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1. Introduction
According to current baseline TR38.821in [1], there are some initial conclusions about UE mobility in NTN from RAN3#101bis such as:
“8.y
Connected mode mobility (FFS)

There are different types of hand-over in Non-Terrestrial networks:
· Intra-satellite hand-over (between cells served by same satellite)

· Inter-satellite hand-over (between cells served by different satellite)

· Inter-access hand-over (between cellular and satellite access)

It is FFS the applicable procedures (Inter or Intra gNB hand-over)

An inter-access hand-over (between cellular and satellite access) is considered by utilizing an inter gNB procedure via the 5GCN (e.g. for Satellite with on board processed payload) or via the Xn (e.g. for satellite with transparent payload).
It is assumed that not all UEs are capable of positioning.”
In this contribution, we shall further refine the UE mobility scenarios in NTN, and provide more insight analysis.
2. Discussion

Based on RAN3 agreements “Association between satellite beams and PCI is up to implementation”, it should be further clarified that one or multiple NTN beams from the same satellite can form one single NR/NTN Cell associated with single NR PCI, however, multiple NTN beams from different neighbor satellites cannot form the single NR/NTN Cell, due to e.g. large distance/TA differences between two neighbor satellites. It would be also beneficial if UE can distinguish different satellites via different NR PCIs.
Proposal 1: To confirm that although one NR/NTN cell can be formed by one or multiple NTN beams from the same satellite, different neighbor satellites shall always provide different NR/NTN cells with different NR PCIs, i.e. cannot form the same NR/NTN cell.
Regardless of fixed or steerable beams, each NTN beam is supposed to associate with one fixed NR PCI by OAM configuration, hence it shall not adapt to geographical area when satellite moves in space. Note: for transparent satellites, it adapts to different geographical areas only based on feeder link’s provision but cannot adapt on its own. From UE perspective, it shall monitor and measure different NR/NTN cells moving over its location.
Proposal 2: Each NTN beam/cell is supposed to associate with one fixed NR PCI by OAM configuration, hence it shall not adapt to geographical area on its own when satellite moves in space.
The intra-satellite NTN beam level mobility is more RAN1/2 related, hence in following descriptions, we shall only focus on cell level and beyond mobility. Taking practical NTN deployment into account, one satellite is allowed to connect to multiple NTN-GWs (e.g. at least two), so besides cell level and satellite level, the NTN-GW/gNB/5GC level mobility should also be considered in RAN3.
Proposal 3: Besides cell level and satellite level, the NTN-GW/gNB/5GC level should also be considered for NTN UE mobility scenarios.
We shall firstly take LEO transparent (scenario C1/C2) for analysis. As shown in Figure1 below, the associations between different cells, satellites and NTN-GW/gNBs are as follows:
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Figure 1: LEO transparent regardless of fixed or moving NTN cell
NTN Cell1 – Satellite A - NTN-GW/gNB1;
NTN Cell2 – Satellite A - NTN-GW/gNB1;

NTN Cell3 – Satellite A - NTN-GW/gNB2;
NTN Cell4 – Satellite B - NTN-GW/gNB1;

NTN Cell5 – Satellite B - NTN-GW/gNB3;

When UE moves between cell1 and cell2, it is Inter-cell/Intra-Satellite/Intra-gNB scenario.

When UE moves between cell2 and cell3, it is Inter-cell/Intra-Satellite/Inter-gNB scenario.

When UE moves between cell1 and cell4, it is Inter-cell/Inter-Satellite/Intra-gNB scenario.

When UE moves between cell1 and cell5, it is Inter-cell/Inter-Satellite/Inter-gNB scenario.

Similarly, we also take LEO full-gNB (scenario D1/D2) for analysis. As shown in Figure2 below, the associations between different cells, satellite/gNBs and NTN-GW/5GCs are as follows:
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Figure 2: LEO full-gNB regardless of fixed or moving NTN cell
NTN Cell1 – Satellite A/gNB1 - NTN-GW/5GC1;

NTN Cell2 – Satellite A/gNB1 - NTN-GW/5GC1;

NTN Cell3 – Satellite A/gNB1 - NTN-GW/5GC2;
NTN Cell4 – Satellite B/gNB2 - NTN-GW/5GC1;

NTN Cell5 – Satellite B/gNB2 - NTN-GW/5GC3;

When UE moves between cell1 and cell2, it is Inter-cell/Intra-Satellite(gNB)/Intra-5GC scenario.

When UE moves between cell2 and cell3, it is Inter-cell/Intra-Satellite(gNB)/Inter-5GC scenario.

When UE moves between cell1 and cell4, it is Inter-cell/Inter-Satellite(gNB)/Intra-5GC scenario.

When UE moves between cell1 and cell5, it is Inter-cell/Inter-Satellite(gNB)/Inter-5GC scenario.

From above two examples, when UE moves between two different NTN cells, in theory there can be four basic mobility scenarios for LEO transparent and full-gNB case respectively. If different neighbor satellites can be distinguished by different NR PCIs, i.e. as in proposal1 above, inter-satellite would always imply inter-cell mobility, hence there is no such scenario as Intra-cell/Inter-Satellite or Intra-cell/Inter-gNB.

Proposal 4: To confirm that there is no such NTN UE mobility scenario as Intra-cell/Inter-Satellite or Intra-cell/Inter-gNB, hence RAN3 shall focus on inter-cell mobility scenarios as listed above.
For LEO transparent case:
Inter-cell/Intra-Satellite/Intra-gNB scenario implies change of service link but no change of feeder link; in this scenario, there is only RRC impacts, e.g. adopting RRC Reconfiguration procedure.
Inter-cell/Intra-Satellite/Inter-gNB scenario implies change of service link and feeder link; in this scenario, there are RRC and Xn impacts, e.g. adopting Xn HO procedure.

