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1	Introduction
In RAN1#96bis the issue of multiplexing of overlapping PUCCH and PUSCH resource with different numerologies was discussed [1]. However, no conclusion was reached, and according to the chairman’s notes [2], an email discussion, [96b-NR-02], was kicked off to reach consensus on deciding potential solution for this issue.R1-1904538	Correction on PUSCH selection for overlapping of PUCCH and PUSCH	CATT
Discuss further offline
Email discussion to decide potential solution to the issues identified in CR R1-1904538 – until 04/19, Yi (Qualcomm)



However, during this email discussion no consensus was reached, and it was concluded that this issue will be reconsidered in RAN1#97.

In this document we present our views on this issue.

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	Discussion 
2.1	Statement of the problem
In section 9 and section 9.2.5 and its subsections of TS 38.213, the handling of overlapped PUSCH and PUCCH is discussed. When multiple PUCCH and PUSCH resources overlap, the multiplexing of resources happens in the following order, as long as the timeline conditions of section 9.2.5 for the overlapping PUCCH and PUSCH resources are satisfied:
1. First, the UCI in overlapping PUCCH resources are multiplexed into a single PUCCH resource (e.g. resource Z) according to the pseudo code of section 9.2.5.
2. Second, the UCI of resource Z is multiplexed on an overlapping PUSCH.
a. If the overlapping PUSCHs in a slot includes PUSCH transmissions dynamically scheduled by DCI Format 0-0 or DCI Format 0-1, and PUSCH transmissions configured by ConfigureGrantConfig, the UCI is multiplexed on one of the dynamically scheduled PUSCH transmissions.
b. If the overlapping PUSCHs transmissions in a slot don’t multiplex aperiodic CSI, the UE multiplexes the UCI on:
i. The PUSCH of the serving cell with the smallest ServCellIndex.
ii. If there are multiple PUSCH resources in the serving cell with the smallest ServCellIndex overlapping PUCCH resource Z, the UCI is multiplexed in the earliest one of these PUSCH resources.
c. If one of the overlapping PUSCH resources multiplexes CSI, the UE multiplexes the HARQ-ACK information on that PUSCH resource.
The issue at hand is what happens when the PUCCH has a smaller subcarrier spacing than that of the PUSCH transmission, i.e. the PUCCH slot is longer than the PUSCH slot.
In this case, there are two possible options on how to do multiplexing:
1. Processing is done on per PUSCH slot basis, and due to causality, earlier slots are processed first. If the PUCCH resource overlaps PUSCH resources in an earlier slot, the multiplexing of UCI on the PUSCH resources of that slot is according to step 2 above. This case is shown in Figure 1.


[bookmark: _Ref7707315]Figure 1: Multiplexing UCI of PUCCH on a PUSCH in an earlier slot.
2. Processing is done considering all overlapping transmissions of PUCCH and PUSCH regardless of the PUSCH slot of the PUSCH transmission. The multiplexing of UCI on the PUSCH resources is according to step 2 above. It is possible that UCI gets multiplexed on a PUSCH of a later PUSCH slot. This case is shown Figure 2.


[bookmark: _Ref7707454]Figure 2: Multiplexing UCI of PUCCH on a PUSCH within a group of overlapping PUSCH resources in different PUSCH slots.

A second issue is if there are multiple PUSCH carriers with different numerologies, when the UCI is multiplexed on a PUSCH transmission within a slot, which PUSCH slot duration should be considered for the multiplexing.
In the following subsections, we discuss the processing described in 38.213 and if any changes are needed.
2.2 PUCCH overlapping PUSCHs with a single PUSCH numerology larger than that of PUCCH
Now we discuss what the specification (section 9 of TS 38.213) describes regarding the multiplexing of PUCCH and PUSCH when they have different numerologies.
[bookmark: _GoBack]The timeline conditions of section 9.2.5 of TS 38.213 for all the overlapping PUCCH and PUSCH resources should be satisfied.
When the UCI is to be multiplexed on overlapping PUSCH resources that are dynamically scheduled or semi-static statically configured, the specification states that the processing to determine the PUSCH to multiplex the UCI on is done across a PUSCH slot:
If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first PUSCHs that are scheduled by DCI format(s) 0_0 or DCI format(s) 0_1 and second PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs. 

When the UCI is multiplexed on overlapping PUSCH resources that don’t contain aperiodic CSI, the specification states that the processing to determine the PUSCH to multiplex the UCI on is done across a PUSCH slot:
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 Subclause 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 Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot. 

This leaves the case when UCI is multiplexed on a PUSCH containing aperiodic CSI. As the previous paragraph quoted from 38.213 explicitly mentions that for the case of no aperiodic CSI, the processing to determine the PUSCH to multiplex the UCI on is done across a PUSCH slot, it seems natural that when there is a PUSCH containing aperiodic CSI, that the processing to determine the PUSCH to multiplex the UCI on is done also across a PUSCH slot.
[bookmark: _Hlk7718534]Observation 1: The text in 38.213 for the determining the PUSCH resource to multiplex the UCI of an overlapping PUCCH handles the case of overlapping PUCCH and PUSCH resources when the numerology of PUSCH is larger than that of PUCCH.
2.3 PUCCH overlapping PUSCHs with multiple PUSCH numerologies
Now we consider the case when the PUCCH resource overlaps multiple PUSCH resources on different carriers with different numerologies as shown in Figure 3. When a PUCCH resource overlaps PUSCHs in slots with different numerologies, it is reasonable to consider the longest slot duration when determining a group of overlapping PUSCH channels for multiplexing UCI of the overlapping PUCCH. Had we considered the PUSCH slot with shorter duration, then this would not have taken into account all the PUSCH transmissions of the longer PUSCH slot.


[bookmark: _Ref7713858]Figure 3: : Multiplexing UCI of PUCCH on a PUSCH within a group of overlapping PUSCH resources with different numerologies.
Observation 2: When a PUCCH resource overlaps PUSCHs in slots with different numerologies, the UCI of the PUCCH resource is multiplexed on an overlapping PUSCH resource in the earliest PUSCH slot, where the PUSCH slot duration is that of the smallest subcarrier spacing.
Based on observations 1 and 2 we have the following proposals:
Proposal 1: No specification changes needed to support multiplexing the UCI of a PUCCH resource when overlapping PUSCH resources with different numerologies.
Proposal 2: Capture observation 1 and observation 2 in the RAN1#97 chairman’s notes.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]3	Conclusion
In this document, presented our views on the multiplexing of UCI when PUCCH and PUSCH overlap and have different numerologies based on the description in 38.213. We have made these observations:
Observation 1: The text in 38.213 for the determining the PUSCH resource to multiplex the UCI of an overlapping PUCCH handles the case of overlapping PUCCH and PUSCH resources when the numerology of PUSCH is larger than that of PUCCH.
Observation 2: When a PUCCH resource overlaps PUSCHs in slots with different numerologies, the UCI of the PUCCH resource is multiplexed on an overlapping PUSCH resource in the earliest PUSCH slot, where the PUSCH slot duration is that of the smallest subcarrier spacing.
Based on observations 1 and 2 we have the following proposals:
Proposal 1: No specification changes needed to support multiplexing the UCI of a PUCCH resource when overlapping PUSCH resources with different numerologies.
Proposal 2: Capture observation 1 and observation 2 in the RAN1#97 chairman’s notes.
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