would not need to search and measure intra-frequency neighbours.
Unfortunately, RAN4 does not have related performance requirements for the intra-frequency case in a similar manner as defined by RAN4 for inter-frequency measurements. However, in [4] a correction CR has been provided for introducing necessary requirements.
Thresholds (SIntraSearchP and SIntraSearchQ) may be used to reduce intra-frequency neighbour cell measurement.

Inter-frequency measurement relaxation
In a similar manner as for intra-frequency measurement threshold, RAN2 has also defined thresholds which may be configured by the network and which may be used by the UE to reduce the inter-frequency measurements. These thresholds:
· SnonIntraSearchP
· SnonIntraSearchQ
if configured, may then be used by the network to relax the inter-frequency measurements when the serving cell conditions are good enough. The UE may stop measuring inter-frequency carriers or the UE may just reduce the measurement effort.
Thresholds (SnonIntraSearchP and SnonIntraSearchQ) may be used to reduce inter-frequency neighbour cell measurement.

Search on Higher priority carriers
Currently the network may also configure the different inter-frequency carriers with priorities. If a carrier is regarded as a high priority carrier, this carrier will be measured even when a UE is configured with and applying inter-frequency search thresholds and relaxation. Higher priority carriers are always at least searched once per 60 seconds.
Higher priority carriers are always at least searched once per 60 seconds.

In both existing methods (intra-frequency and inter-frequency) it is up to UE implementation exactly how to reduce or relax the intra- and inter-frequency measurement when the thresholds are configured by the network. However, similar for both intra- and inter-frequency thresholds is that once the condition for not being required to perform intra- and/or inter-frequency measurements are no longer fulfilled, the UE shall perform the related measurements.

Additional inter-frequency measurement relaxation
According to the agreed RAN1 UE power model [2] both of the existing options for limiting the UE measurement burden will reduce the UE power consumption, with inter-frequency measurements being slightly more power consuming due to the switching time from layer to layer according to the RAN1 PC model. Furthermore, the model also defines reduced power consumption as number of measured cells is reduced. However, power saving is one aspect, but also the system impact shall be considered including how to achieve the measurement relaxation with minimal impact on the mobility and system performance. 
Currently RRM measurement relaxation is based on the cell selection criterion S (section 5.2.3.2 in [3]). Having determined the criterion S, which consists of Srxlev and Squal, the UE may apply reduced intra- and inter-frequency measurements if the network has configured the threshold parameters.
As discussed, how the UE implements the measurement relaxation in detail when the threshold parameters are configured is left for UE implementation. But one option is that the UE completely drop intra- and/or inter-frequency measurements. 
Observation 2: Currently the idle mode measurement relaxation allows the UE to stop intra- and all inter-frequency measurements.
The threshold can be used to control measurement in an on/off approach. I.e. the threshold can control when the UE is allowed not to measure intra-frequency and/or all inter-frequency cells/carriers. This means that if the network configures thresholds for allowing UE to relax the inter-frequency carriers, the thresholds apply for all inter-frequency carriers. If on the other hand the network would like the UE to measure e.g. one inter-frequency carrier even when serving cell conditions are good, the network cannot configure inter-frequency measurement thresholds.
Observation 3: When measurement thresholds are configured, the UE may relax measurements, which are important to the network, e.g. for load balancing.
Additionally, once the serving cell conditions no longer are such that the UE may skip e.g. inter-frequency measurements, the UE shall start to measure all carriers. This could lead to a rather long measurement delay.
To avoid that the UE drops or relaxes RRM measurements on carriers, which are seen more important to the network that UE measures, while still allowing measurement relaxation on some carriers, it should be possible to enable a gradual relaxation of the inter-frequency measurements.
Such gradual inter-frequency measurement relaxation could be done by having different inter-frequency search thresholds configured for different carriers. For example, if the UE is in good conditions it would measure carriers which do not have search thresholds configured while when the serving cell conditions are not good the UE would measure all inter-frequency carriers. This would allow UE to perform some but less than all inter-frequency measurement while serving cell conditions are good.
The current specification provides tools enabling good UE power savings through reduced measurements in Idle and Inactive mode. RAN4 could discuss benefits from introducing carrier based inter-frequency search thresholds.

Conclusion
In this contribution, we discuss how the RRM measurement relaxation can be facilitated for RRC_IDLE/INACTIVE UEs and the related UE requirements. We observe that there already exist efficient methods for enabling efficient UE power savings in idle and inactive modes by use of search thresholds. Fir inter-frequency search threshold one challenge in using them is that the one set of thresholds apply for all carriers.
1. The current specification provides tools enabling good UE power savings through reduced measurements in Idle and Inactive mode. RAN4 could discuss benefits from introducing carrier based inter-frequency search thresholds.
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