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1 Introduction
In RAN1 AH 1801, HARQ-ACK transmission was discussed with following agreements:

Agreements:

· Regarding how to select PUSCH for piggybacking UCI 

· Follows the LTE-approach

· FFS whether or not there are any specific issues

In RAN1 #92, the following agreements for PUCCH fallback were made:
Agreements:

· Confirm the following working assumption with updates:

· Working assumption: In case a UE is configured for semi-static HARQ-ACK codebook determination, when the UE detects to receive only one PDSCH within a DL association set for HARQ-ACK feedback on the Pcell, the UE reports HARQ-ACK only for the one PDSCH

· Additional constraint: only if UE detects DCI format 1_0 with counter DAI value of 1
In this contribution, we show our views on the remaining issues on HARQ-ACK transmission.

2 Discussion
2.1 PUSCH Selection
When PUSCH(s) and PUCCH have a same first symbol and duration, LTE-approach for selecting one PUSCH for piggybacking UCI is appropriate. However, once multiple PUSCHs have different first symbols and durations, how to select PUSCH for piggybacking UCI should be considered. 
For carrier aggregation, when multiple PUSCHs coincide with a PUCCH, the following steps should be supported for selecting a PUSCH to for piggybacking UCI:
· Step1: Selecting PUSCH(s) based on the following priority order: Grant-based PUSCH which has a same first symbol and duration > Grant-based PUSCH which only has a same first symbol > Grant-based PUSCH which is after the PUCCH > Grant-free PUSCH which has a same first symbol and duration > Grant-free PUSCH which only has a same first symbol > Grant-free PUSCH which is after the PUCCH. 
· Note: UCI should not be piggybacked in the PUSCH which is before the PUCCH, since the generation of UCI may be not finished yet at the starting time of PUSCH.
· If no PUSCH is selected after step 1, 
· If PUCCH is used to transmit SPS-CSI/P-CSI/SPS-HARQ-ACK/SR, PUCCH is dropped.
· If PUCCH is used to transmit dynamic HARQ-ACK, PUSCHs are punctured by PUCCH.
· Step 2: Selecting the PUSCH with the smallest ServCellIndex among the PUSCHs selected after step 1.
Proposal 1: UCI should not be piggybacked in the PUSCH which is before the PUCCH.

Proposal 2: The following steps should be supported for selecting a PUSCH to for piggybacking UCI
· Step 1: Selecting PUSCH(s) based on the following priority order: Grant-based PUSCH which has a same first symbol and duration > Grant-based PUSCH which only has a same first symbol > Grant-based PUSCH which is after the PUCCH > Grant-free PUSCH which has a same first symbol and duration > Grant-free PUSCH which only has a same first symbol > Grant-free PUSCH which is after the PUCCH. 
· If no PUSCH is selected after step 1, 

· If PUCCH is used to transmit SPS-CSI/P-CSI/SPS-HARQ-ACK/SR, PUCCH is dropped.

· If PUCCH is used to transmit dynamic HARQ-ACK/A-CSI, PUSCHs are punctured by PUCCH.

