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Start of Change 1

5.X.5
Control-to-control communication (motion subsystems)
5.X.5.1
Description

Control-to-control (C2C) communication, i.e., the communication between different industrial controllers (e.g., programmable logic controllers or motion controllers) is already used today for a number of different use cases, such as the following ones:

· Large machines (e.g., newspaper printing machines), where several controls are used to cluster machine functions, which need to communicate with each other. These controls typically need to be synchronized and exchange real-time data.
· Individual machines that are used for fulfilling a common task (e.g., machines in an assembly line) often need to communicate, for example for controlling and coordinating the handover of work pieces from one machine to another.

Typically, a C2C network has no fixed configuration of certain controls that need to be present. The control nodes present in the network often vary with the status of machines and the manufacturing plant as a whole. Therefore, hot-plugging support for different control nodes is important and often used.

Protocols that are used for C2C communications today include Industrial Ethernet standards, such as Sercos, PROFINET, and EtherCAT, as well as OPC UA-based communication and other protocols, which are often based on Fast Ethernet.

With the introduction of “Connected Industries” or “Industrial IoT” scenarios, the amount of networking between controls is assumed to rise. Especially the number of controls participating and the amount of data being exchanged is assumed to rise significantly. In this respect, wireless communication using a 5G system may pave the way for highly modular and flexible production modules that efficiently and flexibly interact with each other.

In the following, the main focus is on control-to-control communication between different motion (control) subsystems, as outlined in Clause 5.X.2. An exemplary application for that are large printing machines, where it is not possible or desired to control all actuators and sensors by one motion controller only. Such C2C systems typically have the most demanding requirements on the underlying connectivity infrastructure. For other C2C applications, the corresponding requirements (e.g., in terms of clock synchronicity) become often more relaxed.
5.X.5.2
Preconditions

At least a subset of the controls are switched on and connected to the 5G network. The remaining controls may be interconnected with the other controls using state-of-the-art wire-bound communication technologies, such as the ones mentioned above.
5.X.5.3
Service flows

Data transmission in control-to-control networks typically consists of cyclic and acyclic data transfers. Both types may have real-time requirements. However, the real-time requirements typically are lower than in the case of communication between controls and sensors or actuators (for example in case of motion control applications). Typical cycle times for C2C communication are in the order of 4 to 10ms. However, the amounts of cyclic data typically are higher compared to the communication between controls and sensors / actuators and may be more than 1 kB per cycle. 

Many C2C networks make heavy use of hot-plug features, so that additional control nodes may be added to a running network as well as being removed without affecting the data transfer between other nodes.

5.X.5.4
Post-conditions

The different types of data transfers between the controls function as required. The different controls act in a coordinated and tightly coupled manner.
5.X.5.5
Challenges to the 5G system
Special challenges to the 5G system associated with this use case include the following aspects:

(1) High requirements on end-to-end latency, communication service availability, and determinism.
(2) Very high requirements on synchronicity between different nodes.

(3) Transmission of possibly large amounts of data per cyclic data transmission.

(4) Potentially high density of UEs in the future

5.X.5.6
Potential requirements

	Reference Number
	Requirement text
	Application / Transport
	Comments

	Factories of the Future 5.1
	The 5G system shall support strictly deterministic cyclic traffic with cycle times down to at least 4 ms for a communication group of 5 – 10 controls (in the future up to 100) and payload sizes up to 1 kByte. 
	T
	

	Factories of the Future 5.2
	The 5G system shall support strictly deterministic acyclic traffic with response times of less than 10 ms, i.e., any acyclic (bi-directional) message transfer shall be successfully completed in less than 10 ms.
	T
	

	Factories of the Future 5.3
	The 5G system shall support a very high synchronicity between a communication group of 5-10 controls (in the future up to 100) in the order of 1 µs or below.
	T
	

	Factories of the Future 5.4
	The 5G system shall be able to support non-real-time traffic, both cyclic and acyclic.
	T
	

	Factories of the Future 5.5
	The 5G system shall support data integrity protection and message authentication, even for communication services with low end-to-end latency and ultra-high availability requirements 
	T
	

	Factories of the Future 5.6
	The 5G system shall support communication service availability exceeding at least 99,9999%, ideally even 99,999999%.
	T
	

	Factories of the Future 5.7
	The cyclic data communication service of the 5G system shall be able support to satisfy the safety requirements according to [x1] for safety integrity level 3 (SIL-3).
	T
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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].

C2C
Control-to-Control
End of Change 2
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References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[x1] IEC 61784-3, Industrial communication networks – profiles – part 3: functional fieldbuses – general rules and profile definitions, 2016.
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