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[bookmark: _GoBack]1 Introduction
[bookmark: _Ref178064866]NR is envisioned to be a core part of the Industrial IoT, such as the future factory. It will be supporting actively the factory automation domain by providing reliable data communication services enabling this way new use cases.

To a big extent, up to today, a factory relies on reliable wired connections. The factory of the future is seen as an environment with multiple sensors, virtualized hardware controllers and autonomous robots. Such diversity in hardware and processes, will benefit from wireless links. Wireless links reduce installation costs and enable new use cases that are not possible with wired solutions. For example, autonomous driving or guided entities(robots), within a factory, that transport goods from one production chain to the other.
2 Discussion
2.1 Use-cases, factory automation
TR 22.804, provides, at section 8, diverse use cases, for factory automation. According to the use cases provided there, the motion control and the control-to-control use cases are one of the most demanding ones. For example, the NR should handle packet intervals ranging from 0,5 ms to 2 ms. Moreover, also the defined reliability of the communication services should be as high as 99,999999%. Additionally, there are requirements on serving traffic with bounded latency, that also requires time synchronization inside the local deployment, where NR operates in.

Figure 1 shows a local deployment, of a network, for an industrial environment of the future. A big part of the factory communication nodes are locally connected by wires and switches and if needed connections with external networks are also possible. More specifically:
· Time Sensitive Network Switches are depicted (blue boxes), that connect different type of devices such as PLCs (Programmable Logic Controllers) and IO controllers. Such type of networks also supports transmissions with strict upper latency bounds. An example of such a network is a Time Sensitive Network (TSN), that provides a deterministic low delay to the packet transmission. The latency and determinism in this use case are of paramount importance. 
· Interconnecting the TSN industrial network over wireless links, emulating a TSN capable switch. A TSN ethernet network supports the operations of a factory. Such ethernet based type of wired network, provides very low bounded latencies. It connects different hardware parts and software processes with diverse traffic requirements. NR is able to extend such wired networks. NR is a fast and reliable mean, that is seen as an effective wire replacement. NR enables new use cases that are not possible with static wired connections. Special note should be given in that time synchronization within the local deployment is needed, 
· A mixture of traffic is also present across the network, with multiple devices such cameras, smartphone and sensors providing diverse sets of data sets.
· If needed, connection to the cloud enables seamless virtualization and provides insights and actions through data analysis, artificial and machine intelligence. Virtualization of PLC enables also use cases, such as management, controlling and reconfiguration of PLC. Such use cases require very low latencies though. The NR needs to handle, in that case, traffic with less stringent requirements, as for example gathering statistics from the network, that can be delivered from the NR to the core as a best effort service.
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Figure 1: A local industrial shopfloor with NR integrated, in the factory’s communication network. An optional connection to outside networks enables, if needed, communications with outside networks.

Some more examples are also presented, that highlight the diverse needs, that should be supported from NR, for industrial traffic.

Use-case 1: Control of production robots.  According to this use-case, NR shall support very reliable wireless link, replacing cables for controlling industrial robots. Low latencies are also needed. This traffic tends to be periodic in nature.

Use-case 2: Providing wireless links in an existing industrial network. For example, a Time Sensitive Network is an Ethernet based wired network that provides low latency bounds to the data flows. NR should be able to extend those networks by emulating wired TSN switches, providing at the same time the flexibility a wireless link can bring to a factory environment. Such integration will require time synchronization for the NR similar to the existing available from the TSN network.

Use-case 3: Reducing infrastructure complexity and maintenance costs. In factories changing or modifying the cabling infrastructure is an expensive process, especially that the production of a factory many times need to stop. This process has also a high fault rate and requires surveillance. Reliable wireless links not only reduce the needs for extensive cabling in factory but also enable use-cases that cannot be supported with cables. 

Use-case 4: Massive wireless sensors, cameras, smartphones and other smart devices, are some of the examples of devices across the factory that produce data sets of very diverse characteristics and requirements.


Finally, the table is reproduced from TR 22.804, that maps 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
	
	
	
	X
	
	
	

	Logistics and warehousing
	
	X
	
	X
	
	
	
	
	
	

	Monitoring and maintenance
	
	
	
	
	X
	X
	
	
	
	



2.2 Traffic requirements
This plethora of different use cases presented, includes diverse requirements in terms of transporting data sets. Supporting all these requirements at the same time is crucial for the factory of the future. The traffic requirements span from low latency traffic, of bounded latency, that requires at the same time increased transmission reliability. Traffic can also be periodic or aperiodic in nature, with critical priority. At the same time networks should also handle efficiently, best effort type of traffic. The challenge here lies in that the NR not only needs to give higher priority to specific data flows, but most importantly to meet the requirements, as these were agreed upon. NR as a single system, is the ideal candidate, that can serve all this type of traffic. 

2.3 Installation costs and integration into existing factory network
One of the main hurdles in factory automation, are the costs related to new installations and the relevant maintenance. NR can effectively reduce such high costs by removing the need for cabling infrastructure. Moreover, factories typically run with the same hardware for many years and any hardware changes tend to happen rather slowly. NR should be introduced in a brownfield fashion, replacing to some parts the existing cables through wireless transmissions. This can be done with the NR emulating wired counterparts, such as switching devices. The challenge here lies in that the NR should offer reliability and speeds that get close, to what the wired solutions can offer.

3. Conclusion
In this paper we have highlighted uses cases for factory automation, explaining the diverse requirements the traffic inside a local factory has. The NR is a basis to support such communication on local factory deployments, where the focus of this study should be.

Observation 1 NR can be considered as a basis to support the communication needs in the Factory of the Future scenario by providing low-latency reliable wireless communication to meet very tight time bounds.

Observation 2 NR is required in this scenario to operate with time synchronized networks and in that sense, time synchronization capabilities are needed at NR.

Observation 3 NR is required in this scenario to handle efficiently multiple use-cases with very diverse QoS requirements.
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