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Start of Change 1

5.X.4
Motion Control – Seamless Integration with Industrial Ethernet
5.X.4.1
Description

In this use case, not all sensors and actuators in a motion control system are connected using a 5G system. Instead, a single motion control system could integrate components of a wire-bound Industrial Ethernet system and components of a 5G system. Therefore the 5G system must support the seamless integration and interplay with Industrial Ethernet. 
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Figure 5.X.4.1-1: Example for an Industrial Ethernet network including 5G links for motion control

5.X.4.2
Preconditions

Sensors, actuators and motion controller are switched on and some of them are connected using a 5G system and the others are connected using Industrial Ethernet. The interconnection between Industrial Ethernet and 5G is realized using gateway UEs connected to Ethernet switches or a device is connected directly to a PDN using an Ethernet adapter.   
5.X.4.3
Service flows

The conditions for cyclic and NRT communication flows apply to this use case, with the addition that communication flows are initiated on devices connected via (Industrial) Ethernet and directed to devices connected via 5G or vice versa.

As Industrial Ethernet typically operates on the Ethernet Data Link layer (Layer 2), the communication flow establishment can only be successful if the 5G network is able to forward frames from Ethernet sources towards 5G destinations and vice versa. In general this also includes the handling of broadcast packets. 

The Ethernet devices of a single motion control could be separated from others on the same physical Ethernet network using Virtual LAN (IEEE 802.1Q). Therefore the 5G system must be aware of the Virtual LAN associations when forwarding Ethernet frames. Furthermore, the Virtual LANs Priority Code Point assignment could be utilized to determine the 5G traffic priority.

The precise time synchronisation between multiple motions controllers connected to Industrial Ethernet and 5G may be realized using the Precise Time Protocol (IEEE 1588). This protocol enables the estimation of clock offsets between network end-points and in this case the motion controllers. The support of IEEE 1588 in a 5G system introduces the expedited processing and transmission of certain messages at any of the intermediate devices in the communication path.  

A single motion control might share the available network resources with other applications. Current and future Industrial Ethernet protocols offer the reservation of network resources to overcome communication bottlenecks. Since resource reservation considers the complete communication path, the flow of resource reservation is introduced to the 5G system. The 5G system could be aware of the standard Ethernet protocols as e.g. Time-Aware Scheduling defined in IEEE 802.1Qbv.

5.X.4.4
Post-conditions

The components controlled by the motion control system move/rotate as requested by the motion controller.
5.X.4.5
Challenges to the 5G system
Special challenges to the 5G system associated with this use case include the following aspects:

(1) Seamless integration with (Industrial) Ethernet systems.
(2) Support of certain mechanisms of the IEEE 802.1 protocol family, including IEEE 802.1Qbv (time-aware scheduling) and IEEE 802.1Q (VLANs).
(3) Support of time synchronization based on IEEE 1588.
5.X.4.6
Potential requirements

	Reference Number
	Requirement text
	Application / Transport
	Comments

	Factories of the Future 4.1
	The 5G system shall support the basic Ethernet Layer 2 bridge functions as bridge learning and broadcast handling.
	T
	

	Factories of the Future 4.2
	The 5G system shall support and be aware of VLANs (IEEE 802.1Q) 
	T
	

	Factories of the Future 4.3
	The 5G system shall support the expedited processing and transmission of IEEE1588 / Precise Time Protocol messages
	T
	

	Factories of the Future 4.4
	The 5G system shall support IEEE 802.1Qbv (time-aware scheduling)
	T
	


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].

NRT

Non-Real-Time
End of Change 2
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