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In RAN1#108-e, HARQ-ACK multiplexing on PUSCH when there are multiple PUSCHs in a PUCCH slot or PUSCH repetition is configured was discussed. Unfortunately, no consensus could be achieved. In this contribution, our views on these issues are presented.
Discussion
HARQ-ACK multiplexing on PUSCH for multiple PUSCHs in a PUCCH slot
For multiple PUSCHs in a PUCCH slot, many companies preferred a unified solution for overlapping PUSCH case and non-overlapping PUSCH case. It is beneficial for both the gNB implementation and UE implementation. Based on the discussion, 6 options are proposed with the details shown in the appendix [1]. 
If there are multiple PUSCHs overlapping with a PUCCH, a prioritization rule is specified to select a PUSCH for HARQ-ACK multiplexing as shown below.
	If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in clause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot. 


For the scenario of multiple PUSCHs in a slot, there may be three cases as shown in Figure 1. 


Figure 1 Three cases of the overlapping between PUCCH and PUSCH
· Case 1: PUCCH overlaps with all the PUSCHs (e.g., PUSCH 1 and PUSCH 2)
· HARQ-ACK is multiplexed in PUSCH 1 if the UE does not know the PUCCH resource
· HARQ-ACK is multiplexed in PUSCH 1 if the UE knows the PUCCH resource
· Case 2: PUCCH overlaps part of the PUSCHs (e.g., PUSCH 2 and PUSCH 3)
· HARQ-ACK is multiplexed in PUSCH 1 if the UE does not know the PUCCH resource
· HARQ-ACK is multiplexed in PUSCH 2 if the UE knows the PUCCH resource
· Case 3: PUCCH overlaps part of the PUSCHs (e.g., PUSCH 2)
· HARQ-ACK is multiplexed in PUSCH 1 if the UE does not know the PUCCH resource
· HARQ-ACK is multiplexed in PUSCH 2 if the UE knows the PUCCH resource
It can be seen that the UE behavior is related to the awareness of the PUCCH resource for Case 2 and Case 3. So the network cannot predict the UE behavior. To obtain the unified UE behavior, the network should set the DAI in the UL grant correctly. For example, the DAI for the PUSCH not overlapping with PUCCH is set to 0 for Type 1 codebook or 4 for Type 2 codebook. Only the DAI for the PUSCH overlapping with PUCCH is set to the other values, i.e., the total DAI in the last DL DCI. It means there are at most two DAI values in the UL DCI scheduling the PUSCH for a given overlapping case in a slot.
For more than one PUSCHs in a slot, if there is only one PUSCH with DAI equal to 1 for Type 1 codebook or not equal 4 for Type 2 codebook, the UE multiplexes HARQ-ACK in this PUSCH by following the T-DAI in the UL grant. If there are more than one PUSCHs with DAI equal to 1 for Type 1 codebook or not equal 4 for Type 2 codebook, the UE selects the PUSCH according to the prioritization rule from these PUSCHs and multiplexes HARQ-ACK in the selected PUSCH by following the T-DAI in UL grant. In this case, the unified UE behavior is obtained. 
Proposal 1: Option 1 with Alt-2 should be adopted.
· For multiple PUSCHs in a slot, the UE should perform HARQ-ACK multiplexing in the PUSCH with DAI equal to 1 for Type 1 codebook or not equal 4 for Type 2 codebook. If there are more than one such PUSCHs, the UE should select the PUSCH for HARQ-ACK multiplexing from these PUSCHs according to the current PUSCH prioritization rule.
HARQ-ACK multiplexing on PUSCH for PUSCH repetition
When the PUSCH repetition is configured, multiple PUSCH repetitions are transmitted on consecutive UL slots. The PUCCH with HARQ-ACK may overlap with any one of the PUSCH repetitions. If the UE misses the DL DCI, it would not know where the PUCCH slot is and in which slot the PUSCH overlaps with the PUCCH for HARQ-ACK. Therefore, the UE does not know the slot that the HARQ-ACK should be multiplexed in. For example, as shown in Figure 2 below, if the UE misses the DL grant, it does not know the HARQ-ACK should be multiplexed in PUSCH repetition 1 or PUSCH repetition 2. This issue should be resolved.


