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1 Introduction

In this paper we are going to discuss possible impacts of network identities (gNB IDs, cell IDs, TAC, etc.) due to Non-Terrestrial Networks (NTNs), according to the SI objectives for RAN3 [1]:

· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]

· Paging: procedure adaptations in case of moving satellite foot prints or cells.
2 Discussion
One of the most basic assumptions in the design of terrestrial radio access networks is that the RAN is stationary and the UE moves. All network design choices, from physical layer parameters to network identities, have been specified with the above assumption in mind. When studying NTNs, however, the RAN is not necessarily stationary any more, depending on the type of satellite system (e.g. GEO vs. non-GEO). Examples of geometrical coverages of a satellite are given in [2].
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Figure 1 Examples of satellite radio coverage [2].

Geostationary satellites are closer to the case of terrestrial RAN, since they do not move with respect to their geographical coverage area. As far as network identities are concerned (e.g. gNB IDs, cell IDs, TAC, etc.), they do not seem to pose any additional issues with respect to the case of terrestrial RAN.
Proposal 1: NTNs with GEO satellites do not pose any additional issues for network identity handling (e.g. gNB IDs, cell IDs, TAC, etc.) with respect to the case of terrestrial RAN.
Non-GEO satellites (LEO, MEO and HEO), on the other hand, may provide additional challenges, because their coverage moves due to their orbital movement. One of the consequences, for example, is that mobility actions by the network will result from the combination of satellite movement and UE movement.
Observation 1: For non-GEO satellites, mobility actions by the network will result from the combination of satellite movement and UE movement.
As the satellite moves across the geographical area of interest, its antenna beams will cover different portions of that area. The following scenarios could be envisaged for associating logical network identifiers to physical antenna beams:
1. The association between physical antenna beams and logical cells is continuously reconfigured so that the same gNB ID and cell ID are always associated to the same geographical area (“Stationary logical RAN”);

2. The association between physical antenna beams and logical cells is fixed, so that the gNB ID and cell ID follow the antenna beam(s) and “sweep” across the coverage area (“Moving logical RAN”).

Notice that in both cases the required configuration is internal to the gNB (satellite system) serving the concerned cells.

In both cases, once the satellite moves out of coverage (e.g. below the horizon), the corresponding cell network identifier(s) will become unavailable in the coverage area. It seems this may trigger multiple NG and/or Xn setup or configuration update procedures toward the rest of the RAN; this aspect should be further investigated. This impact may be critical when comparing the feasibility of the different architecture options introduced in [3].
Proposal 2: Further investigate the signaling impact toward the rest of the RAN (e.g. interface setup, configuration update) when one or more network identifiers become unavailable due to the satellite moving out of coverage; this may be a critical factor when comparing the different architecture options.
2.1 Stationary Logical RAN

In the first scenario, a stationary UE on the ground will always be covered by the same network identifiers in the same position (similarly to the terrestrial network scenario). Depending on how closely the granularity of the satellite antenna beams enables to contour the desired coverage area, there could be slight variations in coverage. But apart from the above, it seems there would be no other impact.
Observation 2: For the case of “Stationary logical RAN”, there should be no impact with respect to network identity handling.
2.2 Moving Logical RAN

In the second scenario, a stationary UE on the ground will be covered by different network identifiers in the same position, according to the satellite motion. The moving satellite is likely to provide multiple cells, which will all move together; therefore, their respective neighbor relations will remain unchanged with respect to the satellite motion.
Observation 3: For the case of “Moving logical RAN”, the neighbor relations among multiple cells served by the same moving satellite remain unchanged with respect to satellite motion.
2.3 Possible Implications on Neighbor Relationships
One aspect to further consider is what happens with respect to fixed (e.g. terrestrial) RAN nodes: in principle, the neighbor relation between a cell belonging to a fixed RAN and a cell belonging to a moving logical RAN keeps changing. For this reason, it does not seem feasible to reuse current mechanisms such as e.g. ANR between a fixed RAN and a moving logical RAN.
Observation 4: It does not seem feasible to reuse current mechanisms such as e.g. ANR between a fixed RAN and a moving logical RAN.

2.4 Tracking Areas and the Moving Logical RAN
In a moving logical RAN, Tracking Areas will also move together with the cells that are part of them. Hence, the “apparent” movement of a UE in idle mode will result from the combination of its own motion with the motion of the tracking area. It should be further investigated whether this impacts current system behavior.
Proposal 3: In a moving logical RAN, the “apparent” movement of a UE in idle mode with respect to the RAN will result from the combination of its own motion with the motion of the tracking area; we should further investigate whether this impacts current system behavior.

