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

------------------------- Start of Change 1 ----------------------------
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3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
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------------------------- End of Change 1 ----------------------------

------------------------- Start of Change 2 ----------------------------

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].



communication cycle: time interval of communication algorithm (e.g. of MAC) for transmitting or receiving data .

promised value: value of a parameter that is ensured by operator of wireless communication solution based on its properties.

required value: value of a parameter that is demanded by operator of distributed automation application, due to requirements of the application .

------------------------- 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].



------------------------- End of Change 3 ----------------------------
------------------------- Start of Change 4 ----------------------------
4.3.3
Wireless communication in automation

Editor’s Note: This Subclause discusses wireless communication models for vertical applications.

4.3.3.1
Model for wireless automation in vertical domains
4.3.3.1.1
Conceptual model of wireless automation in vertical domains
The “vertical” wireless automation system is described using Unified Modelling Language (UML). The starting point is the conceptual model in Figure 4.3.3.1.1-1. 
[image: image1.emf]  class WirelessIndustrialAutomation

Distributed automation application

Wireless communication system

Radio environment

Wireless industrial automation

«interface»

Process interface

1..* 1

1..*

1

1

1

1..*

1

1..*

1

1

1

1..*

1


Figure 4.3.3.1.1-1: Conceptual model of wireless communication in vertical domains
The class "wireless industrial automation" is composed by three subclasses. 

The subclass "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 subclass "distributed automation application" used for developing application profiles of automation in vertical domains.

The class "radio environment" represents the transmission medium. More information about the radio environment can be found in Annex X. 
The impact of the environment on the distributed automation application depends on the methods and implementation of the wireless communication system. The subclass "wireless communication system" represents the set of wireless communication functions. Although the properties, implementation, and configuration of wireless communication devices have an important impact on their dynamic and failure behaviour, these factors are not the subject of this study.

Relationships exist between all classes. The class "wireless ‘vertical’ automation" has an interface to the other automation processes (“productive processes”). The requirements expressing reflecting influences of the other automation applications do have their origin in the productive processes. 

4.3.3.1.2
Conceptual model of distributed applications
Figure 4.3.3.1.2-1 shows a distributed automation application as a conceptual model. 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 characterize 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.

The process interface is provided for the sake of completeness. 

The class "logical topology" is formed by the classe "logical link". The latter is sometimes called end-to-end-connection. The class "logical link" has two instances of 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".
Relevant attributes for all classes are defined in Subclause 4.3.3.2.
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Figure 4.3.3.1.2-1: Conceptual model of a distributed automation application

4.3.3.1.3
Conceptual model of wireless communication systems
The conceptual model of wireless communication systems is used for the expression 5G-system-related potential service requirements. 

The elements of the wireless communication system as shown in Figure 4.3.3.1.3-1 correspond to the application network depicted in Figure 4.3.3.1.2-1. Note that this does not mean that there is one to one relation between logical device and wireless communication device. If reasonable, more than one logical device can be connected to 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. Furthermore, the class "wireless communication device" has a relationship via the virtual radio interface with the class "radio environment". More information about the latter can be found in Subclause X.2.
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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Figure 4.3.3.1.3-1: Conceptual model of a wireless communication system
4.3.3.2
Influencing parameters
Influencing parameters affect the behaviour of wireless communication systems. Therefore, together with the characteristic values of a wireless solution the values of the relevant influences have to be specified. Required values of influencing parameters express the conditions under which the required characteristic values are valid. On the other hand, promised values for characteristic parameters shall be valid under the conditions of promised values for the influencing parameters, i.e. even if, for instance, environmental conditions and thus the influencing parameters change, the promised parameters shall be valid.

For the development of wireless technologies, values of influencing parameters for the requirement profiles of different automation applications in vertical domains provide a general orientation. For real implementations, values for characteristic parameters in context of the given values for the influencing parameters have to be negotiated.

In the following subclauses, we specify which parameter is a relevant promised value.

