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1. Introduction
In this contribution, we discuss one ambiguity issue for
· [bookmark: OLE_LINK330]R17 UE behavior when the UE does not report the R16 UE capability mux-HARQ-ACK-withoutPUCCH-onPUSCH-r16

The intention of this document is to clarify this issue.
2. [bookmark: OLE_LINK323]Discussion of R17 UE behavior without mux-HARQ-ACK-withoutPUCCH-onPUSCH-r16
[bookmark: OLE_LINK316][bookmark: OLE_LINK310][bookmark: OLE_LINK328]In RAN1 #109 [1], companies were discussing HARQ-ACK multiplexing on PUSCH without PUCCH ([109-e-NR-CRs-01]). When multiple PUSCHs are overlapped with one missing PUCCH carrying HARQ-ACK as shown in Figure 1, RAN1 aims to define a unified PUSCH selection rule in R16 or R17.

[bookmark: OLE_LINK332]
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[bookmark: OLE_LINK321]Figure 1. Illustration of HARQ-ACK multiplexing on PUSCH without PUCCH

[bookmark: OLE_LINK318][bookmark: OLE_LINK319]The RAN1 #109 discussion turns out with the following three agreements with a R16 UE capability, while it was expected that in R17 there should be a unified UE behavior.

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
1. Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213
1. Limitations for multiplexing
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.
The above specified behavior is supported subject to a new Rel-16 UE capability [xxxxx]
· FFS: the details of the capability signaling

Agreement
[image: ]

Agreement
[bookmark: OLE_LINK329][bookmark: OLE_LINK320]The correction for HARQ-ACK multiplexing on PUSCH in the absence of PUCCCH is endorsed in R1-2205628 (TS38.213, Rel-16, CR#0316, Cat. F) and R1-2205629 (TS38.213, Rel-17, CR#0317, Cat. A).

[bookmark: OLE_LINK317][bookmark: OLE_LINK331]Observation 1: In RAN1 #109 [1], companies were discussing HARQ-ACK multiplexing on PUSCH without PUCCH ([109-e-NR-CRs-01]). When multiple PUSCHs are overlapped with one missing PUCCH carrying HARQ-ACK as shown in Figure 1, RAN1 aims to define a unified PUSCH selection rule in R16 or R17.


[bookmark: OLE_LINK326][bookmark: OLE_LINK324][bookmark: OLE_LINK325]Observation 2: The RAN1 #109 discussion turns out with three agreements (copied in Section 2) with a R16 UE capability, while it was expected to have a unified UE behavior in R17. For a R16 UE, if it does not report mux-HARQ-ACK-withoutPUCCH-onPUSCH-r16, the PUSCH selection for HARQ-ACK multiplexing is up to UE implementation.
[image: ]

[bookmark: OLE_LINK327][bookmark: OLE_LINK322]At the same time, reading from the R17 mirror CR (R1-2205629) as copied in Figure 2, it seems that for a R17 UE, if it does not report mux-HARQ-ACK-withoutPUCCH-onPUSCH-r16, the PUSCH selection for HARQ-ACK multiplexing is still up to UE implementation

[image: ]
Figure 2. Text from the R17 mirror CR (R1-2205629)

Observation 3: Reading from the R17 mirror CR (R1-2205629) as copied in Figure 2, it seems that for a R17 UE, if it does not report mux-HARQ-ACK-withoutPUCCH-onPUSCH-r16, the PUSCH selection for HARQ-ACK multiplexing is still up to UE implementation.

Proposal 1: RAN1 to clarify, for a R17 UE which does not report mux-HARQ-ACK-withoutPUCCH-onPUSCH-r16, the PUSCH selection when multiple PUSCHs are overlapped with one missing PUCCH carrying HARQ-ACK is
· up to UE implementation, or
· should be aligned with the latest UE behavior defined in RAN1 #109:
· R1-2205628 (TS38.213, Rel-16, Cat. F) and R1-2205629 (TS38.213, Rel-17, CR#0317, Cat. A)
3. [bookmark: OLE_LINK203]Conclusion
In this contribution, we discuss the topic of
· R17 UE behavior when the UE does not report the R16 UE capability mux-HARQ-ACK-withoutPUCCH-onPUSCH-r16
and have the following observations and proposals:

Observation 1: In RAN1 #109 [1], companies were discussing HARQ-ACK multiplexing on PUSCH without PUCCH ([109-e-NR-CRs-01]). When multiple PUSCHs are overlapped with one missing PUCCH carrying HARQ-ACK as shown in Figure 1, RAN1 aims to define a unified PUSCH selection rule in R16 or R17.
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Figure 1. Illustration of HARQ-ACK multiplexing on PUSCH without PUCCH

Observation 2: The RAN1 #109 discussion turns out with three agreements (copied in Section 2) with a R16 UE capability, while it was expected to have a unified UE behavior in R17. For a R16 UE, if it does not report mux-HARQ-ACK-withoutPUCCH-onPUSCH-r16, the PUSCH selection for HARQ-ACK multiplexing is up to UE implementation.
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Observation 3: Reading from the R17 mirror CR (R1-2205629) as copied in Figure 2, it seems that for a R17 UE, if it does not report mux-HARQ-ACK-withoutPUCCH-onPUSCH-r16, the PUSCH selection for HARQ-ACK multiplexing is still up to UE implementation.
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Figure 2. Text from the R17 mirror CR (R1-2205629)

Proposal 1: RAN1 to clarify, for a R17 UE which does not report mux-HARQ-ACK-withoutPUCCH-onPUSCH-r16, the PUSCH selection when multiple PUSCHs are overlapped with one missing PUCCH carrying HARQ-ACK is
· up to UE implementation, or
· should be aligned with the latest UE behavior defined in RAN1 #109:
· R1-2205628 (TS38.213, Rel-16, Cat. F) and R1-2205629 (TS38.213, Rel-17, CR#0317, Cat. A)

4. [bookmark: OLE_LINK205]Reference
Chairman’s Notes, RAN1 #109e (Section 7.1)
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mux-HARQ-ACK-withoutPUCCH-onPUSCH-r16 UE No No No

Indicates that the UE is implemented according to the definition in TS 38.213 [11]
for multiplexing HARQ-ACK in a PUSCH in a PUCCH slot when the UE has no
HARQ-ACK for any DL activity to transmit, but it receives UL grant(s) with UL-TDAI
field indicating HARQ-ACK multiplexing on a PUSCH, and it transmits multiple
PUSCHs in the PUCCH slot.
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9 UE procedure for reporting control information«

<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 caEabilig Multiplexing—HARQ—ACK—withuul—PUCCH-un-PUSCH and the UE fransmits_multiple.
PUSCHs on respective serving cells 1n a slot with reference to slots Tor PUCCH transmissions and the UE does not
Jetermine 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 aUE transmits multiple the candidate PUSCHs # e e ingcells-that include first PUSCHs
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Indicates that the UE is implemented according to the definition in TS 38.213 [11]
for multiplexing HARQ-ACK in a PUSCH in a PUCCH slot when the UE has no
HARQ-ACK for any DL activity to transmit, but it receives UL grant(s) with UL-TDAI
field indicating HARQ-ACK multiplexing on a PUSCH, and it transmits multiple
PUSCHs in the PUCCH slot.
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