Proposal 4: Capture the included TP with the above discussion and observations.

3 Conclusions and Proposals
Our observations and proposals are summarized below.
Proposal 1: NTNs with GEO satellites do not pose any additional issues for network identity handling (e.g. gNB IDs, cell IDs, TAC, etc.) with respect to the case of terrestrial RAN.

Observation 1: For non-GEO satellites, mobility actions by the network will result from the combination of satellite movement and UE movement.
Proposal 2: Further investigate the signaling impact toward the rest of the RAN (e.g. interface setup, configuration update) when one or more network identifiers become unavailable due to the satellite moving out of coverage; this may be a critical factor when comparing the different architecture options.
Observation 2: For the case of “Stationary logical RAN”, there should be no impact with respect to network identity handling.
Observation 3: For the case of “Moving logical RAN”, the neighbor relations among multiple cells served by the same moving satellite remain unchanged with respect to satellite motion.
Observation 4: It does not seem feasible to reuse current mechanisms such as e.g. ANR between a fixed RAN and a moving logical RAN.

Proposal 3: In a moving logical RAN, the “apparent” movement of a UE in idle mode with respect to the RAN will result from the combination of its own motion with the motion of the tracking area; we should further investigate whether this impacts current system behavior.

Proposal 4: Capture the included TP with the above discussion and observations.
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START OF CHANGES
x. Network Identities Handling
x.1 General

One of the most basic assumptions in the design of terrestrial radio access networks is that the RAN is stationary and the UE moves. All network design choices, from physical layer parameters to network identities, have been specified with the above assumption in mind. When studying NTNs, however, the RAN is not necessarily stationary any more, depending on the type of satellite system (e.g. GEO vs. non-GEO). Examples of geometrical coverages of a satellite are given in [TR 22.822 Rel-16].

Geostationary satellites are closer to the case of terrestrial RAN, since they do not move with respect to their geographical coverage area. As far as network identities are concerned (e.g. gNB IDs, cell IDs, TAC, etc.), they do not seem to pose any additional issues with respect to the case of terrestrial RAN.

Non-GEO satellites (LEO, MEO and HEO), on the other hand, may provide additional challenges, because their coverage moves due to their orbital movement. One of the consequences, for example, is that mobility actions by the network will result from the combination of satellite movement and UE movement.

As the satellite moves across the geographical area of interest, its antenna beams will cover different portions of that area. The following scenarios could be envisaged for associating logical network identifiers to physical antenna beams:

1. The association between physical antenna beams and logical cells is continuously reconfigured so that the same gNB ID and cell ID are always associated to the same geographical area (“Stationary logical RAN”);

2. The association between physical antenna beams and logical cells is fixed, so that the gNB ID and cell ID follow the antenna beam(s) and “sweep” across the coverage area (“Moving logical RAN”).

Notice that in both cases the required configuration is internal to the gNB (satellite system) serving the concerned cells.

In both cases, once the satellite moves out of coverage (e.g. below the horizon), the corresponding cell network identifier(s) will become unavailable in the coverage area. It seems this may trigger multiple NG and/or Xn setup or configuration update procedures toward the rest of the RAN; this aspect should be further investigated. This impact may be critical when comparing the feasibility of the different architecture options.

x.2 Stationary Logical RAN

In the first scenario, a stationary UE on the ground will always be covered by the same network identifiers in the same position (similarly to the terrestrial network scenario). Depending on how closely the granularity of the satellite antenna beams enables to contour the desired coverage area, there could be slight variations in coverage. But apart from the above, it seems there would be no other impact.

x.3 Moving Logical RAN

In the second scenario, a stationary UE on the ground will be covered by different network identifiers in the same position, according to the satellite motion. The moving satellite is likely to provide multiple cells, which will all move together; therefore, their respective neighbor relations will remain unchanged with respect to the satellite motion.

x.4 Possible Implications on Neighbor Relationships

One aspect to further consider is what happens with respect to fixed (e.g. terrestrial) RAN nodes: in principle, the neighbor relation between a cell belonging to a fixed RAN and a cell belonging to a moving logical RAN keeps changing. For this reason, it does not seem feasible to reuse current mechanisms such as e.g. ANR between a fixed RAN and a moving logical RAN.

x.5 Tracking Areas and the Moving Logical RAN

In a moving logical RAN, Tracking Areas will also move together with the cells that are part of them. Hence, the “apparent” movement of a UE in idle mode will result from the combination of its own motion with the motion of the tracking area. It should be further investigated whether this impacts current system behavior.
END OF CHANGES
