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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
Regarding the framework for intra-UE multiplexing/prioritization involved more than two UL channels, following agreements were made in last two RAN1 meetings [1][2].
	Agreement
The following working assumption is confirmed.
For handling overlapping PUCCHs/PUSCHs with different priorities in R17 
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
Note: Avoid recursive pseudo-code to implement this procedure
Note: It is expected that Rel-15 intra-UE UCI multiplexing timeline will be applicable

Agreement
For both the subslot-based PUCCH and slot-based PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, reuse Rel-16 procedure for Step 1.

Agreement
For handling overlapping PUCCHs/PUSCHs with different priorities, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities.



While if simultaneous PUCCH/PUSCH transmission on different cells is enabled, for the collision involved two PUSCHs with different priorities on a same cell, the above procedure cannot be directly used, because if UE firstly resolves overlapping PUCCHs and PUSCHs with the same priority by reusing Rel-15 multiplexing procedure, then do prioritization between PUSCHs with the different priorities, it may cause unnecessary UCI dropping, one example is given below Fig.1. Therefore, the overlapping between the PUSCHs with different priorities should be handled before step 1 when simultaneous PUCCH/PUSCH transmission on different cells is enabled. 


Fig.1 Example for collision handling for more than two UL channels involved two PUSCHs with different priorities
Proposal 1: For the collision handling for more than two UL channels involved two PUSCHs with different priorities on a same cell in Rel-17, 
· The overlapping between the PUSCHs with different priorities should be handled before step 1.
Regarding the details of step 2.1, following two directions can be considered:
· Opt.1: Reuse Rel-15 procedure for collision between LP PUCCHs and HP PUCCHs by regarding LP PUCCH and HP PUCCH as the same priority.
· Opt.2: Use Rel-17 intra-UE multiplexing procedure for collision between LP PUCCHs and HP PUCCHs, e.g., separate coding.
In our view, opt.2 is slightly preferred to provide a unified rule for both collision between two UL channels and collision between more than two UL channels. In addition, the Rel-17 intra-UE multiplexing procedure for resolving collision between LP PUCCHs and HP PUCCHs is more efficient in some cases, e.g., the LP HARQ-ACK and HP HARQ-ACK.
Proposal 2: For Step 2.1, Rel-17 intra-UE multiplexing procedure is used for collision between LP PUCCHs and HP PUCCHs.
For step 2.2, in case the collision between a PUSCH and two PUCCHs for HARQ-ACK of different priorities happens, following agreement was achieved for multiplexing both LP HARQ-ACK and HP HARQ-ACK on a PUSCH.   
	Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK and LP HARQ-ACK would be transmitted on HP/LP PUSCH without CSI, 
· HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.1 and Clause 5.3.3. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. FFS details.
· For LP HARQ-ACK, reuse R15 Part 1 CSI rate matching and RE mapping
Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, 
· The CSI part 2 is dropped. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. FFS details.
· Reuse R15 CSI part 1 rate matching and RE mapping for LP HARQ-ACK.
· Reuse R15 CSI part 2 rate matching and RE mapping for LP CSI part 1.
· FFS for LP CSI consisting of single part.
Note: Apple raised concern on CSI being dropped unnecessarily which could cause performance and degrade usefulness of URLLC enhancement.



However, if the PUSCH is scheduled by UL DCI format 0_1/0_2 with a DAI field, whether and how to apply the DAI field to multiplexing two HARQ-ACK codebooks with different priorities on a PUSCH is not clear now. In our view, which HARQ-ACK codebook the DAI field applies to can be configured by gNB for different cases. For example, if the eMBB HARQ-ACK bits are compressed and then multiplexed with URLLC HARQ-ACK bits, e.g., bundle eMBB HARQ-ACK bits as 1-bit and append it to the URLLC HARQ-ACK codebook, the DAI field is configured as to help determine the URLLC HARQ-ACK codebook. If multiplexing all the eMBB HARQ-ACK bits and URLLC HARQ-ACK bits on PUSCH, the DAI field is configured as to help determine the eMBB HARQ-ACK codebook since the reliability of URLLC PDCCH is high.  
Proposal 3: When multiplexing both low-priority HARQ-ACK and high-priority HARQ-ACK on a PUSCH scheduled by an UL non-fallback DCI with a DAI field, which HARQ-ACK codebook the DAI field is applied to should be configured by gNB.
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, 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 4:  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: 
Proposal 1: For the collision handling for more than two UL channels involved two PUSCHs with different priorities on a same cell in Rel-17, 
· The overlapping between the PUSCHs with different priorities should be handled before step 1.
Proposal 2: For Step 2.1, Rel-17 intra-UE multiplexing procedure is used for collision between LP PUCCHs and HP PUCCHs.
[bookmark: _GoBack]Proposal 3: When multiplexing both low-priority HARQ-ACK and high-priority HARQ-ACK on a PUSCH scheduled by an UL non-fallback DCI with a DAI field, which HARQ-ACK codebook the DAI field is applied to should be configured by gNB.
Proposal 4:  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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