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Communication used in factories has until now been mainly wired communication, which has been preferred for its reliability. However, in recent years the shorter times of product development cycles demands greater flexibility in the layout of machines and pipeline construction, and there are increasing expectations for the use of radio links amongst of the sensors and machines used in the manufacturing and factory processes.

This report is developed under the IEEE 802 Network Enhancements for Next Decade Industry Connections Activity (NEND-ICA). It addresses the converged and bridged wired and wireless IoT communications in the factory environment. The report includes use cases and requirements within the factory wireless environment. It presents problems and challenges observed within the factory and reports on feasibility for overcoming these issues leading towards a proposal to initiate new standards development makes the case for a new project to be conducted within the IEEE 802.1 WG. Material supporting the development of a new PAR is included in this report. 

The report analyses the factories environments considering its foreseen evolution that includes dense radio devices utilization. It summarizes wireless use cases and their communication requirements which are obtained based on information gathered from literature and factories survey.
The report then presents an underlying End to End network architecture which encompasses the operation and control of the various services in the factory network according to their dynamic QOS requirements. It analyses the applicable standards and features in wired and wireless IEEE802 technologies for managing requirements in E2E network connectivity and TSN profiling for converged wired and wireless connectivity in factory environment.

Contents
91. Overview


91.1 Scope


91.2 Purpose


102. Definitions


103. Factory Overview and Operation environment


114. Wireless use cases and communication requirements


114.1 Introduction


114.2 Wireless use cases and communication requirements


114.3 Categories of wireless use cases and communication requirements


114.4 Details of wireless use cases and communication requirements


115. Factory Usage scenarios


115.1 Usage scenarios example: Metal processing site


115.2 Usage scenarios example: Elevated and high temperature work site


115.3 Usage scenarios example: Logistics warehouse site


116. Factory End to End Network architecture


116.1 Concept of architecture


116.2 Expectation for Enhancement of existing  IEEE 802 functions


117. New Project description and proposal


12Annex A (informative) Bibliography




Draft Report for [Wired/Wireless use cases and communication requirements for Flexible Factories IoT Bridged Network]
1. Overview

Communication used in factories has until now been mainly wired communication, which has been preferred for its reliability. However, in recent years the shorter times of product development cycles demands greater flexibility in the layout of machines and line construction, and there are increasing expectations for the use of wireless communications.

The report addresses the converged and bridged wired and wireless IoT communications in the factory environment. It analyses factory environment considering its foreseen evolution that includes dense radio devices utilization. It gives summary of use cases and requirements within the factory wireless environment which are obtained based on information gathered from literature and factories survey. It presents problems and challenges observed within the factory and reports on feasibility for overcoming these issues leading towards a proposal to initiate new standards development. The new project is targeted to be conducted within the IEEE 802.1 WG. Material supporting the development of a new PAR are included in this report. 

1.1 Scope
The scope of this report is to capture current and future network requirements taking into consideration dense use of radio devices and its operation in factory environment. The report presents analysis of issues and challenges identified in maintaining reliable and time sensitive/constraint deliverable of control messages and data traffic across wired and wireless bridged network within the identified factory environment. Also to present analysis of applicable standards and features in wired and wireless IEEE802 technologies for managing requirements in E2E network connectivity. 
1.2 Purpose

The purpose of this report is to present an overview of issues and challenges in managing a reliable and time sensitive connectivity in E2E wired and wireless network characterized by dense radio devices installation and noisy factory environment. The report will also present technical analyses of the applicable features and functions in wired and wireless IEEE802 technologies for managing requirements in E2E network connectivity which can be used in an IEEE 802 standard solution based on TSN profiling for converged wired and wireless connectivity within the factory environment.
2. Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary Online should be consulted for terms not defined in this clause. 

3. Factory Overview and Operation environment
Recent trends to introduce IoT devices, such as sensors and cameras in the factories are accelerated by strong demand for improving productivity under the constraints of decreasing works in aging population society and pressure for cost reduction. Digitalization of the factories as well as connection of information on production process and supply chain management within a factory and across factories becomes important. It is no doubt that commutation networks will be changing in factories for the next decade.
There are several system applications, e.g., preventive maintenance, management of materials and products, monitoring of movements and machine monitors which are integrated in the network. Future industrial network for a factory may consist of wired and wireless bridges for such systems above. The successful convergence of wired and wireless systems is indispensable and more efforts will be required for wireless communication because of its narrow bandwidth and sensitive nature of environment. 
Traditionally, wireless communications have not been so popular in the manufacturing field. There are still many stand-alone machines managed manually by skilled workers. Advanced factories, on the other hand, have been using communication networks called fieldbus which is a wireline network. One of reasons not to use wireless commutations is that they have been believed to operate possibly instable in some cases. Technology developments as well as standardization are keys to success for wireless utilization. Once success, it facilities more use of IoT devices resulting in productivity improvement in the factories.

It is true that wireless commutations are not always difficult everywhere in factories.  However, we have to consider that some applications require high-reliable, low-latency and low-jitter data transmission compared with other application in other places like offices and homes in general. Furthermore, the measurement results have revealed that some factories are facing difficulties coming from (a) severe environment for wireless communications, and/or (b) existence of uncoordinated and independent systems in the same space.
[Insert text created from presentation slides; 1-17-0010-00-ICne-examples-of-radio-environment-in-the-factories.pdf]
In this document, wireless use cases and communication requirements are described to understand what shall be improved and enhanced for successful convergence of wired and wireless systems. 
4. Wireless use cases and communication requirements

4.1 Introduction
4.2 Wireless use cases and communication requirements
4.3 Categories of wireless use cases and communication requirements

4.4 Details of wireless use cases and communication requirements
5. Factory Usage scenarios 

5.1 Usage scenarios example: Metal processing site

5.2 Usage scenarios example: Elevated and high temperature work site

5.3 Usage scenarios example: Logistics warehouse site
6. Factory End to End Network architecture

6.1 Concept of architecture
6.2 Expectation for Enhancement of existing  IEEE 802 functions 
7. New Project description and proposal
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