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Introduction
This contribution provides our view on remaining issue on UCI multiplexing for release 15 NR. Corresponding corrections are provided in the same zipped file.
Discussion
In RAN1#94 [1], following was agreed.
Agreements:
· UE is not expected to be indicated ‘UL-SCH indicator’ = “0” and ‘CSI request’ = “zero(s)” (not triggered) in DCI format 0-1.
In RAN1#94bis [2, 3], it was identified that there is still the case that no CSI report is triggered without UL-SCH if following is set in DCI format 0_1.
· ‘UL-SCH indicator’ = “0” (no UL-SCH)
· ‘CSI request’ = “non-zero” (trigger CSI report)
· Higher layer parameter ‘reportQuantity’ = “none”
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to “none”, nothing needs to be transmitted on the PUSCH resource assigned for this CSI report. UE behaviour when this PUSCH with UL-SCH and with no CSI report overlaps with other PUCCH should be clarified.
In current specification of TS38.213 [4], there is following description with regards to UCI multiplexing in PUCCH or PUSCH.
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UE procedure for reporting control information
[…]
If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on the serving cell that includes positive SR information, the UE does not transmit the PUSCH. 
If a UE would transmit CSI reports on overlapping physical channels, the UE applies the priority rules described in TS 38.214 for the multiplexing of CSI reports.
If a UE 
-	would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and 
-	the PUSCH and PUCCH transmissions fulfill the conditions in Subclause 9.2.5 for UCI multiplexing, 
the UE 
-	multiplexes only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSI reports in the PUSCH
-	multiplexes only HARQ-ACK information and CSI reports, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE does not multiplex aperiodic or semi-persistent CSI reports in the PUSCH.
[…]

Based on above specification, our interpretation of UE procedure for UCI multiplexing when PUSCH without UL-SCH, that is scheduled with DCI format 0_1 with non-zero CSI request if the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to “none”, overlaps with other PUCCH is as follows.
· Case 1: PUCCH includes positive SR.
· Case 2: PUCCH includes HARQ-ACK only.
· Case 3: PUCCH includes HARQ-ACK and periodic/semi-persistent CSI.
For Case 1, it is obvious, from the first text in above specification that UE drops the PUSCH and UE multiplexes UCI with positive SR in the PUCCH.
For Case 2, even if the UE receives a DCI without UL-SCH and with non-zero CSI request but UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to “none”, UE could still multiplex HARQ-ACK in the PUSCH based on the last sentence in the above specification.
For Case 3, UE could still multiplex UCI (at least HARQ-ACK) in the PUSCH. On the other hand, whether periodic/semi-persistent CSI is dropped or is also multiplexed in the PUSCH should be clarified. If UE interprets there is CSI reporting in the PUSCH by CSI triggering indication (i.e., by non-zero CSI request, regardless of the setting of reportQuantity), UE applies the priority rules for multiplexing CSI reports. Then, periodic/semi-persistent CSI on PUCCH is dropped. On the other hand, if UE interprets that UE does not multiplex aperiodic or semi-persistent CSI reports in the PUSCH when UE receives a DCI with non-zero CSI request, but no CSI report is triggered, UE procedure is based on the last sentence in the above specification. In this case, UE would multiplex UCI, including HARQ-ACK and CSI reports, if any, in the PUSCH.
In our view, based on the current specification, even if UE receives a DCI without UL-SCH grant and with none-zero CSI request but UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to “none”, UE could still multiplex UCI (both HARQ-ACK and CSI reports in PUCCH) on the PUSCH since there is no valid CSI reports in the PUSCH. For such interpretation, in order to clarify the UE procedure.
Proposal 1: Even if UE receives a DCI without UL-SCH grant and with none-zero CSI request but UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to “none”, UE could still multiplex UCI on the PUSCH. In order to clarify the UE procedure, following text proposal is adopted in TS38.213 Section 9.
[Unchanged part is omitted]
If a UE 
-	would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and 
-	the PUSCH and PUCCH transmissions fulfill the conditions in Subclause 9.2.5 for UCI multiplexing, 
the UE 
-	multiplexes only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSI reports in the PUSCH
-	multiplexes only HARQ-ACK information and CSI reports, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE does not multiplex aperiodic or semi-persistent CSI reports in the PUSCH including the case that the CSI request field on a DCI is non-zero with a reportQuantity is “none”.
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In above UE procedure, there is possibility that UE would multiplex HARQ-ACK in PUSCH without any UL-SCH and CSI reports. Although we think that gNB can control the coding rate of HARQ-ACK on PUSCH with proper resource allocation, if to multiplex HARQ-ACK on PUSCH without any UL-SCH and CSI reports is the issue, it might be an another alternative that if the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to “none”, then the UE is not expected to be indicated ‘UL-SCH indicator’ = “0” and non-zero CSI request simultaneously. It would be added to TS38.214 Section 5.2.4.2.
Proposal 2: If to multiplex HARQ-ACK on PUSCH without any UL-SCH and CSI reports is the issue (i.e., Proposal 1 is not agreeable), following text proposal is adopted in TS38.214 Section 5.2.1.4.2.
5.2.1.4.2	Report Quantity Configurations
A UE may be configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to either ‘none’, ‘cri-RI-PMI-CQI’, ‘cri-RI-i1’, ‘cri-RI-i1-CQI’, ‘cri-RI-CQI’, ‘cri-RSRP’, ‘ssb-Index-RSRP’ or ‘cri-RI-LI-PMI-CQI’.
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to ‘none’, then the UE shall not report any quantity for the CSI-ReportConfig. If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to ‘none’, then the UE is not expected to be indicated ‘UL-SCH indicator’ = “0” and non-zero CSI request simultaneously.

Conclusion
In this contribution, we discussed remaining issue on UCI multiplexing and provided our view on UE procedure when a PUSCH with UL-SCH and with no CSI reports overlaps with other PUCCH. We made following proposals. Corresponding correction are provided in the same zipped file.
Proposal 1: Even if UE receives a DCI without UL-SCH grant and with none-zero CSI request but UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to “none”, UE could still multiplex UCI on the PUSCH. In order to clarify the UE procedure, following text proposal is adopted in TS38.213 Section 9.
[Unchanged part is omitted]
If a UE 
-	would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and 
-	the PUSCH and PUCCH transmissions fulfill the conditions in Subclause 9.2.5 for UCI multiplexing, 
the UE 
-	multiplexes only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSI reports in the PUSCH
-	multiplexes only HARQ-ACK information and CSI reports, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE does not multiplex aperiodic or semi-persistent CSI reports in the PUSCH including the case that the CSI request field on a DCI is non-zero with a reportQuantity is “none”.
[Unchanged part is omitted]


Proposal 2: If to multiplex HARQ-ACK on PUSCH without any UL-SCH and CSI reports is the issue (i.e., Proposal 1 is not agreeable), following text proposal is adopted in TS38.214 Section 5.2.1.4.2.
5.2.1.4.2	Report Quantity Configurations
A UE may be configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to either ‘none’, ‘cri-RI-PMI-CQI’, ‘cri-RI-i1’, ‘cri-RI-i1-CQI’, ‘cri-RI-CQI’, ‘cri-RSRP’, ‘ssb-Index-RSRP’ or ‘cri-RI-LI-PMI-CQI’.
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to ‘none’, then the UE shall not report any quantity for the CSI-ReportConfig. If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to ‘none’, then the UE is not expected to be indicated ‘UL-SCH indicator’ = “0” and non-zero CSI request simultaneously.
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