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1 Introduction

In RAN#82 plenary meeting, a WI on NR-U [1] was approved. The scope for the HARQ enhancement and scheduling are listed as follows:

- 
HARQ operation: NR HARQ feedback mechanisms are the baseline for NR-U operation with extensions in line with agreements during the study phase (NR-U TR section 7.2.1.3.3), including immediate transmission of HARQ A/N for the corresponding data in the same shared COT as well as transmission of HARQ A/N in a subsequent COT. Potentially support mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities. (RAN1)

-
Scheduling multiple TTIs for PUSCH in-line with agreements from the study phase (TR 38.889, Section 7.2.1.3.3). (RAN1)

In this contribution, we present the discussion on the HARQ design for NR-U.
2 Discussion
HARQ
During the NR-U SI, it is concluded that UE can feedback the HARQ information for the DL data transmission in the same COT. To support this, 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 alternative is to extend the PDSCH-to-HARQ-timing-indicator field in the scheduling grant. The other one alternative is to allow more values in the dl-DataToUL-ACK by RRC signalling. In NR design, for DCI format 1_0, the PDSCH-to-HARQ timing field values map to {1,2,3,4,5,6,7,8}. To support same COT HARQ feedback for both DCI format 1_0 and 1_1, it is suggested to extend the PDSCH-to-HARQ-timing-indicator field. Considering the numerologies supported in sub7GHz frequency band, extend PDSCH-to-HARQ-timing-indicator field to 6 bits is enough.
Proposal 1: It is suggested to extend the PDSCH-to-HARQ-timing-indicator field in the DCI to 6 bits.

Cross-COT HARQ feedback
In some cases, UE cannot transmit the HARQ feedback for the DL transmission due to the limited gNB acquired COT or not enough processing time. To support HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy, the following possible candidate solutions [2] have been proposed:

-
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

For alternative 1, a DCI can be used to request/trigger the HARQ feedback for all or some PDSCHs from earlier COT (s), possibly along with the HARQ feedback for PDSCH(s) in current COT. The resources carrying the HARQ feedback can be determined either by the scheduling grant or by the triggering DCI. This alternative has the benefit that gNB and UE can have the common understanding on the reported HARQ information. However, UE needs to wait for the gNB’s triggering to proceed the HARQ feedback which brings additional transmission delay.
For alternative 2 and 3, UEs don’t need to wait for the gNB’s triggering to transmit the HARQ feedback, rather, UE can transmit the HARQ information along with possible target PDSCH information (Alt 2) or on the indicated resource (Alt 3) in a UE-initiated COT once it passes the channel access. Alt 2 and 3 have the benefit to reduce the latency of HARQ feedback, however, the HARQ information ambiguity issue need to be resolve to make sure gNB and UE have the common understanding on the HARQ information.

In our understanding, HARQ transmission in both gNB initiated COT and UE initiated COT should be supported. Depending on the latency requirement of the service, gNB can indicate UE how to proceed the cross-COT HARQ transmission by the scheduling grant.
Proposal 2: gNB can indicate UE how to proceed the cross-COT HARQ transmission by the scheduling grant
Multiple HARQ opportunities
In Rel-15 NR design, the timing between the PDSCH and corresponding HARQ transmissions is indicated by the PDSCH-to-HARQ-timing-indicator in the scheduling DCI. Due to the uncertain channel availability in the unlicensed band, the HARQ transmission might failed due to the LBT failure. In order to resolve this issue, it is agreed that supporting techniques to handle reduced HARQ A/N transmission opportunities for a given HARQ process due to LBT failure are identified as beneficial during the SI. Several alternatives can be considered:
Alt 1: configure multiple HARQ transmission opportunities in time domain
In this alternative, the HARQ feedback for a scheduled PDSCH transmission can be transmitted in multiple configured opportunities as illustrated in Fig 1. This can be achieved by extending the PDSCH-to-HARQ-timing-indicator in the scheduling grant or the RRC configured table.
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Figure 1: Illustration of Alt 1
Alt 2: configure a HARQ transmission time window

In this alternative, instead of explicit configuring the HARQ transmission opportunities, the gNB can configure a time window which allows the UE to feedback the HARQ information as soon as it grabs the channel as illustrated in Fig 2. This alternative have the benefits from the HARQ feedback latency aspects. The gNB needs to monitor the UE’s HARQ feedback in the configured time window continuously. Furthermore, the HARQ process ID might need to be included in the HARQ information.
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Figure 2: Illustration of Alt 2

Alt 3: configure multiple HARQ transmission opportunities in frequency domain

In this alternative, multiple HARQ feedback resources can be configured in different BWPs as illustrated in Fig 3. UE can select the other BWP or carrier to transmit the HARQ information once it fails the LBT on the active BWP. The BWP switching time need to be taken into account regarding the HARQ timing.
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Figure 3: Illustration of Alt 3

In our understanding, it is preferred to support the multiple HARQ transmission opportunities in the time domain. As for the frequency domain solution, UE either needs to keep an active BWP with large bandwidth which has impact on the UE’s power consumption or to switch the active BWP for the purpose of HARQ feedback which introduces additional delay.
Proposal 3: Multiple HARQ transmission opportunities in time domain should be prioritized.

3 Conclusions

In this contribution, we present the discussion on the HARQ enhancement for NR-U operation. Based on our analysis, we have the following proposals:
Proposal 1: It is suggested to extend the PDSCH-to-HARQ-timing-indicator field in the DCI to 6 bits.

Proposal 2: gNB can indicate UE how to proceed the cross-COT HARQ transmission by the scheduling grant
Proposal 3: Multiple HARQ transmission opportunities in time domain should be prioritized.
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