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1. Introduction
The following agreements related to NR-U HARQ enhancements were reached in RAN1 #97 meeting [1].
Agreement:
For multiple PUSCHs scheduled by a single DCI
· The following fields in the DCI are signalled per PUSCH
· NDI
· RV (FFS: compression scheme for RV)
· FFS if CBG-based re-transmission is supported for multi-TTI scheduling, at least the following options are considered for signalling the CBGTI field in the DCI
· Option 1: per re-transmitted PUSCH 
· FFS: limitations on number of re-transmitted PUSCH for which CBGTI field is signalled
· Option 2: per PUSCH
· Option 3: only for a fixed number of PUSCHs
· HARQ process ID signalled in the DCI applies to the first scheduled PUSCH. HARQ process ID is then incremented by 1 for subsequent PUSCHs in the scheduled order (with modulo operation as needed)
· Time domain resource assignment mechanism is enhanced for indicating the number of scheduled mapping Type A and Type B PUSCHs, and their starting and ending symbols
· At least continuous time domain resource assignment is supported 
· FFS: whether multiple mapping Type B PUSCHs is allowed within the first slot
· FFS: whether multiple starting positions is allowed for UE-initiated COT (discussed as part of agenda 7.2.2.1.3) 
· FFS: configuration/signalling details
· CSI request field in the DCI applies to a single PUSCH
· FFS: relation between the timing of the triggered CSI-RS and the PUSCH carrying the CSI feedback, and how to determine which PUSCH carries the CSI feedback
· FFS: Whether existing DCI formats can be extended or new formats are necessary and associated details for supporting scheduling multiple PUSCHs
· FFS: Potential impact on MCS signalling for re-transmission
· Note: Indication of the LBT type and priority class should be possible with the DCI
· Note: SRS request field in the DCI applies to a single slot with the applicable slot signalled as in Rel-15
· Note: The number of DAI fields is not increased as compared to the single PUSCH scheduling DCI in Rel-16. Applicability of the DAI field is the same as multi-slot PUSCH scheduling in Rel-15.
Agreement:
For operation with dynamic HARQ codebook (type-2 codebook):
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· For any PDSCH scheduled with numerical or non-numerical value of K1
· The number of HARQ-ACK bits for one PDSCH group can change between successive requests for HARQ-ACK feedback for the same PDSCH group
· HARQ-ACK feedback for all PDSCHs in the same group is carried in the same PUCCH 
· One DCI can request HARQ-ACK feedback for one or more PDSCH groups in the same PUCCH
· C-DAI/T-DAI is accumulated only within each PDSCH group
· FFS: Choose between the following options:
· T-DAI is included only for the scheduled group
· T-DAI is included for each group
· New ACK-Feedback Group Indicator for each PDSCH Group operates as a toggle bit
· Maximum number of PDSCH groups: 2 (FFS: maximum number of groups 4 and maximum number of groups for which feedback is requested in the same PUCCH)
· A UE can signal support of this feature as part of capability signaling
In this contribution, we discuss NR-U HARQ related issues including dl-DataToUL-ACK values, dynamic and semi-static HARQ-ACK codebook enhancements and multi-TTI scheduling.
2. Discussion 
2.1 dl-DataToUL-ACK values
[bookmark: _GoBack][bookmark: OLE_LINK18][bookmark: OLE_LINK19]In previous meetings, a few companies would like to extend the largest value of dl-DataToUL-ACK to support all the PDSCHs being fed back at the end of a COT with the longest COT and a large SCS configuration [2]. However, increasing the largest value of dl-DataToUL-ACK may lead to increasing the number of bits for the PDSCH-to-HARQ-timing-indicator field in the DCI. In RAN1 #96bis meeting [3], it was agreed that a non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator values defined in Rel-15, and is used to indicate to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed until the timing and resource for the HARQ-ACK feedback is provided by the gNB. This non-numerical value can not only be applied to PDSCHs fed back in a subsequent COT but also in the current COT. The non-numerical value can be used to dynamically extend the set of K1 for self-COT HARQ-ACK feedback. Therefore, it is not necessary to extend the largest value of dl-DataToUL-ACK.
