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1. Introduction

In RAN1#93, potential HARQ enhancements for NR-U were discussed with the following agreements:
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 RAN1#94, the following agreements about HARQ feedback were approved for NR-U:

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 further discuss the HARQ enhancements for NR-U.
2. Discussion 
2.1. HARQ processes
In NR Rel-15, up to 16 HARQ processes are supported. When the latency requirement of the transmission on NR-U carrier is not tightened, PDSCHs or PUSCHs should be continuously transmitted in one COT as much as possible to reduce the number of DL-UL switching points. Considering larger SCSs will be widely used in NR-U, if one TB is still limited to be transmitted within one slot, massive HARQ processes needed to be supported, otherwise the efficiency lose and larger overhead for ACK/NACK transmission can be expected. Take 60kHz as an example, up to 40 transmission occasions exit in one 10ms COT, and the maximum TBS is a quarter of 15kHz. From UE perspective, even 16 HARQ processes are fully used, the efficiency lose is 60% (i.e. 24/40). Furthermore, to transmit same amount of information, ACK/NACK overhead increases 300%. Therefore, one TB transmitted on multiple slots by rate matching should be supported at least when the subcarrier spacing is larger than 15kHz.
The maximum length of multiple TTIs used to transmit one TB can be explicitly configured by gNB or implicitly determined based on the SCS. For example, the maximum length of multiple TTIs equals to 
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, where 
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 is the subcarrier spacing on NR-U carrier. The maximum number of HARQ processes for NR-U is kept to 16.
Proposal 1: Multi-TTI transmission by rate matching should be supported at least for larger SCSs.
· The maximum length of multiple TTIs can be explicitly configured by gNB or implicitly determined based on the SCS.
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Figure 1: Transmission with larger SCS

2.2. UCI transmission
In order to avoid the performance loss of UCI transmission caused by LTB failure, the following issues should be considered:

· Issue 1: UCI is transmitted after a DL burst within a COT as much as possible.
The gap between DL burst and UCI transmission should be kept to less than 16us as much as possible to avoid LTB. For SR (if configured) and P-CSI (if configured), if the transmission occasion overlaps with the DL burst in one COT, the actual transmission time of SR and P-CSI should be delayed after the DL burst, as shown in Figure 2.
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Figure 2: Periodic UCI transmitted after a DL burst within a COT
· Issue 2: Multiple UCI transmission occasions can be configured at least when LTB is used before UCI transmission.
Multiple transmission occasions are mainly used to increase the probability of successful LBT. Multiple transmission occasions can be configured in different frequencies and/or different symbols. Considering large latency of UCI will lead to the loss of system efficiency in time-domain, continuous multiple UCI transmission occasions are preferred. However, gaps for LBT between the transmission occasions can be supported. Once LBT is passed, UCI can be transmitted on multiple transmission occasions in different symbols to increase the detection performance. However, UCI should be transmitted on one frequency occasion if multiple frequency occasions are available for the same time, as shown in Figure 3.
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Figure 3: Multiple UCI transmission occasions
On the other hand, it was agreed in the RAN1 #93 meeting that no-LBT can be used for gap of less than 16us within a shared gNB COT. In this case, there is no need to configure multiple UCI transmission occasions. Multiple UCI transmission occasions can be configured based on the corresponding LBT type, as shown in Figure 4.
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Figure 4: One UCI occasion for no-LBT and multiple UCI occasions for LBT
Proposal 2: If the transmission occasion of periodic UCI (if configured) overlaps with the DL burst in one COT, the actual transmission time should be delayed after the DL burst.

Proposal 3: Multiple UCI transmission occasions can be configured.
· UCI should be transmitted on multiple time-domain transmission occasions after LBT is passed.

Proposal 4: One UCI transmission occasion can be configured for no-LBT case.

2.3. HARQ timing

For Rel-15 ACK/NACK transmission, the HARQ timings, indicated by DL grants, corresponding to one PUCCH should be decreased with time, as shown in Figure 5. 
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Figure 5: HARQ timing for Rel-15 ACK/NACK transmission
However, if the same mechanism is used for NR-U, the loss of transmission efficiency and large transmission delay can be expected, because the DL burst may be interrupted by the pre-allocated PUCCH and additional LBT procedures may be required. 

