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1 Introduction

At the last RAN3 meeting, it was observed that Tracking Areas should be fixed with respect to the ground [1]. This seems to maintain current working practices in the Core Network, ensuring that e.g. paging may continue to work as closely as possible to legacy terrestrial networks.
However, in [2] there is at least one instance where TAs are assumed to be moving with respect to the ground. We believe RAN3 should clarify once and for all whether TAs are stationary or not, and we propose some observations on potential trade-offs between the two cases.
2 Discussion
A Tracking Area in terrestrial mobile networks is essentially a list of cells, used to e.g. page UEs from the Core Network. At the last RAN3 meeting there was a discussion of the different “concepts” behind TAs in legacy terrestrial networks vs. legacy satellite networks (it seems that, for example, in legacy terrestrial networks, a TA could even be smaller than a cell). It was observed that, also within the scope of the NTN SI, a TA should be fixed with respect to the ground. This has the benefit of maintaining current working practices in the CN, including basic assumptions on how to page UEs. This is reflected in Sec. 8.1 [2]: “A tracking area corresponds to a fixed geographical area.”

However, Sec. 8.3 of [2] reads: “In a NTN beam foot print moving on earth, there is a fixed association between the non-GEO NTN beam and TAI, as in the terrestrial RAN, there is no one-to-one correspondence between moving NTN beams and geo-area on Earth, i.e., the TAIs broadcasted by the Non-GEO satellite will sweep over Earth. A stationary UE will see different NTN beams/TAC over the time.” This might seem like a contradiction.

Observation 1: Current TR 38.821, Tracking Area is mentioned as being both fixed and moving with respect to the ground.

If we consider how the TA is used in the CN, and how the CN is mostly unaware of the physical location of UEs (unless for very specific purposes, e.g. positioning), we could argue that perhaps the TA does not necessarily need to be fixed with respect to the ground, but rather with respect to the cells associated with it. In other words, if the cells associated with a certain TA move, then the TA will also move with them, and vice versa if those cells are fixed. Core Network procedures which rely on TAI will still work, since NTN gNB implementation will always be able to identify the specific cell a UE is in from the associated TA, even if the cell moves.
Proposal 1: Further discuss and confirm whether the real issue is that the TA always needs to be uniquely associated to its set of cells, regardless of whether they move or not.

In fact, it the above issue is confirmed, both scenarios might seem of interest for our current study.
2.1 Fixed TA == Fixed Cells
In this scenario, the TA is fixed, and so are the cells. In case the satellite beams move with respect to the ground, the satellite gNB will reconfigure their association to the cells so that a UE on the ground always sees the same cell IDs. This reconfiguration is internal to the satellite gNB, so it is hidden from network interfaces (and indeed puts all the burden on the satellite gNB implementation).
2.2 Moving TA == Moving Cells
In this scenario, the TA moves with the cells. Notice that also in this case, TA and cells are always coupled together. It will still be possible to perform all the legacy CN procedures. For this case, the fact that there is a (moving) TA associated to moving cells might pose issues with respect to e.g. UE mobility. It might be beneficial to differentiate such a TA with respect to all other TAs.

In principle, this could be done by setting aside a range of identifier(s) for TAs associated with NTN moving cells. 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 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.
Proposal 2: Further discuss the case of moving TA fixed to moving cells, and how to differentiate it with respect to stationary / terrestrial TAs; agree the enclosed TP.
Given that the concept of Tracking Area has implications also to other WGs, if the issues above are acknowledged by RAN3 we propose to liaise SA2 and RAN2 to receive their feedback.

Proposal 3: Liaise SA2 and RAN2 if the issues above are acknowledged, to receive their feedback.
3 Conclusions and Proposals
Our observations and proposals are summarized below.
Observation 1: Current TR 38.821, Tracking Area is mentioned as being both fixed and moving with respect to the ground.

Proposal 1: Further discuss and confirm whether the real issue is that the TA always needs to be uniquely associated to its set of cells, regardless of whether they move or not.

Proposal 2: Further discuss the case of moving TA fixed to moving cells, and how to differentiate it with respect to stationary / terrestrial TAs; agree the enclosed TP.
Proposal 3: Liaise SA2 and RAN2 if the issues above are acknowledged, to receive their feedback.
Text Proposal for TR 38.801 v. 1.1.0

START OF CHANGES
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.

· 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.
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.
END OF CHANGES
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