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Introduction
Industrial and Factory Automation have been discussed as important use cases for URLLC. In addition, there is an increasing interest from industrial and manufacturing players for wireless connectivity for automation [1]. 
In the particular case of motion control, it is important to provide high synchronicity (in the order of 1µs) between different devices. Nevertheless, factory environments are largely based on field buses and Industrial Ethernet. Therefore, the integration with existing Industrial Ethernet networks in factory floors is an important case to focus on.
Necessary considerations for the 5G and Industrial Ethernet alignment are:
(i) 5G connectivity may become one component in a heterogeneous factory network,
(ii) Industrial Ethernet will likely be used in the fixed network segment for critical communication,
(iii) Having 5G compatible with Industrial Ethernet standards will ease industry acceptance of 5G.
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Figure 1: Generic example for the integration of an Industrial Ethernet network with 5G links
Industrial Ethernet is increasingly integrated into the factory environment, and features from standards such as Time-Sensitive Networking (TSN) [2] are important to consider for URLLC in factory automation. In particular, TSN enables Ethernet to become a deterministic networking technology.
As explicitly mentioned in TR 22.804 [1]:
“As Industrial Ethernet typically operates on the Ethernet Data Link layer (Layer 2), the communication flow establishment can only be successful if the 5G network is able to forward frames from Ethernet sources towards 5G destinations and vice versa“.
Moreover, there are two aspects that are critical for the Industrial Ethernet and 5G integration:
· Precise time synchronization: should be realized between different devices and the applications running on top of them.
· Robustness: for which Dual Connectivity (DC) and true RRC diversity should be considered.

Precise time synchronization
Precise Time Protocol (IEEE 1588) can be used to synchronize devices connected over Industrial Ethernet. PTP can achieve clock accuracy in the sub-microsecond range. Profiles were introduced in the IEEE1588-2008 version in order to allow other standardization bodies to tailor PTP to particular applications. For example, the G.8265.1 PTP Telecom Profile enables the deployment of PTP-based frequency synchronization by telecoms operators [4]. Also, the IEEE 802.1AS-2011 is further extended by the IEEE 802.1 TSN Task Group [3]. It specifies a profile for time synchronization over a virtual bridged local area network.
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Figure 2: Time propagation towards UEs and applications
It is necessary to make a distinction between the synchronization on 3GPP RAN1, which corresponds to the systems synchronization provided for UEs to access the air interface. For factory automation, it is necessary to provide synchronization not only to an end-host having connectivity via the UE, but also to the applications running over the end-host, since they may have different synchronization requirements. What is required is that all devices in the factory floor have the same understanding of time, regardless of the network domain (Industrial Ethernet or 5G).
It should be considered for future study the possibility to provide synchronization services over the air.
Observation 1	In factory automation, devices need time synchronization on the application level, which is different from synchronization for orthogonality and frame alignment at RAN1.

Robustness
Another relevant aspect to consider for factory automation is robustness. This should target every possible point of failure, which includes links and nodes failure in the network. Several options of 5G redundancy could be studied, building on 5G concepts such as multi-antenna transmission, Dual Connectivity (DC) in RAN, multiple PDU sessions, or multiple UEs per industrial device.
Dual connectivity (DC) allows to connect a UE via two base stations, namely Master gNB (MgNB) and Secondary gNB (SgNB). There are two aspects relevant for factory automation, besides increased rates per PDU session. One is the increased robustness due data to duplication. The second is duplication of control to handle radio link failure of MgNB.
Data duplication for robustness is a topic already covered (UL in NR/LTE Rel-15, DL possible since LTE Rel-12). Data duplication can provide robustness against varying channel conditions.
Nevertheless, RRC diversity for control plane robustness still requires further study. The current challenge is that MgNB manage the control plane for the UE, but in case this link fails, Radio link Failure will trigger RRC re-establishment for both the MgNB and SgNB, i.e., the limitation is that RLF on MgNB still triggers RRC re-establishment, regardless of the condition of SCG. Further solutions are needed to avoid triggering RRC re-establishment if there is a failure in the MgNB radio link (or MgNB node failure).
A solution is to enable True RRC diversity, which in case of one node failure, control plane connection is still maintained via the other node and is applicable in case DC is used for redundancy.
[bookmark: _Hlk498611067]Observation 2	Dual Connectivity and RRC diversity can provide robustness againt varying channel conditions, radio link failure and node failure.

[bookmark: _Ref189046994]Conclusion
Based on the discussion propose the following:
[bookmark: _Hlk498587904]Observation 1	In factory automation, devices need time synchronization on the application level, which is different from synchronization for orthogonality and frame alignment at RAN1.
Observation 2	Dual Connectivity and RRC diversity can provide robustness againt varying channel conditions, radio link failure and node failure.
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