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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.

Intra and Inter-frequency RRM measurement
The WID clearly states that relaxation discussion is for intra- and inter-frequency RRM measurements for neighbour cells. The WID additionally clearly state that relaxation discussion is only for RRC_IDLE/INACTIVE mode and considering mobility performance impacts.
Relaxation discussion is for intra- and inter-frequency RRM measurements for neighbour cells.
Relaxation discussion is only for RRC_IDLE/INACTIVE mode.
Relaxation discussion shall consider mobility performance impacts.
[bookmark: _Hlk24136621]Relaxation discussion shall consider the frame work of the WID and shall only be for non-serving intra-frequency and inter-frequency cells and consider mobility performance impact.

UE power saving methods for Idle and Inactive Mode
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
Hence, power savings should be discussed not only looking at how the measurements can be relaxed e.g. by increasing the measurement interval, but RAN4 also need to discuss how UE power savings could be achieved by looking at the number of carriers to be monitored and which carriers to monitor.
3GPP 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 existing RAN2 rules, 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 and when the UE may choose not to perform intra-frequency measurement on intra-frequency neighbour cells. Principle being that when the serving cell conditions are good, the UE would not need to search and measure intra-frequency neighbours.
Thresholds (SIntraSearchP and SIntraSearchQ) may be configured by the network to enable UE to reduce intra-frequency neighbour cell measurement.

Inter-frequency measurement relaxation
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 and inter-RAT measurements. These thresholds:
· SnonIntraSearchP
· SnonIntraSearchQ
if configured, may then be used by the network to enable UE to relax the inter-frequency and inter-RAT measurements when the serving cell conditions are good enough. The UE may stop measuring all inter-frequency/RAT carriers or the UE may just reduce the measurement effort.
Thresholds (SnonIntraSearchP and SnonIntraSearchQ) may be configured by the network to enable the UE to inter-frequency and inter-RAT neighbour cell measurement.
Currently the thresholds used for reducing the inter-frequency and inter-RAT measurements applies for all configured inter-frequency/RAT carriers. Hence, if the threshold is configured UE may stop measurement on all configured inter-frequency and inter-RAT carriers.

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 (SnonIntraSearchP and SnonIntraSearchQ). Higher priority carriers are always searched at least once per 60 seconds when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and otherwise as any other inter-frequency or inter-RAT carrier.
Higher priority carriers are always searched at least once per 60 seconds irrespective of the serving cell Srxlev and Squal.
This behaviour shall be maintained.
[bookmark: _Hlk24136642]Do not relax measurements on higher priority carriers.
In both existing methods (search thresholds for intra-frequency and inter-frequency/RAT) it is up to UE implementation exactly how to reduce or relax the intra- and inter-frequency/RAT measurements when the thresholds are configured by the network. However, similar for both intra- and inter-frequency thresholds is that once the condition for relaxing the measurements are no longer fulfilled, the UE shall perform the related measurements.
once the relaxation conditions are no longer fulfilled the UE perform measurements according to non-relaxed performance requirements
It is believed that the current tools for enabling UE idle mode measurement relaxation are very efficient and does enable the UE to efficiently reduce the overall measurement burden in idle mode. However, the actual detailed UE power saving is of course left up to each device implementation and all measurement relaxations are optional for the UE.
As much as UE power saving is important for the overall system performance, so is ensuring proper network operations. One important part of network operations is to ensure full coverage and continuous connectivity for devices in the field. This connectivity will need to be maintained and ensure maintained even when UE is applying power saving.
Defining proper condition for when to enable UE power savings it also needs to be well specified when the UE shall no longer apply power savings. For this proper UE requirements and test cases would be needed. 

