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------------------------------------- START OF PROPOSED CHANGES -------------------------------------

Start of Change 1

5.X.2
Motion control – basic mode of operation

5.X.2.1
Description

Motion control is among the most challenging and demanding closed-loop control applications in in-dustry. A motion control system is responsible for controlling moving and/or rotating parts of ma-chines in a well-defined manner, for example in printing machines, machine tools or packaging ma-chines. Due to the movements/rotations of components, wireless communications based on powerful 5G systems constitutes a promising approach. On the one hand this is because with wirelessly connected devices, slip rings, cable carriers, etc.―which are typically used for these applications today―can be avoided, thus reducing abrasion, maintenance effort and costs. On the other hand, this is because machines and production lines may be built with less restrictions, allowing for novel (and potentially much more compact and modular) setups. 

A schematic representation of a motion control system is depicted in Figure 5.X.2.1-1. A motion controller periodically sends desired set points to one or several actuators (e.g., a linear actuator or a servo drive) which thereupon perform a corresponding action on one or several processes (in this case usually a movement or rotation of a certain component). At the same time, sensors determine the current state of the process(es) (in this case for example the current position and/or rotation of one or multiple components) and send the actual values back to the motion controller. This is done in a strictly cyclic and deterministic manner, such that during one communication cycle time Tcycle the motion controller sends updated set points to all actuators, and all sensors send their actual values back to the motion controller. Nowadays, typically Industrial Ethernet technologies are used for motion control systems. Examples for such technologies are Sercos, PROFINET IRT or EtherCAT, which support cycle times below 50 µs. In general, lower cycle times allow for faster and more accurate movements/rotations. 
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Figure 5.X.2.1-1: Schematic representation of a motion control system. 

While it might be possible to move away from the strictly cyclic communication pattern for motion control systems in the long-term, it is hard to do so in the short-term since the whole ecosystem (tools, machines, communication technologies, servo drives, etc.) is based on the cyclic communication paradigm. In order to support a seamless migration path, the 5G system therefore should support such a highly deterministic cyclic data communication service. 
Furthermore, there are many scenarios where some devices (e.g., sensors or actuators) are added / activated or removed / deactivated while the overall control system keeps on running. In order to support such cases, hot-plugging support is required without any (observable) impact on the rest of the system.
Table 5.X.2.1-1 shows some typical values for the number of nodes, cycle times and payload sizes for some of the most important application areas of motion control systems. However, it should be noted that these values may vary widely in practice and that not all sensors and/or actuators in a motion control system may have to be connected using a 5G system. Instead, it is expected that there will be a seamless coexistence between Industrial Ethernet and the 5G system in the future.
Table 5.X.2.1-1: Typical characteristics of motion control systems for three major applications

	Application
	# of sensors / actuators
	Typical message size
	Cycle time Tcycle
	Service area

	Printing Machine
	> 100
	20 byte
	< 2 ms
	100 m x 100 m x 30 m

	Machine Tool
	~ 20
	50 byte
	< 0.5 ms
	15 m x 15 m x 3 m

	Packaging Machine
	~ 50
	40 byte
	< 1 ms
	10 m x 5 m x 3 m


5.X.2.2
Preconditions

All sensors, actuators and the motion controller are switched on and connected to the 5G system.
5.X.2.3
Service flows

Within each communication cycle of duration Tcycle, the following steps are performed in a strictly cyclic manner: 

1. The motion controller sends set points to all actuators. 

2. The actuators take these set points and put them into an internal buffer.

3. All sensors transmit their current actual values from their internal buffer to the motion controller.

4. At a well-defined time instant within the current cycle, which is commonly referred to as the "global sampling point", the actuators retrieve the latest set points received from the motion controller from their internal buffer and act accordingly on the process(es) (see Figure 5.X.2.1-1). At exactly the same time, the sensors determine the current state of the process(es) and put them as new actual values in their internal buffer, ready to be transmitted to the motion controller. It is important that there is a very high synchronicity in the order of 1 µs between all involved devices (motion controller, sensors, actuators) with respect to this global sampling point. 

All messages exchanged have to be properly secured (especially in terms of data integrity and authenticity) and the probability of two consecutive packet errors shall be negligible. This is because a single packet error may be tolerable, but two consecutive packet errors may damage a machine and may lead to a production downtime with possibly huge financial damage. 

Some of the sensors/actuators may be moving and/or rotating, with typical maximum speeds up to about 20 m/s.
5.X.2.4
Post-conditions

The components controlled by the motion control system move/rotate as requested by the motion controller.

5.X.2.5
Challenges to the 5G system
Special challenges to the 5G system associated with this use case include the following aspects:

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

(3) Transmission of rather small chunks of data, resulting in potentially significant relative overhead due to signalling, security, etc.