Inter-cell/Inter-Satellite/Intra-gNB scenario implies change of service link and feeder link; in this scenario, there is only RRC impacts, e.g. adopting RRC Reconfiguration procedure. This is also applicable for Inter-cell/Inter-Access/Intra-gNB scenario.
Inter-cell/Inter-Satellite/Inter-gNB scenario implies change of service link and feeder link; in this scenario, there are RRC and Xn impacts, e.g. adopting Xn HO procedure. This is also applicable for Inter-cell/Inter-Access/Inter-gNB scenario.
For LEO full-gNB case:
Inter-cell/Intra-Satellite(gNB)/Intra-5GC scenario implies change of service link but no change of feeder link; in this scenario, there is only RRC impacts, e.g. adopting RRC Reconfiguration procedure.

Inter-cell/Intra-Satellite(gNB)/Inter-5GC scenario implies change of service link and feeder link; in this scenario, there are RRC and NG impacts, e.g. adopting NG HO procedure.

Inter-cell/Inter-Satellite(gNB)/Intra-5GC scenario implies change of service link and feeder link; in this scenario, there are RRC, Xn and NG impacts, , e.g. adopting Xn or NG HO procedure. This is also applicable for Inter-cell/Inter-Access/Intra-5GC scenario.
Inter-cell/Inter-Satellite(gNB)/Inter-5GC scenario implies change of service link and feeder link; in this scenario, there are RRC, NG impacts, e.g. adopting NG HO procedure. This is also applicable for Inter-cell/Inter-Access/Inter-5GC scenario.
Proposal 5: To capture above analysis of four basic UE mobility scenarios for LEO transparent and full-gNB case respectively.
3. Conclusion
RAN3 is kindly asked to consider following proposals:
Proposal 1: To confirm that although one NR/NTN cell can be formed by one or multiple NTN beams from the same satellite, different neighbor satellites shall always provide different NR/NTN cells with different NR PCIs, i.e. cannot form the same NR/NTN cell.
Proposal 2: Each NTN beam/cell is supposed to associate with one fixed NR PCI by OAM configuration, hence it shall not adapt to geographical area on its own when satellite moves in space.
Proposal 3: Besides cell level and satellite level, the NTN-GW/gNB/5GC level should also be considered for NTN UE mobility scenarios.
Proposal 4: To confirm that there is no such NTN UE mobility scenario as Intra-cell/Inter-Satellite or Intra-cell/Inter-gNB, hence RAN3 shall focus on inter-cell mobility scenarios as listed above.
Proposal 5: To capture above analysis of four basic UE mobility scenarios for LEO transparent and full-gNB case respectively.
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8.y
Connected mode mobility (FFS)

UE served in NTN performs RRM measurement towards multiple NTN/NR cells, and can distinguish different satellites via NR PCIs, i.e. the NTN beams from different satellites are associated with different NR PCIs.
There are different types of hand-overs in Non-Terrestrial networks, such as:
· Intra-satellite hand-over (between cells served by same satellite)

· Inter-satellite hand-over (between cells served by different satellite)

· Inter-access hand-over (between cellular and satellite access)


For LEO transparent case:

Inter-cell/Intra-Satellite/Intra-gNB scenario implies change of service link but no change of feeder link; in this scenario, there is only RRC impacts, e.g. adopting RRC Reconfiguration procedure.

Inter-cell/Intra-Satellite/Inter-gNB scenario implies change of service link and feeder link; in this scenario, there are RRC and Xn impacts, e.g. adopting Xn HO procedure.

Inter-cell/Inter-Satellite/Intra-gNB scenario implies change of service link and feeder link; in this scenario, there is only RRC impacts, e.g. adopting RRC Reconfiguration procedure. This is also applicable for Inter-cell/Inter-Access/Intra-gNB scenario.
Inter-cell/Inter-Satellite/Inter-gNB scenario implies change of service link and feeder link; in this scenario, there are RRC and Xn impacts, e.g. adopting Xn HO procedure. This is also applicable for Inter-cell/Inter-Access/Inter-gNB scenario.
For LEO full-gNB case:

Inter-cell/Intra-Satellite(gNB)/Intra-5GC scenario implies change of service link but no change of feeder link; in this scenario, there is only RRC impacts, e.g. adopting RRC Reconfiguration procedure.

Inter-cell/Intra-Satellite(gNB)/Inter-5GC scenario implies change of service link and feeder link; in this scenario, there are RRC and NG impacts, e.g. adopting NG HO procedure.

Inter-cell/Inter-Satellite(gNB)/Intra-5GC scenario implies change of service link and feeder link; in this scenario, there are RRC, Xn and NG impacts, , e.g. adopting Xn or NG HO procedure. This is also applicable for Inter-cell/Inter-Access/Intra-5GC scenario.
Inter-cell/Inter-Satellite(gNB)/Inter-5GC scenario implies change of service link and feeder link; in this scenario, there are RRC, NG impacts, e.g. adopting NG HO procedure. This is also applicable for Inter-cell/Inter-Access/Inter-5GC scenario.
An inter-access hand-over (between cellular and satellite access) is considered by utilizing an inter gNB procedure via the 5GCN (e.g. for Satellite with on board processed payload) or via the Xn (e.g. for satellite with transparent payload).
It is assumed that not all UEs are capable of positioning.

//////////////////////////////////////////////////////////////           end         //////////////////////////////////////////////////////////////////////////////////

1
1

_1602065450.vsd
�


_1602066768.vsd
�


