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1
Introduction

This contribution discuss the “overlap tracking area” issue, and the analysis on Tracking Area design for Scenario C2/D2.
2
Discussion

2.1
Overlapping Tracking Area

The previous RAN3 meeting discussed the Tracking Area, and agreed following text in the TR38.821:

The non-terrestrial and terrestrial networks could be assigned either same or different PLMNs.

In case of two different PLMNs for terrestrial and non-terrestrial networks, both tracking area layouts can be independently defined preventing overlaps between tracking areas of a given layout. This would be in line with the current definition of TAs.

In case of a shared PLMN, there might be a problem due to the overlapping of tracking areas, which requires further study.
The highlighted text was introduced per some text from TS24.501 which states “Tracking areas cannot overlap each other.” TS24.501 text is copied as below:
5.3.4 Registration areas

Within the 5GS, the registration area is managed independently per access type, i.e., 3GPP access or non-3GPP access. The AMF assigns a registration area to the UE during the registration procedure. A registration area is defined as a set of tracking areas and each of these tracking areas consists of one or more cells that cover a geographical area. Tracking areas cannot overlap each other.
After a further check, the TS24.501 text is wrong. A correction CR ([5]) was agreed in May CT1 meeting. The overlapped tracking area is very popular (also in LTE). For example, 

· Two macro cells with different TAIs. The cell coverage of the macro cells can overlap.

· A pico cell and an overlay macro cell use different TAIs. The cell coverage of the pico cell and macro cell can overlap. 

So there is nothing wrong with the overlapping tracking area. In NTN, the shared PLMN can happen 1) when a terrestrial 5G operator also operates a NTN system, or 2) a terrestrial 5G operator has an agreement with a NTN operator. The NTN cell also broadcast the terrestrial operator’s PLMN ID in specific areas. In shared PLMN case, the operator is responsible for defining the tracking area and assigning the TAIs to be used by the terrestrial cells, and non-terrestrial cells. There is no issue when both Tracking Areas Overlap. 
Proposal 1: correct the problem on “overlapping of tracking areas” in TR38.821. 
A possible correction to TR38.821 is copied as below:

In case of a shared PLMN, the operator is responsible for defining tracking areas and assigning the TAIs to be used by the terrestrial network, and to be used by the non-terrestrial network. Overlapping between these tracking areas are possible.
2.2
Tracking Area design

Current TR does not capture the two options on Tracking Area design, i.e. defined on satellite, or defined on earth. One example is shown as below:
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Figure 1: Options fo Tracking Area design
· Option 1: Tracking Area is defined on satellite

In this option, a NTN cell only have one TAI per PLMN ID, i.e. same as terrestrial cell. This also allows the gNB to reuse current NGAP procedure, i.e. the INITIAL UE MESSAGE contains one TAI of  the serving cell. 

· Option 2: Tracking Area is defined on the earth. 

In this option, it keeps the principle that the TAI is related to a specific geographical area, but a NTN cell may have to broadcast multiple TAIs per PLMN ID, which does not align with the principle that a cell only have one TAI per PLMN ID. 

Both options partially align with terrestrial Tracking Area. 
· In Option 1, when the LEO satellite moves, the coverage of the TAI also changes. A stationary UE may see the TAI keeps changing. Some solutions were described in the TR38.821. Similar issue is also discussed in SA2, and the related proposals are also captured in SA2 TR23.737, Solution #7.
· In Option 2, when the NTN cell coveres multiple Tracking Areas (either fully, or partially), the NTN cell will broadcast all related TAIs. From a UE perspective, the UE recognizes the Tracking Area by the TAI broadcasted over the air. In Option 2, the “observed” Tracking Area by the UE keeps changing. There are some aspects need to be further analysed.

· Which TAI is to be provided to CN on NG interface?
During the Initial UE Message procedure, the UE’s location, i.e. TAI+CGI, is provided to the CN. When a NTN cell broadcast multiple TAIs, it is unclear whether the NTN gNB provide all TAIs of the NTN cell, or only one TAI to the CN. Withouting knowing the exact Tracking Area of the UE, it is difficult for the AMF to provide an effective Registration Area to the UE. 

