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1 Introduction
In RAN1#116bis meeting, the following open issues are captured in the Chair’s notes [1] was discussed [2].
	Further discuss the following issues in RAN1#116bis
· Issue#1: Whether “candidate PUSCHs” in TS 38.213 include a CG PUSCH without a TB if the CG PUSCH does not overlap with a DG PUSCH on a same serving cell ?
· Issue#2: Whether the timeline conditions for Rel-16 prioritization procedure should be satisfied for a PUSCH with or without a TB?
· Issue#3: Whether a HP PUSCH with semi-persistent/aperiodic CSI reports without a TB can cancel an overlapping LP PUSCH on the same serving cell or an overlapping LP PUCCH ?
· Issue#4: Whether it is necessary to restrict the cancelled LP PUSCH is a PUSCH with a TB?


The contribution discusses the related open issues and for UCI multiplexing and prioritization.
2 Discussion
Intra-UE multiplexing/prioritization of a same priority
The following steps commented by Qualcomm are confirmed by the majority companies for multiplexing UCI in a PUSCH [3].
	Step 1: DG-PUSCH “clean-up/remove” overlapping CG-PUSCH on the same CC.
Step 2: PHY follow UCI mux rule to determine UCI is muxed on which PUSCH. 
Step 3: PHY tell MAC that PUSCH (determined in step 2) cannot be skipped.
Step 4: MAC has to generated TB for that PUSCH (determined in step 2), while MAC can skip TB generation for other PUSCHs.  


Step 1 is based on the following agreement which is not explicitly captured in the specifications.
	Agreement:
For the case (Case 1-6) when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH 
· In Rel-16, when timeline condition is met, for Case 1-6 in non-CA and CA cases, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, 
· When one or more CG PUSCH(s) overlap with a PUCCH on a same or different serving cell, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is no remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH, the UCI is transmitted on the PUCCH.
· This is for case 1-6a and 1-6b in Figure 1.
· MAC does not generate PDU for the one or more CG PUSCH(s) 
· If there is data for the DG PUSCH, MAC generates PDU for the DG PUSCH. If there is no data for the DG PUSCH, MAC does not generate PDU for the DG PUSCH 
· When one or more CG PUSCH(s) overlap with a PUCCH on a same or different serving cell, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH, the PUSCH from the remaining PUSCH(s) for UCI multiplexing is determined following the existing UCI multiplexing rules, MAC generates MAC PDU for the PUSCH and delivers the MAC PDU to PHY and the UCI is multiplexed on the PUSCH.
· Note the remaining CG PUSCH(s) are not overlapping with any DG PUSCH on the same serving cell
· This is for case 1-6c in Figure 1.
· MAC does not generate PDU for the one or more CG PUSCH(s) 
· If there is data for the DG PUSCH, MAC generates PDU for the DG PUSCH. If there is no data for the DG PUSCH, MAC does not generate PDU for the DG PUSCH
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Figure 1: Case 1-6a/1-6b/1-6c for non-CA and CA case



A relevant issue is whether MAC generates a MAC PDU for a CG PUSCH overlapping with a PUSCH with SP-CSI/A-CSI reports without UL-SCH on a same serving cell. For a PUSCH with A-CSI reports, there is no essential difference and the same rule can apply, i.e., MAC does not generate a MAC PDU for the CG PUSCH when overlapping a PUSCH with A-CSI reports without UL-SCH on a same serving cell. For a PUSCH with SP-CSI reports, the SP-CSI reports should be dropped if the PUSCH overlaps another PUSCH with a TB based on the text below copied from TS 38.214. However, the current specifications do not clarify whether MAC generates a MAC PDU for the CG PUSCH when overlapping with a PUSCH with SP-CSI reports on a same serving cell.
	If a UE would transmit a first PUSCH that includes semi-persistent CSI reports and a second PUSCH that includes an UL-SCH on the same carrier, and the first PUSCH transmission would overlap in time with the second PUSCH transmission, the UE does not transmit the first PUSCH and transmits the second PUSCH.


