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1. Introduction

In Rel-18 NR NTN WID [1], the detailed objectives on mobility and service continuity enhancements is captured as following.

	4.1.4
NTN-TN and NTN-NTN mobility and service continuity enhancements

This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· 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 this contribution, we would like to discuss the potential NTN-TN and NTN-NTN cell reselection enhancements for RRC_IDLE/INACTIVE UEs, including neighbour cell measurement initiation rules for earth moving cell, and TN neighbour cell measurement initiation in NTN cell. 

2. Discussion 
2.1 Neighbour cell measurement initiation for earth moving cell 
As stated in Rel-18 NR NTN WID [1], cell reselection enhancements for NTN-NTN mobility for earth moving cell should consider the time-based and location-based cell reselection for quasi-earth fixed cell in Rel-17 as the starting point.

For location-based measurement initiation rule specified for quasi-earth-fixed cell in Rel-17 NTN, a distance threshold and the serving cell reference location (i.e., the cell center on the ground) are introduced. If the distance between UE and the serving cell reference location is shorter than the distance threshold and legacy RSRP/RSRQ condition is met, UE may not perform neighbour cell measurements of “NR intra-frequency or inter-frequency with equal or lower priority, or inter-RAT frequency with lower priority”. For time-based measurement initiation rule, a cell stop time of serving cell which refers to the time when a cell stops covering the current area is introduced. If the cell stop time is configured, UE should start neighbour cell measurements before the cell stop time, regardless of whether the location condition above or the legacy RSRP/RSRQ condition is met.

Since the footprint of quasi-earth-fixed cell covers one geographic area for a limited period and a different geographic area during another period in the case of LEO satellites generating steerable beams, the coverage area of quasi-earth-fixed cell is relatively fixed for a limited period. This means that the quasi-earth-fixed cell has a fixed cell reference location or a common cell stop time, which network can broadcast for all UEs camping on this cell. 
However, for earth moving cells, the cell reference location (i.e., cell center on the ground) slides with the movement of satellite, which increases the complexity of the system information configuration since network needs to consider the time-varying nature of cell reference location. Moreover, earth moving cell does not have a common cell stop time for all UEs camping on a cell, instead, the cell stop time for a UE depends on the UE’s geographic location, therefore it is not easy to configure different service stop time for different geographic locations.
Observation 1 For earth moving cell, reference location is time-varying with the movement of satellite.

Observation 2 For earth moving cell, cell’s stop time is not common for all UEs within the cell and depends on UE’s geographic location.

Considering the difference between quasi-earth-fixed cell and earth moving cell, Rel-17 location-based and stop-time-based measurement initiation rules for quasi-earth-fixed cell cannot be directly reused for earth moving cell without any modification. Here we discuss the adaptation of Rel-17 solutions to suit for the earth moving cell.
Location-based measurement initiation

Regarding location-based measurement initiation rule for earth moving cell, as discussed above, broadcasting time-varying cell reference location is not a viable solution. An obvious approach is to use the distance between UE and the serving satellite, i.e., the service link distance. For this observed distance, a threshold needs to be broadcast for UEs to decide when to perform neighbour cell measurement as shown in the figure below. 
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Figure 1

Observation 3 For earth moving cell, the distance between UE and the serving satellite, i.e., the service link distance, can be used by UEs to decide when to start neighbour cell measurement.
On the other hand, we can still consider reusing the distance between UE and cell reference location, but the question now is how UEs can determine the cell reference location. For earth moving cells, normally LEO satellites generate fixed beams, i.e. with the fixed beam direction. With this, we can assume that the cell reference location is a fixed location offset (e.g., in latitude and longitude) away from the sub-satellite point and the sub-satellite point can be derived from satellite ephemeris, e.g. the intersection of the line from the Earth center to the satellite with the earth's surface, as show as the following figure. Ideally, if the satellite generates beam that is perpendicular to the earth’s surface, the cell reference location is exactly the sub-satellite point. 
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Figure 2

Observation 4 For earth moving cell, LEO satellites generate fixed or non-steerable beams.
Observation 5 Sub-satellite point could be derived by satellite ephemeris.
Proposal 1 RAN2 to discuss the following options on location-based measurement initiation for earth moving cell:

· Option 1: A new distance threshold for the distance between UE and the serving satellite, i.e., service link distance.
· Option 2: Rel-17 distance threshold with the cell reference location determination based on the sub-satellite point (derived by satellite ephemeris) and the broadcasted location offset between sub-satellite point and the cell reference location.  
Time-based measurement initiation rule
Regarding time-based measurement initiation rule for earth moving cell, as discussed above, it is not straightforward to reuse the cell stop time to initiate neighbour cell measurement because the cell stop time is location-specific. Instead, we can consider introducing a new time threshold according to the time when the moving serving cell comes across some neighbour cells’ coverage. These neighbour cells can be earth-fixed cells, earth moving cells of other orbits, and TN cell, which is up to network deployment. 

