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1 Introduction
In RAN1#89, CBG-based transmission was discussed with following agreements:
Agreements:
· For grouping CB(s) into CBG(s), following is adopted.

· With indicated number of CBGs, the number of CBs in a CBG changes according to TBS.

· FFS for the case of re-transmission or the case when the number of CBs is smaller than the indicated number of CBG 
· FFS “indicated” is realized by RRC, MAC, L1 signalling

In this contribution, we show our views on the design of HARQ-ACK feedback for CBG.
2 Discussion
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). 
For CBG-based transmission, the indication of CBG number will directly impact the number of HARQ-ACK bits. Since HARQ-ACK bundling is used in each CBG, to avoid the DL throughput loss, the number of CB in one CBG should be as less as possible. In other words, according to the PUCCH coverage, the number of CBGs for one TB should be as large as possible.

1) HARQ-ACK multiplexing

In NR, multiple HARQ-ACK bits can be transmitted in one PUCCH for TDD, FDD with dynamic HARQ timing and carrier aggregation. If the number of HARQ-ACK bits corresponding to one PDSCH is dynamically changed with the number of CBGs, ambiguity about the HARQ-ACK feedback sequence exists when a PDSCH is missed. As shown in Figure 1, the gNB dynamically indicates the number of CBGs in DL grant, and the number of HARQ-ACK bits equals to the number of CBGs. Four PDSCHs are scheduled by the gNB, and PDSCH 2 is missed by the UE. Even the UE knows the missing of PDSCH 2, the UE cannot determine how many HARQ-ACK bits shall be reserved for PDSCH 2. 
In order to avoid this ambiguity, the number of HARQ-ACK bits corresponding to one PDSCH should be semi-statically configured for HARQ-ACK multiplexing. In other words, the maximum number of CBGs in one TB should be semi-statically configured.
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Figure 1: Ambiguity about the HARQ-ACK feedback sequence
When the number of CBs is less than the maximum number of CBGs, padding bit(s) will be added into the end of HARQ-ACK feedback sequence. As shown in Figure 2, gNB semi-statically indicates the maximum number of CBGs is 4, and 3 CBs are transmitted in PDSCH 1. Four HARQ-ACK bits corresponding to PDSCH 1 are transmitted by the UE, and one padding bit is added into the end of sequence.
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Figure 2: Padding bit is added into the end of HARQ-ACK sequence
Proposal 1: The maximum number of CBGs is semi-statically configured for HARQ-ACK multiplexing.
· When the number of CBs is smaller than the maximum number of CBGs, padding bit(s) will be added into the end of HARQ-ACK sequence.

2) Without HARQ-ACK multiplexing
Since semi-static configuration has to be supported for HARQ-ACK multiplexing, it can also be used when HARQ-ACK bits corresponding to different PDSCHs are separately transmitted, to reduce the DCI overhead. Additionally, dynamic indication of the number of CBGs can be supported for this case to adjust the HARQ-ACK payload based on the fast channel change.

Without HARQ-ACK multiplexing, PUCCH DTX can be detected when PDSCH is missing. Hence, there is no ambiguity about the HARQ-ACK feedback. However, to reduce the HARQ-ACK feedback payload, when the maximum number of CBGs is semi-statically configured, the following CBG grouping should be considered:

· The actual number of CBGs 
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· The number of HARQ-ACK bits corresponding to the TB equals to
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Proposal 2: Without HARQ-ACK multiplexing, the maximum number of CBGs can be semi-statically configured.

· The actual number of CBGs
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Proposal 3: Without HARQ-ACK multiplexing, the number of CBGs can be dynamically indicated.
· The number of HARQ-ACK bits corresponding to the TB equals to the indicated number.

3 Conclusions
In this contribution, we show our views on the design of CBG-based feedback and retransmission with following proposals:
Proposal 1: The number of CBGs is semi-statically configured for HARQ-ACK multiplexing.
· When the number of CBs is smaller than the configured number of CBGs, padding bit(s) will be added into the end of HARQ-ACK sequence.

Proposal 2: Without HARQ-ACK multiplexing, the maximum number of CBGs can be semi-statically configured.

· The actual number of CBGs
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Proposal 3: Without HARQ-ACK multiplexing, the number of CBGs can be dynamically indicated.
· The number of HARQ-ACK bits corresponding to the TB equals to the indicated number.
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