Additional inter-frequency measurement relaxation
According to the agreed RAN1 UE power model [2] both 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 RAN4 also need to consider the system impact including how to achieve the measurement relaxation with minimal impact on the mobility and system performance. 
RAN4 shall evaluate the impact on the mobility and system performance for each proposed relaxation solution.
Of equal importance as how to defines requirements for enabling UE measurement relaxation, either in terms of sampling or number of carriers to monitor, is how to ensure that the UE measurement relaxation is no longer applied in a timely manner once the conditions are no longer fulfilled.
RAN4 requirements shall ensure that UE measurement relaxation is no longer applied by the UE when the conditions are no longer fulfilled.
Currently RRM measurement relaxations are 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 for the serving cell, the UE may apply reduced intra- and inter-frequency/RAT measurements - if the network has configured the threshold parameters.
Current the idle mode measurement relaxation are based on serving cell measurements which are not in scope for measurement relaxation.
The inter-frequency/RAT thresholds can be used to control whether the UE is allowed to relax all configured inter-frequency and inter-RAT measurement in an on/off approach. I.e. the thresholds can control when the UE is allowed not to measure all inter-frequency and inter-RAT carriers. This means that if the network configures thresholds for allowing UE to relax the inter-frequency/RAT carriers, these thresholds apply for all configured inter-frequency/RAT carriers. 
This an approach which is carried along from legacy system such as LTE without change. However, this approach also limits the practical use of the thresholds. If for example the network would like the UE to measure e.g. one inter-frequency carrier even when serving cell conditions are good, the network can only ensure UE measurement by not configuring any inter-frequency measurement search thresholds.
When inter-frequency measurement search thresholds are configured, the UE is allowed to relax all inter-frequency/RAT measurements, including measurements which may be important to the network, e.g. for load balancing.
It is not possible to define carrier specific inter-frequency/RAT search thresholds.
[bookmark: _Hlk23697393]Such coarse applicability of the inter-frequency/RAT search thresholds have drawbacks in terms of effectively reducing the usage of the search thresholds and thereby reducing the potential UE power saving opportunities.
Current coarse applicability of the inter-frequency/RAT search threshold leads to restrictions in their usage and thereby negatively impact potential UE power saving opportunities.
One such example is if the network would want the UE to perform inter-frequency measurements on certain carriers while the UE is closer to the cell center, while other carriers would not need to be measured at the cell center. In this case the network would want the UE to measure e.g. one or two inter-frequency carriers for balancing devices among carriers also when UE is closer (within distance d1) to cell center. Another example is measurements for early reporting might which may not be needed once the UE is closer to cell edge (beyond d1) but only when serving cell conditions are good – where instead the network would want the UE to perform measurement for mobility (at distance d2-d1). Simplified principle is illustrated in figure 1.
[image: ]
Figure 1 Illustration of principle of graded search thresholds for carriers
[bookmark: _Hlk23697488]Hence, the network would want the UE to perform inter-frequency measurements but for different purposes based on the need. By having thresholds per carrier, the network can ensure that the UE is measuring the correct inter-frequency carriers and optimized number of carriers, enabling reduction of the number of carriers measured by the UE to be only those necessary (as compared to current approach). Applying current threshold requirements, the network can only configure the UE to continuously measure all inter-frequency and RAT carriers if the network need the UE to measure inter-frequency carriers close to the cell center. 
Based on this need and for improving UE power savings we propose to introduction of carrier based search thresholds.
RAN4 to discuss introducing carrier based inter-frequency search thresholds.
Another challenging impact from the current inter-frequency/RAT threshold approach is that once the serving cell conditions no longer allow the UE to reduce inter-frequency measurements, the UE shall start to measure all configured carriers simultaneously. This would lead to a rather long measurement delay and thereby long reporting delay from the UE - especially in NR.
To avoid long measurement and reporting delays due to UE relaxing RRM measurements on all carriers based on one threshold, the network can select either not to configure inter-frequency/RAT search threshold or set the threshold very conservatively. Both options are not favorable for UE power saving opportunities, 
Having carrier specific search thresholds would enable gradual inter-frequency measurements after applying measurement relaxation which would reduce the expected measurement and reporting delay from the UE. 
If RAN4 decides to introduce carrier specific threshold this would need to be informed to RAN2 for defining aligned RAN2 behavior and specify any needed signaling (up to RAN2). In [5] we have provided a draft LS.

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. 
1. Relaxation discussion shall consider the frame work of the WID and shall only be for non-serving intra-frequency and inter-frequency cells and consider mobility performance impact.
Do not relax measurements on higher priority carriers.
RAN4 shall evaluate the impact on the mobility and system performance for each proposed relaxation solution.
RAN4 requirements shall ensure that UE measurement relaxation is no longer applied by the UE when the conditions are no longer fulfilled.
For improving UE power saving and enabling better usage of the search threshold we discuss introduction of carriers thresholds.
RAN4 to discuss introducing carrier based inter-frequency search thresholds.
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