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1. Introduction

In last meeting, the following agreements have been achieved for frame structure design in NR-U [1]:
Agreement:
· Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial

· Strive to support transmitting all HARQ A/N for the corresponding data in the same shared COT, if possible, considering the current NR UE processing time required

· Mechanisms to support this need to be identified

· It is understood in some cases, the HARQ A/N has to be transmitted in a separate COT from the one the corresponding data was transmitted

· Mechanisms to support this need to be identified

Agreement:

· Techniques to handle reduced HARQ A/N transmission opportunities for a given HARQ process due to LBT failure are identified as beneficial

· Potential techniques include mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities

Agreement:

· NR-U uses NR HARQ feedback mechanisms as baseline, and enhancements can be identified

· When UL HARQ feedback is transmitted on unlicensed band, NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes
Agreement:

· Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial 

· Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U

. In this contribution, we will give some discussions on how to enhance HARQ for NR-U.
2. Discussions 
With LBT operation, the channel access is non-deterministic and depends upon the availability of the channel as well as the state of the back-off mechanism. According to the design of current NR, the position of HARQ is fixed. Once LBT makes the HARQ information can’t be sent at a fixed position, gNB will have to treat the data as NACK, and then the data will be resent. These process which will lead to a waste of resources and latency loss. Especially when the channel is busy, this loss will become more obvious. Therefore, for NR-U, HARQ process should be enhanced for NR-U standalone operation. The main schemes to enhance the HARQ process are LBT enhancement for HARQ and increasing HARQ transmission positions.
2.1 LBT enhancements for HARQ
In last meeting, some agreements on LBT also related to HARQ process enhancements.
Agreement:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 

· Further enhancements not precluded 

· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 

· Further enhancements not precluded 

· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 

· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 

· No-LBT option can be applied to 6GHz band if allowed by regulation

· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band

Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.

For HARQ transmission, three type LBT should be considered: LBT2\LBT4\no-LBT. For A/N feedback within a COT, LBT2 could be used. However, even for LBT2, there are still some cases that A/N feedback could not been transmit within the same COT. Then, LBT4 should be considered for purely A/N feedback. The performance of LBT4 is worse than LBT2. 
Proposal 1: PUCCH carrying ACK/NACK information can be transmitted with LBT CAT2 under limited time and frequency occupation.
No-LBT option is an attractive solution to enhance A/N feedback. If all A/N feedback could be based on no-LBT option, the reliability of A/N feedback performance could be improved a lot. However, with system load increasing, even A/N feedback without LBT will bring challenge to fair co-existence problem. One option is to limit the no-LBT option application scenarios. No-LBT option could be only triggered in some cases. One example is that A/N feedback could be sent without LBT after a predefined period that could not achieve channel access opportunities. Besides, the design of PUCCH carrying A/N feedback without LBT should also FFS.
Proposal 2: A/N feedback without LBT should be considered when a UE could not get channel access opportunities after a predefined period.

2.2 More HARQ transmission positions
Even with a lower level of LBT, there is still no guarantee of effective feedback of HARQ information with a fixed position when system is busy. More transmission opportunities should also be allocated to HARQ feedback. In R15 LTE-LAA, Mode 1 is introduced for uplink transmission which allows multiple transmission points, such as scheduled transmission symbols and seventh symbols, within one subframe. In NR-U, in addition to introduce more transmission points within a slot, we can also consider increasing the candidate number of slots for HARQ feedback. Fig.1 gives an example of multi-slot HARQ feedback. More than one slot could be scheduled for one downlink data transmission HARQ feedback. The scheduled slots could be several continue uplink slots or non-continue uplink slots.
Proposal 3: Multi-slot HARQ feedback positions could be supported for HARQ enhancement for NR-U.
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Fig.1 example of multi-slot HARQ feedback
3. Conclusion
In summary, the following proposals are provided:
Proposal 1: PUCCH carrying ACK/NACK information can be transmitted with LBT CAT2 under limited time and frequency occupation.
Proposal 2: A/N feedback without LBT should be considered when a UE could not get channel access opportunities after a predefined period.

Proposal 3: Multi-slot HARQ feedback positions could be supported for HARQ enhancement for NR-U.
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