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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 each 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.

In RAN1 #106-e, the behavior for Rel-15 UEs was clarified in this scenario. In this contribution, we seek to clarify the behavior for Rel-16 UEs. 
Discussion
Existing Specification
The UE behavior for UCI multiplexing with multiple overlapping PUSCHs is specified in TS 38.213 [3]:

	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 that contains a  PRI indicating a PUCCH resource. As such, there is no PUCCH overlapping or colliding with the PUSCH(s). We would like to clarify the UE behavior in this case. 

Rel-16 Solution
In the case of multiple overlapping PUSCHs with overlapping PUCCH, the understanding is that the UE uses PUSCH prioritization rules to select a PUSCH and multiplexes HARQ-ACK information in the PUSCH according to the indicated value of DAI field in DCI format 0_1. This means that the UE would multiplex on at most one PUSCH. However, if the UE misses the DL DCI, then the UE behavior needs to be clarified. To assist in the discussion, the following example could be used. In the example, the UE misses the DL DCI and its associated PUCCH. On CC1, the UL TDAI can be set to X where X = 4 or X = {1, 2 or 3} while on CC2, UL DCI2 is set to 1.
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Figure 1: HARQ-ACK Transmission with overlapping PUSCH and no PUCCH
In RAN1 #106-e [6], the following conclusions and agreements were made for Rel-15 UEs:

	Conclusion
· For Rel-15, in the case of multiple overlapping PUSCHs with no overlapping PUCCH and if any  UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.q. 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.





However, no agreements have been made for Rel-16 UEs. For Rel-16 UE behavior, the following proposals are under discussion:

· Alt #1: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE does not multiplex HARQ-ACK information in any PUSCH. 

· Alt #3-2: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE selects a PUSCH and multiplexes HARQ-ACK information in the PUSCH according to the indicated value of DAI field in DCI format 0_1.

· Follow the tDAI in the lastly received UL grant for the group to multiplex HARQ-ACK on the PUSCH scheduled by the lastly received UL grant, and ignore the tDAIs in other UL grants scheduling other PUSCHs in the group.
· Alt #3-3: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE selects a PUSCH and multiplexes HARQ-ACK information in the PUSCH according to the indicated value of DAI field in DCI format 0_1.
· Select one PUSCH within multiple PUSCH with DAI=1 following the same PUSCH prioritization rules for UCI multiplexing with PUCCH for type-1 HARQ-ACK codebook.
· Select one PUSCH within multiple PUSCH with DAI≠4 following the same PUSCH prioritization rules for UCI multiplexing with PUCCH for type-2 HARQ-ACK codebook
· PUSCH selection method:The DAI field value of multiple PUSCH should be the same. 
Pros and cons of the different alternatives have been discussed and analyzed in [5]. We highlight a few of the cons for the different alternatives below:

· Alt 1: For Alt 1, the gNB has to perform hypothetical decoding to test if the PUSCH is multiplexed or not. However,  gNB performs hypothetical decoding of only one PUSCH (PUSCH it expects the UE to transmit HARQ-ACK on). In other options, the gNB may have to perform more hypothetical blind decoding.

· Alt 3-2: For Alt 3-2, there could be a timeline squeeze if the PUSCH scheduled by the last UL grant is not transmitted with the timeline limitations. Also, the UE may have to wait till it is sure that it has received the last UL grant to start encoding the PUSCH. This may impact the N2 processing timeline.

· Alt 3-3: For Alt 3-3, the gNB is restricted as it cannot send a DL assignment after UL scheduling in a slot as the gNB TDAI value is limited. Also, only 1 HARQ is allowed per slot. Finally, the transmissions need to be timed carefully to ensure that the UE timeline is not violated e.g. in case the transmission in the lowest CC occurs first and the transmission in the highest CC occurs later. 


Based on this analysis of the negatives of the three options, we support Alt 1.

Proposal 1: 
· For Rel-16 UEs, in the case of multiple overlapping PUSCHs with no overlapping PUCCH, the UE does not multiplex HARQ-ACK information in any PUSCH since there is no DL DCI/PDSCH received overlapping PUCCH and PUSCH.



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: 
· For Rel-16 UEs, in the case of multiple overlapping PUSCHs with no overlapping PUCCH, the UE does not multiplex HARQ-ACK information in any PUSCH since there is no DL DCI/PDSCH received overlapping PUCCH and PUSCH.
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