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In RAN1#110, HARQ-ACK multiplexing on PUSCH without PUCCH in Rel-16 NR-U was discussed. Unfortunately, no consensus could be achieved. In this contribution, the analysis and our views for this issue are presented.
Discussion
For single PUSCH scheduling, it was agreed that the UE should select the candidate PUSCH and perform HARQ-ACK multiplexing when the UE does not determine any PUCCH carrying HARQ-ACK information in a slot and the UL-TDAI is not equal to 0 for Type-1 codebook and is not equal to 4 for Type-2 codebook. For multi-PUSCH scheduling, a UL DCI can schedule more than one PUSCHs. The UE behavior is not clear in this case. In RAN1#110, the following three options were discussed [1].
· Option 1: The UE multiplexes HARQ-ACK following the UL-TDAI into each of the multi-PUSCHs.
· Option 2: The UE multiplexes HARQ-ACK following the UL-TDAI into the first PUSCH of the multi-PUSCHs.
· Option 3: HARQ-ACK is not multiplexed on PUSCH if PDCCH is missed
In typical cases, the UE does not miss the DL DCI and can determine the PUCCH carrying HARQ-ACK information. According to the current specification, the UE only multiplexes the HARQ-ACK information in the PUSCH overlapping with the PUCCH. It means that the UE only multiplexes the HARQ-ACK information in one of the multi-PUSCHs. In Option 1, the UE multiplexes HARQ-ACK into each of the multi-PUSCHs when the UE does not determine the PUCCH carrying HARQ-ACK information. Therefore, there are two UE behaviors depending on whether the UE receives the DL DCI successfully. However, whether the UE receives the DL DCI successfully is not known to the network. The network has to perform blind detection on PUSCH with two assumptions.
Observation 1: For Option 1, two UE behaviors are defined depending on whether the UE successfully receives the DL DCI, which requires the network to perform blind detection on each of the multi-PUSCHs with two different assumptions.
For Option 2, the UE just multiplexes HARQ-ACK into the one of the multi-PUSCHs. The PUSCH for HARQ-ACK information multiplexing can be specified. If the network actually schedules the PUCCH for carrying HARQ-ACK information in the first slot of the multi-PUSCHs, i.e., the actual PUCCH overlaps with the first PUSCH, the UE will multiplex the HARQ-ACK information in the first PUSCH regardless of whether the UE receives the DL DCI. If the network schedules the PUCCH carrying HARQ-ACK information in the other slots, blind detection is still needed. Anyway, Option 2 provides the opportunity for the network to avoid blind detection. It is up to the network implementation.
[bookmark: _GoBack]Observation 2: For Option 2, it’s up to network scheduling about whether to avoid ambiguity/blind detection by always scheduling PUCCH in the first slot of the slots for multi-PUSCHs or to bear the blind detection otherwise. 
For Option 3, the UE does not perform HARQ-ACK multiplexing if DL DCI is missed. It is similar with Option 1. There are two UE behaviors depending on the whether the UE receives the DL DCI successfully. One is the UE multiplexes the HARQ-ACK in the PUSCH overlapping with the PUCCH. The other one is the UE does not perform HARQ-ACK multiplexing. Double blind detection for PUSCH is needed.
Observation 3: For Option 3, two UE behaviors are defined depending on whether the UE successfully receives the DL DCI, which requires the network to perform blind detection on each of the multi-PUSCHs with two different assumptions.
In RAN1#110, the proponents of Option 1 believe the current specification is to multiplex HARQ-ACK information in each of the multi-PUSCH. However, this issue has not been discussed in RAN1 yet. The UE behavior is actually unclear and not specified in the specification. The proponent of Option 3 is to reuse the mechanism of PUSCH repetition. However, there is still difference between PUSCH repetition and multi-PUSCH scheduling. For example, in the PUSCH repetition, the condition is that the PUSCH is absent in current specification. For the multi-PUSCH scheduling, all the PUSCHs should be transmitted. It means that the mechanism for PUSCH repetition cannot be reused.
In addition, the main purpose of the discussion should be to avoid the blind detection at the network side if possible. Based on the analysis above, only Option 2 can achieve this by implementation. Therefore, Option 2 is preferred.
Proposal 1: For Rel-16 multi-PUSCHs scheduled by DCI format 0_1, if a UE does not determine a PUCCH with HARQ-ACK that overlaps with the multi-PUSCHs, and 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 first PUSCH of the multi-PUSCHs.
Conclusion
According to the discussion above, we have the following observations and proposal.
Observation 1: For Option 1, two UE behaviors are defined depending on whether the UE successfully receives the DL DCI, which requires the network to perform blind detection on each of the multi-PUSCHs with two different assumptions.
Observation 2: For Option 2, it’s up to network scheduling about whether to avoid ambiguity/blind detection by always schedules PUCCH in the first slot of the slots for multi-PUSCHs or to bear the blind detection otherwise. 
Observation 3: For Option 3, two UE behaviors are defined depending on whether the UE successfully receives the DL DCI, which requires the network to perform blind detection on each of the multi-PUSCHs with two different assumptions.
Proposal 1: For Rel-16 multi-PUSCHs scheduled by DCI format 0_1, if a UE does not determine a PUCCH with HARQ-ACK that overlaps with the multi-PUSCHs, and 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 first PUSCH of the multi-PUSCHs.
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