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Abstract of the contribution: This contribution proposes selected NR URLLC enhancements i.e. on UE processing timeline and spectral efficiency. It also proposes to introduce URLLC support with NR-U. 
Introduction
In NR Rel-15, a basic support for URLLC was introduced with features that target low latency and high reliability, such as mini-slot scheduling, configured-grant with small periodicities and DL pre-emption. However, there was a clear need for further enhancements to support URLLC use-cases requirements. Rel-16 study item 800095 “Study on physical layer enhancements for NR ultra-reliable and low latency communication (URLLC)” evaluated the baseline performance achievable with Rel-15 NR URLLC, and showed that enhancements upon Rel-15 for latency and reliability were needed to support Rel-15 and Rel-16 URLLC use-cases. Accordingly, a new WI on URLLC has been approved in TSG RAN #83 meeting with the objective to specify essential enhancements to NR channels and procedures [1].
In this contribution, we discuss the possible further enhancements for URLLC in Rel-17. 
Discussion
Given its stringent reliability and latency requirements, supporting URLLC services is challenging from UE complexity and system efficiency perspectives. More specifically, the system’s capacity and spectral efficiency are considerably low compared to eMBB services. For a successful deployment of URLLC services, the system capacity and spectral efficiency need to be improved. In the sequel, we provide some directions for URLLC enhancements in Rel-17.
UE processing timeline
One of the main reasons for the low spectral efficiency in URLLC is that the reliability target has to be achieved with a single-shot transmission in many cases. This is due the low latency requirements that doesn’t allow the system to rely on HARQ retransmission. There are several factors that impact the number of possible HARQ retransmissions within the latency budget, such as scheduling alignments and gNB/UE processing times (as illustrated in Figure 1). Reducing the alignment and processing times will enable more HARQ retransmission opportunities, which enhances the spectral efficiency. However, with the full scheduling flexibility in NR, it is not feasible to have further (useful) reduction in the UE processing timeline compared to NR Capability#2 in Rel-15.
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Thus, it is essential to have scheduling restrictions to achieve any processing time reductions. This could be achieved by taking advantage of the fact that the traffic pattern for the most stringent URLLC use-cases in terms of latency and reliability requirements is highly predictable, and does not need the same scheduling flexibility as for eMBB traffic. Unnecessary scheduling flexibility causes poorer spectral efficiency and also unnecessary UE complexity. A significant amount of optimization could be done by the UE if it’s aware of some of the transmission parameters (e.g. packet size, modulation order) before the scheduling grant for reception/transmission of the packet [2]. Also, restricting the HARQ feedback to specific PUCCH formats and decouple HARQ feedback from all other UCI information could save UE processing time. Therefore, by placing the proper scheduling restrictions [2], the UE processing time could be reduced for these use-cases.
Proposal 1: For use-cases with periodic and deterministic traffic, URLLC enhancements in Rel-17 should take advantage of available UE processing simplifications to enable further reductions to UE processing timeline to allow for additional HARQ re-transmissions.
Unlicensed for URLLC
Another approach to improve the system capacity is to utilize the unlicensed spectrum to support URLLC services. In private/local networks, such as a network deployed in factory, the environment is considerably controllable, which makes the communication in unlicensed spectrum significantly less challenging. Also, due to the traffic predictably in factory automation use-cases, the transmissions can be well coordinated to avoid collisions. Given the amount of available unlicensed spectrum, it represents great opportunity to boost the system capacity of URLLC services. However, the current NR-U design didn’t take into consideration the requirements for URLLC requirements. Hence, several enhancements would be needed for NR-U to achieve URLLC requirements.
Proposal 2: Extend NR-U specification to support at least some URLLC services.
Further enhancements
Further enhancements, which were not considered in Rel-16 due to time limitation, are feasible for NR to improve the system spectral efficiency URLLC services. Below we list few examples of these enhancements;
· PDSCH repetition scheme for crossing the slot boundary: The restriction on not crossing the slot boundary causes scheduling delays, which could impact the number of possible HARQ retransmissions. This issue have been addressed for PUSCH scheduling in URLLC Rel-16 WI. Therefore, similar enhancement (e.g. multi-segment repetition) is needed to be introduced for PDSCH scheduling in Rel-17.
· Transmit diversity for PUSCH and PUCCH: Given the very low BLER target (~10-6) for URLLC services, diversity transmission schemes can perform significantly better compared to the existing NR schemes [3][4]. Thus, it is essential to consider UL transmit diversity schemes, such as cyclic delay diversity (CDD), for URLLC in Rel-17.
Proposal 3: URLLC enhancements to improve the system’s spectral efficiency, such as UL transmit diversity, should be considered in Rel-17.
Conclusion
In this contribution, we discussed the possible enhancements for URLLC in Rel-17 and we have the following proposals.
Proposal 1: For use-cases with periodic and deterministic traffic, URLLC enhancements in Rel-17 should take advantage of available UE processing simplifications to enable further reductions to UE processing timeline to allow for additional HARQ re-transmissions.
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Proposal 3: URLLC enhancements to improve the system’s spectral efficiency, such as UL transmit diversity, should be considered in Rel-17.
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