· Step 2: Selecting the PUSCH with the smallest ServCellIndex among the PUSCHs selected after step 1.
2.2 Semi-static HARQ-ACK codebook
2.2.1 Same HARQ-ACK bits are repeated on multiple slots
Based on current specification, some HARQ-ACK bits will be repeatedly transmitted on multiple UL slots. As shown in Figure 1, the slot timing values K1 are {1, 2, 3, 4, 5, 6, 7, and 8}. The HARQ-ACK bits corresponding to the PDSCHs in slot n~n+7 are transmitted on slot n+8, and the HARQ-ACK bits corresponding to the PDSCH in slot n+4~n+11 are transmitted on slot n+12. Therefore, the HARQ-ACK bits corresponding to PDSCH 4 and 5 are transmitted on both slot n+8 and slot n+12. The efficiency loss of PUCCH in slot n+12 may exist, since more resources are allocated to transmit the HARQ-ACK with redundant bits. For carrier aggregation with different numerologies, such problem of HARQ-ACK repetition will be more severe. 
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Figure 1: HARQ-ACK transmission with repetition 
To solve this problem, we propose that to determine the semi-static HARQ-ACK codebook in a slot, the UE does not report ACK/NACK for the PDSCH, received in the downlink association set, whose HARQ-ACK is indicated to transmit on a different slot. Comparing to the current mechanism, a PUCCH format 2/3/4 with less time-domain and/or frequency-domain resources can be allocated to the UE, as shown in Figure 2. Furthermore, UE can only report HARQ-ACK on PUCCH format 0/1 when PDSCH 6 is scheduled by DCI format 1_0 with counter DAI value of 1.
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Figure 2: HARQ-ACK transmission without repetition
Proposal 3: To determine the semi-static HARQ-ACK codebook in a slot, the UE does not report ACK/NACK for the PDSCH, received in the downlink association set, whose HARQ-ACK is indicated to transmit on a different slot.

2.2.2 HARQ-ACK transmission with DL slot aggregation
When only one TB with slot aggregation is received on the Pcell in DL association set, whether UE can reports HARQ-ACK only for the one TB should be considered. 
Furthermore, when slot aggregation is used, how to generate semi-static HARQ-ACK codebook should be clarified. As shown in Figure 3, TB 1 and TB 2 are scheduled in the downlink association set with aggregationFactorDL = 3, the following two approaches should be considered to generate HARQ-ACK codebook:

· Approach 1: HARQ-ACK bit is repeatedly mapped to the bit positions corresponding to the occasions used to transmit the same TB.
· Approach 2: Separated HARQ-ACK bit is mapped to the bit position corresponding to each occasion used to transmit PDSCH.
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Figure 3: HARQ-ACK transmission with DL slot aggregation

Considering approach 1 has benefit to support PUCCH fallback when only one TB with slot aggregation is received on the Pcell in DL association set, we support approach 1.
Proposal 4: For semi-static HARQ-ACK codebook, HARQ-ACK bit is repeatedly mapped to the bit positions corresponding to the multiple occasions used to transmit the same TB.
Proposal 5: For semi-static HARQ-ACK codebook, when only one TB with slot aggregation is received on the Pcell in DL association set, UE can reports HARQ-ACK only for the one TB.
3 Conclusions
In this contribution, we show our views on the remaining issues on HARQ-ACK transmission with following proposals and observation:
Proposal 1: UCI should not be piggybacked in the PUSCH which is before the PUCCH.

Proposal 2: The following steps should be supported for selecting a PUSCH to for piggybacking UCI
· Step 1: Selecting PUSCH(s) based on the time-domain priority order: PUSCH which has a same first symbol and duration > PUSCH which only has a same first symbol > PUSCH which is after the PUCCH. 
· If no PUSCH is selected after step 1, 

· If PUCCH is used to transmit SPS-CSI/P-CSI/SPS-HARQ-ACK/SR, PUCCH is dropped.

· If PUCCH is used to transmit dynamic HARQ-ACK/A-CSI, PUSCHs are punctured by PUCCH.

· Step 2: Selecting PUSCH(s) from the PUSCHs selected after step 1 based on the following order: The priority of grant-based PUSCH is higher than grant-free PUSCH.

· Step 3: Selecting the PUSCH with the smallest ServCellIndex among the PUSCHs selected after step 2.
Proposal 3: To determine the semi-static HARQ-ACK codebook in a slot, the UE does not report ACK/NACK for the PDSCH, received in the downlink association set, whose HARQ-ACK is indicated to transmit on a different slot.

Proposal 4: For semi-static HARQ-ACK codebook, HARQ-ACK bit is repeatedly mapped to the bit positions corresponding to the multiple occasions used to transmit the same TB.

Proposal 5: For semi-static HARQ-ACK codebook, when only one TB with slot aggregation is received on the Pcell in DL association set, UE can reports HARQ-ACK only for the one TB.
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