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1 Introduction
In RAN1 #90bis, HARQ-ACK transmission was discussed with following agreements:
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

Agreements:

· NR supports HARQ-ACK bundling in spatial domain for a NR-PDSCH transmission
· FFS details (e.g., whether or not to have RRC configuration, whether to apply to CBG-based HARQ-ACK or not, etc.)
Agreements:

· For NR non-CA, both semi-static and dynamic HARQ-ACK codebook are supported by configuration
· Note: the “by-configuration” is also applicable to the CA case
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
Agreements:

· For HARQ-ACK spatial bundling: 

· Support higher layer configuration for spatial-domain bundling per PUCCH group

· Bundling is per cell, and same configuration applies to all the cells

· FFS whether or not to support HARQ spatial bundling in a dynamic manner

In this contribution, we share our views on HARQ-ACK transmission for single carrier, carrier aggregation and CBG-based transmission.
2 HARQ-ACK multiplexing
2.1 Single carrier
Dynamic HARQ-ACK codebook can significantly reduce the UCI overhead for the case that HARQ-ACKs corresponding to multiple PDSCHs are transmitted by one PUCCH. Considering the semi-static configured maximum number of HARQ-ACKs corresponding to one PDSCH is up to 8 for CBG-based transmission, there will be a lot of redundant bits in actual HARQ-ACK transmission. Therefore, dynamic HARQ-ACK codebook should be supported for CBG-based transmission.
Proposal 1: Dynamic HARQ-ACK codebook should be supported for CBG-based transmission.

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. 
Observation 1: 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:
Case 1: Semi-static HARQ codebook size. 
The total number is determined by the maximum timing 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, T is the minimum delay required for HARQ-ACK transmission, and K1max is 
· The maximum timing configured by higher layer, when HARQ-ACK timing is based on [2] bits in DCI.

· A single timing, when HARQ-ACK timing is based on 0 bit in DCI.

Proposal 2: For single carrier with semi-static HARQ codebook, the total number determined by the maximum HARQ timing should be supported.
Case 2: Dynamic HARQ codebook size. 
· Option 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 that the total number of HARQ-ACK bits is
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For this option, if the last DL grant has been missed, the ambiguity between UE and gNB about the total number of HARQ-ACK bits exits, which leads to the error detection of all of HARQ-ACK feedback bits. For single carrier scenario, the missing of last DL grant cannot be considered as a corner case. Therefore, at least for single carrier transmission, dynamic HARQ-ACK codebook based on DAI is unreliable.
Observation 2: At least for single carrier transmission, dynamic HARQ-ACK codebook based on DAI is unreliable.
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Figure 1: Option 1

· Option 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. If UE detects that the first DL grant has been missed, UE shall not transmit any feedback information. 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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For this approach, there is no ambiguity about the total number of HARQ-ACK bits. However, HARQ-ACK bundling is used when the first DL grant has been missed.
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Figure 2: Option 2
At least for single carrier scenario, we prefer using option 2 for dynamic HARQ codebook.

Proposal 3: For single carrier with dynamic HARQ codebook, the total number should be determined based on the timing indicated in DL grant with DAI=1.

For HARQ-ACK concatenation, the granularity of HARQ-ACK bits should be fixed in order to avoid the ambiguity about the HARQ-ACK feedback sequence, caused by at least one DL grant missing, as shown in Figure 3. 
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Figure 3: Ambiguity about the HARQ-ACK feedback sequence
In LTE, the granularity of HARQ-ACK bits equals to the maximum number of CWs. In NR, when CBG is configured, the maximum number of HARQ-ACK bits corresponding to one PDSCH is 8. If the granularity of HARQ-ACK bits equals to the maximum number of CBGs, the redundant bits in HARQ-ACK feedback sequence will be very large for both semi-static HARQ codebook and dynamic HARQ codebook. 
To reduce the HARQ-ACK overhead, we propose that a granularity of HARQ-ACK bits is configured by gNB at least for the UE configured with CBG-base transmission. DAI is counted based on the configured granularity. One example is shown in Figure 4. The configured granularity of HARQ-ACK bits is 2. UE determines the number of CBGs based on the TBS. In slot n, PDSCH 1 containing 3 CBGs is scheduled with DAI=1. 4 HARQ-ACK bits are generated with one padding bit and mapped to b0, b1, b2 and b3. In slot n+1, PDSCH 2 containing 2 CBGs is scheduled with DAI=3. 2 HARQ-ACK bits are generated and mapped to b4, and b5. In slot n+3, PDSCH 3 containing 1 CBG is scheduled with DAI= 4. 2 HARQ-ACK bits are generated with one padding bit and mapped to b6 and b7.
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Figure 4: Example for configured granularity of HARQ-ACK bits
Propose 4: A granularity of HARQ-ACK bits can be configured by gNB for HARQ-ACK multiplexing. 

· DAI is counted based on the configured granularity.
2.2 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.