(4) Potentially high density of UEs (sensors/actuators)

5.X.2.6
Potential requirements

	Reference Number
	Requirement text
	Application / Transport
	Comments

	Factories of the Future 2.1
	The 5G system shall support cyclic traffic with cycle times in the order of 1 ms for a communication group of about 50 UEs and payload sizes of about 40 bytes. 
	T
	

	Factories of the Future 2.2
	The 5G system shall support cyclic traffic with cycle times in the order of 0.5 ms for a communication group of about 20 UEs and payload sizes of about 50 bytes. 
	T
	

	Factories of the Future 2.3
	The 5G system shall support cyclic traffic with cycle times in the order of 2 ms for a communication group of about 100 UEs and payload sizes of about 20 bytes. 
	T
	

	Factories of the Future 2.4
	The 5G system shall support a very high synchronicity between a communication group of 50 – 100 UEs in the order of 1 µs or below.
	T
	

	Factories of the Future 2.5
	The 5G system shall support data integrity protection and message authentication, even for communication services with ultra-low latency and ultra-high reliability requirements 
	T
	

	Factories of the Future 2.6
	The 5G system shall support communication service availability exceeding at least 99.9999%, ideally even 99.999999%.
	T
	

	Factories of the Future 2.7
	The 5G system shall support hot-plugging in the sense that new devices may be dynamically added to and removed from a motion control application, without any observable impact on the other nodes.
	T
	

	Factories of the Future 2.8
	The 5G system shall support UE speeds up to 20 m/s, even for communication services with ultra-low latency and ultra-high reliability.
	T
	

	Factories of the Future 2.9
	The cyclic data communication service of the 5G system shall be able to support satisfy the safety requirements according to [x1] for safety integrity level 3 (SIL-3).
	T
	


5.X.3
Motion control – transmission of non-real-time data
5.X.2.1
Description

In this use case, some additional non-real-time (NRT) data are transmitted from the motion controller to one or several nodes (cf. Figure 5.X.2.1.-1). This is done in parallel to the regular cyclic data transmission service as described in the previous clause. Examples for this NRT data are software/firmware updates or maintenance information. 

5.X.2.2
Preconditions

All sensors, actuators and the motion controller are switched on and connected to the 5G system. The strictly cyclic data communication service between the motion controller and the sensors/actuators has been successfully set up (see previous use case) and is running.
5.X.2.3
Service flows

The cyclic data communication service as described in the previous clause is running without any interruptions. In addition to that, the following service flow occurs, assuming a downstream NRT data transmission from the motion controller to one (or several) sensor(s) and/or actuator(s): 

1. The motion controller initiates a NRT data transmission service to one or several sensor(s)/actuator(s). 

2. The motion controller transmits the NRT data to the respective sensor(s)/actuator(s) with a data rate of at least 1 Mb/s.

3. The recipient(s) confirm(s) the successful reception of the NRT data.

4. The NRT data transmission service is disengaged.

An alternative flow with an upstream NRT data transmission service may look as follows:

1. A sensor/actuator requests a NRT data transmission service to the motion controller

2. The motion controller approves the request to establish a NRT data transmission service from the requesting sensor/actuator to the motion controller.

3. The respective sensor/actuator initiates a NRT data transmission service to the motion controller.

4. The respective sensor/actuator transmits the NRT data to the motion controller with a data rate of at least 1 Mb/s.

5. The motion controller confirms the successful reception of the NRT data.

6. The NRT data transmission service is disengaged.

5.X.2.4
Post-conditions

The NRT data has been successfully transmitted.

The strictly cyclic data communication service between the motion controller and the sensors/ actuators has not been affected. 

5.X.2.5
Challenges to the 5G system
Special challenges to the 5G system associated with this use case include the following aspects:

(1) Simultaneous transmission of non-critical NRT data and highly-critical motion control data with highest requirements in terms of latency and communication service availability over the same link and to the same device
(2) Dynamic and efficient establishment and disengagement of NRT data transmission services

5.X.2.6
Potential requirements

	Reference Number
	Requirement text
	Application / Transport
	Comments

	Factories of the Future 3.1
	The strictly cyclic data communication service between a motion controller and several sensors/actuators and data service between the motion controller and a subset of the sensors/actuators or between one of the sensors / actuators and the motion controller can be simultaneously supported.
	T
	

	Factories of the Future 3.2
	The low-priority NRT data service support a data rate of at least 1 Mbit/s (in addition to the cyclic data communication service). 
	T
	


End of Change 1

Start of Change 2

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Tcycle
Cycle time of a cyclic data communication service
End of Change 2

Start of Change 3

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].

NRT
Non-Real-Time
End of Change 3

Start of Change 4

2
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.

End of Change 4
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