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

Annex X: The radio channel in vertical domains
X.1
Introduction

The radio environment in vertical domains is often challenging. Depending on the used radio frequency, fixed or moving obstructions, and electromagnetic interferences, other applications or wireless communication systems may or may not influence the radio transmission. Radio environments differ between, for instance, manufacturing cells; factory halls; indoor and outdoor processes; indoor and outdoor logistic applications (high-bay warehouses, container yards); electricity distribution networks in urban and rural settings; etc.
X.2
Conceptual model of the radio environment
Figure X.2-1 shows a conceptual model of the class radio environment. The relevant elements are the classes "passive environmental influences" and "active environmental influences". The class "passive environmental influences" is a composition of the class "propagation conditions" and the external interface "virtual radio interface". The relationship to the class "wireless communication system" is established via this interface.
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Figure X.2-1: Conceptual model of the radio environment.
The class "active environmental influences" is an aggregation of the classes "interfering wireless communication system" and "interfering radio application". Examples for the latter are emissions from drives, power inverters, or switches. Relevant attributes for requirement specification are defined in Clause X.3.

X.3
Environmental influencing parameters

X.3.1
Passive influences
Passive influences take effect between two wireless endpoints or between a wireless endpoint and an active influence. Typically, the propagation conditions vary widely in industrial environments. Thus, it may be necessary to specify more than one passive influence in a requirement profile.
X.3.2 
Passive environmental influence
X.3.2.1

Characteristics of the area of operation
The characteristics of the area of operation are important for specification of the conditions for radio channel measurements and modelling. 

E.g., the terms indoor and outdoor can be used to characterize areas of operation. For indoor areas of operation, it is reasonable to specify whether the communication is concentrated in a sub-area (e.g. production cell), or if it operates distributed all over the entire indoor volume. Furthermore, information about equipment (e.g. walls, machines, shelves) in the area of operation should be mentioned. The equipment may influence radio propagation by attenuation, reflection, diffraction or refraction. Coefficients of reflecting surfaces or of obstructions can be provided if available.

X.3.2.2 
Dimension of the space of operation
The dimension of the space of operation is the length, width and height of the space in which the wireless communication solutions is going to be installed and which has impact the propagation conditions. The dimension of the space of operation may cause multipath signal propagation, and thus fading. Therefore, the dimension of the space of operation is important to specify the conditions for radio channel measurements and modelling.

X.3.2.3

Intervisibility
If there is a logical link between two implemented logical automation devices, intervisibility considers whether communication between devices can occur via line of sight, non line of sight, and obstructed line of sight XE "OLOS" \t "Obstruced line of sight" . Intervisibility influences the radio signal propagation. The specification of this parameter is important for specifying the conditions for radio channel measurements and modelling.

An example measure is to position communication devices differently than the required positions of the automation devices linked by cables. Other measures are different antenna positions, specific antenna types, or wireless devices with network functions (e.g., access points).

X.3.2.4

Mobile objects
Mobile equipment (e.g. cranes) or persons influence propagation conditions remarkably. Therefore, the area of operation and speed of these objects shall be specified. Further relevant information is, for instance, dimension and material of the mobile objects.

X.3.2.5

Natural environmental conditions
Natural environmental conditions such as temperature, humidity, dust, fog, or air pressure may influence the propagation conditions. The natural environmental conditions are considered while specifying the conditions for radio channel measurements and modelling.

X.3.3
Propagation conditions
The propagation conditions are described with radio channel models. These model the distortion of an input signal in frequency and time and provide an output signal according to the propagation conditions. Application, environmental, wireless-device- and wireless-system-related influences determine the radio channel properties. 

X.3.3
Virtual radio interface
The virtual radio interface is an abstraction of the interface between wireless communication system and its radio environment. 

X.3.3.1

Active influences
Active influences can have different sources with different characteristics. Besides other wireless communication systems they might include welding machines, electrical drives or frequency converters. The influences overlap and influence the wireless communication. It is advisable to specify all possible active influences appropriately.

X.3.3
Active environmental influence

X.3.3.1 Type of interferer
This parameter describes the type of the interfering wireless communication system or the interfering radio application (e.g. welding machine). The required values list all interferers that shall be considered for the development of the wireless communication system. The promised values list the interferers that have been considered.

