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Abstract: This contribution provides conceptual models for wireless communication in automation. 
Discussion

This contribution provides a taxonomy/ontology for wireless communication systems in automation. While the information here is not mandatory for understand the main body of the present document, we believe that this contribution will help 3GPP practitioners with understanding documents originating from the automation community. Several of the concepts presented here are featured in our contribution S1-173028, which provides input to Subclause 4.3.2.1.
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Proposal

------------------------- PROPOSED CHANGES ----------------------------

Annex X: Model for wireless communication in automation
X.1
Conceptual model of wireless automation in vertical domains
Wireless industrial automation comprises different technical domains that contribute to an overall set of requirements for wireless communication. It is essential to consider all those aspects as a set. If parameters are neglected the wireless communication solution to be developed is prone to  miss the targeted application domain. In order to get a complete set of parameters that may influence the characteristic of a wireless solution, a model for wireless communication in automation has been developed. This model was derived using the formal description Unified Modelling Language (UML). 
The starting point of this model is the conceptual model in Figure X.1-1. 
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Figure X.1-1: Conceptual model of wireless communication in vertical domains

The initial point of consideration is the  "production" process, e.g. discrete processes in manufacturing industry (e.g. machine or car manufacturing), continuous processes in process industry (e.g. chemical or pharmaceutic industry), or the operation of subways in a city. Automation controls "production" processes in vertical domains. Automation is designed to implement functions that consider non-functional requirements, e.g. performance and security characteristics. Henceforth we refer to this kind of automation as industrial automation. The relation between production process and industrial automation is represented in Figure X.1-1 by interface "process interface". The interface is illustrated for the sake of completeness but not further used in this document.

Spatially distributed industrial automation systems are currently using serial data communication. In case of wireless communication we are talking about wireless industrial automation represented in Figure X.1-1 by the class "wireless industrial automation". With respect to the above mentioned additional domains it is composed of three classes. 

The class "distributed automation application" represents the set of spatially distributed automation functions. Examples for these functions are:

· measurement of process values such as pressure or flow of technical fluids;

· gathering of machine states;

· control of valves, drives, or switches;

· interfacing between humans and machines;

· monitoring and logging of process states.

· The attributes of the subclass "distributed automation application" are application-related parameters that may influence the characteristics of wireless communication solutions (e.g. spatial dimension of the application). They are used for developing application profiles of the industrial automation domain. These profiles represent a set of required values for an application field. 
· The class "radio environment" represents the transmission medium. Its attributes are parameters that may influence the radio propagation conditions and thus the characteristics of wireless communication solutions. More information about the radio environment can be found in Annex Y. 
· Note to Editor: Replace "Y" with identifier of Annex "The radio channel in vertical domains".
· The impact of the environment on the distributed automation application depends on the methods and implementations of the wireless communication system. The subclass "wireless communication system" represents a set of parameters of a wireless communication systems and its functions (e.g. output power). The ability profile of a wireless communication solution contains a consistent set of parameter values describing its characteristic. 

· Relationships exist between all classes. That means, if a parameter value of one class changes it influences the other classes.X.2
Conceptual model of distributed automation applications

· Figure X.2-1 shows a distributed automation application as a conceptual model. 
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Figure X.2-1: Conceptual model of a distributed automation application.
The classes "logical automation device" and "logical topology" are elements of the distributed automation system. They are used to describe the distribution of application functions, which is also referred to as the application network.

The class "logical automation device" has an external interface called "reference interface". The name indicates that all parameters that characterise the time and error behaviour of a wireless communication system are related to this interface. Via this interface, the relationship to the class "wireless communication system" is provided. Thus, the reference interface can also be seen as the interface to whichcustomer requirements, communication provider offers and  characteristics perceived by  the customer are related to.
The class "logical topology" is formed by the class "logical link". The latter is sometimes called end-to-end-connection. The class "logical link" has two instances of the class "logical endpoint": source end point and target end point (not shown in the diagram). This class is also part of the class "reference interface".

Attributes for all classes in Figure X.2-1 are defined in ???.
Note to Editor: Replace "???" with reference to the Subclause "influencing parameters".
X.3
Conceptual model of wireless communication systems

The elements of the conceptual model "wireless communication system" as shown in Figure X.3-1 correspond to the conceptual model "distributed automation application" depicted in Figure X.2-1. 
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Figure X.3-1: Conceptual model of a wireless communication system

This does not mean that there is a one-to-one relation between logical device and wireless communication device. If reasonable, more than one logical device can be realised by a wireless communication device. On the other hand, more than one wireless device could be required to maintain connectivity between logical endpoints.  

The classes "wireless communication device", "wireless topology", "wireless link", and "wireless endpoint" are elements of the wireless communication system. The class "wireless communication device" is associated to class "logical automation device" via the reference interface. Both virtual devices may reside in one physical device or in different physical devices. The class "wireless communication device" has a relationship via the virtual radio interface with the class "radio environment". This interface can be an antenna connector or an antenna in case of, e.g., a PCB or chip antenna. More information about the "radio environment" can be found in Annex ???.
Note to Editor: Replace "???" with a reference to Annex on radio channel in vertical domains.
The class "wireless topology" has a subclass "wireless link". The class "wireless link" has a subclass "wireless endpoint". The later subclass is also a subclass of the virtual radio interface. Wireless links realise the traffic of logical links.
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