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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
In RAN2#121 [7] it was agreed to support location-based measurement intitiation for earth moving cell, re-using the rules for quasi-earth fixed cell. Subsequent discussion in RAN2#121bis-e has focused on remaining details such as whether Rel-17 IEs can be used, whether current assistance information is sufficient to predict the reference point trajectory, and other enhancements like time-based measurement initiation for feeder-link switch and location-based cell reselection criteria. This contribution includes remaining aspects of these topics
Reference location for Earth-moving cell reselection
RAN2#121bis-e concluded a UE can roughly derive the serving cell trajectory based on the serving satellite ephemeris and epoch time, with the assumption that the serving cell reference location broadcast by the network is the one at epoch time. Using this information a UE can track the reference location as the satellite moves overhead, which is necessary to support location-based measurement initiation in earth-moving cells. 
The following two aspects remain FFS:
· FFS whether a new epochTime IE is needed. (for reference location)
· FFS if additional information is needed to allow more accurate measurements.
In Rel-17 NTN the IE epochTime indicates the epoch time for the NTN assistance information including ephemeris data and common TA parameters. Since the UE uses such assistance information to track the reference point location movement, it seems reasonable that the epoch times for reference location and ephemeris be aligned. The simplest approach is to reuse the existing epochTime IE for the reference location. 
Proposal 1:	For Earth-moving cells, the reference location reuses the existing epochTime IE.
Having the UE frequently re-aquire system information to maintain an updated cell reference point is undesirable from a power consumption perspective. To mitigate this issue, a change in reference location should result in neither system information change notification nor in a modification of valueTag in SIB1 for Earth moving cell. This is in line with other information fields such as ephemerisInfo, epochTime, and ta-Common which update frequently due to satelite movement.
Proposal 2:	For Earth-moving cells, a change in reference location will not trigger system information change notification nor a modification of valueTag in SIB1.
Regarding the second FFS, 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 update. Furthermore, several future reference locations can help the UE derive a rough trajectory which can be refined with the satellite ephemeris (or other assistance information), improving the overall accuracy of the trajectory estimate.
Observiation 1:	Broadcasting multiple future reference point coordinates and associated timestamp can reduce frequency of SIB update and improve trajectory calculation.
It is therefore proposed that the network can optionally broadcast one or more estimated future reference point coordinates with an associated timestamp as assistance information to support trajectory calculation.
Proposal 3:	For Earth-moving cells, multiple future reference location coordinates and associated timestamp information can be broadcast simultaneously.
However, since the reference point information is the one at epoch time, the UE would also need to know the timing information associated with the future reference points. To avoid modifications to the existing epochTime IE, the timestamp information for each future reference point location can be provided by broadcasting an offset from epochTime.
Proposal 4:	If multiple future reference location coordinates are supported, timestamp information for each future reference point is provided by broadcasting an offset to epochTime.
Time-based trigger for feeder-link switch
In RAN2#121bis-e, the following was agreed regarding time-based measurement initiation in earth-moving system during feeder-link switch case:
· For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case
For hard feeder link switch, an NTN payload connects to only one NTN Gateway at any given time so a radio link interruption may occur during the transition between the feeder links. The radio-link interruption extends to all cells originating from the satellite, so even if the UE triggers neighbour cell measurements prior to a hard feeder-link switch, if the cells originate from the same satellite as the current camped cell (e.g., broadcasting t-service) the UE still risks re-selecting to a cell about to dissapear. 
Observation 2:	During a hard switch, the service interruption extends to all cells originating from the satellite. Prior to the switch, UE should only measure cells originating from a different satellite with a stable feeder-link.
Intitating measurements prior to a feeder-link switch only make sense if the cells originate from a different satellite with a stable feeder-link. RAN2 should discuss whether the UE can still relax (e.g., not perform) measurements on neighbouring cells which originate from the same satellite prior to a hard feeder-link switch.
Proposal 5:	RAN2 to discuss whether the UE can relax (e.g., not perform) measurements on neighbouring cell(s) originating from the same satellite about to perform the switch.
Location-based cell (re)selection enhancements
Continuing discussion from Rel-17, [8] also addressed location-based cell reselection criteria. In addition to discussing general support, the following candidate options were discussed: 
· 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 there was no conclusion in RAN2#121bis-e, the following Chair guidance was provided [9]:
· Discuss one more time at the next meeting whether to support location-based cell reselection criteria (based on contributions from the proponents, showing the benefits) and take a final decision for Rel-18
Regardless of the option, if location-based cell reselection criteria is agreed then at least the reference location of neighbouring cells is needed to evaluate candidacy of neighbouring cells. However, maintaining updated trajectories and reference location estimates of multiple neighbouring cells may require frequent SIB acquisition, which is undesirable from a power-saving perspective for IDLE/INACTIVE UEs. 
Considering this enhancement has been discussed over multiple releases without conclusion and there is no clear consensus among proponents on which of the above options should be supported, it is suggested RAN2 does not pursue location-based cell reselection criteria in Rel-18
Proposal 6:	Location-based cell reselection criteria are not supported in Rel-18
Conclusion
In this contribution the following observations and proposals are made cell reselection enhancements for Earth moving cells:
Observiation 1:	Broadcasting multiple future reference point coordinates and associated timestamp can reduce frequency of SIB update and improve trajectory calculation.
Observation 2:	During a hard switch, the service interruption extends to all cells originating from the satellite. Prior to the switch, UE should only measure cells originating from a different satellite with a stable feeder-link.
Proposal 1:	For Earth-moving cells, the reference location reuses the existing epochTime IE.
Proposal 2:	For Earth-moving cells, a change in reference location will not trigger system information change notification nor a modification of valueTag in SIB1.
Proposal 3:	For Earth-moving cells, multiple future reference location coordinates and associated timestamp information can be broadcast simultaneously.
Proposal 4:	If multiple future reference location coordinates are supported, timestamp information for each future reference point is provided by broadcasting an offset to epochTime.
Proposal 5:	RAN2 to discuss whether the UE can relax (e.g., not perform) measurements on neighbouring cell(s) originating from the same satellite about to perform the switch.
Proposal 6:	Location-based cell reselection criteria are not supported in Rel-18
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