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Abstract: This paper proposes use cases for Remote Automated Mining.

5.X
Remote automated mining

5.X.1
Description

With the assistance of 5G networks, the mining industry will become unmanned and automated, allowing mining workers to say goodbye to dirty, tired, and dangerous. With the help of real-time and synchronized multiple data flows, the intelligent control centre located on the ground can accurately command the underground excavators to conduct mining work.

5.X.2
Pre-conditions

This is a large coal mine, and the underground excavator is controlled by the intelligent control centre on the ground to mine the coal. A camera is deployed on the excavator to take a real-time picture of the front of the excavator shovel. Sensors are also deployed on the excavator to detect the strength of the object touched by the shovel. For example, it can be judged whether it is digging into soil, coal, or hard rock based on this strength. The data generated by the cameras and sensors on the excavator can be connected to the 5G network through a USIM or multiple USIM cards. The intelligent control centre on the ground can be regarded as a trusted server side of the 5G network, which performs intelligent analysis based on the video data and sensor data for remote control. The control centre on the ground needs to make quick and accurate decisions, otherwise inaccurate control instructions will be issued to the excavator, which will damage the excavator's shovel.

5.X.3
Service Flows

1. The excavator is located on the working surface of an underground coal mine. It uses integrated cameras and sensors to send back video tactile information;

2. The data centre and the 5G core network where the intelligent control centre is located on the ground are deployed in the same location, and can receive the tactile information and video information of the excavator through the 5G network.

3. The intelligent control centre makes comprehensive intelligent decisions based on tactile information and video information, calculates the next move of the excavator, and sends operating instructions to the excavator.

4. The 5G network exposes the time difference between the video information stream and the haptic information stream to the 5G core network to the intelligent control centre.

5.X.4
Post-conditions

According to the time difference between the two streams, the intelligent control centre instructs the camera of the excavator to adjust the encoding rate of the video stream, or appropriately discard some data packets of the video stream, so that the video stream and the control stream reach the destination at the same time. Or the control centre will compensate for time to make the decision more accurate.

5.X.5
Existing features partly or fully covering the use case functionality

In TR 22.878, there are requirements for Monitoring and Reporting time differences 
5.X.6
Potential New Requirements needed to support the use case

 [PR 5.X.6-1] The 5G network shall be able to provide a mechanism to expose the time gap between different flows of one UE or two different UEs to the trusted 3rd party.









