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1. Introduction

In last meeting, the following agreements have been achieved for HARQ enhancement in NR-U [1]:
Agreement: 
· NR-U should support both:

· HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy can be reported in the same channel occupancy

· It is found beneficial to extend the PDSCH-to-HARQ-timing to support indicating timings up to the end of the longest COT allowed by regulations, one or more of the following would be needed:
· Allow values larger than 15 by RRC signaling (FFS the largest value needed)
· Note: in some cases this may point outside of the COT
· Allow more bits for the PDSCH-to-HARQ-timing-indicator
· HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. These possible candidate solutions can be considered:

· Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s)

· Alt2: UE is configured to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger

· Alt3: by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
· Note: the alternatives above are at least applicable for the case where there is no HARQ feedback expected in the same channel occupancy as the PDSCH
· Study the impact of the above candidate solutions on the HARQ codebook
. In this contribution, we will give some discussions on how to enhance HARQ for NR-U.
2. Discussions 
2.1. HARQ enhancement

Based on the agreements, HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. For HARQ feedback corresponding to PDSCHs of a channel occupancy, it is identified beneficial to allow more bits PDSCH-to-HARQ-timing-indicator to support indicating timings up to the end of the longest COT. We would give some discussions on further extend the PDSCH-to-HARQ-timing-indicator to outside of that channel occupancy.
PDSCH-to-HARQ-timing-indicator enhancement design should consider the combination of multiple opportunities for HARQ A/N transmission. To support multiple opportunities for HARQ A/N transmission, more HARQ timing should be included in one PDSCH-to-HARQ-timing-indicator. One way to support this feature is to set a feedback window and all slots within this window could be used for HARQ feedback for the PDSCH transmission. The length of the window could be configured by RRC signaling or some default values. Obviously, the length of window size could not be limited by the length of COT. When the HARQ feedback exceeds the length of current COT, uplink starting COT carrying HARQ feedback could be triggered within the HARQ feedback window. Besides, PDSCH-to-HARQ-timing-indicator enhancement scheme is not conflict with gNB triggered feedback schemes. Once gNB doesn’t receive HARQ feedback within the feedback window, a gNB triggered feedback for PDSCH from earlier COT(s) could be used.
Proposal 1: PDSCH-to-HARQ-timing-indicator enhancements scheme could be used as base line design for NR-U HARQ feedback.
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Fig.1 example of multi-slot HARQ feedback
When multiple HARQ feedback position is configured, the HARQ codebook size should be further considered. For gNB, the main problem caused by multiple feedback position for one PDSCH transmission is the ambiguity of feedback codebook size in one PUCCH/PUSCH. For dynamic HARQ ACK codebook, if multiple HARQ process feedback overlapping in multiple position, once one PUCCH/PUSCH carrying ACK/NACK is missed detection, the codebook size in the following slot will have the risk of misunderstanding. To solve this problem, the HARQ feedback in legacy NR should be enhanced for NR-U. One example to enhance the HARQ feedback is include HARQ process ID in ACK/NACK feedback at the cost of overhead increasing. For semi-static HARQ ACK codebook, all possible HARQ ACK feedback could be include in codebook size to ensure the correct understanding at gNB side. However, the codebook size is large. When CBG based feedback is used, the overhead problem is worse. 
Proposal 2: Enhanced dynamic HARQ ACK codebook is used for baseline in NR-U.
2.2. Scheduling enhancement
Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U。Based on the discussion in [2], the main focus of this feature is how to support multiple TBs in one PUSCH scheduling. NR supports PUSCH repetition transmission to enhance coverage. In NR-U, this feature could be also supported. However, scheduling multiple TTIs for PUSCH with different TBs using a single UL grant is more important. Because it could increase scheduling efficiency and reduce the invalid scheduling times in NR-U.
For the detail design of DCI, to increase the scheduling flexibility, the number of scheduled TTIs in one DCI should be configured both by RRC signaling or DCI field. The frequency location and MCS of multiple TTIs could be same. However, for the reason of LBT, the available symbols number in the first slot might be different from the following slot. For TypeA scheduling, the transmission in the first PUSCH slot could consider support multi TB transmission and single TB transmission in the following slot(s). For TpyeB scheduling, the available symbol length in the first slot is hard to equal the length of multiple equal TTI length. For this case, the length of last TTI in the first slot could be different from previous TTI.
Proposal 3: The design of the first slot in scheduling multiple TTIs for PUSCH using a single UL grant could be different from the following slot(s).
3. Conclusion
In summary, the following proposals are provided:
Proposal 1: PDSCH-to-HARQ-timing-indicator enhancements scheme could be used as base line design for NR-U HARQ feedback.
Proposal 2: Enhanced dynamic HARQ ACK codebook is used for baseline in NR-U.
Proposal 3: The design of the first slot in scheduling multiple TTIs for PUSCH using a single UL grant could be different from the following slot(s).
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