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Abstract: This pCR proposes a new use case “Use case on NTN and TN Inter-PLMN Multi-access in a Maritime scenario” for FS_DualSteer Study item.
---------- Use Case template ----------
5.x
Use case on NTN and TN Inter-PLMN Multi-access in a Maritime scenario
5.x.1
Description

This use case describes a maritime scenario where multiple satellite PLMNsand a terrestrial 5G PLMN are simultaneously used.

MNO-G is a well-established satellite PLMN operator and operates several GEO satellites. The MNO-L is a relatively new satellite PLMN operator and operates the LEO satellites constellation. MNO-G and MNO-L have deployed their satellite networks based on the 5G systems. MNO-T has a terrestrial 5G PLMN infrastructure in an island country A, whose territory is surrounded by sea.  MNO-T provides 5G access coverage not only to the territory of country A but also to its coast. MNO-G has business and roaming agreements with MNO-L and MNO-T. 
Company X owns several large container vessels. Company X's vessels are used for domestic and international goods transportation. Company X operates a vessel operation center. A vessel is equipped with a VSAT-type UE, which is mainly used for communication with the vessel operation center. The vessel operation center has been monitoring the vessel's location information and providing operational information (e.g., route planning). Company X has traditionally used GEO satellite access by MNO-G for communication. Company X wishes to add LEO satellite access by MNO-L and terrestrial 5G access by MNO-T to be used simultaneously with GEO satellite access to improve communication stability and resiliency, reduce latency, and increase capacity. Thanks to the large coverage area of the GEO satellite of MNO-G, the UE can be assumed to be always under the GEO satellite access in the vessel navigation route. The LEO satellite constellation of MNO-L will be deployed globally, but the coverage will be discontinuous. The terrestrial 5G access network covers approximately 20 km from the coast. Therefore, the UE will be basically connected to the GEO satellite, while terrestrial 5G access and LEO satellite access will be connected only when available.
Remote control of the vessels includes short-term and long-term route controls. Since remote control of short-term route planning requires real-time communication and high-traffic data communication, it is only enabled when the vessel is connected to the LEO satellite access or the terrestrial 5G access. Web-browsing data communication for crews will be available when there is sufficient capacity in communication for remote control of the vessel. The traffic data are described in the table below.
Table. 5.x-1 Traffic data requirements
	Traffic Data
	Use case
	Priority
	Delay Sensitivity
	Traffic Capacity

	Vessel Control
 (Real-time)
	Communications for short-term route planning. Real-time communication is required.
	High
	High
	Middle

	Vessel Control
 (Non-Real-time)
	Communications for long-term route planning. Real-time communication is not required, but periodic communication is required.
	High
	Low
	Low

	Vessel Monitoring
 (Real-time)
	Realtime video transmission around a vessel for short-term route planning
	Middle
	High
	Middle ~High(NOTE)

	Vessel Monitoring
 (Non-Real-time)
	Data communication for monitoring of all equipment on board 
(e.g., fuel level logs, engine condition logs, etc.)
	Middle
	Low
	Low

	Emergency Alert
	Communication for critical alerts in operating a vessel.

(e.g., vessel collisions, fuel leaks, etc.)
	High
	High
	Low

	Web-browsing
	Data communication for crew members 
(e.g., e-mail, YouTube, Netflix, etc.)
	Low
	Low
	Low ~ High


NOTE:
The traffic capacity of Realtime video data can be controlled based on the available capacity. When capacity is not sufficient, the video resolution can be reduced.
5.x.2
Pre-conditions

MNO-G has business and roaming agreements with MNO-L and MNO-T. 

Company X's vessel is a subscriber of MNO-G. The UE installed on the vessel is capable of multi-access to the GEO satellite, the LEO satellite, and the terrestrial 5G access.

Alice and Bob are company X’s employees. Alice works in the vessel operation center and Bob works on the vessel as a crew.

Alice is spending her days doing remote control and monitoring of the vessel from the vessel operation center. Alice controls the vessel's route plan remotely using communications between the vessel operation center and the VSAT-type UE on the vessel in response to monitoring status and weather conditions around the vessel.

