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1. Introduction
This contribution proposes to update 5.8 (Mining use case) of TR 22.916.
2. Reason for Change
[To address terminology and remove EN]
In SA1#103 (Gothenburg), there was a comment regarding the terminology 'tandem sub-network.' This contribution aims to address the comment by first explaining the characteristics of the network we want to mention and then proposing a different wording for such a network in a specific mining environment (e.g., in an underground tunnel).

Motivation and Discussion:
In the on-surface environment of radio signal propagation (i.e., one being line-of-sight reception and the other a slightly longer reflected one, which are combined at the receiver’s side), the signal transmission and reception situation is not ideal due to the inherent 'phase difference' caused by reflection, as depicted in Figure 1 below. The point that we bring in is to lead to the main motivating message that the signal propagation situation is so difficult in underground tunnels (as justified in the point #2 below).

[image: ]
Fig. 1. Phase difference caused between two antennas on a horizontal ground surface with different heights. The phase difference is depedent upon seveal parameters, the antenna heights, and some other parameters, such as a, b, l, and θ.

In the underground tunnel environment, there are two characteristics that are simply observed: 
1) motivating argument #1: The signal reflections are multifold around the inner surface of the tunnel which is furthermore “uneven”:
2) motivating argument #2: The communication nodes (i.e., UEs/Robots or mining carts that have UE functionality) are distributed along the tunnel pathway.
3) 
Justification on point #1 (as motivating argument #1):
In underground tunnels, radio propagation faces significant challenges due to the confined and reflective nature of the environment. Signals can be absorbed, diffracted, or reflected by the tunnel walls, leading to multipath propagation. This phenomenon creates multiple signal paths between the transmitter and receiver, causing delays and phase differences in the received signals. As a result, the radio propagation situation in underground tunnels is complex, making it difficult to achieve reliable and stable communication. Specialized techniques and equipment are often required to mitigate these challenges and ensure effective wireless communication in such environments.
Justification on point #2 (as motivating argument #2):
The distribution of mining carts (which we assume are equipped with UE functionality and called robots)  in a mining tunnel typically involves strategic planning and organization to ensure efficient transportation of materials and resources within the mine. Mining carts, also known as mine cars or skips, are used to transport extracted ore, waste, or other materials from the mining face to the surface or processing area. The distribution process involves several key considerations:
1) Loading and Filling: Mining carts are loaded with ore or other materials at the mining face. Proper loading ensures maximum utilization of the cart's capacity while maintaining safety standards.
2) Transportation Routes: Mining tunnels are designed with specific transportation routes for the mining carts. These routes are planned to optimize the movement of carts, minimize congestion, and ensure a smooth flow of materials within the mine.
3) Track Systems: Mining carts often run on track systems embedded in the tunnel floor. These tracks guide the carts, preventing derailments and ensuring stable movement along the designated routes.
4) Automated Systems: In modern mining operations, automated systems, such as conveyor belts or autonomous vehicles, might be used to transport materials. These systems can enhance efficiency and reduce the need for manual distribution of mining carts.
5) Monitoring and Control: Mining companies use monitoring systems to track the movement of mining carts. Sensors and communication technologies are employed to monitor the location, load capacity, and maintenance needs of the carts. This data helps optimize the distribution process and prevent bottlenecks.
6) Safety Protocols: Safety is paramount in mining operations. Adequate safety protocols, including signaling systems, speed limits, and emergency procedures, are in place to ensure the safe distribution of mining carts and the protection of workers in the tunnels.
Overall, the distribution of mining carts in mining tunnels requires careful planning, efficient logistics, and the integration of technology to optimize the transportation of materials and maintain a safe working environment.
It is commonly agreed that carts cannot remain outside the designated pathway space of the tunnel unless unintended events occur.

Characteristics of the network:
1) Serially distributed; 
2) the random variable of inter-node distance depends the mining operation strategy
3) if the communication nodes (e.g., carts with UE functionality) are available to use non-conventional (or advanced) communication/networking schemes, such as cooperative diversity (or cooperative communication/networking) and network coding, the topology of the network is not completely serial but is a combined one.
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Fig. 2: (a) conventional, serially connected multihop network (b) non-conventional, serially connected multihop network with a supplementary link supported (e.g., when cooperative diversity is applied)


#1 Rewording proposal:
Now: “tandem sub-network”
[bookmark: _GoBack]Proposed: “serially connected multihop network with supplementary linkset of multihop UE relays”
#2 Removal of the second EN:
	In Section 6, Sensing related aspects are proposed to be added. With that, it is proposed to remove the second EN.

