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1	Introduction
NR URLLC is one of key features for 5G. In Rel-15 NR, the fundamental mechanisms of NR URLLC were discussed. However, due to time limit, many features were ruled out or deprioritized. So some enhancements for NR URLLC are to be considered in Rel-16.
2		Discussion
In Rel-15, some features were ruled out or deprioritized due to time limit. However, these features are necessary to meet URLLC reliability and latency and improve system efficiency. In addition, issues from mixture of eMBB and URLLC and specific scenario (i.e. multi-carrier and uplink power limitation), may not be fully discussed and specified during Rel-15. Therefore, related technics need to be considered in Rel-16 to improve URLLC performance. 
2.1		URLLC reliability/latency/efficiency
For URLLC in Rel15, link level latency and reliability was discussed. However, due to complexity and maturityof product implementation, some restrictions are introduced in Rel-15, such as limited PDCCH monitoring occasion, up to one PUCCH for HARQ-ACKper slot, and semi-flexible time domain resource allocation. These restrictions reduce URLLC transmissionopportunity and lead additional latency. In addition, system efficiencywas hardly studied in Rel-15. However, low-efficiency designdoes not only increase URLLC fees, but also leads system blockage and increases latency. So some technics to improve system efficiency are to be considered in Rel-16, such as DCI tailored for URLLC, separate URLLC and eMBB feedback, fast CSI feedback and enhanced configured grant transmission.

The detailed proposal are listed in the following:
· PDCCH enhancement
· Though fallback DCI can meet URLLC reliability, schedule flexibility is very limited for URLLC, which may increase transmission latency and reduce data reliability. So DCI format(s) tailored for URLLC should be considered in R16 to meet URLLC transmission reliability and scheduling flexibility requirement.
· PDCCH monitoring capability in Rel-15 restrict schedule flexibility to some extend. So increased PDCCH monitoring capability is necessary and some methods to reduce PDCCH monitoring complexity should be considered.
· 2-stage DCI: increase the efficiency of PDCCH monitoring for URLLC UEs who need to monitor the PDCCH very frequently.
· PUCCH enhancements
· In Rel-15, URLLC and eMBB feedback together, which leads feedback delay or unreliable UCI for URLLC. So. enhanced HARQ-ACK feedback for URLLC should be considered to meet URLLC reliability and latency requirement, such as separate feedback for URLLC and eMBB, more than two PUCCH transmission occasion.
· Transmission diversity is an effective way to improve PUCCH reliability.
· PDSCH Enhancements 
· In Rel-15, HARQ-less transmission were studied fully to meet URLLC reliability. However, HARQ-less is not only low efficiency scheme but also unreliable due to deficiency in CSI. So, enhanced CSI feedback needs to be considered to meet URLLC reliability and improve system efficiency.
· To simplify the R15 NR equipment and device implementation, R15 specification adopted a relative simple design, but meanwhile constrained the system flexibility and efficiency. In Rel-16, flexible time domain resource allocation is support to reduce latency, such as 1-14 symbols PDSCH duration, PDSCH starting symbol indication relative to PDCCH, PDSCH duration across slot boundary and non-contiguous symbols/slots for PDSCH 
· PUSCH Enhancements
· Mini-slot repetition and hopping is benefit for low latency and high reliability.
· Similar as PDSCH, Flexible time domain resource allocation is support to reduce latency, such as PUSCH duration across slot boundary and non-contiguous symbols/slots for PUSCH.
· In Re15, Grant based resourceprioritizes configured grant resource. However, configured grant is usually configured for URLLC to reduce uplinktransmission latency. And grant based resource may not suitable for URLLC due to long duration extends latency requirement.  So flexible configuration between grant free and grant based resource needs to be studied in Rel-16
· In Rel-15, configured grant is designed to meet URLLC latency requirement, but reliability issue was not studied fully. In Rel-16, Configured grant transmission should be enhanced in terms of reliability, such as mini-slot repetition and hopping, multiple grant free resources, reduction of collision, restriction of UCI piggyback in configured grant and explicit HARQ-ACK feedback (e.g.UE-group HARQ-ACK feedback using GC-PDCCH)
2.2		SharingURLLC witheMBB
Sharing URLLC witheMBB from the perspective of both network and UE are usual scenarios. For example, Mobile phone not only supports eMBB service, such internet TV, but also supports URLLC service, such as online gaming, AR/VR and remote control. So technics to solve URLLC and eMBB collision, such as non-contiguous time resource allocation, intra/inter-UE multiplexing/prioritizing for UL/DL, multiple active BWPs and SR enhancements, are to be studied in Rel-16

· Support non-contiguous symbols/slots for PDSCH/PUSCH
The tool specified in R15 is the DL pre-emption indication (PI). However, this is a countermeasure when URLLC UE puncturing eMBB UE has happend. A more efficient approach is to enable a more flexible multiplexing between URLLC and eMBB UEs. An enhancement is to supportnon-contiguous symbols/slots for PDSCH/PUSCH.
· UL intra-UE/inter-UETx prioritization/multiplexing 
UL inter-UE/intra-UE Tx prioritization/multiplexing is benefit for latency reduction in case of sharing URLLC with eMBB from the perspective of both network and UE.
· DL intra-UE prioritization/multiplexing
Though DL inter-UE prioritization/multiplexing has been discussed in Rel15, DL intra-UE prioritization/multiplexing  was not discussed fully. So, it should be considered in Rel16 to support sharing URLLC with eMBB in terms of UE.
· Support of simultaneous multiple numerologies at UE. 
Considering that URLLC and eMBB with different latency requirements need to be simultaneously supported at a UE, multiple active numerologies at a UE needs to be considered. Two approaches can be considered to achieve this enhancement:Support multiple active BWPs without extending the definition of BWP and Not support multiple active BWPs, but extending the definition of BWP 
· SR enhancement 
In case of sharing URLLC with eMBB, SR may be delayed due to SR will be multiplexed in long PUCCH/PUSCH when SR overlaps with long PUCCH/PUSCH. So SR latency reduction for simultaneous URLLC and eMBB should be considered. For example, SR is transmitted independently in case that SR overlaps with long PUCCH/PUSCH.
2.3		Special scenario
In addition, some special scenarios have their own advantage and problems. So some special schemes can be considered in the special scenario.
· Multi-carrier transmission for URLLC
Carrier aggregation is a default function for 5G. Therefore, it is natural to support multi-carrier transmission for URLLC to improve reliability and reduce latency. In addition, multi-carrier across FDD and TDD is benefit to reduce latency in TDD carrier.
· Uplink coverage enhancement for URLLC
Better fulfil the 95% coverage requirement by ITUR for URLLC, including DL and UL. However, due to uplink maximum transmit power is limited, which is much less than downlink maximum transmit power, uplink coverage will be the bottleneck of system coverage. In LTE, repetition is usually used to improve uplink coverage. However, due to low latency requirement for URLLC, repetition number is limited and uplink coverage issue cannot be resolved completely. So, advanced schemes need to be considerd in Rel-16.
On the one hand, Advanced UL receiver, such as Multi-panel receiver and UL CoMP, is one way to improve uplink coverage.On the other hand, special power control mechanism and powerefficient techniques are considered to enhance uplink coverage.
3 Conclusion
This contribution analyzes neccessarity of URLLC enhancement and discussessome features on NR URLLC enhancements.URLLC reliability/latency/efficiency, Sharing URLLC witheMBB and Special scenario need to be enhancedand related technics need to be considered in Rel-16.
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