Proposal 1: The non-numerical value of PDSCH-to-HARQ-timing-indicator can be used to dynamically extend the set of K1 for self-COT HARQ-ACK feedback. No need to extend the largest value of dl-DataToUL-ACK defined in Rel-15.
2.2 Dynamic HARQ-ACK codebook enhancement
It has been agreed that C-DAI/T-DAI is accumulated only within each PDSCH group, whether T-DAI is included only for the scheduled group or T-DAI is included for each group is not decided yet. If T-DAI is included only for the scheduled group, the last DCI miss detection of the triggered group will result in the misalignment of the HARQ-ACK codebook size between UE and gNB. An example is given in Figure 1 to illustrate this issue. 


Figure 1
As shown in Figure 1, gNB schedules 2 group 0 PDSCHs in slot n-2 and n-1 to be fed back in slot n, respectively. UE misses the scheduling DCI in slot n-1 and gNB misses the PUCCH in slot n. gNB schedules a group 1 PDSCH in slot m-2. In slot m-1 gNB triggers the HARQ-ACK for the group 0 while scheduling a group 1 PDSCH, however, UE cannot get aware of the last DCI miss detection of group 0. This issue can be easily avoided if T-DAI is included in the DCI for each group.
Another remaining issue is the maximum number of PDSCH groups, HARQ-ACK transmission cannot always be guaranteed in NR-U due to the LBT mechanism. In addition, PUCCH miss detection can happen more frequently due to the hidden node issue compared with the licenced band. Current dynamic HARQ-ACK codebook mechanism may result in a large HARQ-ACK codebook size due to LBT failure or PUCCH misdetection. To control the HARQ-ACK codebook size, 4 groups may be necessary in some scenarios, however, the maximum number of groups for which feedback is requested in the same PUCCH can be limited to 2. In case of the HARQ-ACK information of more than 2 groups needs to be requested in the same PUCCH, multiple DCIs can be used to request different groups. 
The requested group information should be included in the DCI, although there is no difference between the indication of the number of requested groups and the indication of each requested group index in case of the maximum number of PDSCH groups is 2. However, if the maximum number of PDSCH groups is extended, indication of each requested group index is more flexible compared with the indication of the number of requested groups with which only continuous groups can be requested. Therefore, it is better to indicate the index of each request groups in the DCI. If the triggered group index equals the scheduling group index, only the scheduled group is requested to feed back HARQ-ACK, otherwise, both the scheduled group and the triggered group are requested to feed back HARQ-ACK as shown in Figure 1.
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Proposal 2: For dynamic HARQ-ACK codebook, T-DAI is included in the DCI for each group. Maximum number of groups should be 4. Maximum number of groups for which feedback is requested in the same PUCCH is 2. For each requested group, the group index should be contained in the DCI.
Since it has already agreed to support the group triggered mechanism, it is not necessary to support requesting/triggering for one-shot group HARQ ACK feedback for all configured HARQ processes. This mechanism leads to unnecessary HARQ process feedback and brings additional specification work as well.
Proposal 3: Requesting/triggering for one-shot group HARQ ACK feedback for all configured HARQ processes should not be supported
2.3 Semi-static HARQ-ACK codebook enhancements
Although dynamic HARQ-ACK codebook is beneficial for the PUCCH resource, nevertheless, due to the complex wireless environment in NR-U, semi-static HARQ-ACK codebook is more robust to miss-detection and false-alarm compared with dynamic HARQ-ACK codebook. 
The size of NR Rel-15 semi-static HARQ-ACK codebook is based on the set of K1. In case when the HARQ-ACK information is transmitted in the same shared COT, NR R15 semi-static HARQ-ACK codebook can work well without any enhancement. However, in case when the HARQ-ACK information is transmitted in a subsequent COT, current NR Rel-15 semi-static HARQ-ACK codebook cannot work in this scenario and needs to be enhanced.
