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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]NR Rel-15 supports the basic URLLC functionalities satisfying the requirements of low latency and ultra-reliability. Furthermore, there are two NR Rel-16 work items (WI) on URLLC and industrial internet of things (IIoT) for further enhancements [1], [2]. 
In this contribution, we give the analysis on the potential issues based on the current IIoT and URLLC mechanisms, and accordingly provide the potential enhancements for NR Rel-17 IIoT and URLLC. 
2 Enhancements for NR Rel-17 IIoT and URLLC
There are four key use cases to be considered for Rel-17 IIoT including

· AR/VR (Entertainment industry)
· Factory automation
· Transport Industry
· Electrical Power Distribution
NR TSC-related enhancements
· Enhancements to further optimize jitter for periodic deterministic traffic
Jitter is one of the characteristics for TSN traffics and it is an important factor to evaluate the TSN traffic pattern. Although the study of jitter is deprioritized for some reasons in Rel-16, it should be a necessary characteristic to be studied in Rel-17, especially for periodic deterministic traffic.
For uplink, as UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL), is provided from Core Network to RAN and between RAN nodes, the network would be able to get aware of the message size and the occasions when the data becomes available without receiving SR/BSR. Thus, considering the traffic pattern known by gNB and the jitter, more efficient BSR mechanisms could be studied compared with the legacy mechanism that the BSR is triggered upon the arrival of new data or data with higher priority.
For downlink, SPS is an efficient method to support downlink periodic deterministic traffic by configuring the resource pattern of the assigned SPS aligned with the traffic pattern. However, when there is jitter on the message arrival time, there will also be a misalignment between the actual arrival time and the starting time of the associated SPS resource assigned. If the actual arrival time is later than the occasion of the associated SPS resource, the transmission latency will be increased. For latency sensitive TSC traffic, the latency may be intolerable. As the DL message arrival time could be known to the network, some enhancements could be studied to address mitigation of latency caused by jitter. 
· Enhancements to satisfy tighter requirements of latency for TSC traffic.
In addition, there could be some critical packets in TSC, such as packets for factory control signaling, the requirements of latency and reliability can be quite critical. To ensure the critical QoS of these traffics, enhancements should be further studied.
During Rel-16 IIoT discussions, some companies proposed that the LCH of the targeting traffic should be associated to the configured resources aligned with its traffic pattern. Currently, for a configured resource aligned with the traffic pattern of a deterministic periodic traffic, the data of the associated LCH couldn’t be transmitted or may be partially transmitted if the priority of the LCH is lower than the priorities of other LCHs having data available for transmission. This deviates from the motivation that gNB allocates the configured resource especially for its associated LCH according to the traffic pattern, furthermore it may lead to a delay for each packet. Thus, some enhancements may be needed to prioritize the transmission of the targeting traffic on the associated resource, while at the same time, other traffics are also allowed to use the remaining part of the resource.
Currently, BSR and PHR MAC CEs have higher priority than data of all priorities in the LCP procedure for uplink resource transmission. However, if the latency requirement of TSC traffic is tighter than that of reporting the BSR or PHR, it is expected that TSC traffic is prioritized over the MAC CE. Thus, it should be further studied how to mitigate the segmentation of high priority TSC SDUs caused by inserting MAC CEs into uplink resource.
NR PDCP duplication enhancements
NR PDCP duplication enhancements were also discussed in Rel-16. However, the discussions mostly focused on gNB based mechanisms. Since the possibility and benefits of UE based mechanisms are illustrated by some companies, the UE based mechanism is also a potential solution for duplication activation/deactivation. Furthermore, the coexistence mechanism of network dynamic control and UE based control of duplication activation/deactivation should be studied in Rel-17. Besides, per-packet selection duplication has already been discussed in Rel-16 and the benefits in resource efficiency is significant, and thus the corresponding detailed mechanism should be further studied, such as configuration, activation/deactivation and pre-configured packet types.
System efficiency and capacity enhancements
In Rel-15 and Rel-16, mechanisms have been designed to satisfy the URLLC requirements with the cost of system performance and capacity degradation. In Rel-17, system efficiency and capacity enhancements should be further studied.
In URLLC and eMBB multiplexing scenario, when URLLC and eMBB traffics have conflicts in time domain, URLLC traffic is always prioritized through sacrificing eMBB performance and the eMBB traffic is often dropped or preempted. In Rel-17, eMBB performance enhancements can be further studied in case of URLLC and eMBB multiplexing scenario such as postponed transmission for both data and control channels.
In UL transmission, slot level and mini-slot level repetitions are supported to ensure the reliability. However, in most cases the repetitions may not be necessary since a TB can be decoded correctly with the first transmission. Early termination schemes should be studied for both slot level and mini-slot level repetitions.
In DL, repetitions going across the slot boundary is not supported. Nevertheless, this scheme can help decrease the PDCCH resource in some scenarios. Since the scheme has already been supported for UL, it should also be considered for DL.
3 Conclusions
In this contribution, we provide potential enhancements for NR Rel-17 on IIoT and URLLC as following:
1. [bookmark: _GoBack]The objectives for NR TSC-related enhancements include [RAN2]:
· Specify enhancements to further optimize jitter for periodic deterministic traffic.
· For uplink, BSR enhancements should be studied considering the traffic pattern and the jitter.
· For downlink, as the DL message arrival time could be known to the network, some enhancements could be studied to reduce latency caused by jitter. 
· Specify enhancements to satisfy tighter requirement of latency for TSC traffic.
· It should be further studied how to prioritize the transmission of the targeting traffic on the associated resource, while at the same time, other traffics are also allowed to use the remaining part of the resource.
· Introduce LCP restriction to MAC CEs.
It should be further studied how to mitigate the segmentation of high priority TSC SDUs caused by inserting MAC CEs into uplink resource.
2. The objectives for NR PDCP duplication enhancements are [RAN2]:
· Specify the coexistence mechanism of network dynamic control and UE based control of duplication activation/deactivation.
· Specify the per packet duplication mechanism:
· Pre-configured packet types for per-packet selection duplication
· Configuration mechanism of the per packet duplication
· Per packet type based activation/deactivation mechanism
3. The objectives for system efficiency and capacity enhancements are [RAN1]:
· Specify enhancements to further optimize UL intra UE Tx prioritization/multiplexing.
· Specify an early termination scheme for UL repetition transmission.
· Specify a PDSCH repetition scheme going across the slot boundary.
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