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1 Introduction
In RAN1 NR#3, HARQ-ACK transmission was discussed with following agreements:
Agreements:
· Bundling of HARQ-ACKs across different CCs for a UE is not supported in Rel-15
In this contribution, we share our views on HARQ-ACK transmission for single carrier, carrier aggregation and CBG-based transmission.
2 HARQ-ACK multiplexing
· Single carrier
In LTE TDD, time-domain counter DAI is used for HARQ-ACK transmission per associated set, i.e. the downlink subframes associated with a single uplink subframe to transmit HARQ-ACK. For HARQ-ACK multiplexing, the total number of HARQ-ACK bits to be transmitted in one uplink subframe equals to C(M, where C is the number of CWs for PDSCH transmission, and M is the number of downlink subframe(s) in the associated set. For NR, how to support HARQ-ACK transmission with dynamic associated set needs to be considered. And LTE DAI design should be considered as a starting point.
Proposal 1: LTE DAI design should be considered as a starting point for NR HARQ-ACK multiplexing.

Total DAI and counter DAI are supported in LTE. Total DAI is used to determine the total number of HARQ-ACK bits to be transmitted, and HARQ-ACK bits corresponding to different PDSCHs are mapped to one sequence based on counter DAI. In order to avoid unnecessary limitation on scheduling, total DAI is used to indicate the total number of PDSCHs up to present subframe within an associated set, instead of the total number of PDSCHs within an associated set. In the other words, for single carrier transmission, total DAI equals to counter DAI. 
For HARQ-ACK multiplexing, how to determine the total number of HARQ-ACK bits to be transmitted is a problem, which impacts the UCI decoding. The following approaches can be considered:
· Approach 1: Semi-static HARQ codebook size. 
· Approach 1-1: The total number is determined by the maximum timing, configured by higher layer, between DL data reception and corresponding acknowledgement, i.e.
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where C is the maximum number of TBs or CBGs transmitted in one PDSCH, and K1max is the maximum timing configured by higher layer.
· Approach 1-2: The total number is configured by high-layer singling. The gNB 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: Dynamic HARQ codebook size. 
· Approach 2-1: The total number is determined based on the last received DAI corresponding to one PUCCH, i.e.
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where C is the maximum number of TBs or CBGs transmitted in one PDSCH, and 
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 is the value of the last received DAI. 
As shown in Figure 1, DCI 3 with DAI = 3 is the last received DAI corresponding to the PUCCH in slot n+4. The UE determines the total number of HARQ-ACK bits is 
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Figure 1: Approach 2-1

· Approach 2-2: The total number is determined based on the timing indicated in DL grant with DAI=1, i.e. 
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where C is the maximum number of TBs or CBGs transmitted in one PDSCH, K1 is the timing indicated in DL grant with DAI=1, and T is the minimum delay required for HARQ-ACK transmission.

As shown in Figure 2, 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 bits is 
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Figure 1: Approach 2-2
For all of the above approaches, in order to avoid ambiguity about the HARQ-ACK feedback sequence, when at least one DL grant is missed, as shown in Figure 3, the number of HARQ-ACK bits corresponding to one PDSCH should be semi-statically configured for HARQ-ACK multiplexing.
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Figure 3: Ambiguity about the HARQ-ACK feedback sequence
For approach 1, there is no ambiguity of feedback information between gNB and UE, but large UCI overhead can be expected. For TB-based transmission and/or small timing between DL data reception and corresponding acknowledgement, approach 1 is preferred.
On the other hand, approach 2 can achieve UCI overhead reduction. However, ambiguity caused by DL grant missing may exist. Therefore, for CBG-based transmission and/or lager timing between DL data reception and corresponding acknowledgement, approach 2 is preferred.
Propose 2: For HARQ-ACK multiplexing, the number of HARQ-ACK bits per PDSCH is the maximum number of TBs or CBGs transmitted in one PDSCH.
Propose 3: Both semi-static and dynamic HARQ codebook size should be supported in NR.

Propose 4: For single carrier, counter DAI is not supported.
· Carrier aggregation 

To design the transmission scheme for NR HARQ-ACK multiplexing, the following cases should be considered:
1) Case 1: Different numerologies are used on different carriers.

2) Case 2: Slot-based transmission and non-slot-based transmission are used on different carriers.

3) Case 3: TB-based transmission and CBG-based transmission are used on different carriers.

4) Case 4: Combinations of case 1~3.

To obtain HARQ-ACK feedback sequence, the following two parameters should be firstly decided, i.e. the granularity of HARQ-ACK codebook and the size of HARQ-ACK codebook. 

In LTE, the maximum of number of HARQ-ACK bits per PDSCH is 2, and the granularity of codebook is 2 when at least one component carrier is configured with 2-TB transmission. For NR CBG-based transmission, the maximum of number of HARQ-ACK bits per PDSCH is significantly increased. If the granularity of codebook is set to the maximum number of CBGs, massive redundancy bits exist in the HARQ-ACK feedback sequence, when one component carrier is configured with CBG-transmission and other component carriers are configured with TB-based transmission.
Propose 5: For carrier aggregation, the granularity of HARQ-ACK codebook should be further studied.

In LTE, total DAI indicates the total codebook size up to present subframe within an associated set. In NR, different TTIs are used on different component carriers, the definition of total DAI should be modified to indicate the total codebook size up to present PDCCH monitoring periodicity, as shown in Figure 4.
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Figure 4: Total DAI and counter DAI for NR
Propose 6: For carrier aggregation, total DAI indicates the total codebook size up to present PDCCH monitoring periodicity.
3 HARQ-ACK bundling

In LTE, HARQ-ACK bundling is used to improve the uplink coverage. In NR, HARQ-ACK bundling should be reused to reduce the UCI overhead. The following issues should be considered for HARQ-ACK bundling:

1) The configuration of HARQ-ACK bundling

In LTE, HARQ-ACK bundling is configured by higher layer singling. In NR, whether HARQ-ACK bundling can be dynamically configured by L1 singling should be firstly discussed. Since dynamic configuration provides more flexibility for fast adaptation of HARQ-ACK transmission based on channel condition, we propose that dynamic configuration of HARQ-ACK bundling should be supported in NR.
Proposal 7: Dynamic configuration of HARQ-ACK bundling should be supported in NR.
2) The number of bundled bits

In LTE TDD, when HARQ-ACK bundling is configured, one bundled HARQ-ACK bit per CW is obtained. In NR, whether support multiple-level HARQ-ACK bundling should be considered. For example, the total number of HARQ-ACK bits for one CW is 8, gNB can configure UE to generate 1, 2 or 4 bundled bit(s) according to the channel condition. 

Proposal 8: Multiple-level HARQ-ACK bundling should be supported in NR.
4 Conclusions
In this contribution, we show our views on the transmission of HARQ-ACK with following proposals:
Proposal 1: LTE DAI design should be considered as a starting point for NR HARQ-ACK multiplexing.

Propose 2: For HARQ-ACK multiplexing, the number of HARQ-ACK bits per PDSCH is the maximum number of TBs or CBGs transmitted in one PDSCH.

Propose 3: Both semi-static and dynamic HARQ codebook size should be supported in NR.

Propose 4: For single carrier, counter DAI is not supported.

Propose 5: For carrier aggregation, the granularity of HARQ-ACK codebook should be further studied.

Propose 6: For carrier aggregation, total DAI indicates the total codebook size up to present PDCCH monitoring periodicity.
Proposal 7: Dynamic configuration of HARQ-ACK bundling should be supported in NR.
Proposal 8: Multiple-level HARQ-ACK bundling should be supported in NR.
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