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1 Introduction
In TSG-RAN#80 plenary meeting [1], the scope of new SID on physical layer enhancements for NR URLLC was defined [1]. This paper focuses on one of the potential enhancements, i.e., enhanced HARQ feedback methods. The contribution firstly discusses the motivation for enhanced HARQ feedback methods, and then discusses the potential enhancements.  

2 Discussion 
2.1 Motivation for enhanced HARQ feedback 
In R15, it was agreed to support two TDMed PUCCHs within one slot, at least for two short PUCCHs or one short PUCCH and one long PUCCH [2]. This mechanism could be used for separate ACK/NACK feedback within one slot. However, only one PUCCH within one slot is allowed to be used for HARQ-ACK transmission. That is, all HARQ-ACK responses to be transmitted in the same slot need to be multiplexed and transmitted on the same PUCCH, of which the location in time domain is typically determined by the last scheduled PDSCH. An example is shown in figure 1, where SCS 30 kHz and 15 kHz are assumed for DL and UL respectively. From the figure, we can see that due to the restriction of one single PUCCH transmissions for ACK/NACK within one slot, HARQ-ACK for PDSCH 1 which originally would to be transmitted at the beginning of the slot has to be postponed to the end. Assuming PUCCH resource 1 and 2 both are 2-OS short PUCCHs, the increased latency for HARQ-ACK feedback for the first PDSCH is nearly 0.857 ms, and if PDSCH 1 needs retransmission, then the retransmission would be delayed by at least 0.857 ms.    

The increased feedback latency is unacceptable for some URLLC use cases. For example, the packet arrival interval and air interface latency is 1 ms for some factory automation applications, e.g., mobile robots in TR 22.804. In such a case, the device would feed back two ACK/NACKs for two consecutive PDSCHs within one uplink slot, and then delay the ACK/NACK feedback by 0.857 ms is totally unacceptable. 
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Figure 1: Example of HARQ-ACK feedback in Rel-15 
Observation 1: Restricting one PUCCH transmission for HARQ-ACK within one slot as done in Rel-15 would increase latency, which is unacceptable at least for some URLLC use cases with low latency requirement and short packet arrival interval. 
In addition, the current HARQ feedback method is not applied to intra-UE DL multiplexing case when semi-static HARQ-ACK codebook is configured. If intra-UE DL multiplexing is supported, a latter urgent URLLC PDSCH (e.g. PDSCH 2) may occupy some resources of early scheduled eMBB PDSCH (PDSCH 1) for transmission. In such a case, UE is expected to feed back both the HARQ-ACK for eMBB PDSCH (e.g., HARQ-ACK 1) and the HARQ-ACK for URLLC PDSCH (e.g., HARQ-ACK 2). However, according to the Rel-15 mechanism, only one HARQ-ACK bit would be generated for overlapping PDSCH occasions, especially overlapping occasions with the same start symbol. 
Observation 2: The Rel-15 HARQ feedback method with configured semi-static HARQ-ACK codebook is not applied to intra-UE DL multiplexing. 
Based on the above observations, the HARQ-ACK feedback methods need to be enhanced to better support URLLC.  
Proposal 1: Enhanced HARQ feedback is recommended to be supported for Rel-16 URLLC. Enhancements can include at least the following aspects:

·  Support of more than one PUCCH transmission possibilities within one slot.  
· HARQ-ACK feedback with semi-static codebook is extended to apply to intra-UE DL multiplexing. 
2.2
Potential Enhancements
To solve the problems above, some more detailed enhancements are necessary. For example, to alleviate the feedback delay from ACK/NACK multiplexing, we could re-define the granularity of K1, e.g., in a unit of half-slot. Accordingly UE would feed back two HARQ-ACK codebooks in two half-slots within one slot, and the feedback latency incurred by joint ACK/NACK feedback would be reduced by a half. Alternatively, we can divide the ACK/NACKs within one slot into several groups, and then implement the HARQ-ACK codebook determination and PUCCH resource allocation for each group separately. The grouping of ACK/NACKs could be in a dynamic manner, e.g., based on the DCI format, or in a semi-static manner, e.g., based on the PDSCH occasions configured by RRC.
As another example, some predefined rules can be used. Based on either indication in the DCI or some higher layer signaling, as well as its feedback capability, URLLC UE can use the earliest available UL PUCCH resource to feedback A/N.
Proposal 2: Possible enhancements to enable more flexible HARQ-ACK feedback should be studied in R16, including finer timing indication, ACK/NACK grouping within one slot, and predefined rule based HARQ-ACK resource allocation.
3 Conclusions 
In this contribution, we discuss the enhanced HARQ-ACK feedback solutions for URLLC, and observations and proposals are given as follows.
Observation 1: Restricting one PUCCH transmission for HARQ-ACK within one slot as done in Rel-15 would increase latency, which is unacceptable at least for some URLLC use cases with low latency requirement and short packet arrival interval.
Observation 2: The Rel-15 HARQ feedback method with configured semi-static HARQ-ACK codebook is not applied to intra-UE DL multiplexing.
Proposal 1: Enhanced HARQ feedback is recommended to be supported for Rel-16 URLLC. Enhancements can include at least the following aspects:

·  Support of more than one PUCCH transmission possibilities within one slot.  
· HARQ-ACK feedback with semi-static codebook is extended to apply to intra-UE DL multiplexing.
Proposal 2: Possible enhancements to enable more flexible HARQ-ACK feedback should be studied in R16, including finer timing indication, ACK/NACK grouping within one slot, and predefined rule based HARQ-ACK resource allocation.
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