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Introduction
During the RAN1#96bis meeting, HARQ enhancements for NR-U was discussed, and it was agreed to restrict the possible options for future discussions. The following agreements were reached: 
	Agreement:
Restrict further discussion on HARQ codebook to the following:
· For dynamic HARQ codebook:
· [bookmark: _Hlk7600436]PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· [bookmark: _Hlk7600535]gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group
· Option 1: 
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· DCI can request HARQ-ACK feedback for one or more PDSCH groups 
· FFS one of the two options below
· C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH
· C-DAI/T-DAI is accumulated only within one PDSCH group
· FFS: New ACK-Feedback Group Indicator for each PDSCH Group
· The number of HARQ-ACK bits for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission, i.e. the PDSCH group cannot be enlarged after the first feedback transmission
· Option 2: 
· One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
· FFS: Feedback for more than one PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· FFS: Requests for more than one PDSCH group
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The number of HARQ-ACK bits for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission
· Semi-static codebook. Options FFS.
· If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced (at least for non-CBG HARQ), select one or more of the following candidate schemes:
· The request is carried in a UE-specific DCI carrying a PUSCH grant
· The request is carried in a UE-specific DCI carrying a PDSCH assignment
· The request is carried in a UE-specific DCI not scheduling PDSCH nor PUSCH
· The request is carried in a UE-common DCI
· The request can be used for UE configured with dynamic or semi-static HARQ codebook
· Note: The discussion on preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands is a separate discussion




In this contribution, we present our view on dynamic HARQ codebook enhancements for NR-U. 
Enhancements to HARQ Procedure
NR-U stand-alone is expected to be supported (Scenario C in [2]), where uplink control information is to be sent in unlicensed carrier unlike LAA and NR Rel-15. HARQ-ACK codebook was designed to work on licensed carrier, where the UCI transmission is not preceded by clear channel assessment. During the study item phase, multiple options were identified as an enhancement for HARQ procedures in NR-U. In the RAN1#96bis meeting, it was agreed to restrict the potential options for dynamic HARQ-ACK codebook on using PDSCH grouping by explicitly signaling a group index in DCI scheduling the PDSCH, and gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group. Two options were agreed to enable the PDSCH grouping. First option consists of enabling the possibility of sending multiple PDSCH groups in one PUCCH resource, using a DCI that can request one or multiple PDSCH groups. One advantage of this option is to the possibility of sending multiple PDSCH groups within one PUCCH which reduces the number of LBT that the UE may need to perform. For example, instead of sending 4 PUCCH for 4 different PDSCH groups in separate PUCCHs and thus potentially performing 4 independent LBT, the gNB can indicate to the UE to transmit the four PDSCH groups using the same PUCCH and consequently reduces the number of LBT to be performed by the UE. With this option, the number of HARQ-ACK bits for one PDSCH group is constant between the first HARQ codebook transmission and a re-transmission. Given that multiple groups can be sent in one PUCCH resource, the need of adding more HARQ-ACK bits to a PDSCH group after a first HARQ codebook transmission is not needed with this option. Instead, a new PDSCH group can be used to add additional HARQ A/N bits and to be transmitted along with other PDSCH groups.
The second option consists of having one PUCCH to carry HARQ-ACK feedbacks for a single PDSCH group and a DCI requests a single PDSCH group. The drawback of this option is that the number of required LBTs by the UE will potentially increase given that for every HARQ-ACK feedbacks retransmission for a PDSCH group and newly transmitted PDSCH group LBT is needed. Furthermore, the number of HARQ-ACK bits for one group may not be constant between a first feedback transmission and retransmission, which increases the probability of HARQ codebook size mismatch between the gNB and the UE. In addition, the counter and the total DAI needs to be increased to support adding more HARQ-ACK bits for feedback retransmission. 
In our view, Option 1 provides the possibility of reducing the uplink transmissions by aggregating more than one PDSCH group in one PUCCH and reduce the UE complexity by reducing the required number of LBTs. We thus propose the following:
Proposal 1: For dynamic HARQ codebook enhancements, support Option 1.
During the last meeting, it was agreed for Option 1 to further study whether the C-DAI/T-DAI can be accumulated across multiple PDSCH groups or not. As we mentioned above, having C-DAI/T-DAI accumulated across multiple groups increases the probability of HARQ-ACK codebook size mismatching between the UE and the gNB. In addition, the C-DAI/T-DAI size need to be extended compared to the supported size in NR Rel-15. Furthermore, the benefit from supporting it is not clear, as Option 1 support transmitting multiple PDSCH groups in the same PUCCH resource. We thus propose the following:
Proposal 2: For Option 1, C-DAI/T-DAI is accumulated only within one PDSCH Group.
Another FFS point to solve for Option 1 is whether a new ACK-Feedback Group Indicator for each PDSCH Group is needed. In our view, the need of such indicator depends on the interpretation of the PDSCH grouping indicator field on the DCI. For example, if an absolute index in the DCI is used to indicate a PDSCH group, there is no need to have a new ACK Feedback Group Indicator since the number of HARQ-ACK bits for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission. The UE upon receiving a new PDSCH with an index which was previously used to transmit a HARQ-ACK feedbacks, the UE can reset the HARQ-ACK codebook corresponding to that PDSCH group. In case a relative index is used in the DCI, a new ACK feedback group may be needed. For example, a UE is configured with N PDSCH groups. An index 0 ≤C<N is maintained by the UE to determine the current PDSCH group. The gNB uses a value 0 in the DCI to indicate current PDSCH group, and a value of 1 in the DCI to indicate to the UE to increment the PDSCH group index. After each PUCCH transmission, the gNB can indicate to the UE to reset the HARQ-ACK feedbacks of the previous PDSCH group, or otherwise, the UE transmits all the HARQ-ACK feedbacks of all the stored PDSCH groups in the same PUCCH. 
Observation 1: For Option 1, the need of New ACK-Feedback Group Indicator depends on the interpretation of the PDSCH group index in the scheduling DCI.
Conclusion
In this contribution, we discussed some enhancements to HARQ NR procedure to counter events unique to operation in unlicensed bands. In the following, above-discussed proposals are listed:
Proposal 1: For dynamic HARQ codebook enhancements, support Option 1.
Proposal 2: For Option 1, C-DAI/T-DAI is accumulated only within one PDSCH Group.
Observation 1: For Option 1, the need of New ACK-Feedback Group Indicator depends on the interpretation of the group index in the scheduling DCI.
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