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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In Rel-15, Basic URLLC functionalities have been specified to satisfy the requirements of low latency and ultra-reliability. In Rel-16, some enhancements to URLLC and IIoT were specified to better support various URLLC services. 
In this contribution, we analyzed the remaining issues for further enhancements beyond the Rel-15/Rel-16 URLLC and IIoT mechanisms, and accordingly proposed the work scope of NR Rel-17 URLLC and IIoT. 
2 Enhancements for NR Rel-17 URLLC
2.1 Physical layer feedback enhancement
Four aspects can be further enhanced in PHY layer feedback area: 
HARQ-ACK retransmission
In Rel-16, when a high-priority HARQ-ACK collides with a low-priority HARQ-ACK, the low-priority HARQ-ACK will be dropped, which leads a redundant PDSCH retransmission. HARQ-ACK retransmission could avoid the redundant PDSCH retransmission. And the additional overhead due to HARQ-ACK retransmission is much less than the overhead due to PDSCH retransmission. Hence HARQ-ACK retransmission could improve the system efficiency significantly.
Feedback enhancements for DL SPS
The Rel-15 mechanism, i.e. dropping HARQ-ACK when there is no available PUCCH resource, may be reused for Rel-16 due to the time limit. However, a shorter SPS periodicity leads a more frequent HARQ-ACK dropping and redundant PDSCH retransmission for a TDD system. HARQ-ACK multiplexing could be considered to avoid the redundant PDSCH retransmission. In addition, when DL SPS can be skipped, some HARQ-ACK feedback will be redundant. Thus the compressed HARQ-ACK feedback for DL SPS is beneficial for improving HARQ-ACK feedback reliability and efficiency.
UCI reliability enhancement
Type 1 HARQ-ACK codebook includes some occupied bits, which reduce the HARQ-ACK reliability, especially for a power-limited UE. Some enhancements for Type 1 HARQ-ACK codebook design for URLLC can be considered in Rel-17.
HARQ-ACK feedback for CG
Early termination is beneficial for the efficiency of a configured grant (CG) UL transmission. Explicit HARQ-ACK could be considered in Rel-17.
2.2 HARQ and scheduling enhancement
In Rel-16, out-of-order/overlapped PDSCH/HARQ-ACK and out-of-order/overlapped PUSCH was not finally supported due to the time limit. However, out-of-order/overlapped transmission is necessary to meet latency requirement of a URLLC traffic. So out-of-order/overlapped PDSCH/HARQ-ACK and out-of-order/overlapped PUSCH should be reconsidered in Rel-17 and advanced techniques, e.g. independent pipeline processing for URLLC and eMBB, can be studied.
In addition, considering the non-integer multiple CG/SPS periodicity is supported, the amount of wasted CG/SPS resource could be decreased if some enhancement is adopted. Thus, we propose to continue the discussion on this issue in Rel-17. 
2.3 Intra-UE multiplexing
Intra-UE multiplexing of different service priorities was down-scoped from Rel-16 due to time limitation. However, in order to improve the eMBB service efficiency (which is essential for an operator to deploy URLLC applications in a carrier shared with eMBB), the enhanced collision handling mechanisms, e.g. multiplexing of eMBB/URLLC traffics, should be considered in Rel-17, including:
High priority UCI and low priority UCI multiplexing
In Rel-16, a low-priority UCI will be dropped when a high-priority UCI collides with the low-priority UCI. As mentioned above, UCI dropping significantly reduces the downlink transmission efficiency of eMBB. To improve the downlink transmission efficiency, it could be considered in Rel-17 that the low-priority UCI is multiplexed with the high-priority UCI. Meanwhile, to meet low latency and high reliability requirement of URLLC, the multiplexing timeline and/or PUCCH resource allocation needs to be enhanced.
High priority UCI multiplexed in low priority PUSCH
Compared with Rel-15 multiplexing, optimization for high priority UCI in terms of reliability and latency could be considered. For example, code rate for multiplexing in the PUSCH can be independently considered for high priority UCI and low priority UCI.
Low priority UCI multiplexed in high priority PUSCH
To ensure reliability for high priority PUSCH, some restriction on low priority UCI multiplexing, e.g. only partial or none of low priority UCI can be multiplexed in high priority PUSCH
High priority PUSCH/PDSCH and low priority PUSCH/PDSCH
Currently, PUSCH indicated with high-priority is transmitted. However, a PUSCH with a higher priority may arrive after the high-priority PUSCH. Scheduling order could provide more sufficient priority information, so for the collision between PUSCH/PDSCH to be resolved based on the scheduling order and physical layer indication.
Priority determination in MAC layer
In Rel-16 specifications, only LCH priority is considered in intra-UE prioritization in MAC layer. However, this principle cannot cover the case where only MAC CE(s) multiplexed in the overlapping grants. For this case, it is unclear how to determine the priority of PUSCH. In Rel-17, it is preferred to cover the cases above in intra-UE prioritization.
2.4 Inter-UE multiplexing
Group common indication enhancement
In Rel-15 and Rel-16 specifications, preemption/cancellation indication is defined as a group-common DCI. However, this may lead to the unexpected preemption/cancellation of a URLLC service. Hence service-based preemption/cancellation can be considered to avoid the unexpected URLLC preemption/cancellation.
UE specific indication
Except for URLLC preemption/cancellation issue mentioned above, group-common indication exhausts PDCCH monitoring resource, e.g. CCE for channel estimation, and significantly restricts UE scheduling. Therefore UE-specific UL CI can be considered in Rel-17.
3 Enhancements for NR Rel-17 IIoT
3.1 Multi-connectivity enhancements
In Rel-16, UE-based duplication is not supported due to time limit. However, UE-based duplication is necessary to decrease the latency/overhead of duplication changes. From our perspective, the UE-based duplication should be reconsidered in Rel-17.
3.2 EHC enhancements
In Rel-16, the basic EHC mechanism is supported. Considering the benefit of compression and the support of multiple Ethernet frame format, enhancements to current EHC can be considered in Rel-17.
3.3 Time synchronization enhancements
SA2 has agreed to support the scenario where the Grand Master (GM) is on the UE side (as opposed to GM delivery from the network side). From our point of view, we need to discuss the RAN2 impacts.
4 Conclusions
In this contribution, we discussed the potential enhancements for NR Rel-17 on URLLC and IIoT as following:
1. The objectives for URLLC enhancements include [RAN1-led]:
· Specify physical layer feedback enhancements 
· Specify HARQ and scheduling enhancement
· Specify intra-UE multiplexing
· Specify inter-UE multiplexing
2. The objectives for IIoT enhancements include [RAN2-led]:
· Specify multi-connectivity enhancements
· Specify EHC enhancements
· [bookmark: _GoBack]Specify time synchronization enhancements
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