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1. Introduction
The issue of HARQ-ACK multiplexing in PUSCH without PUCCH has been discussed in previous RAN1 meetings with the following conclusions and agreements.

	Conclusion
For Rel-15, in the case of multiple overlapping PUSCHs with no overlapping PUCCH and if any UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook) the UE behavior is left to UE implementation.

Agreement
· For Rel-15 with more than one non-overlapping PUSCH and no overlapping PUCCH within a span on one slot (both single carrier and UL CA) and if the UL-TDAI for the PUSCH UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook), the UE behavior is up to the UE implementation

· For Rel-15 with one PUSCH and no overlapping PUCCH within a span of one slot and if the UL-TDAI for the PUSCH UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook), there is no consensus for any conclusion on one aligned UE behavior

Agreement
For Rel-16 with multiple overlapping PUSCHs with no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot, if the UL-TDAI n.e. 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behaviour
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.


The remaining issues were discussed in RAN1#108-e without consensus [1]. In this contribution, we provide our views.
2. Discussion
During the discussion in RAN1#108-e, companies would like to have a unified solution to handle HARQ-ACK multiplexing in PUSCH without PUCCH. However, there was no consensus on the solution.
In general, there are two options as summarized by Ericsson.

	· When there is a PUCCH and there are multiple PUSCHs within the PUCCH slot (already consensus)
· the UE selects one PUSCH out of all the PUSCHs within the PUCCH slot that overlap with the PUCCH according to the rules specified, and then follows the T-DAI for the selected PUSCH to do HARQ-ACK multiplexing.

· When there is no PUCCH and there are multiple PUSCHs within the PUCCH slot (no consensus yet)
· Option 1: the UE selects one PUSCH out of the PUSCHs within the PUCCH slot that overlap with the PUCCH, according to the rules specified, and then follows the T-DAI for the selected PUSCH to do HARQ-ACK multiplexing.

· Option 2: the UE selects one PUSCH out of the PUSCHs within the PUCCH slot that overlap with the PUCCH PUSCHs without UL-TDAI=4 in case Type 2, without UL-TDAI different than 1 in case of Type 1 CB, if any, according to the rules specified, and then follows the T-DAI for the selected PUSCH to do HARQ-ACK multiplexing.




Between the two options, Option 1 is more aligned with the UE behavior when there is a PUCCH where UE first selects one PUSCH and then follows the T-DAI for the selected PUSCH. However, there can be potential misalignment between gNB and UE on the target PUSCH for HARQ-ACK multiplexing. An example is shown in Figure 1 where UE selects PUSCH 1 according to the specified rules for HARQ-ACK multiplexing. Given that the UL-TDAI=4 for PUSCH 1, UE does not multiplex HARQ-ACK in PUSCH 1 or PUSCH 2 while gNB would expect HARQ-ACK multiplexing in PUSCH 2. In addition, it is not clear whether additional timeline requirement is needed for Option 1, e.g. whether UCI multiplexing timeline needs to be satisfied even for the DCI(s) associated with PUSCH(s) in a PUCCH slot which do not overlap with the PUCCH. Therefore, Option 1 should not be considered.
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Figure 1: Example scenario 1
For Option 2, if there is no overlapping PUCCH with HARQ-ACK, UE first excludes the PUSCH(s) with UL-DAI equals to 4 (for Type 2 codebook) or equals to 0 (for Type 1 codebook) and then selects one PUSCH for HARQ-ACK multiplexing. For the case shown in Figure 1, UE would multiplex HARQ-ACK in PUSCH 2.

The UE behavior for Option 2 is different from the case when there is a PUCCH. To be more specific, If there is a PUCCH with HARQ-ACK from UE perspective as shown in the left figure in Figure 2, UE would multiplex 4-bit HARQ-ACK in the PUSCH; otherwise if there is no PUCCH with HARQ-ACK from UE perspective as shown in the right figure in Figure 2, UE does not multiplex HARQ-ACK in the PUSCH. Although in this case, there is misalignment between gNB and UE, it happens only when UL-TDAI=4 that UE missed all the four DL DCIs associated with the HARQ-ACK which is not considered in the DAI design.
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Figure 2: Example scenario 2
For another example in CA shown in Figure 3 where UL-TDAI=2 for the target PUSCH (i.e. PUSCH 1) and UL-TDAI=4 for other PUSCH overlapping with HARQ-ACK (i.e. PUSCH 2), if DL DCIs are missed so that there is no PUCCH overlapping with PUSCHs, UE would multiplex HARQ-ACK in PUSCH 1 for Option 2 as shown in the left figure in Figure 3. 
If we further consider the UL DCI missing case assuming DCI for PUSCH 1 is missed, UE would multiplex HARQ-ACK following UL-TDAI=4 in PUSCH 2 if there is overlapping PUCCH as shown in the middle figure in Figure 3 while UE would not multiplex HARQ-ACK in PUSCH 2 if there is no overlapping PUCCH as shown in the right figure in Figure 3.
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Figure 3: Example scenario 3-1
It is up to gNB how to set the UL-TDAI for PUSCHs overlapping with HARQ-ACK other than the target PUSCH for UCI multiplexing. For example, gNB can set UL-TDAI=2 for PUSCH 2 for HARQ-ACK multiplexing considering the possible UL DCI missing for PUSCH 1 as shown in Figure 4. Different from scenario 3-1 above, if UL DCI for PUSCH 1 is missed, UE would multiplex HARQ-ACK following UL-TDAI=2 in PUSCH 2 regardless of whether there is overlapping PUCCH. 
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Figure 4: Example scenario 3-2
Note that although it is more robust for HARQ-ACK multiplexing to set UL-TDAI to be not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook) for other PUSCH(s) overlapping with PUCCH in case UL DCI associated with the target PUSCH is missed, it should be up to gNB to decide whether to set the same UL-TDAI for all the PUSCHs overlapping with HARQ-ACK. 

