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Introduction
NR shall support multiplexing of DL data of different transmission durations and also flexible scheduling timing and HARQ-ACK feedback timing. In addition HARQ-ACK feedback for a UE needs to support CBG-based HARQ-ACK feedback on one or more serving cells. This contribution discusses HARQ-ACK multiplexing requirements and dynamic HARQ-ACK codebook design in NR.
Discussion
HARQ-ACK multiplexing
In LTE a TTI defines the minimum transmission duration of a transport channel and is also equivalent to a subframe. In contrast NR specification shall support flexible DL transmission durations ranging from 1 symbol up to an aggregation of slots for a given numerology. This is a rather loose definition of a TTI, where, even for a single UE, different DL data transmission durations are possible for the same numerology. 
Therefore, NR should support multiplexing of HARQ-ACK feedback corresponding to data transmissions of different durations in the same UL transmission occasion. Furthermore, HARQ-ACK multiplexing should support both TB-based and CBG-based HARQ-ACK feedback. 

When coupled with CA and/or DC configuration, NR specification should consider rules for  
· HARQ-ACK multiplexing for TBs and/or CBGs associated with a single DL TTI
· HARQ-ACK multiplexing of one or more DL TTIs in a single PUCCH/PUSCH
· HARQ-ACK multiplexing of DL TTIs scheduled in one or more configured serving cells  

A unified HARQ-ACK multiplexing scheme is desired to handle all these cases. For instance HARQ-ACK ordering across different TTI durations, numerologies and serving cells should be specified. It has been agreed that polar coding shall be used for UCI payloads greater than 11 bits, while RM block code is used between 3 and 11 bits. Similarly to TBCC in LTE, dynamic codebook adaptation is preferable for larger payloads. 
Proposal 1: NR specifies a generic HARQ-ACK multiplexing mechanism that enables HARQ-ACK multiplexing of multiple data transmissions with varying TTI durations, for different numerologies and in one or more serving cells.

Considering all these cases of HARQ-ACK multiplexing, multiple HARQ-ACK bits may be included in one PUCCH. For coverage limited UEs, bundling of the HARQ-ACK bits can be considered to improve the coverage and capacity of UL control. HARQ-ACK bundling can be considered from spatial domain, time domain and frequency domain. But since the data channel on multiple carriers has low correlation, frequency domain bundling of HARQ-ACK should not be supported in NR.
Proposal 2: Frequency domain bundling of HARQ-ACK should not be supported in NR.

HARQ-ACK codebook
In LTE, both semi-static and dynamic HARQ-ACK codebooks are supported. Since the DL/UL configuration and HARQ timing are fixed, semi-static HARQ-ACK codebook can be used. Dynamic HARQ-ACK codebook was also defined in CA to further reduce HARQ-ACK feedback bits associated with non-scheduled serving cells or subframes. DAI mechanism (counter DAI and total DAI) is used to enable UEs to know missed DL grants with sufficient reliability.
In NR, the HARQ timing is dynamically indicated. As discussed in [1] the HARQ-ACK feedback window size is not fixed. Hence at least dynamic HARQ-ACK codebook adaptation should be supported to avoid unnecessary feedback bits. However, the existing method to determine the dynamic codebook size cannot be reused directly, since it is used for carrier aggregation case only. For single carrier, if counter DAI is indicated in DCI, UE may miss the last TTI in feedback window which may cause misunderstanding between gNB and UE. For carrier aggregation, the counter DAI and total DAI indication method can be used only when the TTI duration in multiple carriers is the same, otherwise, new method to determine the dynamic codebook size should be considered. 
One possible mechanism is that the gNB configures a set of codebook sizes by RRC signaling. The DCI scheduling a DL assignment indicates both the HARQ-ACK timing and the corresponding codebook size. The gNB should not schedule more TBs/CBGs than the indicated codebook size. When the number of scheduled TBs/CBGs is smaller than the indicated codebook size, NACK is generated for the remaining bits. Meanwhile DAI is also included in the DCI to ensure the correct ordering of HARQ-ACK bits to detected PDSCHs.

Proposal 3: Dynamic HARQ-ACK codebook adaptation should be supported in NR to avoid unnecessary feedback bits.

Proposal 4: The HARQ-ACK codebook size may be configured by a combination of RRC signaling and dynamic indication in the DCI.

Conclusion
This contribution provided some views on HARQ-ACK multiplexing rules in NR. We propose that,
Proposal 1: NR specifies a generic HARQ-ACK multiplexing mechanism that enables HARQ-ACK multiplexing of multiple data transmissions with varying TTI durations, for different numerologies and in one or more serving cells.
Proposal 2: Frequency domain bundling of HARQ-ACK should not be supported in NR.
Proposal 3: Dynamic HARQ-ACK codebook adaptation should be supported in NR to avoid unnecessary feedback bits.
Proposal 4: The HARQ-ACK codebook size may be configured by a combination of RRC signaling and dynamic indication in the DCI.

References
[1]. [bookmark: _Ref481506070][bookmark: _Ref481675698]R1-1712418, “On NR HARQ-ACK feedback timing”, CATT, RAN1 #90