In above example, when UE2 performs Registration at 10:00, the AMF may not know whether UE2 is in the Geo area for TAI#2, or in the Geo area for TAI#3. 
· How to enforce a regional/country policy?
The purpose to define the Tracking Area on ground is to support the neighboring countries can be identified by the separate TAI, e.g. TAI#1 is used for Germany, and TAI#2 is used for Austria. This ensures country specific policy to be enforced based on the TAI. But it is questionable how this can be used, when a NTN cell partially covers each country and broadcast both TAIs. Unless the UE’s location is determined, e.g. like in Option 1, there may be no much benefit for broadcasting all TAIs over the air. 
Proposal 2: we propose to capture the analysis for both types of Tracking Area design in TR38.821.
3
Conclusions

In this contribution we have analysed the issues on Tracking Area. Our proposals are: 

Proposal 1: correct the problem on “overlapping of tracking areas” in TR38.821. 
Proposal 2: we propose to capture the analysis for both types of Tracking Area design in TR38.821.
The proposed TP can be found at the end of this contribution. 
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Proposed TP for TR38.821
8.1
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. In case of C1 and D1, the LEO satellites generate beams with temporary Earth fixed footprints. In other words, the beam footprints are stationary over a given NTN cell on ground for a certain amount of time before they change their focus area over another NTN cell. It is possible the assign each NTN cell to a tracking area. This requires the satellite to change the broadcasted tracking area code between two successive NTN cell covered.
· 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.

It is worth noting that, as long as the TA is always uniquely coupled with the relevant cell(s), it may still be possible to apply legacy core network procedures (e.g. paging) even to a moving TA. In such case, however, it seems beneficial to differentiate such a TA from a fixed / “non-NTN” TA. In principle, this could be done by reserving a range of identifier(s) for TAs associated with NTN moving cells. However, this might restrict the possible TA address space and might not be desirable from the operator’s point of view.

Another alternative would be to extend the TAC IE signalled over NGAP and XnAP with a TA Type IE, defined as e.g. ENUMERATED(NTN, NTN with moving cells, ...) so that the receiving node can identify that the cells associated with this TA are related to a NTN, and/or are not stationary with respect to the ground. Alternatively, this indication may be at cell level or gNB level.

The non-terrestrial and terrestrial networks could be assigned either same or different PLMNs.

· In case of two different PLMNs for terrestrial and non-terrestrial networks, both tracking area layouts can be independently defined preventing overlaps between tracking areas of a given layout. This would be in line with the current definition of TAs.
· In case of a shared PLMN, the operator is responsible for defining tracking areas and assigning the TAIs to be used by the terrestrial network, and to be used by the non-terrestrial network. Overlapping between these tracking areas are possible.
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.
8.1.1 Tracking Area defined on satellite

In this option, a NTN cell only have one TAI per PLMN ID, i.e. same as terrestrial cell. This also allows the gNB to reuse current NGAP procedure, i.e. the INITIAL UE MESSAGE contains one TAI of  the serving cell.  

In Scenario C2 and D2, when the LEO satellite moves, the coverage of the TAI also changes. A stationary UE may see the TAI keeps changing. Some solutions were described in the Section 8.3. Similar issue is also discussed in SA2, and the related proposals are also captured in SA2 TR23.737, Solution #7.
8.1.2 Tracking Area defined on earth

In this option, it keeps the principle that the TAI is related to a specific geographical area, but a NTN cell may have to broadcast multiple TAIs per PLMN ID, which does not align with the principle that a cell only have one TAI per PLMN ID. 

When the NTN cell covers multiple Tracking Areas (either fully, or partially), the NTN cell will broadcast all related TAIs. From a UE perspective, the UE recognizes the Tracking Area by the TAI broadcasted over the air. The “observed” Tracking Area by the UE keeps changing. The following aspects need to be further analysed.

· Which TAI is to be provided to CN on NG interface?
During the Initial UE Message procedure, the UE’s location, i.e. TAI+CGI, is provided to the CN. When a NTN cell broadcast multiple TAIs, it is unclear whether the NTN gNB provide all TAIs of the NTN cell, or only one TAI to the CN. Without knowing the exact Tracking Area of the UE, it is difficult for the AMF to provide an effective Registration Area to the UE.
· How to enforce a regional/country policy?

If UE’s location can be determined during (or before) the registration procedure, the NG-RAN node provide the UE’s location to the network during the registration, and the regional/country policy will be enforced. Otherwise, as soon as the UE enters in connected mode, the network will be able to determine its location and regional/country policy will be enforced.
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