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1. Introduction
In this contribution, we share some consideration on the TA management in NTN for fixed beam case and moving beam case.
2. Discussion
In the latest TR38.821[1].we have the following descriptions:
· a tracking area corresponds to a fixed geographical area.
· 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.

It can be observed that, for the “Earth-fixed beams” (i.e. For scenarios A, B, C1 and D1), since the coverage of cell is relatively fixed, the TA management and TA based paging procedure can be reused in NTN. However, for the case of “Moving beams” (i.e. For scenarios C2 and D2, in which case the beams move with the satellite ), some enhancement should be considered to adapt the NTN. The issue need to be considered in the TA management in case of “Moving beams” are illustrated in the figure as follow:


Figure 1 The coverage of moving satellite
Based on the figure above, it can be observed that the coverage of the cell is changing along with the movement of the satellite. Also considering the tracking area corresponds to a fixed geographical area, the TA associated with the cell will be changed dynamically (e.g. may be changed in several minutes).
Observation 1: For the case of “Moving beams” (i.e. For scenarios C2 and D2, in which case the beams move with the satellite), the TA associated with the NTN cell will be changed dynamically along with the movement of the satellite.
To adapt the dynamical changed TA of the NTN cell, some alternatives are proposed by companies, which are listed as follow:
· Alt1: Similar as the TA management defined in NR, the UE determine the TA based on the information received from SIB1.
· Alt2: UE determine the TA based on the location information maintained on UE side. In this alternative, the location information is assumed always available on UE side.
For the alternative 1: the UE determine the TA based on the information received in SIB1


Figure 2 TA determination based on the broadcast information in SIB1
As shown in Figure 2, when UE moves to a new cell, UE derives the TAI from the broadcast TAC and PLMN ID. If the newly derived TAI does not belong to the previously received TAI list, UE triggers Mobility Registration Update procedure. 
For the alternative 2: UE determine the TA based on the location information maintained on UE side


Figure 3 TA determination based on the location information maintained on the UE side
As shown in figure 3, when UE moves to a new geographical area, UE derives the TAI based on the location information (e.g. the TAC mapped from geographical area) and the broadcast PLMN ID. If the newly derived TAI does not belong to the previously received TAI list, UE triggers Mobility Registration Update procedure. 
Compared alternative 1 and alternative 2, a comparison table is given as follows:
	Alternatives
	Pros
	Cons

	Alt 1: The UE determine the TA based on the information received from SIB1
	The UE without available location information can still work in case of NTN.
	Multiple TA may be reported to NW in case the coverage of NTN cell across multiple TA.

	Alt 2: UE determine the TA based on the location information maintained on UE side
	More precise TA information can be provided and some unnecessary paging can be saved.
	The location information is required on UE side.



Based on the analysis above, it can be observed that , for the alternative 2, even it is very likely the UE who support NTN can support the positioning based on GNSS or similar method, the UE still may not be able to have precise location information in case there is only one satellite can be seen on UE side (e.g. only one NTN satellite is visible to UE, no GNSS/NTN satellites used for positioning is available). Therefore, we think the alternative 2 is not fully functional, at least in the initial phase and we should ensure that UE should be able to work in case there is no available location information on UE side.
Proposal 1: For the NTN scenario, the UE should be able to work in case there is no available location information on UE side (e.g. only one NTN satellite is visible to UE, no GNSS/NTN satellites used for positioning is available).
Since the alternative 2 can not work in all cases, we think the alternative 1 should be considered as baseline for NTN and TA management based on system information can be used from RAN2’s perspective.
Proposal 2: The UE should be able to determine the TA based on the information received in SIB1. And the TA information should still be included in the SIB1 in NTN for both fixed beam case and moving beam case.
Besides the alternative 1, as the analysis given above, we also see some benefit to allow the determination of TA on UE side based on the available location information, thus we think it can still be studied in the future whether the alternative 2 can be used as a complement of alternative 1 to enable more precise TA management and reduce the load of paging. 
However, since the TA management is part of NAS function and the TA management is processed through NAS signaling, even though the alternative 2 is allowed (i.e. UE is allowed to determine the TA based on the location information maintained on UE side only), the UE will report its calculated TA through NAS signaling as well, and no clear impact can be identified from RAN2’s perspective. Also considering there is on-going discussion in SA2 on the NTN as well, and the TA management has already been identified as one of the key issues need to be addressed for NTN in TR 23.737 [2], we think the discussion on TA management can be left to SA2 and no optimization need to be discussed in RAN2 unless input is received from SA2.
Observation 2: Since the TA management is part of NAS function, and the TA management has already been identified as one of the key issues need to be addressed for NTN in SA2 (TR 23.737 [2]), in order to avoid parallel discussion, the issue related to TA management can be left to SA2.
Proposal 3: The discussion on TA management can be left to SA2 and no optimization needs to be discussed in RAN2 unless input from SA2 is received.
3. Conclusion
Based on the analysis above, some observations and proposals are summarized as follow:
Observation 1: For the case of “Moving beams” (i.e. For scenarios C2 and D2, in which case the beams move with the satellite), the TA associated with the NTN cell will be changed dynamically along with the movement of the satellite.
Proposal 1: For the NTN scenario, the UE should be able to work in case there is no available location information on UE side (e.g. only one NTN satellite is visible to UE, no GNSS/NTN satellites used for positioning is available).
Proposal 2: The UE should be able to determine the TA based on the information received in SIB1. And the TA information should still be included in the SIB1 in NTN for both fixed beam case and moving beam case.
Observation 2: Since the TA management is part of NAS function, and the TA management has already been identified as one of the key issues need to be addressed for NTN in SA2 (TR 23.737 [2]), in order to avoid parallel discussion, the issue related to TA management can be left to SA2.
Proposal 3: The discussion on TA management can be left to SA2 and no optimization need to be discussed in RAN2 unless input from SA2 is received.
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[bookmark: _Toc527965855]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.
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.
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