For example, a time T1 can be indicated to UE for neighbour cell measurement and this T1 can be applied to all neighbour cells. When the current time is later than T1, UE should start neighbour cell measurements. To have more finer control, we can even consider configuring T1 per frequency to control intra-frequency and inter-frequency measurement.
Proposal 2 For time-based measurement initiation for earth moving cell, RAN2 consider introducing a new time threshold T1 according to the time when the moving serving cell comes across some neighbour cells’ coverage. FFS on whether T1 is configured per UE or per frequency. 
2.2 TN neighbour cell measurement initiation in NTN cell 
From UE’s perspective, camping on a TN cell has more benefit than camping on an NTN cell, e.g., TN cell has shorter propagation delay and can guarantee better service continuity. Therefore, RRC_IDLE/INACTIVE UEs would prefer to (re-)select TN cell to camp on. However, using the existing mechanism, for a UE camping on an NTN cell, neighbour cell measurement to find the TN cell in time would lead to unnecessary UE power consumption. This is because that the coverage of an NTN cell is normally much larger than that of a TN cell. If UE camped on an NTN cell always performs the neighbour cell measurement for TN cell, e.g. due to the higher reselection priority of TN frequencies, UE can find the TN neighbour cell in time, but in the most area UE may not be able to detect the signal from TN neighbour cells since there is no coverage of TN cells. Even though UE can start to perform TN neighbour cell measurements according to a RSRP threshold of the NTN serving cell, e.g. for intra-frequency case or lower priority TN frequency case, situation has not changed, and UE still may waste power on measurement in the area where TN coverage is not there.
Observation 6 Coverage of an NTN cell is normally much larger than that of a TN cell.
Observation 7 For a UE camping on an NTN cell, TN neighbour cell measurements in the area where there is no TN coverage would lead to unnecessary UE power consumption. 
In order to reduce UE power consumption, UE camping on an NTN cell should start to perform TN neighbour cell measurements only when the UE is in the coverage of TN neighbour cells. To this end, we think that the coverage information about TN neighbour cells should be broadcasted to UEs in NTN cell to assist the TN neighbour cell measurement initiation. The detailed coverage information can be further discussed. For example, it can be a distance range (e.g. using two distance thresholds from the reference location) from the cell center, or an angle range (e.g. using two angle thresholds from a reference direction) shown in the figure below.
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Figure 3
Proposal 3 The coverage information about TN neighbour cells can be broadcasted to UEs in NTN cell to assist the TN neighbour cell measurement initiation. The details on the coverage information can be FFS.
3. Conclusion
Based on the discussion above, we made the following observations:

Observation 1 For earth moving cell, reference location is time-varying with the movement of satellite.

Observation 2 For earth moving cell, cell’s stop time is not common for all UEs within the cell and depends on UE’s geographic location.

Observation 3 For earth moving cell, the distance between UE and the serving satellite, i.e., the service link distance, can be used by UEs to decide when to start neighbour cell measurement.
Observation 4 For earth moving cell, LEO satellites generate fixed or non-steerable beams.
Observation 5 Sub-satellite point could be derived by satellite ephemeris.
Observation 6 Coverage of an NTN cell is normally much larger than that of a TN cell.
Observation 7 For a UE camping on an NTN cell, TN neighbour cell measurements in the area where there is no TN coverage would lead to unnecessary UE power consumption. 
Based on the discussion above, we give the following proposals:

Proposal 1 RAN2 to discuss the following options on location-based measurement initiation for earth moving cell:

· Option 1: A new distance threshold for the distance between UE and the serving satellite, i.e., service link distance.

· Option 2: Rel-17 distance threshold with the cell reference location determination based on the sub-satellite point (derived by satellite ephemeris) and the broadcasted location offset between sub-satellite point and the cell reference location.  

Proposal 2 For time-based measurement initiation for earth moving cell, RAN2 consider introducing a new time threshold T1 according to the time when the moving serving cell comes across some neighbour cells’ coverage. FFS on whether T1 is configured per UE or per frequency. 
Proposal 3 The coverage information about TN neighbour cells can be broadcasted to UEs in NTN cell to assist the TN neighbour cell measurement initiation. The details on the coverage information can be FFS.
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