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Introduction
RAN1#98bis reached several agreements on enhanced dynamic HARQ codebook and one-shot feedback for NR-U, listed in appendix. This contribution discusses remaining details.  
Enhanced dynamic HARQ-ACK codebook
Enhanced dynamic HARQ was agreed as part of NR-U enhancements and it can be enabled using RRC configuration. The UE can maintain two separate HARQ codebooks (called PDSCH group), each scheduled TB can be associated to one of the HARQ-ACK codebook using a bitfield in DCI. It is possible that the network requests the transmission of the two HARQ-ACK codebooks i.e. two PDSCH groups using one DCI. It is also possible that the HARQ feedback can be piggybacked on PUSCH transmission. In NR Rel-15, for the case of HARQ-ACK piggybacking on PUSCH, the gNB indicates the T-DAI in the UL-DAI bitfield in a DCI scheduling the uplink grant. The motivation for that is even if a UE misdetects the last DCI scheduling PDSCH whose A/N is part of the HARQ-ACK codebook, the UE can nevertheless correctly determine the HARQ-ACK codebook size from UL-DAI. With the introduction of two parallel HARQ-ACK codebooks and the possibility of having a DCI triggering the transmission of the two codebooks, it is possible that the network configures a UE with the presence of UL DAI for an additional PDSCH group in the non-fallback DCI. During the last meeting, it was left for to study further to which group UL DAI applies when UL DAI is configured for only one group. 
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[bookmark: _Ref24025214]Figure 1: using two PDSCH groups after HARQ-ACK codebook transmission failure
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[bookmark: _Ref24025256]Figure 2: using one PDSCH group after HARQ-ACK codebook transmission failure
The main use case of having two codebooks is when a HARQ-ACK codebook transmission failed due to LBT failure. The UE keeps the codebook on its buffer and retransmit it based on gNB request. Before the retransmission time, the gNB can schedule other DL HARQ processes and associate them with a second HARQ ACK codebook i.e. different PDSCH group as shown in Figure 1. The possibility of increasing the HARQ-ACK codebook size (i.e. associating A/Ns of additional TBs to the same group) after a failed HARQ transmission is mainly to cover the case where the gNB may not have enough DL data to warrant the use of a different HARQ ACK codebook, as shown in Figure 2. It is not expected that the gNB would switch multiple times between two PDSCH groups for a set of consecutive PDSCH transmissions. If the UE misdetects the last scheduling DCI, the uplink DAI indication can be interpreted as the total DAI for the last scheduled PDSCH group. The only scenario where there is ambiguity between the UE and the gNB as to the identity of the last scheduled PDSCH group is when the UE erroneously interprets the case presented in Figure 1 as if it was the case presented in Figure 2. For this to happen, the UE would have to misdetect the last 3 PDCCH, which is unlikely to happen. As long as one of the 3 PDCCHs is detected during the second COT, the interpretation of last scheduled PDSCH group will be correct from the UE. The benefit of UL-DAI being applied to the last scheduled PDSCH group, rather than the first scheduled PDSCH group is that it ensures there is no ambiguity in case the UE misdetects a PDCCH that indicating HARQ-ACK of the first group should also be fed back along with that of the last group. Thus, the UL-DAI should apply to the last scheduled PDSCH group if UL-DAI is configured to be present for only one group. 
Proposal 1:    UL-DAI in a non-fallback DCI applies to the last scheduled PDSCH group, if UL-DAI is configured for a single group.

NFI is used in toggled manner to request a UE to reset the A/Ns associated to a HARQ-ACK codebook (i.e. PDSCH group). One of the FFS points from last meeting is whether to introduce NFI bitfield in the fallback DCI for the purpose of supporting enhanced dynamic codebook operation. Fallback DCI is mainly targeting the scheduling during RRC reconfiguration time. The fallback DCI size should be kept small and should not include bitfields that are related to features configurable with RRC i.e. features that can be enabled or disabled.
Proposal 2:    NFI is not included in the fallback DCI.

As mentioned above, fallback DCI should contain only the bitfields to enable basic features supported by a UE. NFI toggling i.e. indication to reset HARQ-ACK codebook should be limited to non-fallback scheduling. Similar to the agreement of the implicit association between PDSCH group #0 and TB scheduled using fallback DCI (UE always associates TB scheduled with fallback DCI with PDSCH group #0), the UE can always assume that NFI is not toggled when fallback DCI is received. The gNB can reset PDSCH group #0 by using non-fallback DCI. 
Proposal 3:   The UE always assumes that NFI is not toggled for PDSCH group #0 when receiving a scheduling with fallback DCI.

