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Introduction
RAN1#106 discussed the issue of multiplexing HARQ-ACK bits on PUSCH when no PUCCH was triggered due to UE not detecting any DCI scheduling a PDSCH to acknowledge. Two separate cases were identified:
1. The UE is scheduled to transmit two (or more) PUSCHs: In this case the selection of which PUSCH to mux the HARQ-ACK bits was missing and the UE behaviour in Rel-15 was left to UE implementation as it was too late to plug this hole in Rel-15
a) A solution for Rel-16 can be considered
2. The UE is scheduled to transmit one PUSCH: In this case there is no issue in selecting the PUSCH as only one is present. Two different contentious cases were nevertheless identified
a) HARQ-ACK CB1 and UL-TDAI = 1
b) HARQ-ACK CB2 and UL-TDAI < 4

The following conclusion and agreement were noted in the RAN1#106
	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
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Two or more overlapping PUSCHs
The Rel-15 specification forgot to address this case, leaving the PUSCH selection undefined. As the issue was detected too late, it was not possible to agree to a behaviour for two or more PUSCH case. This is somewhat problematic as CB1 UL-TDAI=1 and CB2 UL-TDAI <4 cannot be used in Rel-15, making the UL CA case lacking the tool to ensure that the gNB always knows the number of HARQ-ACK bits that are multiplexed on PUSCH and can decode the PUSCH correctly. This issue should be fixed to Rel-16 if Rel-15 fix is still out of the question:
Observation 1: Due to lack of specification, with UL CA, the gNB cannot use the UL-TDAI mechanism to ensure that the PUSCH decoding process knows whether HARQ-ACK bits are muxed on the PUSCH, risking the correct decoding of PUSCH.
The PUSCH selection rule has been specified in section 9 of 38.213 for the case when the UE has received a DL-scheduling DCI as follows:
	If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping PUCCHs and PUSCHs in Clause 9.2.5 are fulfilled, the UE multiplexes only the HARQ-ACK information in the PUSCH and does not transmit the PUCCH. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first PUSCHs that are scheduled by DCI format(s) 0_0 or DCI format(s) 0_1 and second PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs. 
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. 



Proposal 1: Specify that if two or more PUSCHs are transmitted, the UE has no HARQ-ACK information to multiplex on PUSCH, and HARQ-ACK bits are to be multiplexed on PUSCH due to UL-TDAI =1 (CB1) or UL-TDAI < 4 (CB2), then the PUSCH selection for the HARQ-ACK bits multiplexing follows the same procedure as defined for the case when the UE has HARQ-ACK information to multiplex on PUSCH.
1. PUSCH with aperiodic CSI, if one is present
2. Dynamically scheduled PUSCH(s) prioritized over CG PUSCH(s)
3. PUSCH with smallest ServCellIndex  

One PUSCH
Even more importantly, it appears that the UE-TDAI mechanism specified for Rel-15 has not been correctly understood in some implementations. This is understandable as the RAN1 specification is not very easy to understand without any doubts, and it does not describe what the functionality is for, making it unnecessarily difficult to come to the correct conclusion on what the behaviour should be when just reading the specifications.
From the system perspective it should be clear that the UL-TDAI =1 (CB1) and UL-TDAI < 4 (CB2) are there to allow for the gNB to make sure that the PUSCH multiplexes a known number of HARQ-ACK bits even if the DCI scheduling the PDSCH was missed. Dropping the muxing of HARQ-ACK on PUSCH when the PDSCH-scheduling DCI was not detected defeats the purpose of UL-TDAI
Observation 2: If the UE does not mux HARQ-ACK on PUSCH because it did not have any HARQ-ACK to transmit, regardless of the received UL-TDAI, it defeats the purpose of the UL-TDAI
Proposal 2: Clarify that even if the UE has no HARQ-ACK information to multiplex on PUSCH, the UE shall multiplex HARQ-ACK bits on the PUSCH if
· For HARQ-ACK CB1: UL-TDAI on the DCI scheduling the PUSCH is set to 1
· For HARQ-ACK CB2: UL-TDAI on the DCI scheduling the PUSCH is not set to 4

Conclusion
For two or more overlapping PUSCH case the following observation and proposal is made:
Observation 1: Due to lack of specification, with UL CA, the gNB cannot use the UL-TDAI mechanism to ensure that the PUSCH decoding process knows whether HARQ-ACK bits are muxed on the PUSCH, risking the correct decoding of PUSCH.
Proposal 1: Specify that if two or more PUSCHs are transmitted, the UE has no HARQ-ACK information to multiplex on PUSCH, and HARQ-ACK bits are to be multiplexed on PUSCH due to UL-TDAI =1 (CB1) or UL-TDAI < 4 (CB2), then the PUSCH selection for the HARQ-ACK bits multiplexing follows the same procedure as defined for the case when the UE has HARQ-ACK information to multiplex on PUSCH.
1. PUSCH with aperiodic CSI, if one is present
2. Dynamically scheduled PUSCH(s) prioritized over CG PUSCH(s)
3. PUSCH with smallest ServCellIndex  

For one PUSCH case the following observation and proposal is made
Observation 2: If the UE does not mux HARQ-ACK on PUSCH because it did not have any HARQ-ACK to transmit, regardless of the received UL-TDAI, it defeats the purpose of the UL-TDAI
Proposal 2: Clarify that even if the UE has no HARQ-ACK information to multiplex on PUSCH, the UE shall multiplex HARQ-ACK bits on the PUSCH if
· For HARQ-ACK CB1: UL-TDAI on the DCI scheduling the PUSCH is set to 1
· For HARQ-ACK CB2: UL-TDAI on the DCI scheduling the PUSCH is not set to 4
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