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Introduction
In RAN2#112e the following agreement was captured [1], with subsequent discussion occurring in email discussion [Post112e][153] [2]:
Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.
This contribution discusses how additional information in NTN such as dwell duration of current and upcoming cells can be used to enhance cell reselection by introduction of a bias.
Cell reselection in NTN
Background and GEO scenarios
Rel-17 NTN will support both GEO and non-GEO satellite constellations, where GEO deployments are characterized by large propagation delay and cell size, however stationary and approximately fixed relative to a point on earth. Though propagation delay and cell size are less in non-GEO, satellites move relative to a fixed point on earth with cells either moving along the ground, or fixed via e.g. beam steering techniques. 
As these non-GEO satellites move, the area a cell serves changes constantly. To reduce the cell reselection frequency, it is beneficial to choose a cell which will remain for a relatively long time and avoid re-selecting to a cell which is about to stop serving the area. In RAN2#112e it was agreed that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered, although implementation details remain FFS.
Considering this issue is due to movement of satellites relative to a fixed point on earth and GEO satellites are relatively stationary (as are the cells), existing cell reselection principles should be sufficient for this case.
Proposal 1:	Existing cell reselection principles are sufficient for GEO scenarios (i.e. no enhancements necessary).
Enhanced cell reselection for non-GEO scenarios
For non-GEO scenarios, to prevent a UE reselecting to a cell which will soon no longer serve the area, a cell reselection bias may be introduced. The following options could be used to generate the bias:
· Option 1: Information regarding how long the cell will serve the area i.e. dwell duration
· Option 2: relative distance between UE and satellite, and if satellite is moving towards or away from the UE
· Option 3: relative distance between UE and cell center, and if cell center is moving towards or away from the UE
Option 1 would be suitable for earth fixed cells as the entire cell appears and disappears uniformly for all UEs within the cell. As all UEs experience the same dwell duration, this information could be broadcast along with the associated PCI. Cell reselection bias would be proportional to the remaining dwell duration, with upcoming cells positively biased and receding cells negatively biased.
Proposal 2:	For non-GEO with earth fixed beams, cell reselection is biased proportionally to a dwell duration which is broadcast along with an associated PCI.
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Figure 1: Difference in cell reselection bias based on reference point.
For earth moving cells, broadcasting a singular value would not work as dwell duration depends on the location of the UE relative to cell centre and direction of cell movement. One possible option would be for cell reselection bias to be proportional to UE-satellite distance, where a positive bias indicates an incoming satellite and negative bias a receding satellite (i.e. Option 2). 
However, considering multiple cells can originate from the same satellite, depending on cell location the cell centre may be coming towards the UE but satellite moving away. Another problem is that if the cell is located at the edge of satellite coverage, the UE may be far away and applying a large negative bias even though it is near cell centre, as illustrated above in Figure 1.
If instead the UE biases cell reselection based on relative distance to a cell centre as in Option 3, each PCI would be associated with cell centre coordinates and a timestamp. 
Proposal 3:	For non-GEO with earth moving beams, each PCI is associated with periodically updated cell centre coordinates and a timestamp.
Even though the cell centre would move, the UE would be able to estimate the current location via satellite ephemeris data (e.g. satellite speed and direction) and the timestamp. The cell reselection bias would then be determined based on relative distance to the cell centre, with incoming cells positively biased and receding cells negatively biased.
Proposal 4:	UE calculates current cell centre location based on satellite ephemeris data and information associated with the PCI.
Proposal 5:	For non-GEO with earth moving beams, cell reselection is biased proportional to relative distance between the UE and cell centre, with incoming cells positively biased and receding cells negatively biased.
Another scenario of a cell appearing and disappearing occurs during a feeder-link switch, where all UEs served by a satellite must re-establish connection to a different land-based gateway. This scenario is discussed in a companion contribution [3]
Conclusion
In this contribution the following observations were made concerning enhancements to cell reselection for non-GEO satellite deployments:
Proposal 1:	Existing cell reselection principles are sufficient for GEO scenarios (i.e. no enhancements necessary).
Proposal 2:	For non-GEO with earth fixed beams, cell reselection is biased proportionally to a dwell duration which is broadcast along with an associated PCI.
Proposal 3:	For non-GEO with earth moving beams, each PCI is associated with periodically updated cell centre coordinates and a timestamp.
Proposal 4:	UE calculates current cell centre location based on satellite ephemeris data and information associated with the PCI.
Proposal 5:	For non-GEO with earth moving beams, cell reselection is biased proportional to relative distance between the UE and cell centre, with incoming cells positively biased and receding cells negatively biased.
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