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1. Introduction

In the RAN meeting #77, the revised new SID on NR-based Access to Unlicensed Spectrum (NR-U) was agreed [1] and this study item includes the following objective in RAN1:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 

· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure

As discussed in companion contribution [2], self-contained slot transmission and burst transmission could be studied in NR-U to support scheduling with flexible transmission durations. This contribution mainly discusses the potential HARQ feedback procedures corresponding to those frame structures.
2. Potential HARQ procedures 
In NR licensed, asynchronous HARQ has already been supported. This asynchronous HARQ procedure could be studied with necessary enhancements to support PDSCH transmission in unlicensed spectrum.

· HARQ procedure for self-contained slot transmission
For self-contained slot structure, since the purpose of introducing this kind of transmission is to reduce HARQ processing delay for low latency service by transmitting the HARQ feedback in the same slot that PDSCH received, it is straightforward to reuse NR licensed slot structure, except that some gaps may be reserved for channel sensing. Figure 1 shows the example of HARQ procedure. 
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Figure 1: HARQ procedure for self-contained slot transmission
Proposal 1: Self-contained HARQ feedback should be supported for NR-U deployment.
· HARQ procedures for burst transmission
Three candidate HARQ procedures are considered for burst transmission. 
Option 1: One PUCCH resource can be assigned right after the finished transmission of each DL burst. A short gap, for example, several microseconds, between the DL burst and the PUCCH resource are reserved for antenna switching and for one-shot carrier sensing if needed. The available HARQ-ACK feedbacks corresponding to the first few slots in the DL burst can be transmitted immediately on the PUCCH resource. For the HARQ-ACK feedbacks corresponding to the later few slots in this DL burst could be transmitted on later PUCCH resource. Figure 2 shows one example of this HARQ procedure.
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Figure 2: HARQ procedure for burst transmission (option 1) 
Option 2: PUCCH resource is assigned on the UL burst after the finished transmission of each DL burst. Each PUCCH resource corresponding to a time window. PDSCH transmissions occurred within this window should feedback their corresponding HARQ-ACKs on the PUCCH resource. Different PUCCH resources may correspond to different time windows to make sure each DL slot can be linked to a PUCCH resource. Figure 3 shows one example of this HARQ procedure.
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Figure 3: HARQ procedure for burst transmission (option 2) 
Option 3: PUCCH resource is assigned on the UL burst after the finished transmission of each DL burst. For each PDSCH transmission, UE should determine the corresponding feedback resource based on the indicated HARQ timing and the position of PUCCH resource, e.g., the first PUCCH resource fulfill the HARQ timing requirement can be used to transmit the corresponding HARQ-ACK. Figure 4 shows one example of this HARQ procedure.
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Figure 4: HARQ procedure for burst transmission (option 3) 
Based on the above discussion, it is proposed:
Proposal 2: Study HARQ procedure for burst transmission on NR-U.
3. Conclusions
This contribution mainly discusses the potential HARQ feedback procedures corresponding to self-contained slot structure and burst structure. The following proposals are made.
Proposal 1: Self-contained HARQ feedback should be supported for NR-U deployment.
Proposal 2: Study HARQ procedure for burst transmission on NR-U.
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