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In RAN1#107-e and RAN1#109-e, the following agreements were reached for HARQ-ACK multiplexing on PUSCH and the corresponding CR is agreed [1]. In this contribution, the issues on HARQ-ACK multiplexing on PUSCH when last DL DCI is missing is discussed.
	Agreement
For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH.
Agreement
For Rel-16 UEs, in the scenario with more than one PUSCH (overlapping and non-overlapping) and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH slot (both single carrier and UL CA), for a unified design, the following should be specified:
1. 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
1. Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213
1. Limitations for multiplexing
0. UE expects to multiplex HARQ-ACK on only 1 PUSCH selected based on step 2 in the PUCCH slot.
0. 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.
The above specified behavior is supported subject to a new Rel-16 UE capability [xxxxx]
· FFS: the details of the capability signaling
Agreement
The correction for HARQ-ACK multiplexing on PUSCH in the absence of PUCCCH is endorsed in R1-2205628 (TS38.213, Rel-16, CR#0316, Cat. F) and R1-2205629 (TS38.213, Rel-17, CR#0317, Cat. A).



Discussion
For the HARQ-ACK multiplexing in PUSCH, there may be three cases from the UE perspective.
· Case 1: The UE receives all the DL DCIs
· Case 2: The UE does not receive any DL DCI
· Case 3: The UE receives at least one of the DL DCIs but not the last DCI
In RAN1#109-e, the discussion focused on the Case 2. The agreed UE behavior is that the UE may select the PUSCH with the UL-TDAI not equal to 4 for Type-2 codebook and not equal to 0 for Type-1 codebook as candidate PUSCHs for HARQ-ACK multiplexing. The Case 3 was not discussed in the last meeting. 
In Case 3, the UE can be aware of the PUCCH resource. However, this PUCCH resource determined by the UE may not be the PUCCH resource indicated by the last DCI. There may be two reasons. The first one is the network indicates another PUCCH resource for carrying the HARQ-ACK information by the last DCI. The second reason is that the PUCCH resource in a next PUCCH resource set is selected due to the UCI size change even though the PRI information keeps unchanged. 
Observation 1: The PUCCH resource determined by the UE may not be the PUCCH resource indicated by the last DCI if the last DCI is missed. 
According to the current specification, the UE may select the PUSCH overlapping with the PUCCH resource as the candidate PUSCHs. If the PUCCH resource determined by the UE and the PUCCH resource indicated by the last DCI have the different time domain resource, the selected candidate PUSCHs may not be correct. An example is shown in Figure 1. PUCCH 2 is indicated by the last DL DCI. Therefore, the candidate PUSCHs should include PUSCH 3 and PUSCH 4. But, the UE only determines PUCCH 1. The UE may select PUSCH 1 and PUSCH 2 as candidate PUSCHs, which is not the network expectation.


Figure 1 The overlapping between PUCCH and PUSCH
Observation 2: The candidate PUSCHs selected by the UE may not be correct since an incorrect PUCCH resource is determined.
One of the solutions is to make sure the UE can determine the correct PUCCH resource. For Type-1 codebook, the HARQ-ACK codebook size is fixed for a PUCCH slot. It means that PUCCH resource set for the HARQ-ACK information is fixed. If the last DCI and the previous DCI include the same PRI, the same PUCCH resource is indicated. Therefore, even though the UE misses the last DCI, it can still obtain the correct PUCCH resource as long as the same PRI is indicated by the network. That is to say the issue of incorrect candidate PUSCH selection can be handled by the network.
Observation 3: The issue of incorrect candidate PUSCH selection for Type-1 codebook due to the last DCI missing can be handled by the network, e.g., the same PRI is indicated by the DL DCIs.
For type-2 codebook, the HARQ-ACK codebook size for a PUCCH slot varies with the number of the scheduled PDSCH. If the UE misses the last DCI, it means that the UE may determine an incorrect HARQ-ACK codebook size. In current specification, the PUCCH resource set is selected based on the HARQ-ACK codebook size. The UE may determine an incorrect PUCCH resource set and PUCCH resource even though the same PRI is indicated by the DL DCIs. For example, when the PUCCH resource set changes from PUCCH set 0 to PUCCH resource set 1, the indicated PUCCH resource changes from PUCCH resource 0 to PUCCH resource 10. It means that the network cannot handle the issue of incorrect candidate PUSCH selection for Type-2 codebook.


Figure 2 PUCCH resource configuration
Observation 4: The issue of incorrect candidate PUSCH selection for Type-2 codebook cannot be handled by the network since the PUCCH resource set may change even though the indicated PRI keeps unchanged.
In this case, the UE behavior defined for Case 2 can be reused. If the UE realizes that the last DCI is missed, then the UE should select the PUSCH according to the UL-TDAI value as candidate PUSCHs. Fortunately, the UE can determine that whether or not the last DCI is missed thanks to the UL-TDAI. If the UL-TDAI is equal to the DAI that the UE detects, then the last DCI is detected. If the UL-TDAI is not equal to the DAI that the UE detects, it means the last DCI is missed. The UL-TDAI not equal to 4 should be used to determine the last DCI missing if there are more than one UL-TDAI values for the PUSCHs in a PUCCH slot since DAI value equal to 4 means that the PUSCH does not overlap with PUCCH resource as discussed in RAN1#109-e.
Proposal 1: For HARQ-ACK multiplexing in PUSCH for Type-2 codebook,
· If a UE determines the PUCCH resource and the DAI in the last DL DCI is not equal to the UL TDAI in the UL DCI, the UE should select the PUSCH with UL-TDAI not equal to 4 as the candidate PUSCHs.
· For determining whether or not the DAI in the last DL DCI is equal to the UL-TDAI in the UL DCI, the UL TDAI that is not equal to 4 should be used if there are more than one UL-TDAI values for the PUSCHs in a PUCCH slot.
· Note, this is the same as the case without PUCCH, i.e., if the UE does not determine any PUCCH resource, the UE should select the PUSCH with UL TDAI not equal to 4 as the candidate PUSCHs.
An accompanied CR can be found in [2]
Conclusion
According to the discussion above, we have the following proposal.
Observation 1: The PUCCH resource determined by the UE may not be the PUCCH resource indicated by the last DCI if the last DCI is missed. 
Observation 2: The candidate PUSCHs selected by the UE may not be correct since an incorrect PUCCH resource is determined.
Observation 3: The issue of incorrect candidate PUSCH selection for Type-1 codebook due to the last DCI missing can be handled by the network, e.g., the same PRI is indicated by the DL DCIs.
Observation 4: The issue of incorrect candidate PUSCH selection for Type-2 codebook cannot be handled by the network since the PUCCH resource set may change even though the indicated PRI keeps unchanged.
[bookmark: _GoBack]Proposal 1: For HARQ-ACK multiplexing in PUSCH for Type-2 codebook,
· If a UE determines the PUCCH resource and the DAI in the last DL DCI is not equal to the UL TDAI in the UL DCI, the UE should select the PUSCH with UL-TDAI not equal to 4 as the candidate PUSCHs.
· For determining whether or not the DAI in the last DL DCI is equal to the UL-TDAI in the UL DCI, the UL TDAI that is not equal to 4 should be used if there are more than one UL-TDAI values for the PUSCHs in a PUCCH slot.
· Note, this is the same as the case without PUCCH, i.e., if the UE does not determine any PUCCH resource, the UE should select the PUSCH with UL TDAI not equal to 4 as the candidate PUSCHs.
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