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	Reason for change:
	In the current specification the UE behavior is unknown when a PUSCH is scheduled by a DAI field in a PUCCH slot but the UE does not determine any PUCCH resource with HARQ-ACK information for transmission in the PUCCH slot.
There are two cases for the undefined behavior with respect to scheduled PUSCH(s) in the PUCCH slot:
1. A single PUSCH within the PUCCH slot
2. Multiple PUSCHs within the PUCCH slot
The following agreement in RAN1#107-e was made to address the first case, that is single PUSCH in the slot.
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.
For case of multiple PUSCHs, it was agreed in RAN1#109-e that the UE assumes all the PUSCHs in the PUCCH slot except for any PUSCH among the multiple PUSCHs that is scheduled by a DCI format that includes a DAI field that is equal to 4 in case the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic or with pdsch-HARQ-ACK-Codebook-r16, or is equal to 0 in case the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static, are candidate PUSCHs. Then, the UE applies the existing procedures to determine the PUSCH for UCI multiplexing. This behavior is subject to a new UE capability.
The following agreement in RAN1 #109-e was made to address the second case, that is multiple PUSCHs in the slot.
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
2. Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213
3. Limitations for multiplexing
· UE expects to multiplex HARQ-ACK on only 1 PUSCH selected based on step 2 in the PUCCH slot.
· 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 [Multiplexing-HARQ-ACK-without-PUCCH-on-PUSCH]
· FFS: the details of the capability signaling


	
	

	Summary of change:
	1) Add description of UE behavior according to the agreement in RAN1#107-e. 
2) Add description of UE behavior to describe two scenarios for multiple PUSCHs in the slot. The first one according to the existing specification when PUCCH is present in the slot, and the second one for the case when PUCCH with HARQ-ACK is absent in the slot but at least one of the multiple PUSCHs is scheduled with a DCI with UL-TDAI field. For the first case, the candidate PUSCHs for UCI multiplexing are those PUSCHs that overlap with the PUCCH as the existing procedures. For the second case, the candidate PUSCHs for HARQ-ACK multiplexing are all PUSCHs in the slot except the ones with UL-TDAI=4 or 0 in case of dynamic or semi-static HARQ-ACK codebook, respectively. After determining the candidate PUSCHs, the UE follows the existing procedures to determine a PUSCH for UCI multiplexing where the second case is subject to a new UE capability.

	
	

	Consequences if not approved:
	This CR completes an incompletely specified Rel-15 functionality for multiplexing HARQ-ACK in a PUSCH in a PUCCH slot when the UE misses any HARQ-ACK to transmit in any PUCCH but receives UL grant(s) with UL-TDAI field to transmit a single PUSCH or multiple PUSCHs in the PUCCH slot. A UE implemented based on an earlier version of the specification, and for case of multiple PUSCHs not able to indicate the new UE capability, may still be compliant with this CR, while a UE not compliant with the CR has unknown behavior. See isolated impact analysis.
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	Other comments:
	Isolated impact analysis:
If a gNB is implemented according to the CR, but the UE is not, the UE behavior is unclear when HARQ-ACK is to be multiplexed in a PUSCH on a PUCCH slot where the UE transmits one or more PUSCHs scheduled by UL grant(s) with UL-TDAI field in the corresponding DCI in the PUCCH slot on one or more than 1 carrier, potentially leading to loss of UCI as well as loss of PUSCH.
If the UE is implemented according to the CR, but the gNB is not, the gNB assumption on where it expects to find the UCI is unclear when HARQ-ACK is to be multiplexed in a PUSCH on a PUCCH slot where the UE transmits one or more PUSCHs scheduled by UL grant(s) with UL-TDAI field in the corresponding DCI in the PUCCH slot on one or more than 1 carrier, potentially leading to loss of UCI as well as loss of PUSCH.
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<unchanged text omitted>
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. 
When a UE transmits multiple PUSCHs on respective serving cells in a slot with reference to slots for PUCCH transmissions and the multiple PUSCHs overlap with a PUCCH carrying UCI in the slot, the UE selects all the PUSCHs overlapping with the PUCCH as the candidate PUSCHs for UCI multiplexing within the slot.
If a UE would transmit a single  PUSCH scheduled by a DCI format that includes a DAI field on a serving cell in a slot with reference to slots for PUCCH transmissions without any other PUSCH that would be transmitted on any serving cell in the slot and the UE does not determine any PUCCH carrying HARQ-ACK information in the slot, or if the UE indicates the corresponding capability Multiplexing-HARQ-ACK-without-PUCCH-on-PUSCH and the UE transmits multiple PUSCHs on respective serving cells in a slot with reference to slots for PUCCH transmissions and the UE does not determine any PUCCH carrying HARQ-ACK information in the slot and at least one of the multiple PUSCHs is scheduled by a DCI format that includes a DAI field, the UE selects the single PUSCH or all the multiple PUSCHs in the slot as the candidate PUSCHs for HARQ-ACK multiplexing within the slot except for any PUSCH among the multiple PUSCHs that is scheduled by a DCI format that includes a DAI field that is equal to 4 in case the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic or with pdsch-HARQ-ACK-Codebook-r16, or is equal to 0 in case the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static.
The UE determines the PUSCH for UCI multiplexing by applying the following procedure on the candidate PUSCHs as described in this clause:
· If a UE transmits multiplethe candidate PUSCHs in a slot on respective serving cells that include first PUSCHs that are scheduled by DCI formats and second PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH, and the UE would multiplex UCI in one of the multiplecandidate PUSCHs, and the multiplecandidate 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 multiplecandidate PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiplecandidate 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. 
If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. 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.
If a UE transmits a PUSCH with repetition Type B and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots, the UE expects all actual repetitions of the PUSCH transmission [6, TS 38.214] that would overlap with the PUCCH transmission to fulfill the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, and the UE multiplexes the HARQ-ACK and/or CSI information in the earliest actual PUSCH repetition of the PUSCH transmission that would overlap with the PUCCH transmission and includes more than one symbol. The UE does not expect that all actual repetitions that would overlap with the PUCCH transmission do not include more than one symbol.
If the PUSCH transmission over the multiple slots is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.
When a UE would multiplex HARQ-ACK information in a PUSCH transmission that is configured by a ConfiguredGrantConfig, and includes CG-UCI [5, TS 38.212], the UE multiplexes the HARQ-ACK information in the PUSCH transmission if the UE is provided cg-UCI-Multiplexing; otherwise, the UE does not transmit the PUSCH and multiplexes the HARQ-ACK information in a PUCCH transmission or in another PUSCH transmission. 
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