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Introduction
When multiplexing UCI on the PUSCH, the specification is clear on the UE behavior when there are multiple overlapping PUSCHs both overlapping with a PUCCH carrying HARQ-ACK. However, when there are multiple overlapping PUSCHs with no overlapping PUCCH carrying HARQ-ACK e.g. in the case the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release on any serving cell, the UE behavior is unclear especially if the DCI scheduling the PUSCH(s) includes a TDAI.
Therefore, it is necessary to have a Rel-15/Rel-16 CR to clarify the UE behavior.
Discussion
Existing Specification
The UE behavior for UCI multiplexing with multiple overlapping PUSCHs is specified in TS 38.213 [1]:

	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.


 
	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. 



This behavior assumes an overlapping PUCCH as captured in the conclusion in RAN1 #97 [3]:

	conclusion 
For the issue raised in the draft CR R1-1906302, the intended UE behavior per specification is commonly understood as follows:
· For UCI multiplexing, within a PUCCH group, on PUSCH, the following two steps are performed with step 1 first, then followed by step 2:
· Step 1: UCI in overlapped PUCCH transmissions is multiplexed into one PUCCH resource (resource Z) on PCC. This step is done per PUCCH slot. 
· Step 2: UCI, that doesn’t include SR, in Z is multiplexed into one PUSCH, if Z overlaps with at least one PUSCH, following the priorities (sequentially from high to low) as listed below.
· First priority: PUSCH with A-CSI as long as it overlaps with Z
· Second priority: earliest PUSCH slot(s) based on the start of the slot(s)
· If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the following priorities (sequentially from high to low)
· Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH
· Fourth priority: PUSCHs on CC serving cell with smaller CC serving cell index > PUSCHs on CC serving cell with larger CC serving cell index
· Fifth priority: Earlier PUSCH transmission > later PUSCH transmission 
Note: The clarification applies to both cases with the same (except the second priority part) and different numerologies among PUCCH and PUSCHs.




Once the PUSCH has been identified, then the behavior in the conclusion to the email discussion 104-e-NR-7.1CRs-15 held during RAN1 #104-e becomes applicable as follows [2]:

	Conclusion
For both Rel-15 and Rel-16, 
-          If a UE is not provided PDSCH-CodeBlockGroupTransmission, for a type-2 HARQ-ACK codebook transmission in a PUSCH scheduled by DCI format 0_1 with V_UL_TDAI ,
-          If UE has HARQ-ACK for SPS PDSCH only with B bit(s) to be transmitted in the PUSCH, 
-            UE multiplexes 2*A+B bits HARQ-ACK in the PUSCH if UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks and harq-ACK-SpatialBundlingPUSCH is not provided; 
-            UE multiplexes A+B bits HARQ-ACK in the PUSCH otherwise.
-          If a UE is provided PDSCH-CodeBlockGroupTransmission, for a type-2 HARQ-ACK codebook transmission in a PUSCH scheduled by DCI format 0_1 with first DAI field value  ,
-          If UE has HARQ-ACK for SPS PDSCH only in the first sub-codebook to be transmitted in the PUSCH, 
-            UE multiplexes 2*A+B bits HARQ-ACK in the first sub-codebook in the PUSCH if UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks and harq-ACK-SpatialBundlingPUSCH is not provided; 
-            UE multiplexes A+B bits HARQ-ACK in the first sub-codebook in the PUSCH otherwise



 
However, there may be scenarios in which the PUSCH TDAI indicates HARQ-ACK bits are present but there is  no DL DCI received by the UE indicating a  PRI for the PUCCH. As such, there is no PUCCH overlapping or colliding with the PUSCH(s). We would like to clarify the UE behavior in this case. 

