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1	Introduction
The following WI objective has been agreed for Rel-18 NTN WI [1]:
	4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements
This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.
 Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· 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. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]



The following associated agreements were made at RAN2#121 [2]:
	Agreements:
1.	In R18, for earth-moving system, satellite with steerable beam is not considered as part of mobility enhancement in NTN.
2.	A serving cell reference location and a distance threshold/radius will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris).
3.	For cell selection/reselection, location-based measurement initiation is supported in earth-moving cell



	Agreements:
1.	For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell reselection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold.



In this paper we share more thoughts on intra-NTN IDLE mode reselections.

2	Cell reference location
The following agreements were made at RAN2#121 [2]:
	1.	In R18, for earth-moving system, satellite with steerable beam is not considered as part of mobility enhancement in NTN.
2.	 serving cell reference location and a distance threshold/radius will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris).



The agreements above imply that the UE receives via broadcast a serving cell reference location which is valid for a specific point in time). As the beams are not steerable, all beams/cells move on the Earth with a trajectory defined by the satellite movement. Hence, no matter if the serving cell is directly below the satellite, or on the border of the coverage, the trajectory follows the satellite movement. Thus, given one location of the cell trajectory at a specific point in time, the trajectory of the cell can be derived by the UE.

Observation 1: Given one location of the cell trajectory at a specific point in time, the trajectory of the cell in EMC can be derived by the UE using information conveyed in the ephemeris.

There are two different options to describe ephemeris, PVT and orbital elements. These are both equal representations of the same orbit and can be converted from one to the other. Therefore, derivation of the trajectory of the reference location is independent of the format which the ephemeris is provided, contrary to what has been claimed by some in the past discussions, when a need for multiple reference points was argued. However, even PVT format relies on three-dimensional velocity information and the UE can know the approximate direction, so there is no point in providing multiple points.
Observation 2: Even PVT format of the ephemeris relies on three-dimensional velocity information and the UE can know the approximate direction, so there is no point in providing multiple points for EMC scenario.
And we propose the following:
Proposal 1: A single reference point (location and time) is supported for serving cell reference location in EMC.

As the reference location in Rel.17 does not include a time information, it might be cleaner to have a new IE/parameter for EMC. The distanceThresh parameter can be reused. 
Proposal 2: Add a new IE for the reference location which includes also the timestamp. Reuse the Rel-17 distanceThresh parameter.
It has been discussed if the UE needs additional assistance information. This depends on the needed accuracy of the information. If it is just for initiating the measurements, the location does not need to be very accurate. If the same solution would be applied to CHO later, a higher accuracy might be needed. Hence, in a first step, the expected accuracy should be clarified.
Proposal 3: RAN2 to discuss if the accuracy of reference location and distanceThresh needs to be very strict or a lower accuracy is sufficient for measurement initiation in IDLE mode and for CHO condition evaluation.
3	Location-based measurement initiation and reselection
The following agreements were made at RAN2#121 [2]:
	Agreements:
1.	For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell reselection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold.



With this information, the UE can initiate measurements based on the location of the cell. This is sufficient to trigger measurements when needed. To further include location-based information into the cell reselection adds complexity to calculate distances to the serving cell and multiple neighbor cells and continuously keep them up to date. 

Observation 3: Including location-based information into the cell reselection criteria adds complexity of the need to continuously calculate distances to the serving cell and multiple neighbours.

Moreover, the benefit of this additional effort is unclear, also keeping in mind that this needs to be done very frequently due to the moving cells. The existing reselection based on radio measurement can be used.

Proposal 4: No additional criteria for cell reselection is added for EMC in Rel-18.
4	Conclusion
In this paper the follow proposals and observations on IDLE mode NTN have been made:
Observation 1: Given one location of the cell trajectory at a specific point in time, the trajectory of the cell in EMC can be derived by the UE using information conveyed in the ephemeris.

Observation 2: Even PVT format of the ephemeris relies on three-dimensional velocity information and the UE can know the approximate direction, so there is no point in providing multiple points for EMC scenario.
Observation 3: Including location-based information into the cell reselection criteria adds complexity of the need to continuously calculate distances to the serving cell and multiple neighbours.

Proposal 1: A single reference point (location and time) is supported for serving cell reference location in EMC.

Proposal 2: Add a new IE for the reference location which includes also the timestamp. Reuse the Rel-17 distanceThresh parameter.
Proposal 3: RAN2 to discuss if the accuracy of reference location and distanceThresh needs to be very strict or a lower accuracy is sufficient for measurement initiation in IDLE mode and for CHO condition evaluation.
Proposal 4: No additional criteria for cell reselection is added for EMC in Rel-18.
References
[1] RP-230809 Revised WID: NR NTN (Non-Terrestrial Networks) enhancements 3GPP TSG RAN Meeting #99 Rotterdam/The Netherlands, March 20-23, 2023	
[2] [bookmark: _Ref131150281]R2-2301901 Report from Break-out session on NR-NTN, IoT-NTN and RedCap 3GPP TSG-RAN WG2 Meeting #121 Athens, Greece, Feb 27th- Mar 3rd, 2023



