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1. Introduction
In the meeting RAN2#104[1], RAN2 agreed to study the aspects of the tracking area as follows:
Agreements:

1. RAN2 to study solutions for two different type of UE categories 1) with GNSS support, 2) without GNSS support

2. For GEO, the current tracking area management is assumed as a baseline

3. For LEO with moving beams study fixed and moving tracking area solutions 

In this contribution, we presents our views of tracking area management for LEO in NTN.
2. Discussion

In NR, Tracking Areas can be designed as a group consisting of one or more cells. Each gNB is configured with one TA. A Tracking Area Identity consists of a PLMN ID and a TAC (Tracking Area Code), which is transmitted by SIB1. The List of TAIs allocated by the core network (AMF) is provided to the UE. The TAU procedure is triggered when the UE moves to a TA that is not in the TAI list assigned by the AMF or when the TAU timer has expired.
There are two scenarios that we consider in this paper out of the six NTN scenarios presented in TR38.821 [2].
Scenario C2 – LEO, transparent satellite, Earth-moving beams;

Scenario D2 – LEO, regenerative satellite, Earth-moving beams.

For the earth fixed beam scenario (Scenario C2), the cells are fixed on the ground. The cell information should be maintained even if the satellite that serves one cell is changed from satellite A to satellite B. When the beam moves with the satellite (Scenario D2), the association between satellites and PCI is fixed. 

In NTN, the TA would also be assumed to be fixed on earth or to move with the cells. If the TA is fixed on earth and the earth fixed beam scenario is applied, the current tracking area management can be used.  However, for earth moving beam scenarios, the RAN2 impact should be discussed when applying the earth fixed or moving TA.
1. Earth fixed TA for transparent LEO
In this scenario, the gNB and the satellite gateway are fixed on earth while the satellite are moving. 
The figure 1(a) shows that a tracking area to which one gNB belongs is fixed even if the satellite moves. When the satellite moves from TA1 to TA2, the cell id broadcasted by a transparent satellite has been changed because the gNB has been changed. In the figure 1(b), one gNB can be included in one or more tracking areas. When the satellite moves from TA1 to TA2, the cell id served by a transparent satellite is still maintained. This scenario can be considered the same as a scenario of the earth fixed TA for regenerative LEO in that the TA assigned to the cell id can be changed.
The TA size is determined by the mobile operator depending on the deployment scenarios. (E.g. paging channel capacity, user density, etc) In NTN, the cell size is larger than the terrestrial network so the TA size also can be assumed to be large. Therefore, it is unlikely that gNBs are serving the area through transparent satellites using connections to geographically distant satellite gateways.

For the transparent satellite, if gNBs on the ground can only serve geographically fixed area through the transparent, the mapping between cell id and TA are assumed to be fixed and then the current tracking area management can be used as a baseline.
Due to the characteristics of the moving satellite, there are still issues to be discussed. It will be discussed in the last section.
Proposal 1. For the transparent satellite, if gNBs on the ground can only serve geographically fixed area through the transparent, the mapping between cell id and TA are assumed to be fixed.
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Figure 1. Earth fixed TA scenario for transparent LEO (left (a) and right (b))
2. Earth fixed TA for regenerative LEO
In this scenario, the cell mounted on the satellite are moving but TA is assumed to be fixed on earth. A cell can be included in different tracking areas because of the movement of regenerative satellite. When the satellite moves from TA1 to TA2, TAI to which the cell id belongs is changed.
If TA assigned to the cell is changed by the cell movement, the network needs to update the TAC on the gNB. This makes the gNB to send the updated SIB message but how to update the information and to optimize the functionality are not the RAN2 scope. 

Observation 1.
For Earth fixed TA for regenerative LEO, TAC update is needed by the cell movement.
3. Moving TA for regenerative LEO

In the moving cell and the moving TA, there is no impact on the gNB. When the Tracking Area and the cell moves over the areas, it leads to Tracking Area Update (TAU) signalling and impacts on the performance. Depending on the network deployment, the degree of signalling overhead could vary. For example, in rural environments which has low UE density, this may not cause large signalling overhead. However, in the circumstances where the UE density is larger, the signalling overhead will not be ignored. The discussion is required to define the RAN2 perspective problem and to optimize the solution in this scenario. We prefer to de-prioritize the case of moving TA for regenerative LEO.
Observation 2. Moving TA for regenerative LEO, when the UE density is larger, the signalling overhead by the TAU will be considerable.
In the earth fixed TA, regardless of transparent or regenerative satellite, a situation may arise where one cell serves different TAs simultaneously due to the movement of satellite. This occurs even when the size of the cell is large enough to cover several TAs. In NR, each gNB is configured with one TA and the TAC is broadcasted in SIB1. If the situation shown in the figure 2 could be occurred in NTN, we need to discuss that how many TA can be defined in a cell and how to transmit several TACs and manage the tracking area in the RAN2 perspective.
Proposal 2. It needs to discuss that NTN will support the situation where one cell serves different TAs at the same time.
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Figure 2. Earth-fixed TA by the cell movement
3. Conclusion

RAN2 is kindly asked to consider following observations and proposals:

Observation 1.
For Earth fixed TA for regenerative LEO, TAC update is needed by the cell movement.
Observation 2. Moving TA for regenerative LEO, when the UE density is larger, the signalling overhead by the TAU will be considerable.
Proposal 1. For the transparent satellite, if gNBs on the ground can only serve geographically fixed area through the transparent, the mapping between cell id and TA are assumed to be fixed.
Proposal 2. It needs to discuss that NTN will support the situation where one cell serves different TAs at the same time.
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