Unambiguous Scenarios


In this section, we clarify the behavior of two existing scenarios. We define an indicated PUCCH as the PUCCH carrying HARQ-ACK indicated when the UE has received a PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release on any serving cell  or is  configured with a PUCCH for HARQ-ACK for SPS PDSCH. We define no overlapping PUCCH carrying HARQ-ACK as the case where  the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release on any serving cell  and is not configured with a PUCCH for HARQ-ACK for SPS PDSCH. Note that in the following, we will focus on the case that UE is not provided PDSCH-CodeBlockGroupTransmission. The extension to the alternative case is straightforward. 

Scenario 1
In this scenario, we assume a single PUSCH with B = X (X>0,…,) with an indicated PUCCH. The UE behavior is as follows: 
· UE multiplexes 2*A+B bits HARQ-ACK in the PUSCH if UE is configured by  maxNrofCodeWordsScheduledByDCI with reception of two transport blocks and harq-ACK-SpatialBundlingPUSCH is not provided; 
· UE multiplexes A+B bits HARQ-ACK in the PUSCH otherwise
This is the conclusion from 104-e-NR-7.1CRs-15 in RAN1 #104-e. 

Scenario 2
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[bookmark: _Ref68612305]Figure 1: Scenario 2 : Indicated PUCCH


In this scenario, we have two or more overlapping PUSCH, with an indicated PUCCH  overlapping both PUSCHs with the PUCCH carrying HARQ-ACK with B = X (X ≥ 0,…,) as shown in Figure 1. The UE behavior is as follows: 
· UE selects PUSCH to multiplex on based on the Rel-15 PUSCH selection criteria.
· UE multiplexes 2*A+B bits HARQ-ACK in the PUSCH if UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks and harq-ACK-SpatialBundlingPUSCH is not provided; 
· UE multiplexes A+B bits HARQ-ACK in the PUSCH otherwise
· NOTE: A is the codebook size and is a function of the TDAI.




Scenarios for Clarification
Scenario 3
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[bookmark: _Ref68612378]Figure 2: Scenario 3 - No indicated PUCCH

In this scenario, we have two overlapping PUSCH, with no indicated PUCCH as shown in Figure 2. Note that the case where B > 0 is not applicable as it would mean that there is an indicated PUCCH present.  
· We propose in this case that the UE does not multiplex the bits. For each PUSCH, the UE check if there is any overlapping PUCCH carrying HARQ-ACK, if not, then the UE does not multiplex any HARQ-ACK on the PUSCH. The TDAI field is effectively ignored.
· Note that for a single PUSCH, the behaviour is still the same.  


As a general rule the UE behavior should be as follows: The UE checks if there is a PUCCH carrying HARQ-ACK to be multiplexed on a PUSCH. For multiple overlapping PUSCHs, the PUSCH is selected  based on the Rel-15 PUSCH selection criteria. If the PUSCH is selected, then the UE multiplexes the HARQ-ACK bits, otherwise it ignores the T-DAI and does not multiplex the HARQ -ACK bits. 

In summary, if there is a PUCCH carrying HARQ-ACK to be multiplexed on PUSCH, the UE follows the  T-DAI to determine the number of HARQ-ACK bits to be multiplexed; otherwise, no HARQ-ACK bits are multiplexed on PUSCH (however, there may still be other UCI multiplexed on PUSCH).


Proposal 1: 
· If there is a PUCCH carrying HARQ-ACK to be multiplexed on PUSCH, the UE follows the  T-DAI to determine the number of HARQ-ACK bits to be multiplexed; otherwise, no HARQ-ACK bits are multiplexed on PUSCH.

Based on this discussion, we see a need for CRs to clarify the UE behavior for Rel-15.
Conclusion
In this contribution, would like to clarify the UE specification behavior when there are multiple overlapping PUSCHs with no overlapping PUCCH carrying HARQ-ACK and propose to include the following behavior in the specification:

Proposal 1: 
· If there is a PUCCH carrying HARQ-ACK to be multiplexed on PUSCH, the UE follows the  T-DAI to determine the number of HARQ-ACK bits to be multiplexed; otherwise, no HARQ-ACK bits are multiplexed on PUSCH.
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