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1. Introduction
In this contribution, we discuss our views on remaining issues related to intra-UE HARQ-ACK multiplexing and prioritization in Rel-17.
2. Intra-UE HARQ-ACK multiplexing
In last meeting, following agreement was achieved for intra-UE HARQ-ACK multiplexing on PUSCH [1].   
	Agreement
[bookmark: _Hlk93615372]A UE does not expect to multiplex in a PUSCH transmission HARQ-ACK information that the UE would transmit in different PUCCHs of a same priority.
· The above is considered an error case
Agreement
For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, Rel-15/16 rule is reused for PUSCH selection for HARQ ACK multiplexing
· FFS whether/how dropping is performed before UCI multiplexing
· Note: The priorities of PUCCH and PUSCH candidates for multiplexing in step 2.2 are different
Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a LP PUSCH in R17, 
· If HP HARQ-ACK, LP HARQ-ACK, and LP CSI including a single part would be transmitted on LP PUSCH,
· Reuse Rel-15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK.
· Reuse Rel-15 CSI part 1 rate matching and RE mapping for LP HARQ-ACK.
· Reuse Rel-15 CSI part 2 rate matching and RE mapping for the single part of LP CSI.”
Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a HP PUSCH in R17, 
· If HP HARQ-ACK, LP HARQ-ACK, and HP CSI including a single part would be transmitted on HP PUSCH,
· Reuse Rel-15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK.
· Reuse Rel-15 CSI part 1 rate matching and RE mapping for the single part of HP CSI.
· Reuse Rel-15 CSI part 2 rate matching and RE mapping for LP HARQ-ACK.
Agreement
In R17, if HP HARQ-ACK, LP HARQ-ACK and HP CSI consisting of two parts would be transmitted on HP PUSCH, 
· LP HARQ-ACK is dropped. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK.


One remaining issue of intra-UE HARQ-ACK multiplexing on PUSCH is ambiguity of the low priority HARQ-ACK codebook size multiplexed on high priority PUSCH due to low priority DCI missing. For example, if the high priority PUSCH for URLLC is scheduled by UL DCI format 0_1, which is overlapped with two PUCCHs for HARQ-ACK of different priorities, and the low priority HARQ-ACK  is configured as Type-2 HARQ-ACK codebook, as shown in the figure below. In current specification, the UL DCI only carrier one DAI field to indicate a HARQ-ACK codebook size multiplexed on scheduled PUSCH, while for above overlapping case, if reuse the one DAI field for high priority HARQ-ACK, when multiplexing both the low priority HARQ-ACK and high priority HARQ-ACK on the PUSCH, the ambiguity of the low priority HARQ-ACK codebook size due to low priority DCI missing will degrade the reliability performance of URLLC. One straightforward method is to introduce an additional DAI field in the UL DCI for low priority HARQ-ACK.
For the overlapping between a low priority PUSCH for eMBB and two PUCCHs for HARQ-ACK of different priorities, considering that the reliability of PDCCH transmission of URLLC is high, and the one DAI field in UL DCI scheduling the low priority PUSCH can be used for low priority HARQ-ACK, it seems not necessary to introduce additional DAI field in low priority UL DCI or high priority DL DCI for multiplexing both low priority HARQ-ACK and high priority HARQ-ACK on PUSCH. 
[image: ]
Fig.1 Example for collision between a HP PUSCH and two PUCCHs of HARQ-ACK with different priorities
Proposal1: When multiplexing both low-priority HARQ-ACK and high-priority HARQ-ACK on a high priority PUSCH scheduled by an UL non-fallback DCI,
· Support introducing an additional DAI field in UL DCI associated with high priority PUSCH for determining the total number of low priority HARQ-ACK.
Proposal2: When multiplexing both low-priority HARQ-ACK and high-priority HARQ-ACK on a low priority PUSCH scheduled by an UL non-fallback DCI,
· The one DAI field in UL DCI associated with low priority PUSCH for determining the total number of low priority HARQ-ACK as Rel-16. 

For multiplexing a high priority HARQ-ACK and a low priority HARQ-ACK on a PUCCH,  when Type-2 HARQ-ACK codebook type is configured for low-priority HARQ-ACK and/or high-priority HARQ-ACK, there is a similar issue to above that ambiguity of the low priority HARQ-ACK codebook size multiplexed on high priority PUCCH may degrade the reliability of high priority HARQ-ACK transmission performance, in order to avoid the impact on the total number of multiplexed HARQ-ACK bits due to the DCI miss detection associated with low priority HARQ-ACK, one reasonable way is to introduce additional DCI field in DCI associated with high priority HARQ-ACK for determining the number of LP HARQ-ACK bits multiplexed on PUCCH.
Proposal 3:  For multiplexing of a low priority Type-2 HARQ-ACK codebook and a high priority Type-1/Type-2 HARQ-ACK codebook on a PUCCH in Rel-17,
· Support introducing an additional DCI field in DCI associated with high priority HARQ-ACK for determining the total number of LP HARQ-ACK 

3. Conclusion
In this contribution, we discussed the possible enhancements for HARQ-ACK feedback for URLLC. Proposals are summarized as following: 
Proposal1: When multiplexing both low-priority HARQ-ACK and high-priority HARQ-ACK on a high priority PUSCH scheduled by an UL non-fallback DCI,
· Support introducing an additional DAI field in UL DCI associated with high priority PUSCH for determining the total number of low priority HARQ-ACK.
Proposal2: When multiplexing both low-priority HARQ-ACK and high-priority HARQ-ACK on a low priority PUSCH scheduled by an UL non-fallback DCI,
· The one DAI field in UL DCI associated with low priority PUSCH for determining the total number of low priority HARQ-ACK as Rel-16. 
Proposal 3:  For multiplexing of a low priority Type-2 HARQ-ACK codebook and a high priority Type-1/Type-2 HARQ-ACK codebook on a PUCCH in Rel-17,
· Support introducing an additional DCI field in DCI associated with high priority HARQ-ACK for determining the total number of LP HARQ-ACK 
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