Bob is spending his days controlling and monitoring the vessel when short-term route control from the vessel operation center is not accessible. As a benefit, web browsing, e-mail, and YouTube viewing are available when communication capacity is available.
5.x.3
Service Flows
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Fig. 5.X-3 Maritime scenario, with a terrestrial 5G access and multiple satellite access
0. Alice controls the vessel remotely from the vessel operation center, checking the weather and other data sent from the vessel's onboard multi-access VSAT-type UE. Bob monitors and controls the ship on board and is allowed to browse the web, send and receive e-mails, and view entertainment videos when sufficient communication capacity is available as a benefit.

1. The vessel's route is basically under the GEO satellite coverage, and when the vessel is connected only to the GEO satellite, real-time data communication is not enabled. Alice remotely commands long-term route planning based on Non-Real-time Vessel Control Data and Vessel Monitoring Data. Bob monitors and conducts short-term route changes on the vessel. Emergency Alert data communication will be sent as a top priority even if real-time communication is not available.

2. When the vessel moves into the LEO satellite coverage, the VSAT-type UE is also connected to LEO (i.e., simultaneously connected to the GEO satellite and the LEO satellite). In addition to long-term route planning, Alice also remotely commands short-term route changes based on Real-time Vessel Control Data and Vessel Monitoring Data via the LEO satellite. In this case, only Bob monitors the vessel.

3. When the vessel approaches the coast and moves into terrestrial 5G access coverage, the VSAT-type UE is connected to terrestrial 5G access even if it is within the LEO satellite coverage (GEO and terrestrial 5G access). The vessel’s monitoring and remote control are performed in the same way as in step 2. 
4. When the vessel moves out of the LEO satellite coverage, the VSAT-type UE’s connection is unchanged. The vessel’s monitoring and remote control are performed in the same way as in step 2.
5. After some time, when there is only the GEO satellite coverage, the vessel’s monitoring and remote control return to the state of Step 1.
5.x.4
Post-conditions
Although Company X's vessel experienced bad communication conditions due to the inevitable heavy rainfall along its route, by prioritizing critical communications, Alice and Bob were able to control the vessel efficiently and make the vessel reach its destination safely.
5.x.5
Existing features partly or fully covering the use case functionality
The use case can leverage the existing service requirements described below but some extensions are required to fully support the use case.,

[From TS22.261 sec. 6.3: Multiple access technologies]

Based on operator policy, the 5G system shall be able to dynamically offload part of the traffic (e.g., from 3GPP RAT to non-3GPP access technology), taking into account traffic load and traffic type.

When a UE is using two or more access technologies simultaneously, the 5G system shall be able to optimally distribute user traffic over select between access technologies in use, taking into account e.g., service, traffic characteristics, radio characteristics, and UE's moving speed.

[From TS22.261 sec. 6.5: Efficient user plane]

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

· A 5G system with satellite access shall be able to select the communication link providing the UE with the connectivity that most closely fulfils the agreed QoS

· A 5G system with satellite access shall be capable of supporting simultaneous use of 5G satellite access network and 5G terrestrial access networks.

· A 5G system with satellite access shall be able to support both UEs supporting only satellite access and UEs supporting simultaneous connectivity to 5G satellite access network and 5G terrestrial access network.

[From TS22.261 sec. 6.18: Multi-access connectivity and service delivery across operators]

When a service is offered by multiple operators, the 5G system shall be able to maintain service continuity with minimum service interruption when the serving network is changed to a different serving network operated by a different operator.

5.x.6
Potential New Requirements needed to support the use case
[PR 5.x.6-001] The 5G system shall be able to support mechanisms to enable steering, splitting, and switching of UE’s user data across two different PLMNs (one of which is the HPLMN) e.g., using dual satellite NG-RANs or a satellite and a terrestrial NG-RAN, assuming one single subscription and traffic anchoring in the HPLMN’s 5G core network.

[PR 5.x.6-002] The 5G system shall be able to support mechanisms, for UEs using dual 3GPP access across a HPLMN and a second PLMN, to enable switching of UE’s user data from the second PLMN to a third PLMN while maintaining one access link with the HPLMN, considering network characteristics (e.g., RAT type), /network status (e.g., performance and congestion) and user’s service preferences (e.g., QoS).
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