Figure 2 An example of PUCCH overlapping with PUSCH repetition
To address this issue, a straightforward way is to specify a PUSCH repetition for HARQ-ACK multiplexing. For example, the first PUSCH repetition or the last PUSCH repetition is specified for HARQ-ACK multiplexing when the UE does not detect any DL DCI and the T-DAI in the UL grant is not equal to 4 for Type 2 codebook or is equal to 1 for Type 1 codebook. In this case, the network should schedule the PUCCH for HARQ-ACK overlapping with the specified repetition to align the understanding between the UE and the network. 
Proposal 2: One of the PUSCH repetitions should be specified for HARQ-ACK multiplexing if the UE does not know the overlapping PUCCH slot due to missing detection of the DL DCI and the T-DAI in the UL grant is not equal to 4 for Type 2 codebook or is equal to 1 for Type 1 codebook.
Conclusion
According to the discussion above, we have the following proposal.
Proposal 1: Option 1 with Alt-2 should be adopted.
· For multiple PUSCHs in a slot, the UE should perform HARQ-ACK multiplexing in the PUSCH with DAI equal to 1 for Type 1 codebook or not equal 4 for Type 2 codebook. If there are more than one such PUSCHs, the UE should select the PUSCH for HARQ-ACK multiplexing from these PUSCHs according to the current PUSCH prioritization rule.
Proposal 2: One of the PUSCH repetitions should be specified for HARQ-ACK multiplexing if the UE does not know the overlapping PUCCH slot due to missing detection of the DL DCI and the T-DAI in the UL grant is not equal to 4 for Type 2 codebook or is equal to 1 for Type 1 codebook.
Reference
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Appendix
For the HARQ-ACK multiplexing, the following options were reached in RAN1#108-e.
· Option 1: Merged Alt1/Alt2 solution
	1. Selection of the  candidate PUSCH for multiplexing
a. Candidate PUSCHs
i. Alt-1: All the PUSCHs within the PUCCH slot are candidates
ii. Alt-2: PUSCHs without UL-TDAI=4 in case Type 2 CB, and without UL-TDAI n.e. 1 in case of Type 1 CB within the PUCCH slot are candidates 
b. N/W sets all TDAI values that overlap with PUCCH to the [same/different] value with TDAI n.e. 4
2. Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213
3. Limitations for multiplexing
a. UE expects to multiplex HARQ-ACK on only 1 PUSCH selected based on step 2 in the PUCCH slot.
b. All the PUSCHs in the determined candidate set after step 1 have to satisfy Rel-15 UCI multiplexing timeline, defined with respect the starting symbol of the earliest PUSCH transmission in the candidate set. 
i. gNB will not schedule any additional PUSCH in the PUCCH slot that does not satisfy the multiplexing timeline 




· Option 2: 
	· A UE does not expect more than 1 PUSCH with UL TDAI n.e. 4. The UE shall multiplex HARQ-ACK in that PUSCH according to its UL-TDAI.




· Option 3: 
	· UE capability indicating UE can implement Option 1 or Option 2




· Option 5: 
	· Agree on Option 1 for Rel-17. Then in the Rel-17 CR cover page, add magic sentence “The CR is for Rel-17. But the Rel-17 CR can be early implementable by a Rel-16 UE/gNB”



· Option 6: 
	Option 6
For Scenario 2 (more than one of the PUSCHs the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook): 
· Selection of the candidate PUSCH for multiplexing
· PUSCHs without UL-TDAI=4 in case Type 2 CB, and without UL-TDAI n.e. 1 in case of Type 1 CB within the PUCCH slot are candidates 
· [Potential restrictions on how N/W sets TDAI values for the candidate PUSCHs for Type 2 Codebook]
· [Option 1-1: N/W sets all TDAI values that overlap with PUCCH to the same value with TDAI n.e. 4]
· Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213
· For Rel-16: The prioritization to select PUSCH for multiplexing is only applicable for two cell UL CA case, where one cell is the PCell
· For Rel-17: The above Rel-16 restriction is lifted.
· Limitations for multiplexing
· UE expects to multiplex on only 1 PUSCH in the PUCCH slot with only HARQ-ACK multiplexed on PUSCH.
· PUSCHs to be selected obey multiplexing timeline for the first PUSCH in the PUCCH slot in the PUSCH candidate set.
· Option 2-1: gNB will not schedule any additional PUSCH in the PUCCH slot that does not satisfy the multiplexing timeline




Option 6a
	Option 6a
For Scenario 2 (more than one of the PUSCHs the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook): 
· Selection of the candidate PUSCH for multiplexing
a. PUSCHs without UL-TDAI=4 in case Type 2 CB, and without UL-TDAI n.e. 1 in case of Type 1 CB within the PUCCH slot are candidates 
· [Potential restrictions on how N/W sets TDAI values for the candidate PUSCHs for Type 2 Codebook]
a. [Option 1-1: N/W sets all TDAI values that overlap with PUCCH to the same value with TDAI n.e. 4]
· Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213
a. For Rel-16: Prioritization rules are as following The prioritization to select PUSCH for multiplexing is only applicable for two cell UL CA case, where one cell is the PCell
· If Pcell has PUSCH, multiplex HARQ-ACK on PUSCH on Pcell, following its UL-TDAI.
· Otherwise, multiplexing HARQ-ACK on a PUSCH on Scell, if any, following its UL-TAI.
· If the Pcell PUCCH slot overlaps with more than one Scell PUSCHs, multiplexing HARQ-ACK on the earliest PUSCH on Scell.
b. For Rel-17: Prioritization rules are identical to 38.213The above Rel-16 restriction is lifted.
· Limitations for multiplexing
a. UE expects to multiplex HARQ-ACK on only 1 PUSCH in the PUCCH slot.
b. All the PUSCHs in the determined candidate set after step 1 have to satisfy Rel-15 UCI multiplexing timeline, defined with respect the starting symbol of the earliest PUSCH transmission in the candidate set. 
gNB will not schedule any additional PUSCH in the PUCCH slot that does not satisfy the multiplexing timeline
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