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Introduction
During the discussion in the previous meeting, companies discussed overlapping issues between different UCI types transmitted in different PUCCH resources. The following agreements were achieved [1]:
Agreements:
· When HARQ-ACK PUCCH resource with PUCCH F1 overlaps with SR PUCCH resource with PUCCH F0 with the same starting symbol in a slot,
· The UE transmits only HARQ-ACK in the HARQ-ACK PUCCH resource ( i.e the UE does not transmit SR if it is positive). 

Agreements:
· When AN/SR and configured CSI PUCCH resources based on PF3 or 4 have the same starting symbols in a slot, when the UE determines the PUCCH resource set is based on the total number of AN/SR and CSI and the PUCCH resource based on ARI, if the PUCCH resource based on ARI for transmitting HARQ-ACK/SR and CSI is determined to PF2, 
· Drop CSI part 2 (if present). Transmit jointly encoded AN/SR and CSI part 1 on the determined PUCCH format 2 resource indicated by ARI using the mapping rules for PF2.

Agreements:
· When AN/SR and CSI PUCCH resources have the same starting symbols in a slot, for a wideband semi-persistent/periodic CSI reporting based on a PUCCH format 2, if the PUCCH resource based on ARI for transmitting HARQ-ACK/SR and CSI is based on format 3:
· CSI (only CSI part 1) is jointly encoded with HARQ-ACK/SR, following the existing procedure of encoding and mapping on resources for PUCCH format 3 or 4 to transmit the UCI.

Agreements:
· When a configured CSI PUCCH resource overlaps with one or more configured SR PUCCH resources in a slot,
· The UE multiplexes all UCIs on the CSI PUCCH resource using the corresponding UCI multiplexing rules for the overlapping PUCCH resources with the same starting symbol.
· FFS: When one SR PUCCH resource overlaps with two non-overlapping CSI PUCCH resources

Working assumption:
· When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group,
· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if both following conditions are satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) 
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable) for slot n
· If at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified. 
· The definition of N1 and N2 follows the same definition in current NR spec. 
· X and Y are non-negative integer values.
· FFS on values of X and Y 
· FFS on timeline requirement for multiplexing UCIs on PUSCH with A-CSI. 
· FFS how to handle one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement.
· FFS: how to handle HARQ-ACK for semi-static PDSCH.
· FFS multiplexing rule when AN PUCCH resource with F1 overlaps with SR PUCCH resource with F0.
· FFS: how to handle semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH.
· Note: The above proposal does not override the dropping rules defined for ACK/SR colliding with A-CSI-only on PUSCH without UL-SCH, or ACK/SR colliding with SP-CSI on PUSCH without UL-SCH. 
· Note: Consider how to handle PUCCH colliding with other UL channels in NR Rel. 15 June drop when URLLC is taking into account.

In this contribution, we give analysis and discussion on the remaining issues of UCI multiplexing on PUCCH.



Discussion

During the offline discussion of this tough topic, one crucial focus of PUCCH/PUCCH or PUCCH/PUSCH multiplexing is whether the decision of multiplexing or dropping can be determined early enough and before the transmission preparation starts in the pipeline. If yes, the implementation of baseband processing can be simplified and no more logical judgement is needed during the pipeline processing or before the RF module. However, the starting reference timeline point of pipeline processing depends on the UE implementation. Hence, the working assumption on the timeline requirement above is built upon specifying time interval using the ending symbol of PDCCH and PDSCH as reference points.
Therefore, to accomplish the remaining issues, the discussing points should be:
1. To meet the timeline requirements , the multiplexing rules need to be defined. Based on the previous agreements/conclusions, almost all the necessary rules have been defined. Still, there are still some corner cases left, which will be discussed further in this contribution.
2. There are still remaining cases regarding overlapping between semi-statically configured PUCCH resources, e.g. how to handle the first SP-CSI after activation overlaps with SR, and whether to utilize unified solutions with P-CSI multiplexing with SR.
3. As already indicated by an FFS point in the agreement, we also need to discuss the case that one semi-statically configured PUCCH overlaps with two or more resources of the other semi-statically configured PUCCH, e.g. when one SR PUCCH resource overlaps with two non-overlapping CSI PUCCH resources.
4. All the multiplexing rules agreed so far assume different channels overlap with a same first symbol and occur in a slot. How to deal with cases involving multi-slot PUCCH should be clarified.


On PUCCH transmission of HARQ-ACK and CSI report overlapping in time when the UE is configured with only one PUCCH resource set

As mentioned in the above first discussion point, if we assume that all the timeline requirements can be met, the following case has not been fully addressed yet. The alternative solutions were also discussed in the previous meeting.
· When HARQ-ACK/SR PUCCH resource determined by ARI and configured CSI PUCCH resources have the same starting symbols in a slot, if the UE is configured with only one PUCCH resource set and simultaneous transmission of HARQ-ACK/SR and CSI is enabled, select from one of the following alternatives:
· Alt 1: The UE is not expected to transmit the corresponding HARQ-ACK/SR and the CSI report in a PUCCH resource in that slot.
· [bookmark: OLE_LINK8]Alt 2: HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI
· Alt 3: HARQ-ACK/SR is transmitted on the HARQ-ACK/SR PUCCH resource and CSI reporting is dropped in that slot.

