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1 Introduction
One of the objectives in the study item description is [1]:
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The motivation of this objective is to seamlessly integrate the NR technology into the existing industrial connectivity infrastructure, such as TSN based Industrial Ethernet connectivity system. Currently, there is a significant differences between the industrial components, e.g. factory machines and robots, and regular wireless communication components, i.e. smart phones. Hence, we should figure out a way forward to enable the 5G be compatible with the existing industrial communication system and applications, e.g. Ethernet system. In this contribution, we focus on how to realize the accurate reference timing as TSN system.
2 Discussion
2.1 Overview of TSN
Ethernet is a very well standardized and open technology in the IT domain, which is incredibly successful and provides a wide range of application areas. To provide deterministic real-time and safely capabilities over Ethernet for multiple use cases in manufacturing, e.g. motion control, control-to-control communications and  robots, the IEEE Time-Sensitive Networking task group specified the TSN (Time-Sensitive Networking), which is the set of IEEE 802 Ethernet sub-standards and offers a way to send time-critical traffic over a standard Ethernet infrastructure. 
2.2 Accurate reference timing provision in TSN
In the industrial Ethernet network, there are a variety of communication nodes or devices such as sensors, actuators, controllers, bridges and gateways. And the types of Ethernet network topologies can be ring, star, tree or mesh applied for different deployment. And one critical mechanism in TSN is to enable a clock synchronization among different TSN nodes or devices for achieving deterministic communication with bounded message latency, as shown in the Figure 1 defined in [4]. As specified in IEEE 802.1AS, the clock synchronization among different TSN nodes is achieved by delivery of a synchronization message with a timestamp generated by a grand master hop-by-hop across the network. When a bridge received timing information on one port and then transmit it to other related ports, with the aggregate link transmission delay, and processing delay of the synchronization message since departure from the Grand Master is updated at each hop and forwarded. Based on this, the system can control the flow of queued traffic from a TSN enabled switch. This means that each Ethernet frame is identified and assigned to a specific queue based on the priority field of the VLAN tag and is defined within a schedule. And the transmission of messages in this queue is then performed during the scheduled time windows, while other queues will typically be blocked from transmission during these time windows. Therefore the scheduled traffic is protected from the interruption from the scheduling of non-scheduled traffic. Additionally, the delay through each switch is deterministic and that message latency through the network can be guaranteed.
Network-wide Clock Synchronization
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Figure 1: IEEE 802.1AS clock synchronization   [4]
2.3 Accurate reference timing provision in 5G
In the traditional industry time synchronization is generally realized by wired solution over ethernet system. Therefore, the IEEE 802.1AS specification assumes that the link delay is symmetric and deterministic. And IEEE 802.1AS determines link-delay through a kind of RTT-measurement on Ethernet layer via explicit handshake negotiation to achieve precise timing information over the physical layer, which is wired link. Moreover, IEEE 802.1AS supports a mechanism to determine relative clock drift between different Ethernet nodes as well to align the local clock to the master clock. All these rely on accurate frame departure and arrival measurements on physical layer. However, these assumptions are not met for the 5G NR radio access link. Furthermore, the 5G radio access link, supports separate mechanisms to synchronize the frame boundaries between UE and gNB. 
Observation 1: the assumptions that the link delay is symmetric and deterministic in the IEEE 802.1AS specification are not met for the 5G NR radio access link.

In 3GPP networks, GNSS (Global Navigation Satellite System) have been widely used to achieve the common time reference, via a master node receiving the time information from GNSS, and then propagation of the synchronization information hop-by-hop to other sub-level nodes across the network. Considering the different properties between the wired Ethernet link and the NR radio access link, time synchronization controlled by gNB is more suitable since it can do better measurements of departure and arrival over radio link, and can performance better calculate the delay and compensate the deterioration of the accuracy of the timing information during the information delivery over radio access link. Hence, it is prefer to enable time synchronization between UEs realized through the gNB in current 3GPP radio access network. All the UEs are synchronized with the gNB to achieve indirect time synchronization between the UE via provision of absolute time from gNB. 
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Figure 2: Time synchronization between UEs through gNB
Observation 2: Time synchronization controlled by gNB is more suitable since it can do better measurements of departure and arrival over radio link, and can performance better calculate the delay and compensate the deterioration of the accuracy of the timing information during the information delivery over radio access link.

Proposal 1: It is proposed to enable Time synchronization among UEs through the gNB.

In LTE, the UE can perform absolute time synchronization with the eNB by receiving SIB16 which is introduced in Rel-11 and is applied for a variety of use cases such as GNSS, eMBMS, DASH and local time provisioning. And the field counts the number of UTC seconds in 10 ms units in Rel-11. Then in R15, time synchronization requirement had been added to the WID on URLLC for LTE in RAN #78, which aim was to identify and specify solutions allowing the network to provide timing information at high granularity to enable more accurate time synchronization for UEs. At last, two possible solutions, both broadcast solution (via SIB16) and unicast solution (via dedicated RRC signalling), are agreed to transmit the time reference information. And the granularity of enhanced accurate time reference is 0.25 us, as the traditional field counts the number of UTC seconds in 10 ms units. Additionally, an inaccuracy indication is agreed to be optionally sent to indicate inaccuracy range of a time reference information, which range is from 0.25 us to 1 ms.
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Solution 1: the transmission of a granular time reference value via system information
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Solution 2: the transmission of a granular time reference value via dedicated messages
Proposal 2: The methods to provide a sufficiently granular time reference value to a UE from an eNB approved in the WID on URLLC for LTE can be reused in NR as baseline.
However, although the granularity of enhanced accurate time reference can be enhanced to 0.25 us, as mentioned in R15 discussion, the calculation of the synchronicity accuracy also need take the possible inter-gNB accuracy and sync error caused by deterioration of the accuracy of timing information transmission over the radio interface depends the cell radius into account, which can be summarized as the following formula: 

UE to UE synchronization accuracy = time granularity (set in gNB) + F
F indicates the other aspects that contribute to the sync inaccuracy, which depends on the accuracy of the estimation and compensation of reference timing information transmission delay and jitter over the radio link from the sync source to the application layer in the UE via gNB, including:

· sync accuracy error among gNBs,
· Timing Advance estimation and compensation on radio link, 
· Residence delay in gNB caused by data processing etc.
Therefore, considering inaccuracies factors, it is difficult to meet the first level requirement from RAN side which target is to meet 1us Synchronisation clock synchronicity within service area of 100 m2 where the number of devices in one communication group is up to 300 devices, while the other two levels’ requirement are possible to be met if introducing the enhanced timing information provision mechanism in LTE to NR, as illustrated in [5]. 
Furthermore, due to the limited time budget in R15, there are still some open issues need to be addressed. For example, as synchronization inaccuracy now is just indicated as a range, it actually can be calculated as a value, taking the timing advance value and cyclic period value etc. into the account. On the other hand, whether the security protection and authorization operation over the accurate timing information are needed and how to realize the enhancement are needed to be studied in this SI.
Proposal 3: The left issues and enhancements need to be studied in this SI, such as the improvement of the accuracy of reference timing and security protection and authorization operation over the accurate timing information.
3 Conclusions
Proposal 1: It is proposed to enable Time synchronization between UEs through the gNB.

Proposal 2: The methods to provide a sufficiently granular time reference value to a UE from an eNB approved in the WID on URLLC for LTE can be reused in NR as baseline.
Proposal 3: The left issues and enhancements need to be studied in this SI, such as the improvement of the accuracy of reference timing and security protection and authorization operation over the accurate timing information.
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