For example, for the case illustrated in Figure 5, PUSCH 1 is the target PUSCH for multiplexing HARQ-ACK in the 1st PUCCH slot while the PUSCH 2 is the target PUSCH for multiplexing HARQ-ACK in the 2nd PUCCH slot. Although both PUSCH 1 and PUSCH 2 overlap with HARQ-ACK in the 1st PUCCH slot, the UL-TDAI for PUSCH 1 and PUSCH 2 are different given the different HARQ-ACK codebook sizes in different PUCCH slots.
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Figure 5: Example scenario 4
Based on the above analysis, between Option 1 and Option 2, Option 2 is proposed as a unified solution for HARQ-ACK multiplexing in PUSCH without PUCCH.

Furthermore, we need to consider the case when PUSCH is with repetition.

As discussed in our contribution [2] in RAN1#108-e, for PUSCH repetition and no overlapping PUCCH with HARQ-ACK, UE does not know which PUSCH repetition should be selected for HARQ-ACK multiplexing. 
Taking single cell and PUSCH repetition type A as an example, assuming there is one PUCCH with HARQ-ACK in slot n+1 overlapping with PUSCH repetitions as illustrated in Figure 6, UE does not know in which slot HARQ-ACK should be multiplexed if there is no overlapping PUCCH with HARQ-ACK.
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Figure 6: HARQ-ACK multiplexing in PUSCH with repetition
For PUSCH repetition type B, the UE multiplexes the HARQ-ACK information in the earliest actual PUSCH repetition of the PUSCH transmission that would overlap with the PUCCH transmission and includes more than one symbol. If UE does not know where the PUCCH is, UE does not know which PUSCH repetition(s) overlap with the PUCCH transmission.

Our proposal in [2] is that UE does not multiplex HARQ-ACK in any PUSCH repetition in this case, which is in line with the current specification copied below. 

	The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.


An alternative solution was proposed to specify one of the PUSCH repetitions for HARQ-ACK multiplexing in this case [3]. It is obvious that the specified PUSCH repetition could be different from the actual PUSCH repetition overlapping with the HARQ-ACK which requires additional gNB blind detection and would increase the complexity of soft combining of PUSCH repetitions. In addition, it is not aligned with the current specification above. Therefore, we still propose that UE does not multiplex HARQ-ACK in any PUSCH repetition.

If within a PUCCH slot, there are PUSCH(s) with repetition and PUSCH(s) without repetition and no overlapping PUCCH with HARQ-ACK, Option 2 above should be first applied and if the selected PUSCH is without repetition, UE performs HARQ-ACK multiplexing in the selected PUSCH following the corresponding UL-TDAI; otherwise if the selected PUSCH is with repetition, UE does not multiplex HARQ-ACK in the selected PUSCH with repetition. It is illustrated in the example shown in Figure 7. In slot n, PUSCH 2 is selected for HARQ-ACK multiplexing due to smaller CC index. HARQ-ACK is multiplexed in PUSCH 2 following UL-TDAI=2 since PUSCH 2 is not with repetition. In slot n+2, PUSCH 1 is selected for HARQ-ACK multiplexing due to earlier starting symbol. Given that PUSCH 1 is with repetition, UE does not multiplex HARQ-ACK in PUSCH 1 repetition #2 in slot n+2.
· 
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Figure 7: HARQ-ACK multiplexing in case of PUSCH repetition
Proposal: For one or multiple PUSCHs and no PUCCH with HARQ-ACK within a span of one PUCCH slot, UE selects one PUSCH from the PUSCHs with UL-TDAI not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), if any, according to the PUSCH selection rule defined in TS39.213 Clause 9. 
· If none of the PUSCHs is with UL-TDAI not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), UE does not multiplex HARQ-ACK in any PUSCH;
· Otherwise if the selected PUSCH is not with repetition, UE multiplexes HARQ-ACK in the selected PUSCH according to the UL-TDAI for the selected PUSCH; 
· Otherwise if the selected PUSCH is with repetition, UE does not multiplex HARQ-ACK in the selected PUSCH repetition.
· Note: it is up to gNB to decide whether to set the same UL-TDAI for all the PUSCHs overlapping with a same HARQ-ACK.
3. Conclusions
In this contribution, we discussed HARQ-ACK multiplexing on PUSCH with the following proposal as a unifed solution to handle HARQ-ACK multiplexing in PUSCH without PUCCH.
Proposal: For one or multiple PUSCHs and no PUCCH with HARQ-ACK within a span of one PUCCH slot, UE selects one PUSCH from the PUSCHs with UL-TDAI not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), if any, according to the PUSCH selection rule defined in TS39.213 Clause 9. 

· If none of the PUSCHs is with UL-TDAI not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), UE does not multiplex HARQ-ACK in any PUSCH;
· Otherwise if the selected PUSCH is not with repetition, UE multiplexes HARQ-ACK in the selected PUSCH according to the UL-TDAI for the selected PUSCH; 

· Otherwise if the selected PUSCH is with repetition, UE does not multiplex HARQ-ACK in the selected PUSCH repetition.
· Note: it is up to gNB to decide whether to set the same UL-TDAI for all the PUSCHs overlapping with a same HARQ-ACK.
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