When the UE is configured with only one PUCCH resource set, the PUCCH resource within the set can not support UCI of more than 2 bits. Thus, it is not feasible to follow the previously agreed multiplexing rule that UCI bits are transmitted using the PUCCH resource and format indicated by DCI.
As elaborated in the meeting, we support Alt#2 for the following reasons:
· It provides best performance. Dropping all or some of the UCI bits unnecessarily will impact the system performance without any other benefits.
· As long as the processing timeline is satisfied, there is no substantial issue to support Alt#2.
· This has similar complexity to the multiplexing rules already agreed for the other similar overlapping situations. The channel encoding and resource mapping procedures can be reused. The specification and implementation efforts are minor.

Therefore, we support to agree on the Alt#2:
Proposal 1: When HARQ-ACK/SR PUCCH resource determined by ARI and configured CSI PUCCH resources have the same starting symbols in a slot, if the UE is configured with only one PUCCH resource set and simultaneous transmission of HARQ-ACK/SR and CSI is enabled, HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI.

On PUCCH transmission of SR and CSI report overlapping in time
As agreed in the previous meeting, when a configured CSI PUCCH resource overlaps with one or more configured SR PUCCH resources in a slot, the UE multiplexes all UCIs on the CSI PUCCH resource using the corresponding UCI multiplexing rules for the overlapping PUCCH resources with the same starting symbol.
The previous agreement works when P-CSI PUCCH resource overlaps with SR PUCCH resources. However, for the first SP-CSI after DCI triggering, when it overlaps with one or more SR PUCCH resources, the UE behavior on multiplexing need further elaboration. The feasibility of UCI multiplexing is subjected to the agreed framework of timeline requirement. Thus, we have the following proposal:
Proposal 2: when the first SP-CSI transmission after DCI triggering overlaps with one or more configured SR PUCCH resources in a slot, if the first symbol of the earliest PUCCHs among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCH triggering SP-CSI, the UE multiplex all UCIs using PUCCH resource configured for SP-CSI.

Another FFS point is the case when one SR PUCCH resource overlaps with two non-overlapping CSI PUCCH resources. Since timeline is not deemed an issue for semi-static PUCCH resources in the previous agreements, a straightforward solution is to follow the same rule that SR bits are multiplexed with CSI bits in each overlapped CSI PUCCH resources.
Proposal 3: When SR PUCCH resource overlaps with two or more overlapping CSI PUCCH resources, if timeline requirement can be satisfied, SR bits are multiplexed with CSI bits in each overlapped CSI PUCCH resources.

On UCI multiplexing on PUCCH with UCI repetition
So far, the agreements do not cover the case when a UCI transmission on a PUCCH resource using multi-slot repetition overlaps another UCI transmission on other PUCCH resource in time using single-slot or multi-slot repetition.
Considering the UE implementation constrains on pipeline processing and the standardization efforts in the last meeting, it is desirable to follow the principles of previous agreements as much as possible. Under this philosophy,
Proposal 4: For a UE, when multiple PUCCH resources for different type of UCIs overlap in time, if any of the PUCCH transmission is configured with multi-slot repetition, the multiplexing or dropping rule is determined based on the relative positions of the first slots of each UCI transmission:
· If no overlapping happens in the earliest slot among each PUCCH resource, the earliest arrival UCI takes the priority to transmit using all the configured single-slot or multi-slot PUCCH resource. Other UCI transmissions are dropped.
· If overlapping happens in the earliest slot among each PUCCH resource, the UCI bits of the overlapping PUCCH resources in this slot are multiplexed following the existing rule for single-slot case. The repetition number follows the configuration of the PUCCH resource that is used to transmit the UCI bits. Other UCI transmissions are dropped. 

 
Conclusions
In this contribution, we provide our views on remaining issues of multiplexing different types of UCI on PUCCH. To sum up the discussion and proposals:
Proposal 1: When HARQ-ACK/SR PUCCH resource determined by ARI and configured CSI PUCCH resources have the same starting symbols in a slot, if the UE is configured with only one PUCCH resource set and simultaneous transmission of HARQ-ACK/SR and CSI is enabled, HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI.
Proposal 2: when the first SP-CSI transmission after DCI triggering overlaps with one or more configured SR PUCCH resources in a slot, if the first symbol of the earliest PUCCHs among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCH triggering SP-CSI, the UE multiplex all UCIs using PUCCH resource configured for SP-CSI.
Proposal 3: When SR PUCCH resource overlaps with two or more overlapping CSI PUCCH resources, if timeline requirement can be satisfied, SR bits are multiplexed with CSI bits in each overlapped CSI PUCCH resources.
Proposal 4: For a UE, when multiple PUCCH resources for different type of UCIs overlap in time, if any of the PUCCH transmission is configured with multi-slot repetition, the multiplexing or dropping rule is determined based on the relative positions of the first slots of each UCI transmission:
· If no overlapping happens in the earliest slot among each PUCCH resource, the earliest arrival UCI takes the priority to transmit using all the configured single-slot or multi-slot PUCCH resource. Other UCI transmissions are dropped.
· If overlapping happens in the earliest slot among each PUCCH resource, the UCI bits of the overlapping PUCCH resources in this slot are multiplexed following the existing rule for single-slot case. The repetition number follows the configuration of the PUCCH resource that is used to transmit the UCI bits. Other UCI transmissions are dropped. 
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