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1 Introduction

Real-time (RT) communication system requires a timely delivery of messages. In industrial automation environments, it is crucial for many applications, e.g., process control and motion control. We introduce the communication requirement to support RT in RAN.  
2 Discussion

In industrial automation, many applications require reliable packet transport with bounded latency, and low packet delay. For example, a violation of communication deadlines for the sensor or control data from the production facility would cause unacceptable consequences. Current industrial wireless network standards usually adopt Time Division Multiple Address (TDMA) based media access mechanism to ensure RT, e.g., WirelessHART, Wireless Networks for Industrial Automation-Process Automation (WIA-PA), and ISA 100.11a. For industrial field bus, e.g., Ethernet for Plant Automation (EPA), Powerlink, and ProfiNet, they adopt divided time slots to transmit RT data. In Time-Sensitive Networking (TSN), the transmission of packets in different queues is also executed at the egress ports during the scheduled time windows. In the above systems, packet transmission is all based on time slots. RT packets from different devices are transmitted in predefined time windows of loop interval without risk of interfering with each other. Namely, time slot based packet transmission is a general and effective approach to realize RT commination. But clock offset among devices will lead to a disorder or overlap of time slots, which results in the packet collision or loss. So, RT couldn’t be guaranteed. At the same time, some applications require the collaborative operation of industrial robots, e.g., polishing and welding in automobile production line, and data without time information is usually meaningless. To support the above applications, time synchronization among the devices is important.  
Observation1: In industrial automation, time synchronization among the devices is required to ensure RT communication and collaborative operation. 

Each device’s time is obtained by counting the output pulse of internal crystal oscillator, which is affected by the crystal oscillator’s accuracy. Moreover, factory environment interference and the difference of intrinsic properties between crystal oscillators have a negative impact on clock timing. Therewith, the clock offset among devices can even achieve several seconds after online. The synchronization accuracy cannot satisfy the requirements of RT communication and collaborative operation. In order to provide reliable packet transport with bounded latency, and low packet delay variation, IEEE Time-Sensitive Networking Task Group (TSN TG) has been evolved from the former 802.1 Audio Video Bridging Task Group (AVB TG). Objects of TSN are to standardize real-time functionality in Ethernet and extend the use cases from audio/video applications to control systems. 
As the sub-standard of TSN, IEEE 802.1AS-2011 declares that any two devices should be synchronized to within 1µs [1]. Motion control in industrial automation requires the transmission jitter within 1µs. To satisfy the requirement, synchronization accuracy should be better than 1µs. In [2], it also points out that industrial network should provide precise timing within the work cell ±500ns.
Observation2: In industrial automation, according to the accuracy requirement of time synchronization in different IEEE Standards Associations, the time synchronization accuracy among devices should be ±500ns.
Heterogeneous industrial measurement and control systems include different communication systems. Currently, industrial field bus and traditional industrial wireless networks coexist with each other, and cannot be replaced in the short term. Different communication systems have different synchronization mechanisms; include clocks of various inherent precision, resolution, and stability [3]. It will affect the synchronization performance. At the same time, as the time synchronization standard of TSN, IEEE 802.1 AS-2011 offers synchronization in wired-wireless networks. Therefore, time synchronization in industrial automation system should support heterogeneous industrial networks.
For example, Figure 1 illustrates a heterogeneous industrial wireless networks. It contains two subdomains, WIA-PA (Wireless Networks for Industrial Automation - Process Automation) system and WIA-FA (Wireless Networks for Industrial Automation - Factory Automation) system. gNB is the master clock of the network. Gateway (GW) is the master clock of local domain. Two devices synchronize with each other in synchronization with the master clock. Sometimes, devices in different domains need collaboration to complete the production. Therefore, time synchronization among the devices in heterogeneous industrial wireless networks consists of three cases:
· Time synchronization among the devices in the same domain:
GW provides the time source; all of the devices in the domain synchronize with GW.

· Time synchronization among  the URLLC devices:
gNB provides the time source, all of the URLLC devices synchronize with gNB.

· Time synchronization among the devices in different domains:
gNB provides the time source. Each GW has at least two ports – the slave port synchronizes with gNB, the master port provides the time source for the devices in the domain. Firstly, Devices in different domains synchronize with each GW respectively, and then realize synchronization with gNB.
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Figure 1. Illustration of heterogeneous industrial wireless networks.
Observision3: In industrial automation system, time synchronization should support heterogeneous industrial networks.
Time synchronization is important for industrial automation, but it hasn’t been considered in the study of URLLC (Ultra Reliable and Low Latency Communications). Consider the demands of industrial automation, we propose to study wireless time synchronization among devices with the support of the heterogeneity of industrial networks.
3 Conclusions
Proposal 1: Study wireless time synchronization among the devices with the accuracy ±500ns.
Proposal 2: Study wireless time synchronization among the devices with the support of the heterogeneous industrial networks.
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