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3. Definitions of terms, symbols and abbreviations

3.1      Terms

For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].



* * * Next Change * * * *
x.1
Use case on service continuity through multi-orbit satellite access
x.1.1
Description

The future of satellite communications is moving toward hybrid satellite networks that combine the services from low-Earth orbit satellites and high-altitude satellites in medium-Earth and geostationary orbits. It is being driven by the commercial sectors including maritime and aviation, which are increasingly pursuing multi-orbit satellite solutions[x2].

In the maritime sector, enhanced maritime communication technologies have been developed to support autonomous ships(e.g. Maritime Autonomous Surface Ship(MASS)), which are commercial vessels that operate independent of human interaction, using sensors, software, and communication systems to navigate, avoid collisions and perform the tasks and functions of the vessel[x3]. In order to support autonomous ships, the maritime communication systems should enable an autonomous ship to exchange the information with a remote monitoring and control center on the ground. 
Considering the provision of global communication coverage and seamless network connectivity in maritime environment, communication technology utilizing multi-orbit satellites can be employed in maritime communication systems. During the rollout of LEO satellite constellations, the limited number of satellites in orbit inevitably leads to discontinuities in coverage. Therefore, it should be considered how to ensure the continuity of communication services through multi-orbit satellite access. 
x.1.2
Pre-conditions

The shipping company AUTOSHIP operates many autonomous ships around the world. AUTOSHIP also operates several centers to monitor and control the autonomous ships in remote area on the ground.
The satellite operator SAT-OP has deployed multi-orbit(LEO, MEO, and GSO) satellites and has an agreement with Terrestrial Operator TER-OP to provide communication services for UEs under satellite coverage.
AUTOSHIP has signed a contract with SAT-OP for communication services using satellite access. Thus, their devices on autonomous ships can communicate with a remote monitoring and control center via satellite access. 

x.1.3
Service Flows
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Figure x.1.3-1: Example of service continuity through multi-orbit satellite access

1. Device A on an autonomous ship is under the coverage of LEO Satellite Sat-A and MEO/GSO Satellite Sat-B.
2. Taking into account of communication latency and power consumption, Device A registers with the terrestrial 5G network via LEO Satellite Sat-A. After the registration, it can communicate with a remote monitoring and control center operated by AUTOSHIP company. 
3. During the communication service, due to the short service duration and discontinuous coverage of LEO satellites, if Device A is under the coverage of only MEO/GSO Satellite Sat-B, the communication path can be switched to MEO/GSO Satellite Sat-B depending on the required quality of service. Then, Device A communicates with a remote monitoring and control center via MEO/GSO Satellite Sat-B.
4. If Device A is under the coverage of the following LEO Satellite Sat-C, the communication path can be switched to LEO Satellite Sat-C with the consideration of communication latency and power consumption. As a result, Device A communicates with a remote monitoring and control center via LEO Satellite Sat-C.
5. The charging information of the traffic data exchanged via multi-orbit satellites is collected and reported to the remote core network.

x.1.4
Post-conditions

Device A on an autonomous ship can communicate with a remote monitoring and control center continuously through multi-orbit satellites connectivity.
x.1.5
Existing features partly or fully covering the use case functionality
Regarding TS 22.261[x1], satellite access and satellite connectivity are supported in Rel-19, as follows:
6.3
Multiple access technologies
The 5G system shall be able to provide services using satellite access.

6.46
Satellite access
For a 5G system with satellite access, the following requirements apply:

· Subject to regulatory requirements and operator’s policy, a 5G system with satellite access shall be able to support service continuity (with minimum service interruption) of a UE-Satellite-UE communication when the UE communication path moves between serving satellites (due to the movement of the UE and/or the satellites).
9
Charging aspects
The 5G core network shall support collection of charging information based on the access type (e.g. 3GPP, non-3GPP, satellite access).

However, it is not sufficient in regards of supporting service continuity through multi-orbit satellite access.

x.1.6
Potential New Requirements needed to support the use case

[PR x.1.6-001] Subject to regulatory requirements and operator’s policy, a 5G network with satellite access shall be able, if applicable, to support service continuity and provide suitable QoS control when the UE communication path moves between satellites in different orbits (due to the movement of the UE and/or the satellites).
NOTE: 
Service continuity across different orbits might not always be possible/applicable depending on the service characteristics(e.g. service continuity for a low-latency service is not applicable across LEO and GEO orbits).
[PR x.1.6-002] A 5G system with satellite access shall be able to support charging mechanisms for communication services using satellite access in different orbits based on the type of satellites(e.g. LEO, MEO, GEO).
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