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1 Introduction
In this document we explain different options of Tracking Area Network Identities handling for different NTN scenarios[1] in conjunction with the different PLMN options mentioned in SA2[2].
A short text proposal to be added to TR38.821 is given at the end of the document.
2 Tracking Areas Management for Non-Terrestrial Networks
In terrestrial networks the Tracking Areas (TA) are fix associated to one or more terrestrial cells (each terrestrial cell is given by the area covered by the terrestrial coverage), and one cell is associated to one TA only. In case of terrestrial (and stationary) RANs, as a result, the cells are associated to a fix location on ground.
It’s stated that Tracking Areas are not allowed to overlap. Which means in this case, that only one cell could be associated to one TA and it’s not allowed for one cell to belong to two or more different TAs.

In case of non-terrestrial networks (NTN), in total 6 reference scenarios are defined in [1], which are:

Table 4.2-1: Reference scenarios

	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:

steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:

the beams move with the satellite
	Scenario C2
	Scenario D2


In terms of Tracking Area Management, in general two different cases for all 6 scenarios exists:

1. NTNs with steerable beams, which results in fixed coverage areas on earth (Scenario: A, B, C1, D1)
2. NTNs with beams moving with the satellite over earth, which results in moving coverage areas on earth (Scenario: C2, D2)
In case of steerable beams at the satellite and in consequence fixed coverage areas on earth the definition and association between cell/beam and TA could be assumed to be the same as in the terrestrial world, as one beam represents one fix area on ground. This means that the geographical area covered by one or more Cell IDs represent exactly one TA. This TA could be assigned with a Tracking Area Identifier (TAI) together with the Public Land Mobile Network (PLMN) ID and the Tracking Area Code (TAC) as follows:

TAI = PLMN + TAC

In this case, in principle all procedures, e.g. UE access control, location registration, paging and mobility management apply as is. However, the ability to change the Tracking Area Code (TAC) at RAN level at the gNB (whether it is on the satellite D1 or on ground C1) is necessary, due to the fact that the cell on ground, formed by the satellite, is valid only for a certain period in time. One solution to solve this issue, is to add validity timer information for the validity time of a Tracking Area Code (TAC), like described in [1].
In case of moving beams, a fix association between the Tracking Area and the beam, results in moving TAs. Moving TAs are not in contradiction to the definition of TAs as long as they don’t overlap each other, but in this case the TAs between terrestrial and non-terrestrial needs to be differentiated. This could be arranged either by restricting the possible TA address space or introduction of an additional signalling over NGAP and XnAP with a TA Type IE, like described in [1].
Observation 1: In scenario C2 and D2 a fix association between Tracking Area and beam results in moving TAs.

If moving TAs should be avoided, another idea is to decouple the fix association between the TA as a geographical area on ground and the unique identifier broadcasted from the satellite, e.g. S-TAI. It could be considered to use a different identifier at the satellite. This NTN specific identifier is linked to the NTN cell and could be mapped to geographical defined TAs on ground. In this case also a differentiation/signalling between TAIs and S-TAIs is necessary, like described in the previous section. The S-TAI as an identifier belongs to a certain TA for a certain period in time. In this case, the Access and Mobility Function (AMF) at the core needs to know the exact relationship between the geographical defined areas (TAs) and the NTN covering identifiers (S-TAIs) for each point in time. By decoupling this fix association it could happen, that 1 NTN cell is covering more than 1 TA. In this case, it should be possible to distribute more than 1 S-TAI. This is also called broadcasting of different Cell Identifier (Cell-ID) and/or Tracking Area Codes per broadcast PLMN ID, which is mentioned in the work item description (WID) of network sharing for multiple Cell-ID and multiple TAC broadcast, presented in Shenzhen, China at the RAN Plenary [3].
Observation 2: In scenario C2 and D2, decoupling the fix association between Tracking Area and beam results in fix TAs on ground.
In the table below, an overview of the results for each scenario is given.

Table 4.2-1: Overview of TA management and PLMN management for all 6 NTN scenarios
	NTN scenarios
	Scenario A, B

	Scenario C1, D1
	Scenario C2, D2

	Terrestrial and non-terrestrial networks uses both a fix coupled relation between the cell and the TA on ground
	Tracking Area Management

	
	· Fix TA
	· Partially fix TA (The TAI needs the ability to be modified)
	· Moving TA

	
	PLMN Management

	
	· Shared PLMN and different PLMNs are possible
	· Shared PLMN and different PLMNs are possible
	· No shared PLMN possible, only different PLMNs are possible

	The non-terrestrial cell uses a decoupled identifier from the defined TA on ground (e.g. S-TAI)
	Tracking Area Management

	
	· Fix TA
	· Fix TA (the geographically defined area on ground is defined as fix)
	· Fix TA (the geographically defined area on ground is defined as fix)

	
	PLMN Management

	
	· Shared PLMN and different PLMNs are possible
	· Shared PLMN and different PLMNs are possible
	· Shared PLMN and different PLMNs are possible


3 Summary

In this document we show an overview of the different possible solutions of ID management on Tracking Areas for each NTN scenario incl. implications for different aspects and made the following observations:
Observation 1: In scenario C2 and D2 a fix association between Tracking Area and beam results in moving TAs.

Observation 2: In scenario C2 and D2, decoupling the fix association between Tracking Area and beam results in fix TAs on ground.
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START OF CHANGES
5 
Issues and related solutions for NG-RAN architecture and interface protocols

Editor’s note: to be drafted by RAN3

- For each deployment scenario, recall the possible architectures and discuss the related issues and solutions

- The study may consider only the most critical scenarios for a given RAN feature or constraint (e.g. for Delay, it is sufficient to address the worst case scenario which GEO transparent).

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 geographically defined area on ground.

· 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 signaled 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. 

· 
· 
A different 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 and the broadcasted ID of the NTN is interpreted different to a regular TAI, e.g. as satellite ID (e.g. S-TAI). In that case, a mapping between the geographically defined TA on ground and the satellite ID (S-TAI) needs to be provided to the network in order to apply legacy core network protocols. 
In SA2 [3GPP TR23.737 V0.6.0] two different options in terms of PLMN handling are mentioned:

· 2 different PLMNs for terrestrial and non-terrestrial networks

· Shared PLMN between terrestrial and non-terrestrial networks

In the table below, modifications for all 6 scenarios are shown:

Table 4.2-1: Overview of TA management and PLMN management for all 6 NTN scenarios

	NTN scenarios
	Scenario A, B


	Scenario C1, D1
	Scenario C2, D2

	Terrestrial and non-terrestrial networks uses both a fix coupled relation between the cell and the TA on ground
	Tracking Area Management

	
	· Fix TA
	· Partially fix TA (The TAI needs the ability to be modified)
	· Moving TA

	
	PLMN Management

	
	· Shared PLMN and different PLMNs are possible
	· Shared PLMN and different PLMNs are possible
	· No shared PLMN possible, only different PLMNs are possible

	The non-terrestrial cell uses a decoupled identifier from the defined TA on ground (e.g. S-TAI)
	Tracking Area Management

	
	· Fix TA
	· Fix TA (the geographically defined area on ground is defined as fix)
	· Fix TA (the geographically defined area on ground is defined as fix)

	
	PLMN Management

	
	· Shared PLMN and different PLMNs are possible
	· Shared PLMN and different PLMNs are possible
	· Shared PLMN and different PLMNs are possible


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