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1 Introduction

In the RAN1#90bis meeting, the following agreements on HARQ-ACK feedback timing were reached:
Agreements:

· The timing between DL data transmission and acknowledgement is determined based on 0 or [2] bits in DCI 

· For both slot and non-slot scheduling, the timing provides the indication to determine the slot and the symbol(s) for the HARQ-ACK transmission

· In case of [2]-bits, FFS the actual set of values for slot-based scheduling and non-slot based scheduling, respectively

· In case of 0-bit, FFS how to determine the single timing (e.g., UE capability dependent, whether or not to have RRC configuration, the interactions with different cases (e.g., initial access), etc.)

· FFS whether or not to have separate information fields or a same information field for HARQ-ACK resource determation and HARQ-timing determination

Furthermore, dynamic HARQ-ACK codebook was agreed to be supported in NR:

Agreements:

· Dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration

· HARQ-ACK codebook determination based on counter DAI and total DAI

· Use LTE as starting point

· FFS details
In this contribution, we discuss solutions to determine HARQ-ACK codebook with the dynamic feedback timing indication adopted in NR. 
2 HARQ-ACK codebook size
In LTE, there is a fixed timing relationship between the reception time of transport block and the corresponding A/N bit transmission. The timing depends on the duplex scheme i.e. FDD or TDD. In FDD, the UE reports HARQ-ACK bit in subframe n+4 for a PDSCH received in subframe n. For TDD, the timing depends on the UL/DL configuration and the subframe on which the TB was received.

In NR, more flexibility was introduced by supporting dynamic HARQ-ACK timing. The UE is configured using RRC signaling with a set of possible HARQ-ACK timing values. A UE further receives a dynamic indication of the feedback timing, using a DCI, to select one of the preconfigured values for each scheduled TB. Such flexibility impacts the HARQ-ACK codebook design and introduces more complexity. In fact, the transmitted TBs within a given window may not all be acknowledged on the same resources. Depending on the scheduler decision, two consecutive TBs may not have the same A/N timing. As shown in Figure 1, TB#1 and TB#3 scheduled by DCI#1 and DCI#3 have the same timing while the timing for TB#2 is different.
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Figure 1: Dynamic HARQ-ACK timing in NR
Dynamic HARQ-ACK codebook determination:
In LTE-FDD, dynamic HARQ codebook is supported by using counter Downlink Assignment Index (DAI) and total DAI. Total DAI is used to inform the UE about all the scheduled TB within the cell group in given subframe. In case the UE misses up to three last assignments, the total number of assignments is retrieved form total DAI, and NACK is reported for the missing TBs to ensure common HARQ-ACK codebook size understanding between UE and network. In NR, to keep scheduling flexibility, such information may not be available ahead of time and thus the use of total DAI may not be suitable in this case.
Observation 1:
Total DAI may not be suitable for dynamic HARQ timing indication supported in NR. 

The following options can be considered for the UE to determine HARQ-ACK codebook size and sequence:
· Option1: The codebook size is determined based on the HARQ feedback timing indication and counter DAI. Based on the timing indication and counter DAI, the UE determines the appropriate sequence and the number of HARQ-ACK bits to be reported in given UCI transmission. To mitigate the issue of misdetected DCI, the UE can indicate to the gNB the last value of detected counter DAI.

· Option2: The codebook size is determined based on the counter and total DAI indication. This option requires that the scheduler knows ahead of time the number of TBs to be scheduled. As mentioned above, such information may not be available and thus further mechanism is needed. 
· Option 2-1: the scheduler transmits the total DAI all the time and updates the value whenever the scheduler prepares new TBs. With this option, if the UE misdetects the DCI containing an update of total DAI, the UE will fail to report correct HARQ codebook size.
· Option2-2: the scheduler does not transmit the total DAI information unless this information is not expected to change for a given period. The network uses, for example, all zeros in total DAI field to indicate that the total DAI is not used. Again, the issue here is that the UE may miss the DCI indicating the total DAI. The advantage of this option compared to Option 2-1 is that the UE cannot consider the total DAI for preparing the HARQ-ACK codebook unless it is unchanged for all assignments. 
Option 2-1 and Option 2-2 have more signaling overhead (transmission of total DAI in addition of counter DAI), while Option1 does not require total DAI to be transmitted. All options are vulnerable to misdetection issue. 
Proposal 1:
The UE determines the HARQ-ACK codebook size based on the counter DAI and the HARQ timing indication included in the DCI.
Furthermore, the counter DAI to be used in NR should be associated with a given HARQ-ACK transmission occasion.

Proposal 2:
Counter DAI is associated with a given HARQ-ACK transmission occasion.
Given Observation 1, there remains a need to mitigate the issue of misdetected last DCI(s), therefore, the following is proposed:
Proposal 3:
For DCI misdetection, the UE indicates the last detected counter DAI.
3 Conclusion
This contribution discusses the HARQ-ACK codebook design to support the dynamic timing indication adopted in NR. The following are proposed:
Observation 1:  Total DAI may not be suitable for dynamic HARQ timing indication supported in NR.
Proposal 1:
The UE determines the HARQ-ACK codebook size based on the counter DAI and the HARQ timing indication included in the DCI.

Proposal 2:
Counter DAI is associated with a given HARQ-ACK transmission occasion.

Proposal 3:
For DCI misdetection, the UE indicates the last detected counter DAI.
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