One shot feedback 
One-shot feedback to carry all DL HARQ processes for all configured CCs was agreed to be supported during last meeting and the request can only be sent in a UE-specific DCI. DCI format 1_1 can indicate a PUCCH resource for HARQ feedback while scheduling a downlink transport block. This option can reduce the signaling overhead as it gives the possibility to the gNB to schedule a DL TB and at the same time requesting the one-shot feedback. UCI payload size of PUCCH resource can be large enough to carry all the DL HARQ. For example, NR can already support a UCI payload more than 360 bits [2]. To support this option, one bit can be added to the non-fallback DCI to request the one-shot feedback.
Proposal 4:  DCI format 1_1 can trigger the one-shot HARQ feedback on PUCCH resource using explicit bitfield.

There are also benefits in supporting a DCI not scheduling a PDSCH transmission to trigger the one-shot HARQ feedback. For example, the gNB may not have DL data to schedule for the UE when the one-shot feedback is needed. It is up to the scheduler whether to trigger the one-shot feedback using scheduling or non-scheduling DCI. To support this option, some bitfield of DCI can be set to a special value. For example, setting frequency domain allocation bitfield to all ‘0’ can be interpreted by the UE as a trigger to send the one-shot feedback. Similar to DCI scheduling PDSCH, the DCI can indicate a PUCCH resource for one-shot feedback report.
[bookmark: _GoBack]Proposal 5:   One-shot HARQ feedback can be triggered using a DCI not scheduling a PDSCH transmission.

It is also beneficial to support triggering one-shot feedback using a DCI scheduling PUSCH. For example, when the UE operates on carrier aggregation mode with multiple activated cells and with CBG based feedback activated, the HARQ-ACK codebook payload may be large. Having the possibility of transmitting the one-shot feedback over PUSCH can give the network more flexibility to reduce the load on PUCCH resources. There is no reason to limit this option for PUSCH with UL-SCH only as NR Rel-15 already support sending CSI report on PUSCH without UL-SCH.
Proposal 6: 	DCI format 0_1 can trigger the one-shot HARQ feedback on PUSCH resource with or without UL-SCH.
Conclusion
This contribution discusses remaining details for enhancements to HARQ feedback for NR-U.
RAN1 should discuss the above and agree to the following proposals:
Proposal 1:    UL-DAI in a non-fallback DCI applies to the last scheduled PDSCH group, if UL-DAI is configured for a single group.
Proposal 2:    NFI is not included in the fallback DCI.
Proposal 3:   The UE always assumes that NFI is not toggled for PDSCH group #0 when receiving a scheduling with fallback DCI.
Proposal 4:  DCI format 1_1 can trigger the one-shot HARQ feedback on PUCCH resource using explicit bitfield.
Proposal 5:   One-shot HARQ feedback can be triggered using a DCI not scheduling a PDSCH transmission.
Proposal 6: 	DCI format 0_1 can trigger the one-shot HARQ feedback on PUSCH resource with or without UL-SCH.
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Appendix

	Enhanced dynamic codebook:

Agreement:
If the DCI is received that toggles the NFI for a PDSCH group, then the UE 
· Discards the HARQ-ACK feedback for the PDSCH(s) in that PDSCH group including the PDSCH(s) that were associated with a non-numerical K1 value.
· Note: HARQ-ACK feedback for PDSCH(s) scheduled in this DCI are not discarded.
· The UE expects the DAI values for the PDSCH group to be reset.

Agreement:
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· UE reports HARQ-ACK feedback for the corresponding PDSCH as part of the PDSCH group #0
· FFS: whether/how to define a rule for UE to determine NFI if NFI is not explicitly signalled
· The fallback DCI does not support signalling a non-numerical value of K1
· FFS: Whether NFI is introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation

Agreement:
If enhanced dynamic codebook is configured, the presence of UL DAI for an additional PDSCH group in the non-fallback DCI can be configured by RRC signalling. 
· FFS: If there is UL DAI configured to be present in the non-fallback DCI for only one group, to which group this UL DAI applies


One-shot feedback:

Agreement:
Support requesting feedback of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) for all CCs configured for a UE in the PUCCH group.
· One-shot feedback should be configurable separately from the configuration of semi-static(including any potential enhancements)/non-enhanced dynamic HARQ codebook
· FFS: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback


Agreement:
· The last PDSCH for which A/N decoding result is reported in the HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) is determined as the last PDSCH within the UE N1 processing time capability
· UE also reports HARQ-ACK feedback for earlier PDSCHs scheduled with non-numerical K1
· For NDI, choose one of the following alternatives:
· Alt. A: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· Alt. B: Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· Alt. C: UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, choose one of the following alternatives (applicability dependent on decision on alternatives for the latest NDI value):
· Alt1: the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported
· Alt2: The HARQ A/N value is set to the default value of NACK
· FFS: applicability with CBG-based HARQ

Agreement:
If a UE is configured to monitor feedback request of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback):
· The feedback can only be requested in a UE-specific DCI
· The feedback can be requested for reporting in PUCCH (As per Rel-15 behaviour, the feedback can be piggybacked on PUSCH)
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