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Abstract: This contribution illustrates use cases about directing the information of positioning services, messages for AGV control via PNI-NPN and PLMN and analyses the potential new requirements compared with existing functionalities.
x.1
Use case on AGV control via dual 3GPP access
x.1.1
Description

AGV/AMR is gradually widely used in various industry IoT scenarios, e.g. material handling of smart factory, warehouse operation, in order to reduce heavy labours to a greater extent, or improve operation safety and efficiency. Depending on the application, AGVs can work in isolation or in fleets. This makes the use of AGVs scalable but raises challenge to AGV system for handling different control and scheduling tasks. Generally, AGV navigation system is one of core components to localize and navigate the vehicle through the surrounding by assuring precise location, route planning and path following. When more than one AGV works in the surrounding, the coordination with safety system, vehicle control system is also important to prevent collision. 
Considering the wireless environment of the factory or warehouse, DualSteer capability is proven to be useful in Rel-19 in improving the reliability of communication service between the devices and edge cloud-based application servers via dual 3GPP connectivity. Therefore it can also benefit the navigation system for the task such as sensor data transmission, image uploading and etc based on user-plane based mechanism. In the meantime, hybrid location technologies will be used to assist the navigation, which can include 5G positioning technologies. Besides, the control command to indicate the AGV of movement and direction will be exchanged with high reliability request as well. 
This use case illustrates how the control of DualSteer device based AGV performs over dual 3GPP connectivity provided by NPN operator as Figure1 shows.
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Figure1 AGV control via dual 3GPP access
x.1.2
Pre-conditions

The network operator OP1 deploys NPN network with access nodes NR#1 for regular communication services among the machines and devices, and between the devices to the application platform (e.g. edge cloud server). Outside of the warehouse, there is PLMN network with NG-RAN NR#2 of OP1 deployed. NPN network is PNI-NPN of PLMN, so OP1 provides some relay nodes inside the warehouse to compensate the coverage blind spots.
Forklift AGVs are equipped with DualSteer device in the communication component, which has the subscription with OP1 and the capability of connecting to NPN via NR#1 and PLMN via NR#2. The application platform is cloud based and has interfaces to both NPN and PLMN.
The application platform initiates a new task of AGV to search for a box lost from the control system and take it back to the control panel for tag repair.
x.1.3
Service Flows
1. The AGV keeps taking photos of the boxes along the route and sends them back to the application platform for judgement via NR#2. Meanwhile, the sensor data of Lidar are transmitted to the application platform for obstacle avoidance via NR#1.
2. The application platform requests 5G network to provide the positioning of AGV periodically for location cross-check with the position reported from other methods. The PLMN will steer AGV to report location information via either NR access when that one has better QoS, or report all the measurement information when neither can meet positioning criteria regarding the policy.
3. The application platform finds out the lost box and intends to inform AGV to gasp the box via one downlink secure message including precise location and commands. Regarding the information of the connectivity (e.g. QoE), the application platform decides to send the message in form of MT SMS. The platform requests PLMN to coordinate the SMS delivery and PLMN decides to send the message via NR#2 considering the AGV is moving into better coverage of NR#2 than NR#1.

x.1.4
Post-conditions

Thanks to the traffic steering of core network, the forklift AGV’s location can be reported to the application platform for path scheduling and monitoring. Also AGV receives the commands successfully and takes the correct box back to the control panel.
x.1.5
Existing features partly or fully covering the use case functionality
TS22.261 clause 6.50.2 captures the requirements about traffic steering and switching over dual 3GPP access network. But the traffic aims at user plane data of different services with data anchoring in home PLMN, and not has clear guidance on the user data over control plane transmission via dual 3GPP access network.
x.1.6
Potential New Requirements needed to support the use case
[PR.x.1.6 - 001] Subject to the operator policy and network control, the 5G system shall be able to steer position-relate data for positioning services of DualSteer device across 3GPP access networks belonging to the same PLMN or one PLMN and one PNI-NPN of the same operator.
[PR.x.1.6 - 002] Subject to the operator policy and network control, the 5G system shall be able to steer the application-to-point message (e.g. SMS) of DualSteer device transmitting over one of dual 3GPP access network belonging to the same PLMN or one PLMN and one PNI-NPN of the same operator.
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