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 5.
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Figure 5: Total DAI and counter DAI for NR
Propose 5: For carrier aggregation, total DAI indicates the total codebook size up to present PDCCH monitoring periodicity.
3 HARQ-ACK bundling

In LTE TDD, when HARQ-ACK time-domain bundling is used, one bundled HARQ-ACK bit per CW is obtained. In NR, since dynamic HARQ timing and CBG-base transmission are supported, the HARQ-ACK payload is varied for different transmission duration. To reduce the efficiency loss caused by HARQ-ACK bundling, multiple-level HARQ-ACK bundling should be supported in NR. 
For HARQ-ACK only transmission, when the number of HARQ-ACK bits transmitted in one PUCCH is limited, UE should perform HARQ-ACK bundling based on the following priorities:

· 1st : HARQ-ACK bundling across multiple CBGs within a TB.
· CBG-level bundling size can be 2, 4 or 8.
· 2ed: HARQ-ACK bundling across multiple TBs per CW.
· TB-level bundling size can be 2 ~ X, where X depends on the maximum HARQ timing.
For example, the HARQ-ACK payload size Qcodebook is semi-statically or dynamically determined by the UE configured with CBG-based transmission, and the maximum number (Qupper) of UCI bits can be transmitted in one PUCCH is determined based on the configured max coding rate. When Qcodebook is no more than Qupper, Qupper HARQ-ACK bits are transmitted. When Qcodebook is more than Qupper, UE should firstly perform CBG-level HARQ-ACK bundling and then TB-level HARQ-ACK bundling. The proper bundling size should be determined based on the Qupper, as shown in Figure 6.
Proposal 6: When the number of UCI bits can be transmitted in one PUCCH is limited, for HARQ-ACK only transmission, multiple-level HARQ-ACK bundling should be used:

· 1st: HARQ-ACK bundling across multiple CBGs within a TB.
· CBG-level bundling size can be 2, 4 or 8.
· 2ed: HARQ-ACK bundling across multiple TBs per CW.
· TB-level bundling size can be 2 ~ X, where X depends on the maximum HARQ timing.
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Figure 6: Multiple-level HARQ-ACK bundling

4 Simultaneous transmission of HARQ-ACK and CSI
In LTE, when the total number of HARQ-ACK bits and CSI bits with/without SR is more than the maximum number of UCI bits can be transmitted by PUCCH format 4/5, CSI will be dropped. In NR, when CBG-based transmission is configured to a UE and the number of UCI bits can be transmitted in one PUCCH is limited, the priority of CBG-level HARQ-ACK bundling can be higher than CSI dropping, which is beneficial to improve the system efficiency. Hence, to support simultaneous transmission of HARQ-ACK and CSI with/without SR, the following UCI compression priority should be supported:
· 1st: HARQ-ACK bundling across multiple CBGs within a TB.
· CBG-level bundling size can be 2, 4 or 8.
· 2ed: CSI dropping.

· 3rd: HARQ-ACK bundling across multiple TBs per CW.
· TB-level bundling size can be 2 ~ X, where X depends on the maximum HARQ timing.
Proposal 7: When the number of UCI bits can be transmitted in one PUCCH is limited, for simultaneous transmission of HARQ-ACK and CSI with/without SR, the following UCI compression priority should be supported:
· 1st: HARQ-ACK bundling across multiple CBGs within a TB.
· CBG-level bundling size can be 2, 4 or 8.
· 2ed: CSI dropping.

· 3rd: HARQ-ACK bundling across multiple TBs per CW.
· TB-level bundling size can be 2 ~ X, where X depends on the maximum HARQ timing.
5 Conclusions
In this contribution, we show our views on the transmission of HARQ-ACK with following observation and proposals:
Observation 1: For single carrier transmission, total DAI equals to counter DAI.
Observation 2: At least for single carrier transmission, dynamic HARQ-ACK codebook based on DAI is unreliable.
Proposal 1: Dynamic HARQ-ACK codebook should be supported for CBG-based transmission.

Proposal 2: For single carrier with semi-static HARQ codebook, the total number determined by the maximum HARQ timing should be supported.
Proposal 3: For single carrier with dynamic HARQ codebook, the total number should be determined based on the timing indicated in DL grant with DAI=1.

Propose 4: A granularity of HARQ-ACK bits can be configured by gNB for HARQ-ACK multiplexing. 

· DAI is counted based on the configured granularity.
Propose 5: For carrier aggregation, total DAI indicates the total codebook size up to present PDCCH monitoring periodicity.
Proposal 6: When the number of UCI bits can be transmitted in one PUCCH is limited, for HARQ-ACK only transmission, multiple-level HARQ-ACK bundling should be used:

· 1st: HARQ-ACK bundling across multiple CBGs within a TB.
· CBG-level bundling size can be 2, 4 or 8.
· 2ed: HARQ-ACK bundling across multiple TBs per CW.
· TB-level bundling size can be 2 ~ X, where X depends on the maximum HARQ timing.
Proposal 7: When the number of UCI bits can be transmitted in one PUCCH is limited, for simultaneous transmission of HARQ-ACK and CSI with/without SR, the following UCI compression priority should be supported:
· 1st: HARQ-ACK bundling across multiple CBGs within a TB.
· CBG-level bundling size can be 2, 4 or 8.
· 2ed: CSI dropping.

· 3rd: HARQ-ACK bundling across multiple TBs per CW.
· TB-level bundling size can be 2 ~ X, where X depends on the maximum HARQ timing.
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