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Introduction
In this contribution, we discuss about the issues of tracking area management in NTN.
Discussion
In the current location management mechanism in LTE and NR, number of cells are grouped into a tracking area. A UE is provided with TAI (i.e., tracking area identity) list during registration procedure which is combination of PLMN and TAC (i.e., tracking area code), and checks whether TAC (received via broadcast system information) belongs to the TAI list.
However, in NTN, we need different approach on the tracking area mechanism. According to the revised NTN SID in RAN#82 [1], our discussion has limited to consider transparent GEO satellite and LEO based non-terrestrial access network (moving beam on earth). The former seems no particular issue, but the latter seems to be needed a lot of considerations on tracking area management in NTN.

If we use existing tracking area management that tracking area is cell fixed and each cell broadcasts its TAC, the LEO satellites with moving beam on earth may also broadcast their TAC. If so, UEs even stationary may trigger frequent TAU (i.e., tracking area update) as the LEO satellites only appear few minutes to a UE on the ground and the UEs may check their TAC whenever the LEO satellites appear.
Observation 1: For LEO satellites with moving beam on earth, existing tracking area mechanism may occur frequent TAU.

 In the meeting RAN3#103, RAN3 has discussed about tracking area management and text proposal for TR 38.821 was agreed [2]. In the TR, fixed on earth tracking area was proposed to minimise the frequency of TAU. In the proposed mechanism, the land is divided into geographical areas, and each area is mapped to TAC. For example, geographical area of Germany is set to TAC=1, and that of France is set to TAC=2. Therefore, if a UE’s current location is in geographical area of Germany, then the UE calculates its TAI list with TAC=1. If it moves to France, the TAC is changed to 2.
Proposal 1: Fixed on earth tracking area mechanism is considered.
Regarding the fixed on earth tracking area mechanism agreed in the TP, the UE is required to know its current location. Based on the current location and mapping information between the geographical areas and tracking area, the UE knows which tracking area itself is currently located.
However, boundary of the geographical areas may not be exactly flat. Like borders between countries, the boundary of the geographical areas may be rough and even, so accurate mapping between the geographical areas and tracking area seems difficult. Ideal UE operation is that the UE triggers TAU right after crossing the boundary, but it needs accurate UE location information and tracking area information of geographical areas. Therefore, it seems to be clarified when the UE crosses from Germany to France, how the UE exactly realizes when to trigger the tracking area update.
Proposal 2: To support fixed on earth tracking area, RAN2 is asked to clarify how the UE realizes when to trigger tracking area update, based on geographical information.
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 Regarding the fixed on earth tracking area, while an LEO satellite is revolving around the earth, the LEO satellites may need to broadcast multiple TACs according to the current cell coverage, and the TACs may vary as time goes by. An example design is described in [2]. However, it is a question whether the LEO satellite broadcast all the TACs of the geographical areas that currently being covered.
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Figure 1. NTN cell broadcasting geographical-fixed TACs at first time point







Figure 2. NTN cell broadcasting geographical-fixed TACs at second time point

 In the Figure 1, the LEO satellite broadcasts TA4 and TA5. As time goes by, in the Figure 2, the LEO satellite cell covers geographical areas of TA1, TA2 and TA4, but TA2 is covered only tiny fraction of the cell coverage. If so, the LEO satellite may not want to broadcast TA2 (e.g., Network determines that TA2 can be covered by another LEO satellite). In this case, the UEs in TA2 may not need to camp on the LEO satellite.
 Furthermore, as mentioned above that the geographical areas may be exactly flat, it may be difficult for the LEO satellite to realize actual cell coverage on the ground. Therefore, there may be a case that UEs in a geographical area which is unexpected or not realized to be covered receives the broadcast information of the LEO satellite. Then the UE may camp on the cell and try access, but this is undesirable operation for the network.
Proposal 3: If an LEO satellite dynamically broadcasts multiple TACs in fixed on earth tracking area scenario, it seems to be clarified whether the LEO satellite broadcasts tracking area information of all the areas in the cell coverage.
Proposal 4: RAN2 is kindly asked to study about the possible issues if fixed on earth tracking area is adapted, including indicated issues in Proposal 2 and 3.
Conclusion

In conclusion, we propose the followings:
Observation 1: For LEO satellites with moving beam on earth, existing tracking area mechanism may occur frequent TAU.

Proposal 1: Fixed on earth tracking area mechanism is considered.
Proposal 2: To support fixed on earth tracking area, RAN2 is asked to clarify how the UE realizes when to trigger tracking area update, based on geographical information.
Proposal 3: If an LEO satellite dynamically broadcasts multiple TACs in fixed on earth tracking area scenario, it seems to be clarified whether the LEO satellite broadcasts tracking area information of all the areas in the cell coverage.
Proposal 4: RAN2 is kindly asked to study about the possible issues if fixed on earth tracking area is adapted, including indicated issues in Proposal 2 and 3.
References

[1] RP-182880, “Study on solutions for NR to support non-terrestrial networks (NTN)”, Thales

[2] R3-191030, “NR-NTN: Tracking Area Management)”, Fraunhofer IIS, Fraunhofer HHI, Ericsson, Thales[image: image3.png]



TA4, TA5





TA5





TA3





TA1





TA4








TA2





TA1, TA4





TA3





TA5





TA1





TA4








TA2








Page 3