If MAC generates a MAC PDU in this case, gNB would need to do blind detection for both the CG PUSCH and SP-CSI reports and is not preferred. In addition, there is no strong motivation to generate a MAC PDU for a CG PUSCH in this case, if gNB would like to transmit the UL-SCH, gNB can dynamically schedule a PUSCH.
Proposal 1: From RAN1’s understanding, MAC does not generate a MAC PDU for a CG PUSCH if the CG PUSCH overlaps with a PUSCH with SP-CSI/A-CSI reports on a same serving cell. A CG PUSCH overlapping with a PUSCH with SP-CSI/A-CSI reports on a same serving cell is excluded from candidate PUSCHs for UCI multiplexing.
· Send RAN2 an LS about the above.
Based on the discussion of RAN1#116 [3], the majority view is that after excluding CG PUSCH overlapping with DG PUSCH on a same cell, all the remaining CG PUSCHs are candidate PUSCHs regardless of whether there is a TB or not. However, the highlighted yellow text below is not aligned with the understanding. For “a UE transmits a PUSCH”, the PUSCH should be with a TB or CSI reports.
	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 mux-HARQ-ACK-withoutPUCCH-onPUSCH 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 above text is based on the agreement below made in RAN1#109 meeting. It is not correctly captured in the specifications because the prioritization rules to select PUSCH for multiplexing is different from legacy operation.
	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


Observation 1: The following agreement made in RAN1#109 meeting is not correctly captured in the specifications.
	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
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



Proposal 2: Adopt the following TP for Rel-17 TS 38.213.
	9	UE procedure for reporting control information
*** Unchanged parts are 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 would transmit 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 excluding CG PUSCHs overlapping with a PUSCH transmission scheduled by a DCI format or with a PUSCH transmission with SP-CSI report(s) on a same serving cell 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 mux-HARQ-ACK-withoutPUCCH-onPUSCH and the UE would transmit 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 excluding CG PUSCHs overlapping with a PUSCH transmission scheduled by a DCI format or with a PUSCH transmission with SP-CSI report(s) on a same serving cell 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 the candidate PUSCHs 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 candidate PUSCHs, and the candidate 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 the UE would multiplex UCI in one of the candidate PUSCHs and the UE does not multiplex aperiodic CSI in any of the candidate 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 would transmit 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 would transmit transmits in the slot. 
*** Unchanged parts are omitted ***


3 Conclusion 
The contribution discusses UCI multiplexing and prioritization, the observation and proposals are summarized below.
Observation 1: The following agreement made in RAN1#109 meeting is not correctly captured in the specifications.
	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:
4. 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
5. Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213
6. 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


Proposal 1: From RAN1’s understanding, MAC does not generate a MAC PDU for a CG PUSCH if the CG PUSCH overlaps with a PUSCH with SP-CSI/A-CSI reports on a same serving cell. A CG PUSCH overlapping with a PUSCH with SP-CSI/A-CSI reports on a same serving cell is excluded from candidate PUSCHs for UCI multiplexing.
· Send RAN2 an LS about the above.
Proposal 2: Adopt the following TP for Rel-17 TS 38.213.
	9	UE procedure for reporting control information
*** Unchanged parts are 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 would transmit 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 excluding CG PUSCHs overlapping with a PUSCH transmission scheduled by a DCI format or with a PUSCH transmission with SP-CSI report(s) on a same serving cell 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 mux-HARQ-ACK-withoutPUCCH-onPUSCH and the UE would transmit 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 excluding CG PUSCHs overlapping with a PUSCH transmission scheduled by a DCI format or with a PUSCH transmission with SP-CSI report(s) on a same serving cell 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 the candidate PUSCHs 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 candidate PUSCHs, and the candidate 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 the UE would multiplex UCI in one of the candidate PUSCHs and the UE does not multiplex aperiodic CSI in any of the candidate 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 would transmit 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 would transmit transmits in the slot. 
*** Unchanged parts are omitted ***
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