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Background
At the RAN#80 meeting, the following study item on physical layer enhancements for NR URLLC was approved [1]. According to [1], the following studies were agreed in Rel.16.

	Establishing the baseline performance achievable with Release 15 URLLC considering the prioritized URLLC use cases identified in the justification section. Besides the baseline Release 15 URLLC performance, the study will investigate the necessary improvement for the prioritized URLLC use cases in the justification section and how to meet the requirements for those use cases in Release 16 with higher requirements, such as:
· Higher reliability (up to 1E-6 level), higher availability, time synchronization down to the order of a few µs where the value can be 1 or a few us depending on frequency range, short latency in the order of 0.5 to 1 ms, depending on the use cases (factory automation, transport industry and Electrical power distribution)
· Relevant development in other work and study items to be taken into account.

URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)

Enhanced multiplexing considering different latency and reliability requirements (RAN1): 
UL inter UE Tx prioritization/multiplexing 

Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)

The following items have been identified to have relationship URLLC but are covered in other study items:
· Multi-TRP transmission
· Mobility improvements for higher reliability
· Beam Management




In this contribution, we propose solutions for enhanced UL transmissions with configured grant.
Discussion
Grant-free repetitions
In NR, repetitions are supported for UL transmissions with configured grant to meet the requirement of high reliability [2]. The periodicity P, the number of repetitions K and redundancy version (RV) sequence applied to the repetitions are configured by higher layer. The first transmission occasion of repetitions is determined by slot offset and time-domain resource allocation (symbol allocation) from RRC (Type 1 configured grant) or L1 activation (Type 2 configured grant). The remaining transmission occasions for repetitions use the consecutive slots applying the same symbol allocation in each slot.
From the reliability point of view, UE is supposed to transmit all the K repetitions. Although UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P, it is still not guaranteed that the UE can finish the K repetitions within a period due to possible late start position or conflicts with DL symbols.
For example, the periodicity is set as 8 slots while the number of repetitions is also set as 8. If configured RV sequence is {0,3,0,3} or {0,0,0,0}, the worst case is that the initial transmission of a transport block (TB) starts at the 7th slot within a period due to the late TB arrival. In this case, only two repetitions including the initial transmission are transmitted since UE should terminate repetitions at the last transmission occasion within the period. Moreover, the transmission of repetitions may skip any slot, if the UE procedure for determining slot configuration determines symbols of the slot allocated for PUSCH as DL symbols. These cases may not achieve the required reliability.
Proposal 1: RAN1 should study the enhancement of slot-based repetition so that the number of configured repetitions of PUSCH is guaranteed.
Conclusion
In this contribution, we have the following proposal:
Proposal 1: RAN1 should study the enhancement of slot-based repetition so that the number of configured repetitions of PUSCH is guaranteed.
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