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1 Introduction

In SA1, the use case of industrial automation has been discussed and the requirement of jitter has been confirmed. In [1], two use cases are listed:
· In a closed-loop control application, the controller periodically submits instructions to a set of sensor/actuator devices, which return a response within a cycle time. The messages, referred to as telegrams, are typically small (≤ 56bytes). The cycle time can be as low as 2 ms, setting stringent end-to-end latency constraints on telegram forwarding (1 ms). Additional constraints on isochronous telegram delivery add tight constraints on jitter (1 s), and the communication service has also to be highly available (99.9999%). 
· Multi-robot cooperation is a case in closed-loop control where a group of robots collaborate to conduct an action, for example, symmetrical welding of a car body to minimize deformation. This requires isochronous operation between all robots. For multi-robot cooperation, the jitter (1 µs) is among the command messages of a control event to the group robots.
This contribution is a resubmission of R1-1715415.
2 Discussion
Industrial factory automation requires communications for closed-loop control applications. Examples for such applications are robot manufacturing, round-table production, machine tools, packaging and printing machines. In these applications, a controller interacts with large number of sensors and actuators integrated in a manufacturing unit. In some cases, control events within a manufacturing unit may have to occur isochronously. For example, in multi-robot cooperation, a group of robots are collaborating to conduct an action, e.g. symmetrical welding of a car body to minimize deformation. This requires isochronous operation between all robots. Each robot should maintain a local clock and execute the command from the controller at a determined time instance. These cooperative robots should operate at the same time and this requires absolute time synchronization among all the robots. This absolute“time synchronization” means the common/same understanding of time, which is distinguished from the relative “time synchronization” in 3GPP RAN1 used for frame alignment and demodulation based on the isochronous arrival of signal from different UEs. 

Observation1: In industrial factory automation, absolute time synchronization between the devices is required to ensure the isochronous operation. 

Time-Sensitive Networking (TSN) is a set of standards under development by the Time-Sensitive Networking task group (TSN TG) of the IEEE 802.1 working group. The charter of the TSN TG is to provide deterministic services through IEEE 802 networks, i.e., guaranteed packet transport with bounded low latency, low packet delay variation, and low packet loss [2]. The TSN task group was formed at November 2012 by renaming the existing Audio / Video Bridging Task Group and continuing its work. The name changed as a result of extension of the working area of the standardization group, because it became clear that streaming data can also be Control, like that used in Automotive & Industrial. The standards define mechanisms for the time-sensitive transmission of data over Ethernet networks. TSN contains a series of standard: (1) 802.1AS specifies the protocol and procedures used to ensure that the time synchronization requirements are met for time-sensitive applications; (2) 802.1CB, 802.1AS-Rev, 802.1Qca, 802.1Qci relate to ultra reliability aspect; (3) 802.1Qav, 802.1Qbu, 8021.Qbv, 8021.Qch, 802.1Qcr relate to low latency aspect; (4) 802.1Qat, 802.1Qcc, 802.1Qcp, 802.1CS relate to resource management aspect;

In [3], end-to-end time synchronization requires that any two time-aware devices will be synchronized to within 1μs. 
Observision2: IEEE started the research and standardization of TSN for Industrial control in 2012, which include ultra-reliable and low latency as well as 1 µs time synchronization.
In 3GPP SA1, a further communication requirement defined as “jitter” has been confirmed for the use case of industrial automation. Jitter means the variation of latency and needs to be provided since many critical applications have expectations in terms of how much the communication latency might vary. In a closed-loop control application, the controller periodically submits instructions to a set of sensor/actuator devices, which return a response within a cycle time. The cycle time can be as low as 2 ms, setting stringent end-to-end latency constraints on telegram forwarding (1 ms). Additional constraints on isochronous telegram delivery add tight constraints on jitter (1 s). 

For example, factory automation considers application-layer transaction cycles between controller devices and sensor/actuator devices. Each transaction cycle consists of (1) a command sent by the controller to the sensor/actuator (downlink), (2) application-layer processing on the sensor/actuator device, and (3) a subsequent response by the sensor/actuator to the controller (uplink). Cycle time includes the entire transaction from the transmission of a command by the controller to the reception of a response by the controller. It includes all lower layer processes and latencies on the air interface as well the application-layer processing time on the sensor/actuator. The isochronous request from the controller should reach different sensor/actuators at the same time and vice versa.  To satisfy the jitter requirement, utilizing over-the-air (OTA) time synchronization is recommended to be considered.
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Figure 1. Illustration of factory automation
Observision3: 3GPP SA1 has confirmed that the 3GPP system shall support a very low jitter (1 µs) in Industrial control and recommend utilizing over-the-air (OTA) time synchronization to satisfy jitter constraints for isochronous operation.
In 3GPP RAN, URLLC (Ultra Reliable and Low Latency Communications) has been studied, which requires 99.999% reliability within 1 ms. However, time-synchronization, as one of the main feature of TSN, has not been included in the study of URLLC. The time synchronization between any devices in TSN is realized by IEEE 1588 precise time protocol in which all the slave clock is synchronized with the master clock. Similarly, to achieve the goal of time synchronization between any two devices, the Base Station playing a role of centralized controller in the cellular network can be viewed as the master clock naturally and the UEs can perform as a slave clock. 

Considering the requirement of Industrial control and the progress in IEEE TSN and 3GPP SA1, we propose to study over-the-air time synchronization between the gNB and the UE.

Maybe some existing methods studied in 3GPP can be enhanced to realize the requirement of 1µs jitter. Such as RIBS, which consider the synchronization between small cells, but the target synchronization accuracy of RIBS is <=3 µs, which cannot meet the requirement of industrial control. Moreover, whether and how the propagation delay between the source cell and the target cell has not been fully discussed in RAN1 [4], which may also affect the accuracy of time synchronization. 

IEEE 1588 realizes time synchronization between devices in wired network. Two devices in need of synchronization both transmit signaling messages, timestamps are generated at the time of sending & receiving the signaling messages. Then the four timestamps are exchanged between the two devices. By means of knowing the timestamps, time offset between the two devices can be calculated.
Possible solutions for over-the-air time synchronization between the gNB and the UE:

· Enhancement of RIBS, considering method to eliminate propagation delay.
· Based on TA procedure with accuracy enhancement.
· Generate a timestamp at the time of sending & receiving the signaling message over the air, and exchange timestamp information, similar with process of IEEE 1588 (wired).

Proposal: Study OTA time synchronization between UEs with the accuracy better than 1 µs.
3 Conclusions
The requirement of “time synchronization” for industrial factory automation is reviewed in this paper, which leads to the following observations and the proposal:
Observation1: In industrial factory automation, absolute time synchronization between the devices is required to ensure the isochronous operation. 

Observision2: IEEE started the research and standardization of TSN for Industrial control in 2012, which include ultra-reliable and low latency as well as 1 µs time synchronization.
Observision3: 3GPP SA1 has confirmed that the 3GPP system shall support a very low jitter (1 µs) in Industrial control and recommend utilizing over-the-air (OTA) time synchronization to satisfy jitter constraints for isochronous operation.
Proposal: Study OTA time synchronization between UEs with the accuracy better than 1 µs.
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