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Introduction
Adaptations to NR mobility must address the following issues in NTN: 1) increased signalling latency due to large propagation delay; 2) frequent cell change due to satellite movement; and 3) lower robustness of measurement-based mobility due to reduced signal strength variation between cell center and cell edge and large regions of cell overlap. Rel-17 NR NTN partially addressed these issues via enhancements to conditional handover, measurement reporting, and measurement rules for cell (re)selection.
An objective for Rel-18 NR NTN is to continue enhancements for both NTN-NTN and NTN-TN mobility and service continuity, and considers existing methods from NR TN and Rel-17 NR NTN as baseline for further enhancements. This document focuses on the Earth moving cell case.
Mobility enhancements for Earth-moving cell
Application of Rel-17 enhancements to Earth-moving cells
Release 17 cell (re)selection enhancements only apply to quasi-earth fixed cells, and are disabled for earth moving cells (e.g. by not broadcasting relevant parameters like t-Service and distanceThresh in SIB19). As per the WID, these enhancements are to be taken as a starting point for Rel-18 work on earth-moving cells.
The following was agreed in RAN2#119bis-e [6]:
· For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to  UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered)
Unlike the quasi-earth fixed case, the cell stop time in the earth moving case depends on the UE location within the cell and direction/speed of cell movement. Broadcasting a singular t-Service value would not work, and would instead need to be done in a UE-specific manner. 
Observation 1:	Broadcasting a singular t-Service does not work for earth moving beams as the cell stop time depends on the UE location within the cell and direction/speed of cell movement
A UE-specific t-Service would require dedicated signaling and periodic updates as the cell/UE move, so is unsuitable for IDLE/INACTIVE UEs. It is therefore proposed that RAN2 prioritize location-based cell reselection solutions for earth-moving beams.
Proposal 1:	Prioritize location-based cell (re)selection enhancements for earth-moving cells.
Assistance information for Earth-moving cell reselection
The following has been agreed in RAN2#119bis-e regarding assistance information for the UE to estimate when the UE will be outside of serving cell coverage in the Earth-moving cell case:
· System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.
· In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE
Assuming the distance threshold and reference location serve the same purpose for Earth-moving cells as the Rel-17 Earth-fixed cell case, the distance threshold represents how far away the UE can be from the reference point prior to intiating neighbour cell measurements. This value should be relatively stable, and can be provided in the same way as Rel-17.
Proposal 2:	RAN2 to confirm the distance threshold provided for Earth-moving cells does not change frequently over time like the reference point.
Alternatively, the cell reference point will continuously change as the satellite moves relative to the Earth. The broadcasted value should therefore be periodically updated to account for the cell movement.
Proposal 3:	For Earth-moving cells, the reference location is periodically updated to compensate for cell movement.
However, having the UE frequently re-aquire system information to maintain an updated cell reference point is undesirable from a power consumption perspective. 
Observation 2:	The cell reference point used for Rel-17 location-based cell reselection enhancements will continuously change for earth-moving cells. This may increase power consumption if the UE must frequently re-aquire SIB19 to updated the value.
Considering satellite movement is predictable, how the reference point moves over the Earth can be largely estimated by the network. Broadcasting additional future reference point locations estimated by the NW, as well as an associated timestamp of when the reference point will arrive at that location, can reduce the frequency of SIB re-aquisition. 
Observation 3:	How the reference point moves over the Earth can be estimated by the network based on the predictability of satellite movement.
Proposal 4:	Multiple future reference location coordinates and associated timestamp can be broadcast simultaneously to reduce frequency of SIB update and re-aquistiion.
Furthermore, since the satellite ephemeris is also broadcasted, how the reference location moves over Earth can also be estimated by the UE. With the satellite ephemeris and several future reference locations, the UE can interpolate additional reference locations (e.g. between those provided by the network). How this can work can be further studied in RAN2.
Proposal 5:	Study using serving cell ephemeris data to estimate additional reference location(s) (e.g. between broadcasted reference points). 
Location-based cell (re)selection enhancements
RAN2 has also discussed other candidate location-based cell reselection enhancements in Rel-17 such as limiting the number of candidate cells to only those with a reference point within a certain distance from the UE. The following options were discussed, but ultimately not agreed due to limited time left in the release: 
· Option 1: Introduce a distance threshold. Cell ranked on R-criterion first and then the distance threshold applies to down scope the candidate cells for reselection. 
· Option 2: Introduce a distance threshold. Distance threshold applies to decide the candidate cells and then rank the candidate cells based on R-criterion to decide the target cell for reselection.
· Option 3: Cell ranked on R-criterion first and then the distance criteria applies to decide the target cell for reselection
Although helpful to limit the number of candidate cells in the quasi-earth fixed case, such solutions would be particularly useful for earth-moving cells. For example, as the cells move the distance between the UE and neighbouring cells could be tracked over time (or combined with ephemeris information) to detect whether a cell is approaching or moving away from the UE. 
This could help reduce the number of cell reselections by having the UE prioritize incoming cells, or ensure a UE does not reselect to a neighbouring cell which will shortly disappear due to being too far away. 
Observation 4:	The distance between a UE and neighbour cell reference point(s) may be tracked over time to determine whether a cell is incoming or receding in an earth moving scenario.
Since broadcasting neighbour cell assistance information (e.g. ephemeris, validity duration) via SIB19 is already supported, only minor system changes are required to include the neighbour cell reference point. 
Proposal 6:	Cell reselection enhancements based on the distance between a UE and neighbouring cell reference point(s) are supported in Rel-18. 
To support the above proposal, the previous agreement should be extended to also provided, with additional details to be further discussed (e.g. taking conclusions for the serving cell case as baseline).
Proposal 7:	In Earth-moving cell, the reference location and distance threshold of neighbouring cell(s) are provided by network for UE to estimate when one or more neighbouring cell(s) stop/start providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE.
Conclusion
In this contribution the following observations and proposals are made cell reselection enhancements for Earth moving cells:
Observation 1:	Broadcasting a singular t-Service does not work for earth moving beams as the cell stop time depends on the UE location within the cell and direction/speed of cell movement
Observation 2:	The cell reference point used for Rel-17 location-based cell reselection enhancements will continuously change for earth-moving cells. This may increase power consumption if the UE must frequently re-aquire SIB19 to updated the value.
Observation 3:	How the reference point moves over the Earth can be estimated by the network based on the predictability of satellite movement.
Observation 4:	The distance between a UE and neighbour cell reference point(s) may be tracked over time to determine whether a cell is incoming or receding in an earth moving scenario.
Proposal 1:	Prioritize location-based cell (re)selection enhancements for Earth-moving cells.
Proposal 2:	RAN2 to confirm the distance threshold provided for Earth-moving cells does not change frequently over time like the reference point.
Proposal 3:	For Earth-moving cells, the reference location is periodically updated to compensate for cell movement.
Proposal 4:	Multiple future reference location coordinates and associated timestamp can be broadcast simultaneously to reduce frequency of SIB re-aquistiion.
Proposal 5:	Study using serving cell ephemeris data to estimate additional reference location(s) (e.g. between broadcasted reference points). 
Proposal 6:	Cell reselection enhancements based on the distance between a UE and neighbouring cell reference point(s) are supported in Rel-18. 
Proposal 7:	In Earth-moving cell, the reference location and distance threshold of neighbouring cell(s) are provided by network for UE to estimate when one or more neighbouring cell(s) stop/start providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE.
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