3. Conclusions
See below.
4. Proposal
It is proposed to agree the following changes to 3GPP  TR 22.916v0.5.0.


* * * First Change * * * *
[bookmark: _Toc144441692][bookmark: _Toc144441664]5.8	A group of autonomous robots and tele-operated robots working on mining actuation and delivery 
[bookmark: _Toc144441693]5.8.1	General description
5.8.1.1 The use of a group of robots in mining:
It is expected that the mining industry pave new pathways toward global sustainability, including “greater inclusion and diversity effort” (e.g., worker safety, well-being of employees in general), green/clean energy transition, material consumption reduction, deep sea mining explortion, greenfield exploration [27]. More interestingly, the industry is with no exceptions as other industries, exploring a new path to “cloud-integrated mining processes”.
[image: ]
Fig. 5.8.1.1-1 Examples of extreme working conditions in mining site (underground).
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Fig. 5.8.1.1-2 Examples of extreme working conditions with workers’ roles replaced by robots. Integrated sensing and communications (ISAC), distributed sensing and communication (data collections), and AI-enabled compute are expected.

Among these, (1) greater inclusion and diversity effort (with a narrower angle of worker safety using tele-operated robots in mining) and (2) cloud-integrated mining processes are interesting topics for consideration in the telco domain (refer to Fig. 5.8.1.1-1 and Fig. 5.8.1.1-2).
Robots have a range of applications in the mining industry, contributing to increased safety, efficiency, and productivity. Here are some tasks that robots can perform in mining:

1. Exploration and Mapping: Robots can be equipped with various sensors, such as LiDAR and cameras, to explore and map underground or hazardous areas that might be dangerous for humans.
2. Drilling and Blasting: Automated drilling and blasting robots can accurately and safely bore holes for explosives, increasing precision and minimizing the risk to human operators.
3. Hauling and Transport: Robotic vehicles can be used for hauling materials, removing the need for human drivers in dangerous environments. These robots can transport materials within mines and even across long distances.
4. Inspection and Maintenance: Robots can inspect equipment and infrastructure, identifying issues before they become serious. They can also perform maintenance tasks in hazardous areas, reducing the need for human workers in risky environments. Note: Maintenance includes corrective maintenance and preventive maintenance. Predictive maintenance is related to preventive maintenance.
5. Remote Operation: Teleoperated or semi-autonomous robots can be controlled by operators from a safe location, allowing them to work in environments that are unsafe for humans.
6. Hazardous Environment Exploration: Robots can be deployed in areas with extreme temperatures, toxic gases, or other hazardous conditions, where human presence would be dangerous.
7. Material Sorting and Processing: Robots can be programmed to sort and process mined materials, improving efficiency and accuracy in material separation.
8. Surveying and Mapping: Robots equipped with advanced sensors can create detailed 3D maps of mining sites, helping with planning and optimization.
9. Search and Rescue: In the event of a mine collapse or other emergency, robots equipped with cameras and sensors can be used to search for trapped miners and assess the situation.
10. Environmental Monitoring: Robots can be used to monitor air quality, water quality, and other environmental factors in and around mining sites.
11. Dust Suppression: Robots can be designed to control dust levels, which is crucial for the health and safety of miners.
12. Rehabilitation and Land Restoration: After mining operations cease, robots can be employed to rehabilitate and restore mined areas, aiding in reforestation or other environmental recovery efforts.
The use of robots in mining can improve safety for human workers, increase operational efficiency, and enable the extraction of resources from challenging and hazardous environments.