4.3.3.2.1
Application-related influencing parameters
4.3.3.2.1.1
Distributed automation application 
Spatial dimension of the application

The spatial dimension of the application results from the application devices with the outer positions. It describes length, width, and height of the space that the wireless communication solution shall cover. The spatial dimension is used to estimate the required extension of the wireless communication solution and to assess the passive environmental influences. Required values mark the minimum spatial dimensions to be supported by the wireless communication solution. Note that in the context of 3GPP this is expressed as the service area.
Number of logical automation devices

The number of logical automation devices describes how many distributed units with automation functions are required to implement the application. It is used to determine the communication load within the network. It is presumed that all devices can be active simultaneously. Thus, the required value is the minimum number of active automation devices.
Distance between logical automation devices
If there is a logical link between two automation devices, this parameter defines the distance between these devices. The distance between logical automation devices results from the positions of the relevant implementations of the logical automation device. From the point of view of the automation application, it does not matter whether there is a direct wireless communication possible or if several physical links are required. The required value is the minimum. Since the free field attenuation of a wireless signal is dependent on this distance, it is an important indication for the passive environmental influence (see Subclause X.2).

The required value considers the logical topology of the automation application. The promised value represents the maximum possible distance.

Relative movement between logical automation devices

Moving or mobile automation devices change the distance to their communication partners. Acceleration and speed determine, in addition to the distance between them, the passive environmental influence (see Appendix X.2). Required values are minimum acceleration and minimum speed. Since any communication partner may move, this value is relative. In addition, the minimum required range of movement can be stated. The promised values represent the maximum supported acceleration and the maximum supported speed.
4.3.3.2.1.2
Logical automation device 
User data length

The user data length is the number of information units (e.g. bits, octets) that shall be transferred via a logical link. The user data length is firstly determined by the application communication requirements. However, e.g. in case of Ethernet as the implementation of the reference interface, a minimum number is required (64 octets). The communication system may transfer the data in several smaller portions. However, the set of all promised values (including the values of characteristic parameters) shall be valid at the same time. The required value is the minimum; the promised value is the maximum user data length supported.
Transfer interval

The transfer interval is the time difference between two consecutive transfers of user data from automation function via the reference interface to communication function. The transfer interval is related to the logical source endpoint of a logical link. The transfer may be periodic or a-periodic (see Subclause 4.3.1). For periodic transfers, the required value indicates the maximum time interval, which results in the minimum required communication load. The promised value, however, is the minimum transfer interval, which entails a maximum communication load.

In case of a-periodic transfer, values for centre and dispersion of the distribution function are relevant. The required value for the centre (e.g. mean value) is the maximum. The required value for dispersion (e.g. standard deviation) is the minimum. 
Note that the transfer interval is different to the communication cycle of the communication system.
Logical topology

The logical topology describes the network composed by logical links. It has to be specified which logical links can be provided consecutively and which have to be provided simultaneously, e.g. with multicast or broadcast transmissions, or with transmissions from many devices to one device. The communication load of the communication system increases the more logical links are supported.

In context of this document, it is assumed that only one link exists between two logical automation devices. This circumstance shall be considered for the required values relevant for communication load (e.g. transfer interval). Thus, only the number of parallel supported logical links is of interest here.

The required value is the minimum of supported logical links; the promised value is the maximum number of supported logical links.
Reference interface
The reference interface is composed of one or more logical endpoints. Furthermore, one reference interface per logical automation device is defined. A detailed description of the reference interface is required for implementation (interface between application and wireless communication system). 

4.3.3.2.1.3
Logical link
Functional safety

This parameter is necessary if the automation application requires functional safety functionality for a certain logical link. The required value is, for instance, the SIL XE "SIL" \t "Safety integrity level"  (safety integrity level). Connectivity provided through services is by the very nature of services, treated as a black communication channel. In the case a black communication channel does not longer meet the negotiated QoS, the consuming application enters a safe state. In other words, unreliable communication services reduce the productivity of the consuming application. 
Security objective

This parameter is necessary if the automation application requires specific security objectives that have to be fulfilled by the communication network. The required value describes protection targets e.g. confidentiality. The resulting security measures of the wireless communication solution influence its behaviour.
4.3.3.2.1.4
Logical endpoint
Logical endpoints are essential objects for specifying requirements and providing characteristics of a wireless communication solution. These endpoints are the crucial references (source and target) for the characteristic values. 

