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1	Introduction
This paper aims at resolving the open points for IDLE mode in Rel-17 NTN. The aspects related to the use of location, TN-NTN service continuity and the ephemeris are discussed in the following sections. 
2	Location Assistance in idle mode
In RAN2#116e it was agreed that:
Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbor cell) taken into account, is supported for quasi-earth fixed cell. It is FFS on how UE performs location acquisition. When UE uses location based cell reselection enhancements, it's up to UE implementation to guarantee that a valid location information is available.
As there are requirements on radio measurements accuracy in idle mode, it is logical to specify requirements for location acquisition as well. In order to avoid that a stationary UE updates its position unnecessarily often, the measurement requirements should include the accuracy of the position. If this accuracy is fulfilled, the rest is up to UE implementation.
Proposal 1: RAN2 not to specify how the UE performs location acquisition as long as the minimum accuracy, which is to be defined by RAN4, is fulfilled.
In the case of quasi earth fixed cells the location information is only relevant for moving UEs as the cell on Earth is (quasi) fixed. Therefore the location information is only needed at the cell border.
Observation 1: Location information for quasi Earth fixed cells is only relevant for moving UEs and only needed at the cell border. 
Therefore, to lower the burden on the UE, the location information acquisition frequency or required accuracy can be reduced when close to the cell centre.
Proposal 2: The required minimum accuracy for location information for quasi Earth fixed cell can be lower in the cell centre then at the cell border.
At the same time location information can also be used for earth moving cells as agreed for connected mode mobility [1]
Proposal 3: Location information should also be considered for Earth moving cells.
3	Ephemeris
For UE to use the location information both the ephemeris of the serving and the neighbouring cells need to be known. At RAN2#113 the following has been agreed:
	Agreements:
1.	The NTN ephemeris is divided into serving cell’s ephemeris and neighbour’s ephemeris. FFS how would they differ regarding e.g. the required accuracy or signalling impact.    
2.	Consider pre-configuration in uSIM, NAS, SIB and RRC signalling for providing the NTN ephemeris. Further discussion depends on the agreed ephemeris contents.  



 At RAN1#107e the following agreement was made on ephemeris for NR NTN L1 pre-compensation.
	RAN1 #107 agreement:

Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Position and velocity state vector ephemeris format is 17 bytes payload. 
· The field size for position (m) is 78 bits
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is 1.3m for position
· The field size for velocity (m/s) is 54 bits
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is 0.06 m/s for Velocity
· Orbital parameter ephemeris format 18 byte payload
· Semi-major axis α (m) is 33 bits
· Range: [6500, 43000]km
· Eccentricity e is 19 bits
· Range: ≤ 0.015
· Argument of periapsis ω (rad) is 24 bits
· Range: [0, 2π]
· Longitude of ascending node (Ω rad) is 21 bits
· Range: [0, 2π]
· Inclination i (rad) is 20 bits
· Range: [- π/2 , + π/2]
· Mean anomaly M (rad) at epoch time to is 24 bits
· Range: [0, 2π]



This gives information about the satellite position, but not of the cells position on earth as a satellite may have many cells. This can be indicated through:
1. Cell center on earth of the relevant cells (and potentially cell’s radius). This can be indicated relative to the nadir of the satellite, which is fixed for earth moving cells and therefore does not need to be updated.
2. Beampointing angle from the satellite such the UE can calculate the cell areas based on the satellite ephemeris.
Option 1 seems simpler from a UE point of view.
Proposal 4: RAN2 to specify a cell position information based on the center of the cell on earth and potentially the radius for the serving cells and neighbouring cells plus a timestamp.
As the satellites move fast for earth moving cells not all neighbouring cells need to be included, as a UE cannot ‘outrun’ a satellite, so only the information of those neighbouring cells opposite to the satellite movement direction need to be included.
Proposal 5: Only those neighboring cells where UEs can handover to should be included in the serving cells SIB.
Furthermore, as the UE knows the satellite movement, the speed and direction of the satellite it can calculate the location at any time, so the location information does not need to be updated very often. Similarly for quasi Earth fixed cells, where the information is rather static.
Observation 2: the cell center location information for serving and neighboring cells does not need to be updated often.

4	TN-NTN service continuity
In [1] the following was concluded:
· RAN2 continue discussion about Option 2 and 3. FFS details and whether one or both could be supported
· Option 2 Indicate in system information of TN or NTN cell or both, the need to prioritize TN in the area the NTN/TN cells are covering. FFS, if prioritizing happens in measurement stage, cell ranking, or prior to selecting the suitable cell.

· Option 3 Broadcast in system informtion a TN or NTN specific offset to be applied to RSRP measurement result for cell quality. 

It is our understanding that TN and NTN will operate in separate carriers/bands and as we have already expressed in the past using the existing set of priorities for IDLE mode can ensure prioritization of either system. 
Proposal 6: In Release 17, the legacy priorities for IDLE mode are sufficient for cell reselections between TN and NTN.
Also, with respect to this area, the following has been proposed by one of the companies:
Neighbouring RAT/frequencies/cell from a certain region will be broadcasted in one group, hence a UE has detected neighbours in one group does not need to search neighbours indicated by another group
However, this scenario can be also addressed with the frequency carrier separation and what is suggested in P6.
Regarding TN-NTN for RRC_CONNECTED, it is simple to decide the same triggers as for intra-NTN can be used. However, it is somewhat weird or even not feasible that the UE will have to monitor the reference location of the target cell, when it wants to handover from NTN to TN cell (i.e. would there be any reference location for the TN cell?). Thus, not all combinations are necessarily needed. 
Observation 3: Not all mechanisms defined for intra-NTN mobility are needed for TN->NTN or NTN->TN mobility. 
5	Conclusion
The following observations and proposals have been made in this paper:
Proposal 1: RAN2 not to specify how the UE performs location acquisition as long as the minimum accuracy, which is to be defined by RAN4, is fulfilled.
Observation 1: Location information for quasi Earth fixed cells is only relevant for moving UEs and only needed at the cell border. 
Proposal 2: The required minimum accuracy for location information for quasi Earth fixed cell can be lower in the cell centre then at the cell border.
Proposal 3: Location information should also be considered for Earth moving cells.
Proposal 4: RAN2 to specify a cell position information based on the center of the cell on earth and potentially the radius for the serving cells and neighbouring cells plus a timestamp.
Proposal 5: Only those neighboring cells where UEs can handover to should be included in the serving cells SIB.
Observation 2: the cell center location information for serving and neighboring cells does not need to be updated often.
Proposal 6: In Release 17, the legacy priorities for IDLE mode are sufficient for cell reselections between TN and NTN.
Observation 3: Not all mechanisms defined for intra-NTN mobility are needed for TN->NTN or NTN->TN mobility. 
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