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1. Introduction
In RAN3#101bis, RAN3 discussed NTN mobility online and offline, some agreements have been captured in the TR 38.821 [1].  
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In RAN2#104, the following agreements were made on tracking area [2]:
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 will further discuss definition of tracking area and paging.
2. Discussion
From the introduction, we could see RAN3 has assumed to support geographical fixed tracking area from RAN3#101bis meeting. However, RAN2 agreed to further study the fixed and moving tracking area solutions for LEO scenarios. In this contribution, we will focus on the scenarios C2 and D2 when considering the tracking area and paging.
Observation 1: It’s assumed to support geographical fixed tracking area in RAN3, while RAN2 agreed to further study both fixed and moving tracking area solutions for LEO.
2.1 Geographical area fixed tracking area

As has been captured in the TR [1]:
· 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.

The foot prints of a cell will move across the geographical fixed tracking area on the ground. To support geographical fixed tracking area, gNB need to continuously update the system information for its served cells to support the continuously changed tracking areas. 
An issue to be resolved: How to handle the border case? i.e. how to handle the case when a cell is across the border of the two tracking areas?

Option 1: hard change the tracking area for a cell at a certain time.

The gNB could decide when to update the TA for a certain cell base on ephemeris info. That means a gNB knows exactly coverage of each cell at any time, and exactly area of each tracking area. But this solution makes the border of the tracking areas change dynamically, not exactly geographical fixed.

For the stationary UEs near the border, they may stay in the same cell but tracking area is changed. To avoid the meaningless TAU procedures, the registration area should cover the adjacent tracking areas.

Observation 2: hard change of the tracking area for a cell will make the border of the tracking areas change dynamically.
Option 2: broadcast multiple tracking areas for a certain cell when it across the border of the tracking areas.
With this solution, the tracking areas are strictly geographical fixed. When a cell across the border, it should broadcast the corresponding tracking area IDs in its system information. When the coverage of the cell is fully moved to the next tracking area, it should update the system info once more to broadcast the new tracking area only.
In current specification, one cell could only belong to one tracking area. Broadcast two or more tracking areas for a cell is feasible, but may impact the Uu and F1 interfaces. For NG and Xn interface, gNB may also need to inform CN and neighbor gNB the change of supported tracking areas.
Observation 3: Some RAN impact is foreseen to broadcast multiple tracking area for a certain cell when it across the border of the tracking areas.

2.2 Beam (cell) fixed tracking area

Cell fixed tracking area means the TA moves with the cells, TA and cells are always coupled together. It will still be possible to perform all the legacy CN procedures, such as tracking area update and Paging. 
The issue is moving TA associated with moving cells might cause frequently tracking area update procedures even for the stationary UEs. Base on TAU procedures, CN is aware of the tracking area which UE is located clearly, it also knows which gNB served the tracking area for the UE, thus it’s easy to address for the potential gNBs (satellites) to page the UE. 

If the moving tracking areas for NTN are small, TAU procedures will happen frequently. If the moving tracking areas are big enough, e.g. a tracking area is formed by many satellite gNBs, it’s not good for tracking the UE, signalling cost is high to page the UEs.

Observation 4: Cell fixed tracking area may cause frequently tracking area update even for the stationary UEs, that will increase the signalling overhead of the whole system.

Base on the discussion above, we could see no matter geographical fixed or moving tracking area is decided, the existing mechanism for paging could be applied base on the tracking areas UE registered.
Proposal 1: RAN3 to discuss geographical fixed or cell fixed tracking area should be applied for NTN.

3. Conclusion 

In this contribution, we further discussed the two potential solutions for tracking area definition, and provided the observations and proposals as below:
Observation 1: It’s assumed to support geographical fixed tracking area in RAN3, while RAN2 agreed to further study both fixed and moving tracking area solutions for LEO.

Observation 2: hard change of the tracking area for a cell will make the border of the tracking areas change dynamically.

Observation 3: Some RAN impact is foreseen to broadcast multiple tracking area for a certain cell when it across the border of the tracking areas.

Observation 4: Cell fixed tracking area may cause frequently tracking area update even for the stationary UEs, that will increase the signalling overhead of the whole system.

Proposal 1: RAN3 to discuss geographical fixed or cell fixed tracking area should be applied for NTN.
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8.x	Tracking area management (FFS)


The concept of Registration and Tracking areas pertains in the context of Non-Terrestrial networks, and is similar to NR based cellular system in following aspects:


a tracking area corresponds to a fixed geographical area.


tracking areas (TA) is utilized for UE access control, location registration, paging and mobility management.


a registration area encompasses one or several tracking areas.


The objective is to track the UE, in order to minimize the use of radio resources for paging.


For scenarios A, B, C1 and D1, the NTN cells are fixed on the ground. Hence a tracking area may correspond to one or several NTN cells. The 3GPP-defined tracking area management and paging procedures can apply as is.


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.


Note: For scenarios C1, the TA list and paging messages could be sent by the same gNB to the NTN cell via all satellites covering this NTN cell.


Note: For scenarios D1, the TA list and paging messages could be sent by the gNB on board all satellites covering this NTN cell.





Hence we shall focus the study on scenario C2 and D2 for the idle/inactive mode mobility.





The main idea is to decouple the TA management from the NTN cell pattern. In that case, registration and tracking areas are arbitrary geographical areas defined by the operator. (FFS)





It is assumed that not all UEs are capable of positioning.








PAGE  
1