To solve this issue, the semi-static HARQ-ACK codebook can be divided into two sub-codebooks, the first one contains the HARQ-ACK information of the PDSCHs in the former COT while the second one contains the HARQ-ACK information of the PDSCHs in the current COT. The second sub-codebook is the NR Rel-15 semi-static HARQ-ACK codebook. For the first sub-codebook, the number of occasions for candidate PDSCH receptions or the number of slots for candidate PDSCH receptions can be configured by RRC signalling.
Proposal 4: NR-U semi-static HARQ-ACK codebook consists of 2 sub-codebooks, the first sub-codebook contains the HARQ-ACK information of the PDSCHs in the former COT while the second sub-codebook contains the HARQ-ACK information of the PDSCHs in the current COT.
· For the first sub-codebook, the number of occasions for candidate PDSCH receptions or the number of slots for candidate PDSCH receptions can be configured by RRC signalling.
· The second sub-codebook is the NR Rel-15 semi-static HARQ-ACK codebook.
2.4 Multi-TTI scheduling

For multiple PUSCHs scheduled by a single DCI, suppose the number of scheduled PUSCH is 8, the BLER is p for each PUSCH and the decoding of each PUSCH is independent. The probability of more than 1 PUSCH is erroneously decoded is . Assuming p is 10%, the probability of more than 1 PUSCH is erroneously decoded is 0.19. The probability of more than 2 PUSCHs are erroneously decoded is even smaller. There is no need to contain a RV field for each PUSCH. 
2 RV fields can be considered, one for initial transmissions and the other one for retransmissions. For initial transmission, 1 bit may be enough for indicating 0 or 3. Alternatively, for initial transmission, the RV can be fixed to 0. 1 or 2 bits can be used for the RV field corresponding to retransmissions.
Proposal 5: For multiple PUSCHs scheduled by a single DCI, two RV fields can be contained in the scheduling DCI indicating the RV of initial transmissions and retransmissions, respectively. 
For multiple PUSCHs scheduled by a single DCI, CBG-based re-transmission will result in excessive signalling overhead for indicating CBGTI. CBG-based re-transmission can be used by a DCI scheduling a single PUSCH. Alternatively, TB-based re-transmission can be used multiple PUSCHs scheduled by a single DCI as well. Therefore, it is not necessary to support CBG-based re-transmission for multiple PUSCHs scheduled by a single DCI.
Proposal 6: For multiple PUSCHs scheduled by a single DCI, no need to support CBG-based re-transmission.
Conclusion
In this contribution, we present our views on HARQ enhancements in NR-U, based on the above discussion, we have the following proposals:
Proposal 1: The non-numerical value of PDSCH-to-HARQ-timing-indicator can be used to dynamically extend the set of K1 for self-COT HARQ-ACK feedback. No need to extend the largest value of dl-DataToUL-ACK defined in Rel-15.
Proposal 2: For dynamic HARQ-ACK codebook, T-DAI is included in the DCI for each group. Maximum number of groups should be 4. Maximum number of groups for which feedback is requested in the same PUCCH is 2. For each requested group, the group index should be contained in the DCI.
Proposal 3: Requesting/triggering for one-shot group HARQ ACK feedback for all configured HARQ processes should not be supported
Proposal 4: NR-U semi-static HARQ-ACK codebook consists of 2 sub-codebooks, the first sub-codebook contains the HARQ-ACK information of the PDSCHs in the former COT while the second sub-codebook contains the HARQ-ACK information of the PDSCHs in the current COT.
· For the first sub-codebook, the number of occasions for candidate PDSCH receptions or the number of slots for candidate PDSCH receptions can be configured by RRC signalling.
· The second sub-codebook is the NR Rel-15 semi-static HARQ-ACK codebook.
Proposal 5: For multiple PUSCHs scheduled by a single DCI, two RV fields can be contained in the scheduling DCI indicating the RV of initial transmissions and retransmissions, respectively. 
Proposal 6: For multiple PUSCHs scheduled by a single DCI, no need to support CBG-based re-transmission.
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