· Case 1: One example is shown in Figure 6-a, assuming the preparation of one PDSCH should be at least 2 slots before the transmission. At least the data in the first two slots of the DL burst should be prepared before the starting of the DL burst. If the first slot is not transmitted due to LBT failure, the length of the DL burst is shortened by the PUCCH. On the other hand, if the HARQ timing can be reset, based on the actual transmission, by later DCI, the efficiency loss and large delay can be avoided, as shown in Figure 6-b.
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Figure 6: The efficiency loss and large delay caused by LBT failure
· Case 2: Another example is shown in Figure 7. Based the first data arriving, a 5-slot DL burst will be transmitted, and a PUCCH within the COT is indicated. However, the second data is arrived during the transmission of the second slot in the DL burst. Based on NR mechanism, two DL bursts have to be scheduled which may lead to efficiency loss and large delay. Similar as case 1, if the HARQ timing can be reset by later DCI, the efficiency loss and large delay can be avoided.
In order to avoid the efficiency loss and large delay caused by the interruption of a DL burst by the pre-allocated PUCCH, enhancement for indication of HARQ timing should be considered, i.e. indication of HARQ timing in later DL grant can override the previous indication. The main issue of such enhancement is how to determine the later indication is used to override the previous timing or schedule a new separated PUCCH.
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Figure 7: The efficiency loss and large delay for new data arriving
Proposal 5: Enhancement for indication of HARQ timing should be supported.

· The indication of HARQ timing in later DL grant can override the previous indication.
2.4. ACK/NACK codebook
Dynamic HARQ-ACK codebook and semi-static HARQ-ACK codebook are supported in NR. Dynamic HARQ-ACK codebook has benefit for UCI overhead reduction, with the cost of additional DCI fields (i.e. DAI) are needed. Furthermore, one disadvantage of dynamic HARQ-ACK codebook is the ambiguity of total number of UCI bits may exit when multiple continuous DL grants or the last DL grant(s) in the PDSCH monitoring occasions are missed. Such problem is considered as a corner case on licensed carrier(s). Whether such consideration is still appropriate on unlicensed carrier should be firstly confirmed. 
On the other hand, much more redundant HARQ-ACK bits may be transmitted by semi-static HARQ-ACK codebook with lower DCI overhead. Considering much more physical resources will be used to transmit PUCCH to meet the requirement of minimum nominal channel bandwidth, UCI payload may be not serious issue for NR-U. In NR Rel-15, the semi-static HARQ-ACK codebook size is determined by the HARQ timing values 
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. For NR-U, the size of COT can be used to determine the semi-static HARQ-ACK codebook. If ACK/NACK bits corresponding to PDSCHs from multiple COTs are multiplexed in one PUCCH. The codebook can be further restricted by the number of HARQ processes. For example, the codebook is determined based on the minimum value between the size of COT(s) and HARQ processes.
Proposal 6: Dynamic HARQ-ACK codebook can be supported if the probability of the DL grant missing in the PDSCH monitoring occasions is negligible.
Proposal 7: Semi-static HARQ-ACK codebook based on the size of COT(s) should be considered.
· The codebook can be further restricted by the number of HARQ processes.
3. Conclusions
This contribution mainly discusses the potential HARQ procedure enhancements with the following proposals:
Proposal 1: Multi-TTI transmission by rate matching should be supported at least for larger SCSs.
· The maximum length of multiple TTIs can be explicitly configured by gNB or implicitly determined based on the SCS.
Proposal 2: If the transmission occasion of periodic UCI (if configured) overlaps with the DL burst in one COT, the actual transmission time should be delayed after the DL burst.

Proposal 3: Multiple UCI transmission occasions can be configured.

· UCI should be transmitted on multiple time-domain transmission occasions after LBT is passed.
Proposal 4: One UCI transmission occasion can be configured for no-LBT case.
Proposal 5: Enhancement for indication of HARQ timing should be supported.

· The indication of HARQ timing in later DL grant can override the previous indication.
Proposal 6: Dynamic HARQ-ACK codebook can be supported if the probability of the DL grant missing in the PDSCH monitoring occasions is negligible.

Proposal 7: Semi-static HARQ-ACK codebook based on the size of COT(s) should be considered.

· The codebook can be further restricted by the number of HARQ processes.
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