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1   Introduction
The scope of Rel-16 NR URLLC enhancements has been discussed over email on RAN_DRAFT reflector. In this contribution, we show our views on the scope of Rel-16 NR URLLC enhancement, especially the L1 parts. 
2   Potential enhancement areas and justifications 

NR Rel-15 supports low latency transmissions with very limited design targeting high reliability, i.e. new CQI and MCS tables targeting 10-5 BLER. Given the limited time, URLLC in Rel-15 largely reuses the eMBB design without optimization for URLLC services. Therefore L1/L2 enhancements for URLLC services targeting existing or new URLLC service requirements, as well as improved scheduling flexibility and spectrum efficiency can be further worked on in Rel-16. The potential areas for URLLC enhancements are discussed as follows, with some justifications. 
Enhancements to mini-slot level scheduling
In Rel-15 the UE capability regarding number of CCE and blind decoding for case -2 monitoring is limited, which restricts the scheduling flexibility for URLLC UEs configured with mini-slot level PDCCH monitoring, which increase the PDCCH block probability. Further it is not possible to schedule UE with highest ALs (e.g. AL8 or AL16 for high reliability purpose) in every 2-symbol due to CCE limitation per slot. It is proposed to increase the PDCCH monitoring capability for case 2 monitoring.

In Rel-15, for PDSCH mapping type B (i.e. mini-slot based PDSCH), only transmission duration with 2/4/7 symbols are supported, while for PUSCH mapping type B, any symbol duration from 1 to 14 symbols can be supported. It is proposed to enhance the PDSCH mapping type B to support full flexibility in time domain RA.

In Rel-15 PUCCH design, at maximum two PUCCH transmissions are allowed within a slot from a single UE perspective. With this limitation, the pipeline HARQ-ACK feedback for URLLC in FDD cannot be supported. It is proposed to remove such restriction such that every mini-slot based PDSCH can have one-to-one mapped PUCCH for HARQ-ACK feedback. 
Therefore, it is proposed to consider the following for Rel-16 URLLC enhancements.
· Increased PDCCH monitoring capability (CCE/BD) for case-2 monitoring
· Support of other transmission durations than 2/4/7 symbols for PDSCH mapping type B
· Support of more than one PUCCH transmissions within a slot

Physical channel reliability enhancements
In Rel-15 discussion, due to the time limitation, only the PDCCH reliability was discussed briefly, with some small link performance gap observed in 700MHz deployment with small delay spread (30ns), there was no consensus in Rel-15 on whether and how to address the PDCCH reliability issues. The reliability issues for other physical channels including PUCCH, PDSCH and PUSCH were not discussed. In Rel-16 URLLC enhancements, a continuing study can be performed to the mentioned physical channels according to the latest URLLC service requirements. Enhancements to physical channel reliability can be specified after the study phase. 
· PDCCH reliability enhancements (e.g. compact DCI, repetition)

· PUCCH reliability enhancements (e.g. TxD)

· PDSCH/PUSCH reliability enhancements
Enhanced eMBB and URLLC multiplexing
To maximum the spectrum utilization, efficient dynamic multiplexing between eMBB and URLLC in the same carrier is desired. In Rel-15, DL preemption is specified for efficient DL inter-UE multiplexing of eMBB and URLLC. Due to lack of time, UL preemption for inter-UE eMBB and URLLC dynamic multiplexing was not supported in Rel-15, which can be discussed further in Rel-16. In this case, the URLLC UL transmission can be either grant based or gran-free. 
Rel-15 does no support efficient intra-UE multiplexing of eMBB and URLLC services, since the important enablers such as out-of-order scheduling and HARQ feedback, intra-UE prioritization of parallel eMBB/URLLC transmissions in DL or UL are not considered. In addition, currently it is not possible to dynamically switch UL power control loop between eMBB and URLLC for a single UE. It is proposed to further work on these areas to enable efficient intra-UE eMBB and URLLC.

Therefore, it is proposed to consider the following for enhanced eMBB and URLLC multiplexing
· Efficient Inter-UE eMBB & URLLC multiplexing, e.g. UL cancelation 
· Efficient Intra-UE eMBB & URLLC multiplexing, including both DL and UL
· eMBB/URLLC differentiation in L1 (if not adopted in Rel-15)
· The URLLC can be grant-based or grant-free
· UL power control enhancements for intra-UE eMBB/URLLC multiplexing in UL
Enhanced UL grant-free transmissions
In Rel-15, the UL grant-free was supported with some restrictions, further enhancements can be considered in Rel-16.
· K repetitions for a TB across P boundary (to achieve uniform reliability performance)
· Mini-slot repetition within a slot (improve the reliability with low latency)
· Multiple grant-free configurations to a UE (for multiple service requirements)
3   Conclusion
In this contribution, we discuss the Rel-16 URLLC enhancement scope, it is proposed to discuss/specify the following enhancements in RAN1 and RAN2.
· Enhancements to mini-slot level scheduling

· Increased PDCCH monitoring capability (CCE/BD) for case-2 monitoring
· Support of other transmission durations than 2/4/7 symbols for PDSCH mapping type B
· Support of more than one PUCCH transmissions within a slot

· Physical channel reliability enhancements

· PDCCH reliability enhancements (e.g. compact DCI, repetition)

· PUCCH reliability enhancements (e.g. TxD)

· PDSCH/PUSCH reliability enhancements
· Enhanced eMBB and URLLC multiplexing
· Efficient Inter-UE eMBB & URLLC multiplexing, e.g. UL cancelation 

· Efficient Intra-UE eMBB & URLLC multiplexing, including both DL and UL
· eMBB/URLLC differentiation in L1 (if not adopted in Rel-15)

· The URLLC can be grant-based or grant-free

· UL power control enhancements for intra-UE eMBB/URLLC multiplexing in UL

· Enhanced UL grant-free transmissions
· K repetitions for a TB across P boundary (to achieve uniform reliability performance)

· Mini-slot repetition within a slot (improve the reliability with low latency)

· Multiple grant-free configurations to a UE (for multiple service requirements)
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