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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In RAN1#108-e, HARQ-ACK multiplexing on PUSCH without an indicated PUCCH was discussed further, and the recommendation from the FL for RAN1#109-e is to find a unified solution for Rel-16 based on following Options: Option 1, Option 2, Option 3, Option 5 and Option 6 and Option 6a. The details of options are summarized in R1-2202835 [1]. In this contribution, we discuss the pros and cons of the listed options and provide our suggested way forward.
Discussion on UCI multiplexing on PUSCH without PUCCH
As a high-level principle, the rules defined for HARQ-ACK multiplexing without an indicated PUCCH can follow the similar principles defined for UCI multiplexing with an indicated PUCCH and the benefit of doing this is UE implementation complexity. Therefore, for more than one of the PUSCHs the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE shall first select the candidate PUSCH for multiplexing, then follow the prioritization rules to select PUSCH for multiplexing can reuse the Rel-15 rules defined in TS 38.213. 
Step 1: Selection of the candidate PUSCH for multiplexing
For the selection of candidate PUSCH for multiplexing, without an indicated PUCCH, only the UL-DAI of the PUSCHs can be used. When gNB transmits a UL DCI and schedules a PUSCH with UL-DAI value not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), this means the PUSCH overlaps with PUCCH, UE should multiplex UCI on the PUSCH. Bearing this in mind, we provide some analysis on the candidate options listed in [1].
For Option 1, Alt-1 selects all the PUSCHs within the PUCCH slot as candidates, however, PUSCHs within the PUCCH slot does not mean the PUSCH is overlapped with the PUCCH, the implication of the UL DAI values is not utilized. In particular for Type 2 CB, the probability of missing 4 consecutive PDCCH can be assumed to be sufficiently low. For Alt-2, PUSCHs without UL-TDAI=4 in case Type 2 CB, and without UL-TDAI not equal to 1 in case of Type 1 CB means these PUSCHs are overlapped with PUCCH from the gNB side. Thus it is proper to select these PUSCHs candidates compared with Alt-1. For Option 6 and Option 6a, the selection of the candidate PUSCH for multiplexing is Alt 2 in Option 1.
	· Alt-1: All the PUSCHs within the PUCCH slot are candidates
· Alt-2: PUSCHs without UL-TDAI=4 in case Type 2 CB, and without UL-TDAI ≠ 1 in case of Type 1 CB within the PUCCH slot are candidates 


Besides, for the UL-DAI values of candidates PUSCHs, for Option 1, “b.	N/W sets all TDAI values that overlap with PUCCH to the [same/different] value with TDAI n.e. 4”, the UL-DAI values of candidates PUSCHs should be the same. As described in the TS 38.213 [1], once the UE receives a UL DCI schedules a PUSCH which overlapped with PUCCH, the UE determines to multiplex the UCI on the PUSCH, the HARQ-ACK bits is fixed. It is not allowed to add more bits to HARQ-ACK bits already indicated to multiplex. This restriction is introduced for minimizing the UE implementation complexity. With this restriction, the gNB should set same UL-DAI values for all PUSCHs candidates overlapped with PUCCH. For Option 6 and Option 6a, N/W sets all TDAI values that overlap with PUCCH to the same/different value with TDAI ≠ 4, as we analyzed before, it is aligned with the specification.
	A UE does not expect to detect a DCI format scheduling a PDSCH reception or having associated HARQ-ACK information report without scheduling a PDSCH reception, and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission. 


Step 2: Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213
Once the PUSCHs candidates are determined, there is nothing special compared with specified UCI multiplexing with PUCCH. Prioritization rules to select PUSCH for multiplexing should be reused as much as possible. Principle of prioritization rules is blow (agreed in RAN1#97 meeting):
	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 > configured 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.


Therefore for Option 1 and Option 6 and Option 6a, the limitations for multiplexing is the same with Rel-15. For the limitation a, it is unnecessary and redundant to transmit UCI multiple times in multiple PUSCHs, only one PSUCH selected is enough. 
	0. UE expects to multiplex HARQ-ACK on only 1 PUSCH selected based on step 2 in the PUCCH slot.
0. 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. 
1. gNB will not schedule any additional PUSCH in the PUCCH slot that does not satisfy the multiplexing timeline


For Option 6, additional restriction is added, Rel-16 is only applicable in specific case (two cell UL CA case with PCell), as discussed in the last meeting, it is a common understanding that a unified solution is preferred. Thus only restrict the solution at specific case is not necessary.
	· Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213
· For Rel-16: The prioritization to select PUSCH for multiplexing is only applicable for two cell UL CA case, where one cell is the PCell
· For Rel-17: The above Rel-16 restriction is lifted.


For Option 6a, different additional restriction from Option 6 is added, except for PUSCH carrying AP-CSI, the rule is the same with Rel-15 prioritization rules. But if there is a PUSCH carrying AP-CSI scheduled in the Scell, UCI may multiplex in the PUSCH if PUCCH is overlapped with PUSCH. Thus the restriction is not proper. Prioritization rules to select PUSCH for multiplexing in 38.213 can be reused directly.
	1. Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213
0. For Rel-16: Prioritization rules are as following The prioritization to select PUSCH for multiplexing is only applicable for two cell UL CA case, where one cell is the PCell
· If Pcell has PUSCH, multiplex HARQ-ACK on PUSCH on Pcell, following its UL-TDAI.
· Otherwise, multiplexing HARQ-ACK on a PUSCH on Scell, if any, following its UL-TAI.
· If the Pcell PUCCH slot overlaps with more than one Scell PUSCHs, multiplexing HARQ-ACK on the earliest PUSCH on Scell.
0. For Rel-17: Prioritization rules are identical to 38.213The above Rel-16 restriction is lifted.


For Option 2, this limitation will restrict gNB scheduling and may increase implementation complexity. Same limitation occurs for Option 3 if the UE indicate capability that it can implement Option 2.
	· Option 2: 
· A UE does not expect more than 1 PUSCH with UL TDAI n.e. 4. The UE shall multiplex HARQ-ACK in that PUSCH according to its UL-TDAI.
· Option 3:
· UE capability indicating UE can implement Option 1 or Option 2


For Option 5, as discussed above, Alt-1 of Option 1 will lead to ambiguity between gNB and UE. And a unified solution for both Rel-16 and Rel-17 is more friendly for UE implementation.
	· Option 5: 
· Agree on Option 1 for Rel-17. Then in the Rel-17 CR cover page, add magic sentence “The CR is for Rel-17. But the Rel-17 CR can be early implementable by a Rel-16 UE/gNB”


Based on the discussion above, the following is proposed:
Proposal 1: In case of more than one non-overlapping PUSCHs without PUCCH within a span on one PUCCH slot (both single carrier and UL CA), if more than one PUSCHs with UL-TDAI not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), UE selects one PUSCH to multiplex following the rules:
· Selection of the candidate PUSCH for multiplexing
a. 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
b. The DAI field value of multiple PUSCH(s) should be the same
· Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss the questions left for UCI multiplexing without PUCCH in RAN1#108-e meeting. Based on above discussion, the following proposals are given:
Proposal 1: In case of more than one non-overlapping PUSCHs without PUCCH within a span on one PUCCH slot (both single carrier and UL CA), if more than one PUSCHs with UL-TDAI not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), UE selects one PUSCH to multiplex following the rules:
· Selection of the candidate PUSCH for multiplexing
a. 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
b. The DAI field value of multiple PUSCH(s) should be the same
· Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213.
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