X.4
Requirement profiles of industrial automation

X.4.1
Profile development

Application scenarios and its characteristics in industrial production processes vary very widely. There are hardly two different application scenarios with the same set of requirements e.g. for communication. This is cumbersome for a target-oriented development of wireless communication systems. For industrial communication systems, the concept of profile specification has been introduced to overcome this problem. A requirement profile subsumes required parameter values for a number of comparable application scenarios. Even if the profile does not image an application scenario exactly, the ability profile will most likely fit to a communication solution. 

Starting point of the considerations are the parameters of the wireless industrial automation model described in Subclause XYZ.

Note to editor: Please replace "XYZ" with # of Subclause "influencing parameters".

The values of these parameters influence the dynamic behaviour and the error behaviour of wireless communication systems. These parameters are clustered as sets of application-related influencing parameters, environment-related influencing parameters, and wireless-device- and system-related influencing parameters. Based on the influencing parameters, profiles are derived as shown in Figure X.4.1-1.
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Figure X.4.1-1: Influencing parameters grouped to profiles.
Application-related influencing parameters and environment-related influencing parameters contribute to the application profile (e.g. user data length) and radio environment profile (e.g. spatial dimension of the application). Furthermore, environment-related influencing parameters (e.g. intervisibility) as well as wireless-device- and system-related influencing parameters (e.g. radio transmission frequency) contribute to the radio environment profile.

The radio channel profile is part of the radio environment profile. It describes the radio propagation conditions. The radio channel profile is specified for testing purposes.

The interference profile is another part of radio environment profile. It refers to interfering wireless communication systems and interfering radio applications.

As depicted in Figure X.4.1-2, the parameter values of the introduced profiles, together with wireless-device- and system-related influencing parameters, product characteristic, and additional functions, take effect on the values of the characteristic parameters that describe the dependability of a wireless communication system. 
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Figure X.4.1-2: Influences to characteristic parameters of wireless communication systems.
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Figure X.4.1-3: Aggregation of requirement profile and ability profile.
Figure X.4.1-3 depicts that the required values of application profile, interfering profile, characteristic parameters, product characteristics and additional functions are aggregated into the requirement profile. The promised values of characteristic parameters, application profile, interference profile, radio channel profile, product characteristics, and additional functions, are aggregated into the ability profile. The ability profile describes a set of parameter values that is supported by a wireless communication solution. That means that specified values e.g. distance between wireless devices and transmission time are valid at the same time and not only for different set-ups.

Table X.4.1-1 lists which influencing parameters are relevant for describing the different profiles.

Table X.4.1-1:
Usage of influencing parameters in profiles

	Influencing parameter
	Profile

	Spatial dimension of the application
	Application profile; determines radio channel model

	Number of logical automation devices
	Application profile

	Distance between logical automation devices
	Application profile; determines radio channel model

	Relative movement between logical automation devices
	Application profile; determines radio channel model

	User data length
	Application profile

	Transfer interval
	Application profile

	Logical topology
	Application profile

	Reference interface
	Ability profile

	Functional safety
	Application profile

	Security objective
	Application profile

	Logical endpoints
	Ability profile

	Number of passive influences
	Ability profile

	Characteristic of the area of operation
	Determines radio channel model; application profile

	Dimension of the space of operation
	Determines radio channel model; application profile

	Intervisibility
	Determines radio channel model; application profile

	Mobile objects
	Determines radio channel model; application profile

	Natural environmental conditions
	Determines radio channel model; application profile

	Virtual radio interface
	Ability profile

	Number of active influences
	Interference profile

	Type
	Interference profile

	Frequency band
	Determines the radio channel model; interference profile; ability profile

	Frequency channel
	Determines the radio channel model, interference profile

	Power spectral density
	Interference profile

	Duty cycle
	Interference profile

	Propagation conditions
	Determines the radio channel model; interference profile

	Wireless communication system
	Ability profile

	Antenna
	Ability profile

	Further attributes
	Ability profile


X.4.2
Application profiles

Examples for application profiles are

· Machine or manufacturing cell including welding machine

· Manufacturing hall, crane, hoisting system, storehouse

· Process system (Indoor, Outdoor)

· Electric overhead rail conveyor

· Cableway

· Robot arm

· HMI

· Port logistic

· High-bay warehouse, storage and retrieval machines

· Foil-wrapping machine

· Wastewater treatment plant

· Lift

· Automatic guided vehicle

X.4.3
Environment profiles

X.5
Metrological performance assessment of wireless solutions for industrial automation applications
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