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1. Introduction
In RAN#81, the updated study item description on physical layer enhancements for NR URLLC was approved with the following objectives [1]:
	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 with URLLC but are covered in other study items and will not be studied as part of this SI:
· Multi-TRP transmission 
· Mobility improvements for higher reliability
· Beam Management
· Time Sensitive Networking related enhancements
· UL/DL intra-UE prioritization/multiplexing


[bookmark: _GoBack]In this contribution, we discuss HARQ-ACK enhancement to meet the URLLC requirement. This contribution is revised from R1-1809251.

2. HARQ-ACK enhancement
For HARQ procedure, both ACK-to-NACK and NACK-to-ACK errors should be carefully handled in order to meet URLLC requirements. Depending on packet size, ACK-to-NACK error performance may need to be enhanced. For example, in case one packet is split into multiple segments and conveyed to UE through multiple PDSCHs, ACK-to-NACK error will result in unnecessary retransmission and thus induce resource waste since the resource for retransmission will be used for other new transmission if ACK-to-NACK error does not happen. In order to mitigate ACK-to-NACK error, reliability of A/N transmission needs to be enhanced. Moreover, to reduce unnecessary retransmission upon ACK-to-NACK error, it can be considered that a UE transmits early termination acknowledgment when the UE has detected retransmission DCI for the previous PDSCH which has been successfully received. In this case, a gNB can recognize that the PDSCH is successfully decoded by the UE and can schedule new data transmission more rapidly without awaiting HARQ-ACK feedback for the PDSCH. Such early termination signaling can be transmitted right after the detection of DCI scheduling unnecessary retransmission. Eventually, such early termination of unnecessary retransmission may provide faster scheduling opportunities and thereby improve reliability as well as latency. It would be necessary to configure a dedicated resource for such early termination acknowledgment. 
NACK-to-ACK error may deteriorate overall performance in terms of latency and reliability. If a gNB misidentifies NACK to ACK for a PDSCH, it will schedule new transmission instead of retransmission of the PDSCH, which consequently will bring a failure of the PDSCH decoding. One mechanism to enhance reliability is to repeat HARQ-ACK bits in multiple domain such as time/frequency/code resources and modulated symbols. Another mechanism is to configure multiple resources and to differentiate between HARQ-ACK states by combinations of different resources and modulated symbols, and all combinations excluding a combination for ACK state can be regarded as NACK. For instance, for 1 bit HARQ-ACK, if ACK state is indicated by (PUCCH resource#1, modulated symbol#1) while NACK state is indicated by (PUCCH resource#2, modulated symbol#2), then all other combinations will be treated as NACK unless a UE detects modulated symbol#1 on PUCCH resource#1. Overall, further investigation on how to suppress NACK-to-ACK error is necessary.  
Proposal 1: For higher reliability and lower latency communication, early termination of retransmission can be considered to mitigate ACK-to-NACK error. 
Proposal 2: Further investigation on how to suppress NACK-to-ACK error is necessary.  

3. Conclusion
In this contribution, we discussed aspects on HARQ-ACK enhancement for URLLC. Based on the above discussions, our proposals are as follows:
Proposal 1: For higher reliability and lower latency communication, early termination of retransmission can be considered to mitigate ACK-to-NACK error. 
Proposal 2: Further investigation on how to suppress NACK-to-ACK error is necessary.  
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