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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The IIoT SI was closed and the following objectives have been discussed and their corresponding conclusions have been captured into TR 38.825:
1> PDCP duplication enhancements;
2> Higher layer multi-connectivity impacts on RAN
3> Intra-UE prioritization and multiplexing
4> Accurate reference time provisioning
5> Enhancements (e.g. for scheduling) to satisfy QoS for wireless Ethernet when using TSN traffic patterns
6> Ethernet header compression

For higher layer multi-connectivity, according to SA2 discussion, it can be assumed that there will be very few impacts to RAN. According to the conclusion part in TR 38.825, for each other topic, one or more issues have been identified and their potential solutions (if any) have been captured. As there are so many aspects concluded to be further considered in WI, it can be foreseen that the objectives would be down-selected finally in the work item. In this paper, we are going to analyze the essentiality of each objective and provide guidance for WID scoping discussion.

2 Discussion
As this SI/WI aims to enable Industrial IoT services based on 5G system, RAN should first prioritize those fundamental features for IIoT and any enhancements should be considered as secondary priority. 
According to SA1/SA2 discussion, support of Time sensitive networking is considered to be important to Industrial IIoT, such as Factory Automation applications. SA2 has already identified key issues, e.g. the architecture and principle for supporting TSN in 5G, and solutions for each issue are also captured in TR 23.723. In the IIoT WI, RAN should specify the required RAN functionalities according to the architecture and functionalities agreed by SA2 to enable the whole 5G system applicable for IIoT.  Specifically, RAN should focus on the following issues:
1> Accurate reference time provisioning: Factory Automation applications have stringent requirements on latency, jitter and error rate. Among these requirements, time synchronization is the pre-condition to achieve deterministic packet delivery. Time synchronization is also used in Smart Grid for synchronicity between the entities. From RAN point of view, in order to enable precise time synchronization, accurate reference timing information needs to be delivered from gNB to UE using broadcast or unicast signaling. The details of accurate reference time provisioning would depend on the SA2 conclusion on the architecture.   
2> Scheduling enhancements to satisfy TSN QoS requirements: Due to deterministic characteristics of TSN traffic, in order to satisfy the QoS requirement, it is beneficial for the gNB to be aware of TSN traffic pattern from CN and/or UE. The gNB may configure configured grants to match the traffic patterns in terms of periodicities, message size and etc. Multiple configured grant configurations are required to support different TSN traffic flows.

On the other hand, an IIoT device may have to handle both eMBB and URLLC services concurrently sometimes. Form the network point of view, sometimes it is difficult to ensure that there would be no intra-UE resource collisions. For example, the configured grants may be configured to the UE in every slot for URLLC traffic but the UE also needs to be scheduled for eMBB, so that the collision is unavoidable. Intra-UE prioritization and multiplexing based on priority of traffic associated with the control/data resources seems to be an essential issue to be addressed for IIoT.
Proposal 1: IIoT WI should prioritize the fundamental functions to enable Industrial IoT, including: (1) Accurate timing provisioning; (2) Scheduling enhancements to satisfy TSN QoS requirements; and (3) Intra-UE prioritization and multiplexing.

Packet duplication enhancements have been studied in the study item. There has not been evaluation on whether 2 legs is already sufficient to support IIoT reliability requirement, but as a common sense companies generally agreed that extending the number of legs for duplication from 2 to up to 4 can increase the reliability. In this case, a new MAC CE should be defined to enable dynamic selection from those legs. Eventually the benefits of this solution would be that the network is enabled to dynamically select best carriers for packet duplication so that the reliability performance can be improved. There have been some discussions on other enhancements, e.g. selective duplication. However, due to lack of time there was no thorough analysis on them and there is even no description for the mechanism in the TR. 
Another objective of this study item, i.e. Ethernet header compression/decompression, is aimed to reduce the overhead of IIoT packets over Ethernet. There are 3 solutions currently on the table, i.e. the UDC based solution, the RoHC based solution and a new dedicated solution. The RoHC based solution is content agnostic and all the contents can be compressed including the Ethernet header, IP header as well as payload. On the other hand, both the RoHC based solution and the new dedicated solution require RAN itself to define a new compression/decompression mechanism specifically for the Ethernet header. In addition, in order to support compression/decompression of headers of upper layers, e.g. IP, either the RoHC based solution and the new dedicated solution may need to work together with other RoHC profiles, and this would definitely increase the complexity to support different compression/decompression mechanisms concurrently at a UE. Moreover, it is also a common understanding that the UDC based solution requires much less specification efforts than the other two alternatives given that RAN has never specified compression/decompression schemes by itself. 
Actually, both packet duplication enhancements and Ethernet header compression can be considered as mechanisms to enhance the performance in terms of reliability and overhead, and RAN can meet IIoT requirements even without them. Therefore, the scope and work load for these objectives should be minimized to ensure the completion of other essential features. 
Specifically, for packet duplication enhancements, it should be focused on to enable the network dynamically selecting best carriers for duplication; and for Ethernet compression, only the UDC based solution is considered to be practical given that the scope of this work item is already quite large and complicated.
Proposal 2: For the objectives for enhancements, i.e. packet duplication enhancement and Ethernet header compression, the scope and work load should be minimized to ensure the completion of those fundamental features.
Proposal 3: The objective of packet duplication enhancements should focus on mechanisms to enable the network dynamically selecting best carriers for duplication; and for Ethernet header compression, only the UDC based solution is practical in Rel-16 given that the other alternatives would require significant efforts for RAN specifying new compression mechanisms which is a completely new area to RAN.

3 Conclusions
[bookmark: _GoBack]This contribution provides some considerations of the scope of the IIoT WI.
The following proposals are made:
Proposal 1: IIoT WI should prioritize the fundamental functions to enable Industrial IoT, including: (1) Accurate timing provisioning; (2) Scheduling enhancements to satisfy TSN QoS requirements; and (3) Intra-UE prioritization and multiplexing.
Proposal 2: For the objectives for enhancements, i.e. packet duplication enhancement and Ethernet header compression, the scope and work load should be minimized to ensure the completion of those fundamental features.
Proposal 3: The objective of packet duplication enhancements should focus on mechanisms to enable the network dynamically selecting best carriers for duplication; and for Ethernet header compression, only the UDC based solution is practical in Rel-16 given that the other alternatives would require significant efforts for RAN specifying new compression mechanisms which is a completely new area to RAN.

	