Motivation and Discussion:
In the on-surface environment of radio signal propagation (i.e., one being line-of-sight reception and the other a slightly longer reflected one, which are combined at the receiver’s side), the signal transmission and reception situation is not ideal due to the inherent 'phase difference' caused by reflection, as depicted in Fig. 5.8.1.1-3 below. The point that we bring in is to lead to the main motivating message that the signal propagation situation is so difficult in underground tunnels (as justified in the point #2 below).
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Fig. 5.8.1.1-3: Phase difference caused between two antennas on a horizontal ground surface with different heights. The phase difference is depedent upon seveal parameters, the antenna heights, and some other parameters, such as a, b, l, and θ.

In the underground tunnel environment, there are two characteristics that are simply observed: 
4) motivating argument #1: The signal reflections are multifold around the inner surface of the tunnel which is furthermore “uneven”:
5) motivating argument #2: The communication nodes (i.e., UEs/Robots or mining carts that have UE functionality) are distributed along the tunnel pathway.
6) 
Justification on point #1 (as motivating argument #1):
In underground tunnels, radio propagation faces significant challenges due to the confined and reflective nature of the environment. Signals can be absorbed, diffracted, or reflected by the tunnel walls, leading to multipath propagation. This phenomenon creates multiple signal paths between the transmitter and receiver, causing delays and phase differences in the received signals. As a result, the radio propagation situation in underground tunnels is complex, making it difficult to achieve reliable and stable communication. Specialized techniques and equipment are often required to mitigate these challenges and ensure effective wireless communication in such environments.
Justification on point #2 (as motivating argument #2):
The distribution of mining carts (which we assume are equipped with UE functionality and called robots)  in a mining tunnel typically involves strategic planning and organization to ensure efficient transportation of materials and resources within the mine. Mining carts, also known as mine cars or skips, are used to transport extracted ore, waste, or other materials from the mining face to the surface or processing area. The distribution process involves several key considerations:
7) Loading and Filling: Mining carts are loaded with ore or other materials at the mining face. Proper loading ensures maximum utilization of the cart's capacity while maintaining safety standards.
8) Transportation Routes: Mining tunnels are designed with specific transportation routes for the mining carts. These routes are planned to optimize the movement of carts, minimize congestion, and ensure a smooth flow of materials within the mine.
9) Track Systems: Mining carts often run on track systems embedded in the tunnel floor. These tracks guide the carts, preventing derailments and ensuring stable movement along the designated routes.
10) Automated Systems: In modern mining operations, automated systems, such as conveyor belts or autonomous vehicles, might be used to transport materials. These systems can enhance efficiency and reduce the need for manual distribution of mining carts.
11) Monitoring and Control: Mining companies use monitoring systems to track the movement of mining carts. Sensors and communication technologies are employed to monitor the location, load capacity, and maintenance needs of the carts. This data helps optimize the distribution process and prevent bottlenecks.
12) Safety Protocols: Safety is paramount in mining operations. Adequate safety protocols, including signaling systems, speed limits, and emergency procedures, are in place to ensure the safe distribution of mining carts and the protection of workers in the tunnels.
Overall, the distribution of mining carts in mining tunnels requires careful planning, efficient logistics, and the integration of technology to optimize the transportation of materials and maintain a safe working environment.
It is commonly agreed that carts cannot remain outside the designated pathway space of the tunnel unless unintended events occur.

Characteristics of the ”set of UE relays” consisting of robots in mining tunnel:
4) Serially distributed; 
5) the random variable of inter-node distance depends the mining operation strategy
6) if the communication nodes (e.g., carts with UE functionality) are available to use non-conventional (or advanced) communication/networking schemes, such as cooperative diversity (or cooperative communication/networking) and network coding, the topology of the network is not completely serial but is a combined one.
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Fig. 5.8.1.1-4: (a) conventional, serially connected multihop network (b) non-conventional, serially connected multihop network with a supplementary link supported (e.g., when cooperative diversity is applied).


