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5.X
Use case on Ambient IoT for underground mining
5.X.1
Description

For underground mining, high-precision positioning is critical for safety and efficiency. A high-precision location not only can help the worker navigate underground but also is the basis of intelligent mining equipment such as autonomous driving of underground mining equipment and automatic control of the position of drilling equipment.
However, in the underground environment, the signal from the base station or the satellite may be absorbed by the ground, making these positioning methods not accurate enough. Moreover, the poor lighting condition and airborne dust may cause visual aliasing in the long tunnels, which makes many positioning methods for underground mining unavailable.
Ambient IoT devices are a promising solution for positioning in underground mining. The Ambient IoT devices can work with limited energy storage capability or without any battery for extremely long time, so the Ambient IoT devices are maintenance-free, extremely-low complexity, light weight, and small size. The ranging-capable Ambient IoT devices can be placed at a specific interval in the underground mine. The Ambient IoT devices are capable of ranging operations, but may with different ranging capabilities. By operating ranging with the Ambient IoT devices in proximity, the high-precision location estimation can be derived.
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Figure 5.X.1-1: Ambient IoT in underground mining
5.X.2
Pre-conditions

The underground mine Z uses Ambient IoT devices to achieve intelligent mining. The Ambient IoT devices are placed at a specific interval in the underground mine, and the locations of these Ambient IoT devices are uploaded to the application server in advance. The Ambient IoT devices are capable of ranging operations, but with different ranging capabilities (i.e., distance or direction or both). For example, in the narrow tunnel area of mine Z, the Ambient IoT devices are only capable of distance measurement. In the wide area, Ambient IoT devices can be capable of both distance and direction measurement. The capabilities of the Ambient IoT devices can be provided to the user of the application.
Alex works at the underground mine Z. He downloads the navigation application of mine Z and subscribes the navigation service. His cell phone supports ranging operations with Ambient IoT devices. 
The navigation application can derive the position of the user using the ranging data between the cell phone and the Ambient IoT devices. If receiving data from multiple Ambient IoT devices, the application can also merge the data to derive a more accurate location estimation. 
5.X.3
Service Flows

1. Today, Alex’s work plan is to drill at underground point A. He authorizes his mobile phone for the ranging operations with Ambient IoT devices. He uses the navigation application of mine Z on his cell phone to help him find the way.
2. Alex’s cell phone sends the signal to discover the Ambient IoT devices in proximity.
3. Three Ambient IoT devices B, C, and D close to Alex receives the signal and are activated. But the Ambient IoT devices B, C, and D have different ranging capabilities.  Device B is only capable of distance measurement, and devices C and D are both capable of distance and direction measurement.
4. The Ambient IoT devices B, C, and D respond to Alex’s cell phone with their Ambient IoT IDs and ranging capabilities respectively. 
5. Alex’s cell phone receives the responses from B, C, and D, and starts ranging operations with B, C, and D based on their ranging capabilities respectively.
6. Alex’s cell phone receives the ranging data with different capabilities from B, C, and D every second. His cell phone uploads the ranging data from B, C, and D to the application server. 
7. The application server merges the ranging data from B, C, and D and their location uploaded in advance, and derives a high-precision location estimation of Alex. Then the server will send the position estimation to Alex’s cell phone.
7. Alex can see his location on the navigation application of mine Z in real-time. As Alex moves, other Ambient IoT devices in proximity will be triggered. Using the ranging operations with these new Ambient IoT devices, Alex’s location will be updated automatically every second on the navigation application.
5.X.4
Post-conditions

Using the ranging operations with the Ambient IoT devices placed in the underground tunnel, Alex can arrive at point A and start his work.
5.X.5
Existing features partly or fully covering the use case functionality
None.
5.X.6
Potential New Requirements needed to support the use case
[PR 5.X.6-1] The 5G system shall be able to authorize a UE to perform Ambient IoT ranging services with specific Ambient IoT devices.
[PR 5.X.6-2] The 5G system shall be able to support ranging-enabled UEs to determine the ranging capabilities (e.g. capabilities to perform distance and/or angle measurement) of the Ambient IoT devices.
[PR 5.X.6-3] The 5G system shall be able to expose the identities, capabilities and ranging results of Ambient IoT devices to a trusted third party.
[PR.5.X.6-4] The 5G system shall be able to provide Ambient IoT service with the following KPIs:
Table 5.X.6-1: Potential key performance requirements for underground mining
	Scenario
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density

	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy

	Under-ground minging
	NA
	NA
	NA
	NA
	NA 
	<1000 /km² 
	100 m


	100,000 m²
(NOTE 1)

	5 km/h
	1 s
	NA
	95%

	3 m, 10 degree

	NOTE 1: The typical size of  a underground mine is about 100,000 m².


