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Start of Change 1

5.X
Factories of the Future 

5.X.1
Description of Vertical
5.X.1.1
Overview
The manufacturing industry is currently subject to a fundamental change, which is often referred to as the “Fourth Industrial Revolution” or simply “Industry 4.0” [x1]. The main goals of Industry 4.0 are―among others―the improvement of flexibility, versatility, resource efficiency, cost efficiency, worker support, and quality of industrial production and logistics. These improvements are important for addressing the needs of increasingly volatile and globalized markets. A major enabler for all this are cyber-physical production systems based on a ubiquitous and powerful connectivity and computing infrastructure, which interconnects people, machines, products, and all kinds of other devices in a flexible, secure and consistent manner. Instead of static sequential production systems, future smart factories will be characterized by flexible, modular production systems. This includes more mobile and versatile production assets, which require powerful and efficient wireless communication and localization services.

Today, the vast majority of communication technologies used in industry is still wire-bound. This includes a variety of dedicated Industrial Ethernet technologies (e.g., Sercos, PROFINET and EtherCAT) and fieldbuses (e.g., PROFIBUS, CC-Link and CAN) [x2,x3,x4]. These communication technologies are used, for example, for interconnecting sensors, actuators and controllers in an automation system. Nowadays, wireless communication is primarily used for special applications and scenarios, for example in the process industry, or for connecting standard IT hardware to a production network and similar rather non-critical applications. On the one hand, this is because there was no need for wireless connectivity in the past, due to relatively static and long-lasting production facilities. On the other hand, this is because most existing wireless technologies fall short of the demanding requirements of industrial applications, especially with respect to end-to-end latency, communication service availability, jitter, and determinism. With the advent of Industry 4.0 and 5G, however, this may change fundamentally, since only wireless connectivity can provide the degree of flexibility, mobility, versatility, and ergonomics that is required for the Factories of the Future. Thus, 5G may significantly contribute to revolutionizing the way how goods are produced, shipped, and serviced throughout their whole lifecycle. 

In this respect, several different application areas can be distinguished, as shown in Figure 5.X.1.1-1.
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Figure 5.X.1.1-1: Overview of the different application 
areas of the vertical “Factories of the Future”. 

These areas can be briefly characterized as follows:

(1) Factory automation: Factory automation deals with the automated control, monitoring and optimization of processes and workflows within a factory. This includes aspects like closed-loop control applications (e.g., based on programmable logic or motion controllers), robotics, as well as aspects of computer-integrated manufacturing. Factory automation generally represents a key enabler for industrial mass production with high quality and cost-efficiency and corresponding applications are often characterized by highest requirements on the underlying connectivity infrastructure, especially in terms of latency, communication service availability and determinism. In the Factories of the Future, static sequential production systems will be more and more replaced by novel modular production systems offering a high flexibility and versatility. This involves a large number of increasingly mobile production assets, for which powerful wireless communication and localization services are required. 
(2) Process automation: Process automation refers to the control of production and handling of substances like chemicals, food & beverage, etc. Process automation improves the efficiency of production processes, energy consumption and safety of the facilities. Sensors measuring process values, such as pressures or temperatures, are working in a closed loop via centralized and decentralized controllers with actuators, e.g., valves, pumps, heaters. Also monitoring of attributes such as the filling levels of tanks, quality of material or environmental data are important, as well as safety warnings or plant shut downs. Workers in the plant are supported by mobile devices. A process automation facility may range from a few 100 m² to km² or may be geographically distributed over a certain geographic region. Depending on the size, a production plant may have several 10 000 measurement points and actuators. Autarkic device power supply for years is needed in order to stay flexible and to keep the total costs of ownership low. 

(3) HMIs and Production IT: Human-machine interfaces (HMIs) include all sorts of devices for the interaction between people and production facilities, such as panels attached to a machine or production line, but also standard IT devices, such as laptops, tablet PCs, smartphones, etc. In addition to that, also augmented and virtual reality (AR/VR) applications are expected to play an increasingly important role in future, which may be enabled by special AR/VR glasses, but also by more standard devices, such as tablet PCs or the like.
Production IT, on the other hand, encompasses IT-based applications, such as manufacturing execution systems (MES) as well as enterprise resource planning (ERP) systems. The overall goal of an MES system, for example, is to monitor and document how raw materials and/or basic components are transformed into finished goods, whereas an ERP system generally provide an integrated and continuously updated view of important business processes. Both systems rely on the timely availability of large amounts of data from the production process.  

