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1. Introduction
In the WID, one of the objective is to specify the cell reselection enhancements for earth moving cell [1]:
	· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· 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. [RAN2, RAN3, RAN4]

· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]

· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]

· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]


In previous meetings, the following agreements on NTN-NTN reselection were achieved:

	Agreements @ RAN2 #121:

1. A serving cell reference location and a distance threshold/radius will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris).

2. For cell selection/reselection, location-based measurement initiation is supported in earth-moving cell
3. For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell reselection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold.
Agreements @ RAN2 #121bis-e:

1.
RAN2 understands that for earth-moving cell reselection, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (FFS whether a new epochTime IE is needed). RAN2 understanding is that both PVT and orbital parameters can be used for this. FFS if additional information is needed to allow more accurate measurements.

2.
For earth-moving cell, new IE is introduced to indicate the reference location of serving cell.

3.
For cell (re)selection in earth-moving system, a distance threshold is introduced for location-based measurement initiation, which reuses distanceThresh in SIB19.

4.
For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case.

5.
Time-based cell reselection criteria is not pursued in R18.
Agreements @ RAN2 #122:

1.
Re-use epochTime-r17 in ntn-Config IE to provide the time reference for an Earth moving cell reference location.

2.
Re-use t-Service-r17 format for the IE used to trigger UE neighbour cell measurements prior to cell replacement due to feeder link switch. FFS whether we reuse exactly the same IE name as in R17 (updating the field description) or a new one


In this paper, we will continue discussing NTN-NTN reselection in moving cell scenarios.
2. Discussion
In RAN2 #121 meeting, it was agreed that the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell reselection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold.
The corresponding procedures are already captured in the 38.304 running CR [2]:

	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 for NTN quasi-Earth-fixed system and has obtained its location information:

-
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 if distanceThresh and [referenceLocationInfo] are broadcasted in SIB19, and if UE supports location-based measurement initiation for NTN Earth-moving system and has obtained its location information:

- 
If the distance between UE and the serving cell reference location determined based on [referenceLocationInfo] 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 for NTN quasi-Earth-fixed system 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 if distanceThresh and [referenceLocationInfo] are broadcasted in SIB19, and if UE supports location-based measurement initiation for NTN Earth-moving system and has obtained its location information:
- 
If the distance between UE and the serving cell reference location determined based on [referenceLocationInfo] 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.


UE does not need to perform intra/inter-frequency if serving cell is in good condition and UE is within a close distance with the reference location. If we take the moving direction of the satellite into account, some excessive measurements can be avoided and UE power can be further saved.
For instance, considering the moving direction of the satellite, a stationary UE may be located at cell edge of the NTN cell and later located at the center due to satellite movement, and then back to cell edge (on the other side of the cell coverage). When the UE first enters the cell and located at the cell edge, referring to cell measurement rules cited above, UE may initiate the neighbour cell measurement which is unncessary because the UE will be soon approaching the cell center.
Take the below figure as an example: within the serving cell coverage (illustrated as circle A), UEs in circle B do not need to perform neighbour cell measurements (if serving cell quality is in good condition). However, for the UE in the figure, even if it is not in circle B, considering the satellite is moving towards the UE, it does not need to perform neighbour cell measurements either.
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Figure 1: Illustration of measurement rules in quasi-fixed cell scenario
Therefore, it is beneficial for the UE to predict the trajectory of the satellite coverage, for UEs located at cell edge (not satisfying the distance condition), it can still omit neighbour cell measurements if the satellite coverage is moving towards the UE.

Proposal 1: In moving cell scenarios, location-based reselection can take the moving direction of satellite into account.
2. Conclusion
In this paper, we discuss location-based measurement initiation in moving cells. The following proposal is provided:
Proposal 1: In moving cell scenarios, location-based reselection can take the moving direction of satellite into account.
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