The attributes listed in Subclause 4.3.3.2.1.2 belong actually to the logical source endpoint. For the sake of understanding, it is assigned there with the definition of one logical source endpoint per device.

------------------------- End of Change 4 ----------------------------
------------------------- Start of Change 5 ----------------------------

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 warehouse, container yard); electricity distribution networks in urban and rural settings; and so on.
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.
The class "active environmental influences" is an aggregation of the subclasses "interfering wireless communication system" and "interfering radio application". Examples for the latter are applications such as welding machines or drying systems, as well as emissions from drives, power inverters, or switches. Relevant attributes for requirement specification are defined in Clause X.3.
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Figure X.2-1: Conceptual model of the radio environment
X.3
Environmental influencing parameters
X.3.1
Number of 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. A detailed description is required for the ability profile.
X.3.2 
Passive environmental influence
X.3.2.1

Characteristics of the area of operation
The characteristics of the area of operation can be described informally with text, graphics and photos. Furthermore, the terms indoor and outdoor are used. For indoor areas of operation, it is reasonable to specify whether the communication is concentrated in a machine area or manufacturing cell, or if it operates distributed all over the entire factory hall. Further information about the equipment in the area that may influence radio propagation should be mentioned. Coefficients of reflecting surfaces or of obstructions can be provided if available.

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

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 to the propagation conditions. It is reasonable to consider also the superior space, for instance the factory hall for a machine. 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, the intervisibility considers line of sight (LOS), non Line of sight (NLOS), and obstructed line of sight (OLOS XE "OLOS" \t "Obstruced line of sight" ) between the devices. The intervisibility influences the radio signal propagation. The specification of this parameter is important for specifying the conditions for radio channel measurements and modelling.

The required value considers the logical topology of the automation application. The promised value may require specific measures of the wireless communication system. An example measure is differences in the positions of communication devices compared to the required positions of the automation devices linked by cables, different antenna positions, specific antenna types, or wireless devices with network functions (e.g., access points).
X.3.2.4

Mobile objects
Moving or mobile equipment or personal influences the propagation conditions remarkably. Therefore, the area of operation and speed shall be specified. Further relevant information is, for instance, dimension and material of the object.
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 values of the radio channel parameters. 
X.3.3
Virtual radio interface
The virtual radio interface is an abstraction of the interface between wireless communication system and radio environment. 

X.3.3.1

Number of active influences
Active influences can be very different from interfering wireless communication systems over welding machines, electrical drives up to frequency converters. The influences overlap and influence the wireless communication.
X.3.3
Active environmental influence

X.3.3.1 Type
This parameter describes the type of the interfering wireless communication system or the interfering radio application. The required values list all interferers that shall be considered. The promised values list the interferers that have been considered.
X.4
Requirement profiles of industrial automation

X.4.1
Profile development

Starting point of the considerations are the parameters of the wireless industrial automation model described in Subclause X.4.3.3. The values of these parameters influence the time and error behaviour of wireless communication systems. They are therefore 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.

Application-related influencing parameters and environment-related influencing parameters contribute to the application profile and radio environment profile. Furthermore, environment-related influencing parameters, wireless-device- and system-related influencing parameters contribute to the radio environment profile.
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Figure X.4.1-1: Influencing parameters grouped to profiles

The radio channel profile is the part of the radio environment profile that refers to the radio channel model that describes the radio propagation conditions. The radio channel profile is not of interest for the user and therefore not considered in the requirement profile. However, it is specified for testing, so that it is part of the capability profile.

The interfering profile is the part of radio environment profile that refers to interfering wireless communication systems and interfering radio applications.
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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.

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

------------------------- End of Change 5 ----------------------------

------------------------- END OF PROPOSED CHANGES ----------------------------

