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1. Introduction

The support of Non Terrestrial Network (NTN) by NR brings some challenges. One of them is how to deal with tracking areas in a deployment where coverage beams are moving among time (non-GEO satellites).

This contribution studies two possibilities: one where tracking areas are moving along with the satellites and one where tracking areas are kept fixed relatively to earth.
2. Discussion
The general principal of mobility management in NR for UE in CM-IDLE mode is that a UE is configured with a Registration Area, which is a list of Tracking Areas, each tracking area being composed of a list of cells. As long as a UE stays within a Registration Area, no location update is needed. A UE in CM-IDLE mode performs a Registration Area Update (RAU) procedure when it moves out of a Registration Area.
Tracking areas are used in several ways: First, the AMF maintains a list of Base Stations that operate cells broadcasting a given TA. Hence, when the Core Network has a packet to deliver to a particular UE, the AMF knows to which base stations it has to request a paging procedure in order to the reach UE. Secondly, since in a terrestrial deployment base stations are usually fixed on earth, a tracking area represents a fixed location, and the Registration Area is the granularity of the UE location the CN is aware of for UEs in CM-IDLE.
There is a trade-off between the size of the registration areas and the amount of paging signalling to be generated, and this trade-off depends among other on UE mobility and geographical area: Depending on UE mobility estimation, the AMF could tailor the Registration Area of each UE.
When considering Non-GEO satellite access network, the satellite beams are moving among time, and there is no fixed correspondence between cells on the ground and satellite beams [1]. Relation between Tracking Area, satellites operating cells belonging to the TA, and a location on earth will evolve with the rotation of the satellite constellation.
In the following discussion, we describe two possible solutions:
 1) The TAs are moving along with satellite rotation,
 2) The TAs are fixed relatively to earth,
 and we analyse how they could be implemented and what would be the consequences.
In the following, we consider for the sake of clarity that Registration Areas are limited to one Tracking Area, and that a satellite broadcasts one TA Id (TAI) only.  We consider also that UE geo-location is fixed (non moving UE).
2.1. Moving Tracking Areas
The principle is that a satellite broadcasts one TAI. The beam footprint on earth is moving with satellite rotation, so a (earth relative-non mobile) UE located in the beam footprint sees the TA moving. It triggers a RAU procedure when it detects a change of TA, i.e. when the satellite being able to serve the UE changes. 
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Figure 1: Moving TAs
This is depicted in Figure 1, where a UE in CM-IDLE is under the coverage of Sat. B at time t1. Dotted lines represent position of satellites and TAs at time t2 in the future. UE has triggered a RAU when it started to detect TA2, and will trigger another RAU when entering TA1 broadcast by Sat. A. The time td between two updates corresponds to the visibility time of one satellite by the UE, and is in the order of 10 minutes.

Even if the UE does not move, the TA will change among time. Thanks to RAU, the AMF keeps track of the TA the UE is camping on. The AMF, as usual, keeps also a list of base stations associated with each tracking area. When the AMF wants to page a UE, it retrieves the TA the UE is camping on at this time, and sends over NG to base station(s) associated to the TA a request to page the UE. The satellite GW forwards the paging request to the satellite(s) associated with the base station(s).
One issue with this solution is that UE position and mobility estimations can't be assessed from TA and RAU, as from AMF point of view, a UE which is not moving relatively to earth will be seen as periodically changing of TA. To be able to estimate a geo-location of a UE in CM-IDLE (for legal purpose for example), the AMF would have to request the satellite network to retrieve the location from a base station Id and a point in time.
2.2. Fixed Tracking Areas
We suppose here that satellites have adaptive antennas able to steer beams (scenario D option 1 [2]). 

TAs are determined as fixed location relatively to earth that corresponds to satellite footprints at one point in time (Figure 2). As long as a satellite is able to point its beam to one position on earth, it broadcasts the TAI associated to this location (Sat. A at time t1 to t3 in Figure 2 with TA1). Then it will steer its beam to another location, and broadcasts another TAI (see Sat. A at time t4).  Corresponding duration td is linked to the visibility time of a satellite, and is in the order of 10 minutes. The satellite network could configure satellites every td with the TAI they have to broadcast, or satellites could have a broadcast plan for a longer duration. 
A non-moving UE in CM-IDLE will measure a fixed TAI and will not trigger RAU (except periodic RAU); the AMF could then assess UE location and moving speed as usual. 
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Figure 2: Fixed TAs

When the UE has to be paged, The AMF retrieves the TAI the UE is camping on, and builds the list of associated Base Stations. However this relationship depends on time. A possibility is to define a 'virtual' base station, pointing in the satellite network. The satellite GW keeps track of its satellites positioning among time, and could forward the paging request to the correct satellite from the TAI.
3. Conclusion
In this contribution, we have depicted two possibilities on how Tracking Areas could be managed when coverage is provided by non-GEO satellites integrated in a NR deployment (scenarios C and D of [2]).
Moving tracking areas solution, where tracking areas are moving along with satellite beam footprints, allows a UE to be paged, but the AMF loose the possibility to assess UE location and velocity relatively to earth. However the solution could support scenarios C and both options of scenario D.
With fixed Tracking Areas, UEs see fixed tracking areas as for common terrestrial-based base stations; the AMF could assess UE location and velocity from RAU updates. It is the satellite network that has to configure the satellites with the TAI plan they have to broadcast. This solution requires satellites with beam steering capability, and thus only scenario D option 1is supported.
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