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1	Introduction
The Study Item (SI) on solution evaluation for NR to support non-terrestrial network (NTN) has been approved in RAN #80 meeting [1], with the objectives to consolidate the potential impacts in TR 38.811 and identify the related solutions if needed. The following challenge for non-terrestrial mobility has been identified and captured in TR 38.821 [2]:
	For scenarios C2 and D2, the NTN cells move on the ground as the satellites move on their orbital planes. This requires some adaptations to the TA management and paging procedure.
Hence we shall focus the study on scenario C2 and D2 for the idle/inactive mode mobility.



This contribution proposes that a solution with moving TA, which is already reflected in Section 8 of TR 38.821 [2], is also included in the solutions mentioned in Section 7 of TR 38.821. The proposed solution in Section 8.2.2.1 TR 38.821 [2] enables moving TA without an increase in signalling.
2	Moving TA concepts

It is stated in Section 7.3.1.2 of [2] that moving tracking areas for NTN LEO can become a non-acceptable overhead if all IDLE mode UEs in the registration area need to perform tracking area update (TAU) frequently as the LEO satellite passes by.
A TAU must be performed if the current TAIs of the serving cell is not in the list of TAIs that the UE has received from the network. As cells in NTN are rather large, it is beneficial to keep the tracking area’s small considering the paging overhead and capacity. A small tracking area would lead to frequent TAU with moving LEO satellites.
A fixed tracking area scheme was proposed and is captured in [2] which requires that, while the cells sweep on the ground, the tracking area code (i.e. TAC) broadcasted is changed when the cell arrives to the area of next planned earth fixed tracking area location.
The TAC (or a list of TACs) broadcasted by the gNB needs to be updated as the gNB enters the area of next planned tracking area. When the UE detects entering a tracking area that is not in the list of tracking areas that the UE previously registered in the network, a mobility registration update procedure will be triggered. In practice it means that cells need to broadcast more than one TAC, as a satellite will at least cover parts of two TA. This means more paging messages need to be broadcasted (at least a factor 2 in case of small tracking areas).
A method alternative to the fixed tracking area is to use moving tracking area, but update the TAU procedure, such that the frequent TAU’s are avoided. This can be done instead by giving a list of TAIs to the UE, which compares the TAI of the current cell, with multiple lists given, where each list is a function of time (i.e. between t1 and t2 list 1 is used, between t2 and t3 list 2 is used and so on). These lists as function of time can be easily calculated from the orbits of the satellites and don’t need to be updated unless new satellites are added to a constellation. The advantage of this method is that we can reuse the existing mechanisms for e.g.:
· Current Registration Update trigger, i.e. TS23.501, “perform Mobility Registration Update procedure if the current TAIs of the serving cell (see TS 37.340) is not in the list of TAIs that the UE has received from the network;”
· Reuse current TAC broadcast mechanism, i.e. NTN beam always broadcasts the same TAC.
And shall have less impacts to RAN and CN.

Proposal: RAN2 to discuss and agree on the above described alternate approach with moving TA for NTN LEO and the below TP.

3	Conclusion
Proposal: RAN2 to discuss and agree on the above described alternate approach with moving TA for NTN LEO and the below TP.
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<<TP start>>
7.3.1.2.1 Approach 1: 
In this option a moving tracking area is used, but update the TAU procedure, such that the frequent TAU’s are avoided. This gives the benefit of a larger paging capacity, compared to having multiple TACs broadcasted by the cells. This can be done instead by giving a list of TAIs to the UE, which compares the TAI of the current cell, with multiple lists given, where each list is a function of time (i.e. between t1 and t2 list 1 is used, between t2 and t3 list 2 is used and so on). These lists as function of time can be easily calculated from the orbits of the satellites and don’t need to be updated unless new satellites are added to a constellation. The advantage of this method is that we can reuse the existing mechanisms for e.g.:
· Current Registration Update trigger, i.e. TS23.501, “perform Mobility Registration Update procedure if the current TAIs of the serving cell (see TS 37.340) is not in the list of TAIs that the UE has received from the network;”
· Reuse current TAC broadcast mechanism, i.e. NTN beam always broadcasts the same TAC.
And has less impact on RAN and CN.
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