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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. The following FFS topic from RAN2#121bis-e [2]  highlighted in yellow below is still open:
· 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.
Earth-moving cell: Remaining open issues
Additional information for more accurate trajectory calculation
A UE can roughly derive the Serving Cell trajectory based on the serving satellite ephemeris and epochTime, with the assumption that the Serving Cell reference location broadcast by the network is the one at epochTime. This is necessary to track the Serving Cell reference location movement, which is needed to support location-based measurement initiation in earth-moving cells. It is currently FFS if additional information is needed to allow more accurate measurements.
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 refine the initial rough trajectory estimate made using the satellite ephemeris and epochTime, improving the overall estimation accuracy.
Observation 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 1:	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 epochTime, the UE would also need to know the timing information associated with the future reference points. In RAN2#122, it was agreed that the time reference for earth-moving cell reference location is epochTime, so 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 2:	If multiple future reference location coordinates are supported, timestamp information for each future reference point is provided by broadcasting an offset to epochTime.
Measurement relaxation during feeder-link switch
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 disappear. Initiating measurements prior to a feeder-link switch only make sense if the cells originate from a different satellite with a stable feeder-link. 
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.
The UE can implicitly detect which neighbouring cell(s) belong to the same feeder-link via existing information broadcast in SIB19. For example, cells which share the same ephemeris and common timing information (e.g., used to pre-compensate the feeder-link timing delay) are highly likely to originate from the same feeder-link.
Observation 3:	UE can implicitly determine which cell(s) belong to a feeder-link via existing information in SIB19 (e.g., the cells share the same ephemeris, common TA parameters etc.).
To avoid unnecessary measurements, it is proposed 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 3:	UE can relax (e.g., not perform) measurements on neighbouring cell(s) originating from the same feeder-link about to be switched.
The IE used to trigger UE neighbour cell measurements prior to feeder link switch re-uses the same t-Service field as Rel-17 used for time-based measurement relaxation in quasi-earth fixed cells. Using the same field means the UE cannot distinguish between what is causing the service to end (e.g., either due to feeder-link switch or quasi-earth fixed cell change). If the UE can relax (e.g., not perform) measurements on neighbouring cell(s) originating from the same feeder-link about to be switched, then the UE will need to know the cause of t-Service since the intended behaviour is different from the quasi-earth fixed case.
Observation 4:	Relaxing measurements on neighbouring cell(s) originating from the same feeder-link about to be switched requires the UE to know t-Service is due to feeder-link switch, which is complicated by re-using the Rel-17 field.
Possible options to distinguish a feeder-link t-Service include the presence of movingReferenceLocation (which is only supported in earth-moving cell scenario), however this IE is optional and may not be present if the cell does not support location-based measurement relaxation. Another option would be to introduce an explicit indication in system information (e.g., a new indication specific to neighbour cell measurements, or revising the past agreement to have a t-service field specific to feeder-link switch). 
Proposal 4:	If UE can relax (e.g., not perform) measurements on neighbouring cell(s) originating from the same feeder-link about to be switched, RAN2 to discuss how to distinguish when t-Service is due to feeder-link switch.
Conclusion
In this contribution the following observations and proposals are made cell reselection enhancements for Earth moving cells:
Observation 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.
Observation 3:	UE can implicitly determine which cell(s) belong to a feeder-link via existing information in SIB19 (e.g., the cells share the same ephemeris, common TA parameters etc.).
Observation 4:	Relaxing measurements on neighbouring cell(s) originating from the same feeder-link about to be switched requires the UE to know t-Service is due to feeder-link switch, which is complicated by re-using the Rel-17 field.

Proposal 1:	For Earth-moving cells, multiple future reference location coordinates and associated timestamp information can be broadcast simultaneously.
Proposal 2:	If multiple future reference location coordinates are supported, timestamp information for each future reference point is provided by broadcasting an offset to epochTime.
Proposal 3:	RAN2 to discuss whether the UE can relax (e.g., not perform) measurements on neighbouring cell(s) originating from the same feeder-link about to be switched.
Proposal 4:	If UE can relax (e.g., not perform) measurements on neighbouring cell(s) originating from the same feeder-link about to be switched, RAN2 to discuss how to distinguish when t-Service is due to feeder-link switch.
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