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1 Introduction
In LTE, the maximum number of HARQ-ACK feedback bits is determined by transmission mode, bundling window size (for TDD) and the number of configured carriers. The sequence of transmission bits is the concatenation of HARQ-ACK bits for different PDSCHs based on DAI and transmission mode (unless spatial bundling is configured). 
In RAN1#85, dynamic HARQ timing is agreed for NR data transmission.
Agreements:
· Timing between data transmission and corresponding HARQ A/N is indicated explicitly

· FFS if implicit indication is supported in some cases

In this contribution, we show our views on the transmission of HARQ-ACK with dynamic HARQ timing.
2 Discussion
With dynamic HARQ timing, multiple HARQ-ACK bits corresponding to different PDSCHs can be transmitted in one slot for both TDD and FDD, and the total number of HARQ-ACK bits to be transmitted in one slot is variable. Therefore, how to efficiently support multiplexing transmission of variable HARQ-ACK bits should be considered:
· Option 1: HARQ-ACK bits corresponding to different PDSCHs are transmitted by separated NR-PUCCHs.

HARQ-ACK bits corresponding to one PDSCH are transmitted by one PUCCH. Once one DL grant is detected, UE transmits the corresponding HARQ-ACK(s) without any ambiguity. Three feedback states (i.e. ACK, NACK and DTX) can be reported to gNB. However, the main disadvantage of Option 1 is the power back-off caused by FDM multiplexing. Therefore, option 1 is recommended for the multiplexing of short-PUCCHs in TDM manner.
In RAN1#88bis, it was agreed that two NR-PUCCHs (long-PUCCH + short-PUCCH or two short-PUCCHs) can be transmitted from one UE on the same slot in TDM manner. In order to better support dynamic HARQ timing, multiplexing of more than 2 short-PUCCHs in TDM manner should also be supported. 
Proposal 1: Multiplexing of more than 2 short-PUCCHs in TDM manner should be supported.

· Option 2: HARQ-ACK bits corresponding to different PDSCHs are multiplexed in one NR-PUCCH.

Similar as LTE TDD, HARQ-ACK bits corresponding to different PDSCHs are jointly coded and multiplexed in one PUCCH. Comparing to Option 1, Option 2 can obtain channel coding gain and have no issue of power back-off. The main problem for Option 2 is how to determine the total number of HARQ-ACK bits to be transmitted in one PUCCH, which directly impacts the result of channel decoding. The following approaches for determining the total number can be considered:
· Approach 1: The total number of feedback bits is fixed. 
· Approach 1-1: The total number is determined by the maximum delay, supported by one UE, between PDSCH and corresponding HARQ-ACK.
· Approach 1-2: The total number is configured by high-layer singling. The gNG can configure the total number based on the coverage of PUCCH and guarantees that the number of HARQ-ACK bits to be transmitted in one slot does not exceed the configured number. 

· Approach 2: The total number of feedback bits is dynamically determined. DAI is used in DL grant.

· Approach 2-1: Both total DAI and counter DAI are used. Total DAI is used to determine the total number of HARQ-ACK bits, and counter DAI is used for concatenation of HARQ-ACK bits. Same design is used in LTE Rel-13 eCA.
· Approach 2-2: Only counter DAI is used. The total number is determined based on the delay indicated in DL grant with DAI=1. As shown in Figure 1, DCI 1 with DAI = 1 is received in slot n. The corresponding HARQ-ACK(s) is transmitted in slot n+K1, where K1 = 4. The UE determines the total number of HARQ-ACK bit transmitted in slot n+K1 according to
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where C is the maximum number of TBs or CBGs transmitted in one PDSCH, and T is the minimum delay required for HARQ-ACK transmission.
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Figure 1: Approach 2-2

Proposal 2: The proposed approaches for determining the total number of HARQ-ACK bits to be transmitted in one PUCCH can be further studied.
3 Conclusions
In this contribution, we show our views on the transmission of HARQ-ACK with dynamic HARQ timing with following proposals:
Proposal 1: Multiplexing of more than 2 short-PUCCHs in TDM manner should be supported.
Proposal 2: The proposed approaches for determining the total number of HARQ-ACK bits to be transmitted in one PUCCH can be further studied.
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