5.8.1.2 Enhanced support of communnications and sensing features:
Mining as a whole takes place in extreme environments under the ground surfaces (e.g., search, monintor, preparation, processing, maintenance, repair shop, mining actuation (i.e., drilling operations), loading and underground delivery to off-surface station) and some tasks require their completion on the ground surface.
According to the US Energy Information Administration (www.eia.gov, as of 2021), the average number of employees at underground and surface mines differs from one State to another: 755 at underground and 272 at surface mines in Pennsylvania; 2103 at underground in West Virgina (Northern), 184 at underground and 36 at surface mines in West Virgina (Southern). Along a single or multiple tunnels, a set of tandem communication sub-networks can be formed as dipicted in Fig. 5.8.1.2-1. Each sub-network might include a 3GPP UE-type entity that only requires an intermittant communications (e.g., Ambient IoT device). 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]NOTE: It is assumed that a tandem sub-networkset of multihop UE relays consists of a group of service robots that are performing specific task(s) with (autonomous or tele-operated) physical mobility inside the mining job site. However, non-robot type of UE’s can also be part of a set of multihop UE relaystandem sub-network.


[image: ]
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Fig. 5.8.1.2-1 Some examples of tandem sub-networksset of multihop UE relays  of robots at underground mines.



[bookmark: _Toc144441694]5.8.2	Related existing service requirements
Clock synchronisation: 3GPP TS 22.104
· clause 5.6.1 Clock synchronisation service level requirements
· clause 5.6.2 Clock synchronisation service performance requirements
· clause 7.2.3.2 Clock synchronisation requirements
NOTE 1: The MEC scenario described in 5.X.1 assumes collaboration among the group of aerial robots. The data collection and sensor fusion aspects (in clause 5.3 and in Annex A – Levels of Fusion) are still important considerations for this MEC scenario. 
NOTE 2: The types of sensor data and media that robots are collecting, pre-processing and sharing with each other and/or with edge cloud (or edge server, cloud server) are related to the need of fulfilling the above sets of requirements.
Multi-path relay: 3GPP TS 22.261 
· clause 6.9.2.1 support of a traffic flow of a remote UE via different indirect network connection paths
Positioning: 3GPP TS 22.261
· clause 7.3.2 High accuracy positioning performance requirements (see also clause 5.7.1 of 3GPP TS 22.104 for Factory of the Future scenario)
Efficient user plane: 3GPP TS 22.261
· Clause 6.5 Efficient user plane
Service continuity: 3GPP TS 22.263 
· clause 5.5 Service continuity, when required by the application
Multi-hop connectivity: 3GPP TS 22.261
Energy efficiency: 3GPP TS 22.261
Integrated Sensing and Communication features: 3GPP TS 22.261, TS 22.137 (new).

[bookmark: _Toc144441695]5.8.3	Challenges and potential gaps

The following applicable aspects are identified and recommended for further study and can be further considered with other ongoing or recently completed Studies if applicable.
[CPG-5.8.3-001] 5G system is expected to provide a suitable means that can support an advanced energy-efficient mechanism for a group of robots that formed a set of multihop UE relaystandem sub-network.
[CPG-5.8.3-002] 5G system is expected to provide a suitable means for robots that formed a set of multihop UE relaystandem sub-network to gain access to MEC service in order to determine whether or not to use certain advanced energy-efficient mechanism for a group of robots that formed a set of multihop UE relaystandem sub-network.
[CPG-5.8.3-003] 5G system is expected to provide a suitable means for robots within a set of multihop UE relaystandem sub-network to timely reselect another energy-efficient mechanism for the set of multihop UE relaystandem sub-network when communication is disrupted (e.g., connection loss, the existing energy-efficient mechanism becomes unavailable due to remarkable changes of inter-robot distance).
Editor’s Note: The above CPGs are FFS.
NOTE 1: The above CPGs are intended to ensure that a group of robots as a UE should have advanced energy-efficient mechanisms that are relevant to existing and new spectrum bands for 3GPP systems (e.g., cooperative diversity, full duplex, network coding) [26]. However, studies on such candidate mechanisms are up to the relevant Working Group within 3GPP, which is outside the scope of stage-1 study.
NOTE 2: The above CPGs are intended for a group of robots as a UE that are working under extreme conditions (e.g., at underground mines) 
NOTE 3: In [CPG-5.8.3-002], examples of “gain access to MEC service” includes requesting distributed compute service (e.g., via edge or cloud) for certain task that is computationally intensive, such as scheduling, whether or not to use certain advanced mechanisms.
Editor’s Note: Sensing-related gaps are FFS and will be added .



* * * END * * * *
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