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1 Introduction

On RAN #80, a SI [1] was approved for NR URLLC including following objectives: 

· 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)

· 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)
On RAN1 #94, following agreements were achieved for L1 enhancements [2]: 

Agreements: 

· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.

Agreements: 

· Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.

· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH

· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.

· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot

· Other enablers are not precluded

This is a revision of R1-1811461 and in this contribution, we discussed a HARQ enhancement for URLLC.
2 Discussion
Many companies discussed the problem of single opportunity to feedback HARQ-ACK in one slot in Rel-15 and it may become a bottleneck issue to achieve the target latency of 0.5 – 1 ms. We share the same view as these companies and additionally we also consider the possibility to allow multiple PUCCH transmission opportunities for one PDSCH, for instance, when a one-shot transmission has many symbols or an automatic repetition includes many repetitions, an early HARQ-ACK can be indicated so that the gNB can start the transmission of next TB earlier. Actually at the beginning of NR, it was agreed for REs to be mapped in the order of frequency first and time next to enable pipeline processing and when PDSCH is transmitted with rich redundancy, it is possible for the UE to decode the TB before the end of TTI and feedback ACK/NACK earlier. 
In the example of Figure 1, a code rate 1/6 is assumed and theoretically, the PDSCH is decodable after the first OFDM symbol. The gNB can configure two PUCCH resources in time for the same PDSCH, and the UE can try to decode the PDSCH at two configurable points. The first HARQ-ACK feedback can be indicated with the PDSCH decoding result of the front 3 OFDM symbols and the second HARQ-ACK can be indicated with the PDSCH decoding result all 6 OFDM symbols. If a NACK is indicated in the first opportunity, the gNB can start the retransmission 3 symbols earlier. It may happen that the PDSCH is decoded successfully with all 6 symbols after a NACK is indicated based on the front 3 symbols and in that case, the retransmission scheduled by the gNB is useless and discarded. It happens with a probability same as the PDSCH BLER of the front 3 symbols so the amount of wasted resource can be minimized by selecting the first feedback point with a proper BLER.    
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Figure 1 PUCCH transmission opportunities
It can be configured to use multiple feedback resources per PDSCH to reduce the latency with the cost of decreased resource efficiency. 
Proposal 1: it is proposed to study further how to enable multiple PUCCH transmission opportunities in one slot for one or multiple PDSCH transmissions. 
3 Conclusion
In this contribution, a HARQ enhancement is discussed and proposed for consideration. 
Based on above discussion, we have the following proposal: 

Proposal 1: it is proposed to study further how to enable multiple PUCCH transmission opportunities in one slot for one or multiple PDSCH transmissions. 
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