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Introduction
In this contribution, we further discuss the details related to enhanced dynamic codebook and additional HARQ A/N transmission opportunities. The related agreements in previous meetings are as follows,
Agreement:[1]
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:[1]
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:[2]
When configured for operation with enhanced dynamic HARQ codebook (type-2 codebook), a UE shall support 2 PDSCH groups.
· The number of PDSCH groups that the UE shall support is not RRC configurable
· FFS: More groups, depending on the resolution of the FFS on up to 4 groups from a prior agreement

Agreement:[3]
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
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Enhanced dynamic codebook
In last meeting, the relation between enhanced dynamic codebook and DCI 1_0 was discussed. One FFS point is whether to introduce NFI in DCI 1_0. In general, the fallback DCI 1_0 has a minimum number of fields which are not configurable. There is no need to introduce NFI in DCI 1_0. In case that DCI 1_0 is used after enhanced dynamic codebook is configured, it is straightforward for the UE to assume the NFI for PDCCH group#0 is toggled. Based on the agreed mechanism of enhanced dynamic codebook, if needed, the gNB can still trigger the feedback for PDSCH group#0 when scheduling PDSCH group#1.

Proposal 1: NFI is not introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation. If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0, the UE assumes the NFI for PDCCH group#0 is toggled.
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Figure 1: HARQ feedback based on the PDSCH grouping

In RAN1#97 and RAN1#98, it has been discussed whether to increase the maximum number of PDSCH groups from 2 to 4. Basically, 4 groups provide more flexibility and agility for gNB scheduling compared to 2 groups. It is because the earliest feedback timing of HARQ codebook for a group is constrained by the processing timing of the last PDSCH in the group. Take Figure 1 as an example. The group index of #x could be #0 or #1 if the maximum number of PDSCH groups is two. If the maximum number of PDSCH groups is four, #x could also be #2 or #3. Considering the processing time for the last PDSCH in the group #x, the gNB has more flexibility to select the feedback timing for group #0 and #1 if #x is neither #0 nor #1.
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Figure 2: solutions tolerant of miss detection of consecutive PDCCHs

Furthermore, as shown in Figure 2, increasing the number of PDSCH groups from 2 to 4 can also be leveraged to mitigate the problem of consecutive miss detection of PDCCHs. In Rel-15, 2-bits DAI is used for HARQ codebook calculation. If a UE missed 4 or more consecutive PDSCH transmission, then the UE will derive a wrong codebook size and/or A/N position. By extending the DAI field as shown as the solution 1 in Figure 2, the problem of miscalculation can be mitigated. But both of C-DAI and T-DAI have to be enlarged in this solution. Instead of enlarging the DAI field, the gNB can just assign the PDSCHs different groups in turn as shown as the solution 2 in Figure 2.

Observation 1: Increasing the number of PDSCH groups from 2 to 4 can not only provide more flexibility and agility for gNB scheduling but also help to mitigate the problem of consecutive miss detection of PDCCHs.

Proposal 2: Maximum number of the PDSCH groups for dynamic HARQ codebook is 4.

Additional HARQ A/N transmission opportunities
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Figure 3: Multiple transmission opportunities for HARQ A/N

[bookmark: _GoBack]As agreed, additional HARQ A/N transmission opportunities can be provided by using enhanced dynamic codebook or one-shot feedback of all DL HARQ processes. There are also some approaches which provide additional HARQ A/N transmission opportunities without using additional DCIs. For example, the scheduling DCI might be modified to indicate multiple PUCCH resources. One drawback for this approach is that the additionally assigned resource will be wasted if the LBT succeeds in the first transmission opportunity. On the other hand, one special case, in which the PUCCH overlaps with a PUSCH, may be worth to be considered. In this case, the resources for both PUCCH and PUSCH are reserved anyway as same as in the licensed carrier. As shown in Figure 3, it is straightforward to allow the transmission of PUCCH if the LBT for PUSCH failed but the LBT for PUCCH succeeded. Multiple opportunities for HARQ A/N can be provided by enabling this feature. That is to say, a gNB can intentionally schedule a PUSCH which overlaps with a PUCCH in a different LBT subband in order to provide multiple opportunities for the HARQ A/N carried by the PUCCH.

Proposal 3: When a PUCCH overlaps with a PUSCH which starts at a different symbol, the UE can transmit the PUCCH if the LBT for PUCCH succeeds.


Conclusions
Based on above discussion, the proposals and observations are summarized as follows,

Proposal 1: NFI is not introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation. If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0, the UE may assume the NFI for PDCCH group#0 is toggled.

Observation 1: Increasing the number of PDSCH groups from 2 to 4 can not only provide more flexibility and agility for gNB scheduling but also help to mitigate the problem of consecutive miss detection of PDCCHs.

Proposal 2: Maximum number of the PDSCH groups for dynamic HARQ codebook is 4.

Proposal 3: When a PUCCH overlaps with a PUSCH which starts at a different symbol, the UE can transmit the PUCCH if the LBT for PUCCH succeeds.
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If the processing time is not enough, the UE can
only report NACK for the corresponding PDSCH.
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2-bits DAl does not work well if 4 consecutive PDCCHs are missed.
Two solutions can resolve this problem.
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