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1	Introduction
The work item for NR NTN enhancements in Rel-18 [1] emphasizes NTN-TN and NTN-NTN mobility and service continuity as an important area for improvements. For cell reselection enhancements, the following aspects are considered:
· “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.”
· “Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized).”
In this paper, we address the first aspects above.
[bookmark: _Ref178064866]2	Discussion
In RAN2#121bis-e, there was significant progress in the topic of NTN-NTN RRC_IDLE mobility enhancement and the following relevant agreement was made:
· 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.

2.1	Epoch time in Earth moving cells
As already agreed, a UE can derive the trajectory of an Earth moving serving cell from the combination of an initial reference location at a certain timestamp and the serving cell satellite ephemeris and epochTime. During the online discussion, a few companies brought up the possibility to add a new epoch time field parameter, different from epochTime-r17 included in ntn-config-r17. Even though the issue was not discussed at length, the proponent’s reasoning might be related to the wish of having more configuration flexibility since the validity time of the reference location might be longer than the ephemeris due to the different accuracy requirements. 

[bookmark: _Toc134740345]For Earth moving cells, reference location and satellite ephemeris may have different validity durations due to different accuracy requirements.


Despite the potential flexibility advantage, the addition of another time reference could bring about increased complexity. For instance, we wonder whether a new time reference would require introducing a separate validity timer only for the purpose of conveying the Earth moving cell reference location. If so, we imagine there would a detrimental effect on the re-acquisition of SIB19 for UEs in RRC_IDLE, i.e., UEs would need to re-acquire the SIB more often. From the network side, the reference location of an Earth moving cell at a certain timestamp needs to be first computed to be transferred to the UE and, naturally, the process will most probably be carried out using ephemeris information. Therefore, for the sake of signalling efficiency, epochTime-r17 should be re-used as the timestamp for the Earth moving cell reference location.

[bookmark: _Toc134740347]Re-use epochTime-r17 in ntn-Config IE to provide the time reference for an Earth moving cell reference location.

2.2	Measurement initiation in feeder link switch scenario
In Rel-17, RAN2 introduced two new rules for measurement initiation for cell reselection purposes (or measurement relaxation) for the Earth fixed cell scenario in NTN. In the time-based solution, UE shall start measuring neighbour cells before the serving cell stops serving the current area, i.e., before the timer with the value of t-Service, which is provided via SIB19, expires. In the location-based solution, the UE compares its current location, obtained from a GNSS measurement, and the reference location of the serving cell with a network-controlled threshold. The UE shall start neighbour cell measurements if the distance to the reference location exceeds this threshold. The support of both solutions is independent and optional in the network and UE support is signalled to the network through a UE capability indication.

[bookmark: _Toc134740346]Measurement initiation for cell reselection includes time-based and location-based solutions for the Earth fixed cell scenario.
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Figure 1. Feeder link switch scenario with service continuity [2].

A single time reference such as t-Service-r17 is however useful when dealing with feeder link soft switches as depicted in Figure 1. At time T1, the satellite is approaching the geographical location where the transition to be served by next GW will happen. At time T1.5, the satellite is served by two GWs and at time T2 the transition to next GW is finished. These transitions happen in a deterministic manner at specific points in time, so by broadcasting the service stop time of the serving cell in system information, UEs are able to start neighbour cell measurements of the incoming cell prior to the serving cell replacement due to feeder link switch.


In RAN2#121, the topic was briefly discussed, and the following relevant agreement was made:
· For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case.

For the sake of signalling efficiency and given the synergies between the time-based idle/inactive measurement starting mechanisms for the quasi-Earth fixed cell and Earth moving cell scenarios, the field parameter t-Service-r17 can be re-used to indicate cell replacement due to feeder link soft switch.

[bookmark: _Toc134740348]Re-use t-Service-r17 to trigger UE neighbour cell measurements prior to cell replacement due to feeder link soft switch.
3	Conclusions
In the previous sections we made the following observations: 
Observation 1	For Earth moving cells, reference location and satellite ephemeris may have different validity durations due to different accuracy requirements.
Observation 2	Measurement initiation for cell reselection includes time-based and location-based solutions for the Earth fixed cell scenario.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Re-use epochTime-r17 in ntn-Config IE to provide the time reference for an Earth moving cell reference location.
Proposal 2	Re-use t-Service-r17 to trigger UE neighbour cell measurements prior to cell replacement due to feeder link soft switch.
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