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1. Introduction
According to current baseline TR38.821, there are some initial conclusions about NTN basic architecture options from RAN3#101bis such as: Transparent, full gNB and gNB-DU cases.
For GEO case, since the satellite is stationary in space against NTN-GW/UE on earth, it will not impact the established NW interfaces with whichever NTN architecture option; for LEO case, due to constant/fast satellite movement, it will impact the established interface connection with whichever architecture option. In this contribution, we shall further analyze those aspects, and provide more insight views.
2. Discussion

For LEO transparent case, both service link and feeder link are supposed to be based on NR Uu, so there is no other interface to be concerned due to satellite mobility. It is worth noting that LEO transparent satellite cannot support ISL, hence it relies completely on the NTN-GW provision on earth, when it moves outside all NTN-GWs’ scope, it becomes invalid for UE. Hence, from practical usage perspective, the LEO transparent usage can be rather constrained.
Observation 1: When LEO transparent satellite moves outside all NTN-GWs’ scope, it becomes invalid for UE.
For LEO full gNB case, as shown in Figure1 below, single SatelliteA/gNB1 is moving along its LEO orbit. SatelliteA is supposed to always have ephemeris and positioning info, hence knows when to associate to which NTN-GW/5GC node on earth.
At T0, SatelliteA establishes or maintains the NG interface only with NTN-GW/5GC1, as all of its serving NTN cells corresponds to the tracking areas governed by NTN-GW/5GC1.
At T1, SatelliteA moves to another location within the scope of both NTN-GW/5GC1and NTN-GW/5GC2, as some of its serving NTN cells correspond to the tracking areas governed by NTN-GW/5GC1 but others correspond to the tracking areas governed by NTN-GW/5GC2, hence SatelliteA establishes or maintains two NG interface connections with both NTN-GW/5GC1and NTN-GW/5GC2 simultaneously.
At T2, SatelliteA moves to another location within the scope of NTN-GW/5GC3 but outside the scope of NTN-GW/5GC1, as some of its serving NTN cells correspond to the tracking areas governed by NTN-GW/5GC1 but others correspond to the tracking areas governed by NTN-GW/5GC3, hence SatelliteA establishes or maintains two NG interface connections with both NTN-GW/5GC1and NTN-GW/5GC3. SatelliteA needs to establish or maintain ISL with one successor Satellite in the same or different orbit for bearing NG interface connection with NTN-GW/5GC1.
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Figure 1: One LEO full-gNB moves along its orbit
At T3, SatelliteA moves to another location within the scope of both NTN-GW/5GC2and NTN-GW/5GC3, as some of its serving NTN cells correspond to the tracking areas governed by NTN-GW/5GC2 but others correspond to the tracking areas governed by NTN-GW/5GC3, hence SatelliteA establishes or maintains two NG interface connections with both NTN-GW/5GC2and NTN-GW/5GC3 simultaneously.

Observation 2: When LEO full gNB satellite moves along its orbit, it needs to know when to associate to which NTN-GW/5GCs over SRI, e.g. based on its ephemeris and positioning info.
Observation 3: LEO full gNB satellite should support multiple or at least two NG interface connections.
Observation 4: The ISL should be able to bear the NG interface connection, both UP and CP.
Proposal 1: For LEO full gNB satellite, it should be able to associate to multiple NTN-GW/5GCs w/w.o. ISL for NG interface connections properly. (Note: this is aligned with current section 8.4 Transport Aspects!)
For LEO gNB-DU case, the NTN-GW/5GC in Figure1above can be adapted to NTN-GW/gNB-CU case, while the NG can be adapted to F1 interface accordingly. Similar observations can be drawn as below:
Observation 5: When LEO gNB-DU satellite moves along its orbit, it needs to know when to associate to which NTN-GW/gNB-CUs over SRI, e.g. based on its ephemeris and positioning info.
Observation 6: LEO gNB-DU satellite should support multiple or at least two F1 interface connections.
Observation 7: The ISL should be able to bearer the F1 interface connection, both UP and CP.
Proposal 2: For LEO gNB-DU satellite, it should be able to associate to multiple NTN-GW/gNB-CUs w/w.o. ISL for F1 interface connections properly.
Regardless of whichever NTN architecture option, due to LEO satellite fast movement, the SRI for feeder link cannot be as robust as wired-line case in TN cellular; hence such concern needs to be solved either by TNL or RNL enhanced means. Duplication and multi-connectivity method as studied in past can be one of solutions.
With more robust SRI connection achieved in reality, the Xn interface connection between two satellites or even between satellite and TN cellular node can be further utilized without much concern.

Proposal 3: The robustness of SRI for feeder link needs to be improved firstly either by TNL or RNL enhanced means, and duplication and multi-connectivity method as studied in past can be one of solutions.
Proposal 4: To capture following TP in TR38.821.
3. Conclusion
RAN3 is kindly asked to consider following proposals:
Proposal 1: For LEO full gNB satellite, it should be able to associate to multiple NTN-GW/5GCs w/w.o. ISL for NG interface connections properly. (Note: this is aligned with current section 8.4 Transport Aspects!)
Proposal 2: For LEO gNB-DU satellite, it should be able to associate to multiple NTN-GW/gNB-CUs w/w.o. ISL for F1 interface connections properly.
Proposal 3: The robustness of SRI for feeder link needs to be improved firstly either by TNL or RNL enhanced means, and duplication and multi-connectivity method as studied in past can be one of solutions.
Proposal 4: To capture following TP in TR38.821.
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8.4
Transport aspects (FFS)
A NTN GW can directly connect to one or several satellites via SRI. A satellite can either directly connect to one or several NTN GW via SRI, or indirectly connect to one or several NTN GW via ISL. Hence the NG/F1 protocol is transported over SRI, and may also be transported over ISL.

A gNB is connected to the 5GCN. The transport of this logical interface can be realized over SRI and possibly over ISL.
The satellite may embark additional transport routing functions, that are out of RAN scope.
SRI transports 3GPP-RAN specified protocols i.e., transmits the NG/F1 interface signaling packets.

ISL can transport:

· Xn interface signaling packets and enable coordination between gNBs on board adjacent satellites, and especially to support UE mobility, from a source gNB to a target gNB. (FFS)

· data packets, in case traffic functions are hosted on board the satellites. (FFS)

· NG interface signaling packets
· F1 interface signaling packets
8.z
Satellite Mobility Management (FFS)
Satellite of any type is supposed to always have ephemeris and positioning info, hence it can adapt its network interface connections with one or multiple NTN-GWs properly.
For GEO satellite, its network interface connections with NTN-GWs are relatively stable, w.o. concern for satellite mobility.
For LEO transparent satellite, when it moves outside all NTN-GWs’ scope, it becomes invalid for UE.

For LEO full gNB satellite, it should be able to associate to multiple NTN-GW/5GCs w/w.o. ISL for NG interface connections properly, i.e. ISL can bearer NG interface connections.

For LEO gNB-DU satellite, it should be able to associate to multiple NTN-GW/gNB-CUs w/w.o. ISL for F1 interface connections properly, i.e. ISL can bearer F1 interface connections.

The robustness of SRI/ISL should be good enough to bear NG, F1 and Xn interface connections, including both CP and UP.
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