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1	Introduction
The work item for NR NTN enhancements in Rel-18 [1] emphasizes NTN-TN and NTN-NTN mobility and service continuity as an important area for improvements. For cell reselection enhancements, the following aspects are considered:
· “For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point.”
· “Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized).”
In this paper, we address the second aspect above.
[bookmark: _Ref178064866]2	Discussion
2.1	Measurement initiation in hard link switch
In RAN2#122 and RAN2#123, the following relevant agreements were taken regarding hard service link switch in unchanged PCI scenario:
· In hard switch unchanged PCI scenario (i.e. no handover), the UE needs to know the time the UE attempts to re-synchronize. (FFS whether a new "t-Start" / a t-gap is needed or whether t-Service can be reused (i.e. no other IE) if the gap is very short/zero).
· The unchanged PCI mechanism can be applied to the case where the coverage gap is zero or negligible (where there is no need to introduce t-gap or t-start). FFS whether we need to support scenarios that require the introduction of t-gap or t-start.

During RAN2#123bis, this topic was briefly discussed with the following outcome:
R2-2311228	Cell reselection enhancements	Ericsson	discussion	Rel-18	NR_NTN_enh-Core
Proposal 1	In case of NTN cell hard switch, UE needs not to start neighbour cell measurements of the new cell before t-service expires.
Proposal 2	The network informs (either implicitly or explicitly) the UE whether the next NTN cell switch is a soft or a hard switch.
Can come back to this

In our view, these agreements not only relate to the unchanged PCI scenario but also to the general case when a hard satellite switch happens (e.g., with changed PCI). In a service or feeder link switch, the UE should be aware of this type of switch to effectively know when it should attempt to start neighbour cell measurements.

[bookmark: _Toc149897334]In NTN, for service or feeder link switch, the UE should be aware of the type of switch (hard or soft) to perform neighbour measurements accordingly.

The present specification TS 38.304 mandates the UE to start neighbour cell measurements some time (up to UE implementation) before the NTN serving cell stops serving the area, i.e., upon t-service expiration. However, in the hard switch case, the target (new) cell will not available before t-service expires. As discussed in RAN2#123, there may be an inherent error in the synchronization of satellites and ground stations that cause a non-negligible coverage gap. This gap may be in the order of a few seconds and has a distinct nature from coverage gaps caused by discontinuous coverage (in the order of minutes/hours). The coverage gap may lead to unnecessary energy consumption (e.g., the UE measuring when there is no cell to measure) or a re-selection to a suboptimal neighbour cell.

[bookmark: _Toc149897336]In case of NTN cell hard switch, UE needs not to start neighbour cell measurements of the new cell before t-service expires.

The way network informs the UE can be implemented in different ways, some of which have been discussed in [2]. For instance, the serving gNB could explicitly inform a time (e.g., t-gap) to the UE by which the UE knows when to re-synchronize to the target cell, another option is that the serving gNB informs the UE whether the switch is a soft or hard switch, if it is a hard switch the UE implicitly knows that it shall attempt to re-synchronize to the target cell after t-Service.

[bookmark: _Toc149897337]The network informs (either implicitly or explicitly) the UE whether the next NTN cell switch is a soft or a hard switch.
[bookmark: _Toc149897338]Adopt the text proposal to TS 38.304.


3	Text Proposal to TS 38.304
[bookmark: _Toc29245206][bookmark: _Toc37298552][bookmark: _Toc46502314][bookmark: _Toc52749291][bookmark: _Toc146666580]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:
-	If distanceThresh and referenceLocation are broadcasted in SIB19, and if UE supports location-based measurement initiation and has obtained its location information:
[bookmark: _Hlk96333131]-	If the distance between UE and the serving cell reference location referenceLocation is shorter than distanceThresh, the UE may not perform intra-frequency measurements;
-	Else, the UE shall perform intra-frequency measurements;
-	Else, the UE may not perform intra-frequency measurements;
-	Else, 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:
-	If distanceThresh and referenceLocation are broadcasted in SIB19, and if UE supports location-based measurement initiation and has obtained its UE location information:
-	If the distance between UE and the serving cell reference location referenceLocation is shorter than distanceThresh, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Else, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8];
-	Else, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Else, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8].
-	If the UE supports relaxed measurement and relaxedMeasurement is present in SIB2, the UE may further relax the needed measurements, as specified in clause 5.2.4.9.
If the t-Service of the serving cell and [softSwitchIndication] is are present in SIB19, and if UE supports time-based measurement initiation, the UE shall perform intra-frequency, inter-frequency or inter-RAT measurements before the t-Service, regardless of the distance between UE and the serving cell reference location or whether the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, or Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, . The exact time to start measurement before t-Service is up to UE implementation. UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8] regardless of the remaining service time of the serving cell (i.e. time remaining until t-Service).
NOTE:	When evaluating the distance between UE and the serving cell reference location, it's up to UE implementation to obtain UE location information.


4	Conclusions
In the previous sections we made the following observations: 
Observation 1	In NTN, for service or feeder link switch, the UE should be aware of the type of switch (hard or soft) to perform neighbour measurements accordingly.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In case of NTN cell hard switch, UE needs not to start neighbour cell measurements of the new cell before t-service expires.
Proposal 2	The network informs (either implicitly or explicitly) the UE whether the next NTN cell switch is a soft or a hard switch.
Proposal 3	Adopt the text proposal to TS 38.304.
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