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1. Introduction
In the meeting RAN2#104[1], it is 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 earth fixed tracking area management for LEO in NTN.

2. Discussion

There are two scenarios we consider in this paper out of the six NTN scenarios presented in TR38.821 [1].

Scenario C2 – LEO, transparent satellite, Earth-moving beams;

Scenario D2 – LEO, regenerative satellite, Earth-moving beams.
It also defines two scenarios for the tracking area management as fixed on earth and moving with the cells.  

If TA is fixed on earth and the earth-fixed beam scenario is applied, the mapping relationship between cell IDs and TAs are assumed to be fixed and then the current tracking area management can be used as a baseline. This is the same for the moving TA with the moving cell. However, it could lead to Tracking Area Update (TAU) signalling. In circumstances where the UE density is larger, the signalling overhead will not be ignored.

For the earth-fixed TA, regardless of a transparent or regenerative satellite, a situation may arise where one cell serves different TAs simultaneously because of the movement of satellite.

Figure 1 shows that one cell can be included in one or more tracking areas. 
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Fig1. Earth fixed TA scenario for transparent LEO by the cell movement

Observation 1.
For Earth fixed TA for LEO, one cell can be included in one or more tracking areas.
In NR, tracking areas can be designed as a group consisting of one or more cells. Each cell is placed in one TA. A Tracking Area Identity comprises 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.

If a cell is only configured with one TA when it moves from one to another, UEs (at point A in figure1) belonging to a different TA from the cell are required to initiate a Tacking Area Update (TAU) when the TAs are allocated by the same AMF. This causes the UEs to send a random access preamble at the same. Depending on the network deployment, the degree of signalling overhead could vary. However, this behaviour should be repeated each time one satellite passes by.
Observation 2.
If a cell is only configured with one TA when it moves from one to another, UEs belonging to a different TA from the cell are required to initiate a TAU.
To prevent additional TAUs triggered by the satellite movement, one solution is to enable the assignment of multiple TAs to one cell. The network needs to update TAIs on a cell if TAs assigned to the cell are changed by the cell movement. This makes the cell to send the updated SIB message. For example, if a cell#2 broadcasts TAI#1 and it is selected for the serving cell of a terminal at the point A while it moves from TAI#1 to TAI#2, a terminal should start a TAU procedure. The TAI broadcasted by the new serving cell is changed even if the terminal still remains the TAI#2. However, if the cell#2 broadcasts TAI#1 and TAI#2 belonging to the areas where it moves, it will not trigger TAU. For the Paging occasions, pagingSerachSpace and firstPDCCH-MonitoringOccasionOfPO can be changed by the cell movement. The terminals should determine the paging occasions for paging according to parameters given by the new serving cell if configured. Since operations related to multiple TAs are already considered in the network and UE, it seems that the impact on the specification can be minimized. 
In NR, it is also introduced a RAN-based notification area update (RNAU) in order to reduce power consumption. A RAN area is a subset of a CN Tracking Area or equal to a CN Tracking Area [2]. For the earth fixed tracking area, RAN area is assumed to be defined as an earth fixed area.
Proposal 1. RAN2 needs to discuss whether multiple TA in the same PLMN could be assigned to one cell in order to prevent additional TAUs triggered by the satellite movement.

3. Conclusion

RAN2 is kindly asked to consider following observations and proposals:

Observation 1.
For Earth fixed TA for LEO, one cell can be included in one or more tracking areas.
Observation 2.
If a cell is only configured with one TA when it moves from one to another, UEs belonging to a different TA from the cell are required to initiate a TAU.
Proposal 1. RAN2 needs to discuss whether multiple TA in the same PLMN could be assigned to one cell in order to prevent additional TAUs triggered by the satellite movement.
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