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Abstract: New use case proposal on energy-efficient data transmission and path recovery aspects of a tandem sub-network in mining.
1. Introduction
Addition of a new use case in a mining environment.

2. Proposal
It is proposed to agree the following changes to 3GPP TR 22.916.


* * * First Change * * * *
[bookmark: _Toc136593960]5.x	A group of autonomous robots and tele-operated robots working on mining actuation and delivery 
[bookmark: _Toc136593961]5.x.1	General description
5.x.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 [X2, Statista: https://www.statista.com/topics/1143/mining/]. More interestingly, the industry is with no exceptions as other industries, exploring a new path to “cloud-integrated mining processes”.
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Fig. 5.x.1.1-1 Examples of extreme working conditions in mining site (underground).
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Fig. 5.x.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.x.1.1-1 and Fig. 5.x.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.

5.x.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.x.1.2-1. Each sub-network might include a 3GPP UE-type entity that only requires an intermittant communications (e.g., Ambient IoT device). 
NOTE: It is assumed that a tandem sub-network 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 tandem sub-network.
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Fig. 5.x.1.2-1 Some examples of tandem sub-networks of robots at underground mines.



[bookmark: _Toc136593962]5.x.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: _Toc136593963]5.x.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.x.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 tandem sub-network.
[CPG-5.x.3-002] 5G system is expected to provide a suitable means for robots that formed a tandem 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 tandem sub-network.
[CPG-5.x.3-003] 5G system is expected to provide a suitable means for robots within a tandem sub-network to timely reselect another energy-efficient mechanism for the tandem 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).

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) [x1]. 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.x.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 .

* * * Next Change * * * *
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[bookmark: _Toc136593933]3	Definitions of terms, symbols and abbreviations

[bookmark: _Toc136593934]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
NOTE: Cited from IEEE 1872-2015 [9]
automated robot: A role for a robot performing a given task in which the robot acts as an automaton, not adapting to changes in the environment and/or following scripted plans..
fully autonomous robot: A role for a robot performing a given task in which the robot solves the task without human intervention while adapting to operational and environmental conditions. 
orientation measure: Essentially a measure (Measure in SUMO) attributed to a (physical) object (Object in SUMO) concerning information regarding where the object is pointing to in relation to the reference object of the orientation coordinate system. 
orientation region: Defines a region or interval orientation in relation to a reference object (Object in SUMO). For instance, the “south” interval of a compass constitutes an orientation region in the one-dimensional, circular coordinate system of the compass. Eventually, position regions and orientation regions are referred by similar words. For instance, it is valid to say that a robot is at the north position, facing north. The former relates to a position region, i.e., the north region of a given country; the later relates to an orientation region, i.e., the orientation interval around north on the compass.  
orientation value: A value in a coordinate system denoting a specific orientation. Orientation values in one coordinate system can be mapped to other coordinate systems. An example of use of orientation value is in “the robot is oriented 54° in relation to the reference object.”
remote-controlled robot: A role for a robot performing a given task in which the human operator controls the robot on a continuous basis, from a location off the robot, via only her/his direct observation. In this mode, the robot takes no initiative and relies on continuous or nearly continuous input from the human operator. 
robot actuating part: A role for devices (Device in SUMO) that allow for the robot to move and act in the surrounding environment. 

robot communicating part: A role for devices (Device in SUMO) that serves as instruments in a robot, robot communication process or a human-robot communication process by allowing the robot to send (or receive) information to (or from) a robot or a human. 
robot group: A group (Group in SUMO) of robots organized to achieve at least one common goal. 

robot processing part: A role played by processing devices which allows the robot to process information.
robot sensing part: A role played by any measuring device (MeasuringDevice in SUMO) that allows the robot to acquire information about its environment. 
robot: An agentive device (Agent and Device in SUMO) in a broad sense, purposed to act in the physical world in order to accomplish one or more tasks. In some cases, the actions of a robot might be subordinated to actions of other agents (Agent in SUMO), such as software agents (bots) or humans. A robot is composed of suitable mechanical and electronic parts. Robots might form social groups, where they interact to achieve a common goal. A robot (or a group of robots) can form robotic systems together with special environments geared to facilitate their work. 
semi-autonomous robot: A role for a robot performing a given task in which the robot and a human
operator plan and conduct the task, requiring various levels of human interaction. 
tandem sub-network: a group of robots (as a UE) that are serially connected to each other for a traffic session.
NOTE: According to this definition, a tandem sub-network can have a ring. For example, robot A is connect to robot C via an intermediate robot B for a traffic session, it is said that these three robots have formed a tandem sub-network. If robot A has two different paths to robot C for a single traffic session, one via robot B and the other via robot B2, these four robots are also said to have formed a tandem sub-network.
teleoperated robot: A role for a robot performing a given task in which a human operator, using sensory feedback, either directly controls the actuators or assigns incremental goals on a continuous basis, from a location off the robot. A teleoperated robot will complete its last command after the operator stops sending commands, even if that command is complex or time-consuming.
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