Since both HMIs and Production IT are more related to traditional IT systems than to factory-specific operational technology (OT) systems, they are bundled in one application area. 

(4) Logistics and warehousing: Logistics and warehousing refers to the organization and control of the flow and storage of materials and goods in the context of industrial production. In this respect, intra-logistics is dealing with logistics within a certain property (e.g., within a factory), for example by ensuring the uninterrupted supply of raw materials on the shopfloor level using automated guided vehicles (AGVs), fork lifts, etc. This is to be seen in contrast to logistics between different sites, for example for the transport of goods from a supplier to a factory or from a factory to the end customer. Warehousing particularly refers to the storage of materials and goods, which is also getting more and more automated, for example based on conveyors, cranes and automated storage and retrieval systems. For all kinds of logistics applications, generally also the localization, tracking and monitoring of assets is of high importance. 

(5) Monitoring and maintenance: Monitoring and maintenance refers to the monitoring of certain processes and/or assets without an immediate impact on the processes themselves (in contrast to a typical closed-loop control system in factory automation, for example). This particularly includes applications such as condition monitoring and predictive maintenance based on sensor data, but also big data analytics for optimizing future parameter sets of a certain process, for instance. For these use cases, the data acquisition process is typically not latency-critical, but a large number of sensors may have to be efficiently interconnected, especially since many of these sensors may only be battery-driven. 

For each of these application areas, a multitude of potential use cases exists, some of which are outlined in the following Subclauses. These use cases can be mapped to the given application areas as shown in Table 5.X.1-1.

Table 5.X.1-1: Mapping of the considered use cases (columns) 
to application areas (rows).

	
	Motion control
	Control-to-control
	Mobile control panels with safety
	Mobile robots
	Massive wireless sensor networks
	Remote access and maintenance
	Augmented reality
	Closed-loop process control
	Process monitoring
	Plant asset management

	Factory automation
	X
	X
	
	X
	X
	
	
	
	
	

	Process automation
	
	
	
	X
	X
	
	
	X
	X
	X

	HMIs and Production IT
	
	
	X
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	Logistics and warehousing
	
	X
	
	X
	
	
	
	
	
	

	Monitoring and maintenance
	
	
	
	
	X
	X
	
	
	
	


5.X.1.2
Major challenges and particularities

Major general challenges and particularities of the Factories of the Future include the following aspects:

(1) Industrial-grade quality of service is required for many applications, with stringent requirements in terms of end-to-end latency, communication service availability, jitter, and determinism.

(2) There is not only a single class of use cases, but there are many different use cases with a wide variety of different requirements, thus resulting in the need for a high adaptability and scalability of the 5G system.

(3) Many applications have stringent requirements on safety, security (esp. availability, data integrity, and confidentiality), and privacy.

(4) The 5G system has to support a seamless integration into the existing (primarily wire-bound) connectivity infrastructure. For example, the 5G shall allow to flexibly combine the 5G system with other (wire-bound) technologies in the same machine or production line.

(5) Production facilities usually have a rather long lifetime, which may be 20 years or even longer. Therefore, long-term availability of 5G communication services and components are essential.

(6) 5G systems shall support private operation within a factory or plant, which are isolated from PLMNs. This is required by many factory/plant owners for security, liability, availability and business reasons. Nevertheless, standardized and flexible interfaces shall be supported for seamless interoperability and seamless handovers between 5G PLMNs and private 5G systems.

(7) The radio propagation environment in a factory or plant can be quite different from the situation in other application areas of the 5G system. It is typically characterized by very rich multipath, caused by a large number of—often metallic—objects in the immediate surroundings of transmitter and receiver, as well as potentially high interference caused by electric machines, arc welding, and the like.

(8) The 5G system shall be able to support continuous monitoring of the current network state in real-time, to take quick and automated actions in case of problems and to do efficient root-cause analyses in order to avoid any undesired interruption of the production processes, which may incur huge financial damage. Particularly if a third-party network operator is involved, accurate SLA monitoring is needed as the basis for possible liability disputes in case of SLA violations.
End of Change 1

Start of Change 2

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
AGV
Automated Guided Vehicle

AR
Augmented Reality

CAN
Controller Area Network
ERP
Enterprise Resource Planning

HMI
Human-Machine Interface

MES
Manufacturing Execution System

OT
Operational Technology

VR
Virtual Reality
End of Change 2
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