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Introduction
In the contribution [1] of the previous meeting, we discussed remaining issues on multiplexing of SR and HARQ-ACK on PUCCH. During the offline and online discussion in Vancouver, besides overlapping issues between SR and HARQ-ACK, companies also identified and discussed overlapping issues between all types of UCIs among SR, HARQ-ACK and CSI report. In addition, due to the current single carrier transmission property in the current release NR, overlapping issues also exist between PUCCH and PUSCH.
Besides, we also discussed the SR ambiguity issue, which was introduced by the multiplexing between SR and HARQ-ACK. Regarding this, we reached the following agreements in the previous meeting [2]:
Agreements:
· If a UCI transmission on a PUCCH form a UE using format 2 or 3 or 4 overlaps in time with K PUCCH resources, each configured for a SR, X bits are used to represent a SR being indicated by the UE and appended to the end of the end of HARQ-ACK followed by CSI.
· Note: X is used to indicated both the presence or absence of SR and which of the K configured SR is embedded.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]FFS: X=ceil(log2(K+1))
· FFS PUCCH formats 0 & 1
However, this SR ambiguity issue may also occur in the partial overlapping case, with either HARQ-ACK or CSI report. UE behavior on addressing these cases are necessary for specification completion.
Therefore, in this contribution, we give analysis and discussion on the mentioned issues. This is an updated contribution from [1].



Discussion

On SR ambiguity
As agreed, when SR is appended at the end of the other HARQ-ACK bits, to avoid SR ambiguity issue at gNB side, X bits are used to represent a SR being indicted by the UE. A straightforward way is to employ one state to represent negative SR and K states to indicate SR configuration index, where K is number of SR configurations with overlapped PUCCH resource. The overhead of this solution is lower than bitmapping and other possible utilization of X bits. Hence:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1: If a UCI transmission on a PUCCH form a UE using format 2 or 3 or 4 overlaps in time with K PUCCH resources, each configured for a SR, X bits are used to represent a SR being indicated by the UE and appended to the end of the end of HARQ-ACK followed by CSI. X=ceil(log2(K+1)), where the first state represents the negative SR and the next K states represent positive SR corresponding to K SR configurations.

For partial overlapping case which will be discussed in the next subsection, if SR is appended at the end of other UCI bits, due to the similar reason of SR ambiguity, X bits SR should also be supported.


On PUCCH transmission of SR and HARQ-ACK bits partially overlapping in time
When the transmission of SR and HARQ-ACK bits carried by long PUCCH formats partially overlap in time, there are two cases:
· Starting position of SR resource is before the transmission of HARQ-ACK with PUCCH format 2, 3 or 4.
In this case, the UE is not expected to transmit the SR and HARQ-ACK in the individually configured resource in FDMed manner in the overlapped duration. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]One solution is to follow the UE behaviour in the agreements for the full overlapping case. X SR bits presenting the positive/negative state and SR configuration index can be appended to the end of HARQ-ACK bits and transmitted in the HARQ-ACK PUCCH resource. If the latency of delivering SR is a concern, UE can keep the transmission of SR on PUCCH before the overlapping part and drop the overlapping part.
Proposal 2: When the transmission of HARQ-ACK bits with PUCCH format 2, 3 or 4 partially overlaps with an SR opportunity in time domain, if SR resource starts before that of HARQ-ACK PUCCH, the UE should drop the SR transmission in the overlapped part. X bit presenting the state of the SR and SR configuration index, is appended to the end of HARQ-ACK bits. X = X=ceil(log2(K+1)), where K is the number of SR configurations.

· Starting position of SR resource is after the transmission of HARQ-ACK with PUCCH format 2, 3 or 4.
In this case, encoding the SR bits and HARQ-ACK bits jointly is not always feasible considering the processing timeline limitation. When the UE starts to encode the HARQ-ACK bits, whether SR state is negative or positive may not be always available. Hence a reasonable UE behaviour is to drop the SR or HARQ-ACK transmission at least in the overlapped duration. How to determine which one to drop can be further considered. The following factors can be starting points to discuss the dropping priority: whether the HARQ-ACK feedback interval (N1) is short enough to show a stringent latency expectation, whether the SR configuration is with a sufficiently high priority to make it justified to drop HARQ-ACK in the overlapped region, etc.
Proposal 3: When the transmission of HARQ-ACK bits with PUCCH format 2, 3 or 4 partially overlaps with an SR opportunity in time domain, and if SR resource starts after that of HARQ-ACK PUCCH, the UE should drop the SR or HARQ-ACK transmission at least in the overlapped duration. Dropping priority can be FFS.

· SR resource partially overlaps with the transmission of HARQ-ACK with PUCCH format 0 or 1
Since PUCCH format 0 or 1 can only carry one or two bits, it is not always feasible to merge SR and HARQ-ACK bits in one PUCCH resource. In this case, we propose to drop the overlapped part. Dropping priority should be specified based on the timing of arrival, transmission duration and UCI types.
Proposal 4: When SR resource partially overlaps with the transmission of HARQ-ACK with PUCCH format 0 or 1, UE should drop SR or HARQ-ACK at least in the overlapped duration. Dropping priority can be based on the timing of arrival, transmission duration and UCI types.

On PUCCH transmission of SR and CSI report overlapping in time
To discuss and address this case in a simple way, no matter the PUCCH transmission of SR and CSI report and entirely or partially overlapping, the below several possibilities are analysed:
· Starting position of SR resource is before the transmission of periodic/semi-persistent CSI report
In this case, the X bits SR can be appended at the end of CSI bits and the original SR transmission in the overlapped duration is dropped.
· Starting position of SR resource is after the transmission of periodic/semi-persistent CSI report
Due to the UE channel encoding processing may not be able to take the late arrival SR into account, it is not feasible to keep both parts. Considering the CSI report absence may not cause too large issue for the gNB scheduling, we propose SR transmission takes higher priority in this case and CSI report in the overlapped duration is dropped.
· Starting position of SR resource is before the transmission of aperiodic CSI report piggybacked in PUSCH
When the UE receives the CSI request in DCI format 0_1, it can be aware of whether any possible overlapping with SR resource may happen. In this case, it is feasible for the UE to consider those and append the X bits SR at the end of CSI bits.
· Starting position of SR resource is after the transmission of aperiodic CSI report piggybacked in PUSCH
If SR resource arrives later than CSI report, it may not be feasible for UE processing pipeline to encode CSI together with SR. Hence it is proposed to drop SR or aperiodic CSI report in the overlapping duration. Because dropping CSI part may also have impact on the PUSCH transmission. We propose to drop the SR transmission in the overlapped duration.
Proposal 5: When the PUCCH transmission of SR and CSI report overlapping in time, and if starting position of SR resource is before the transmission of aperiodic/periodic/semi-persistent CSI report, X bits SR is appended at the end of CSI bits. The SR transmission on the overlapped duration is dropped.
Proposal 6: When the PUCCH transmission of SR and CSI report overlapping in time, and if starting position of SR resource is after the transmission of periodic/semi-persistent CSI report, the CSI report in the overlapped duration is dropped.
Proposal 7: When the PUCCH transmission of SR and CSI report overlapping in time, and if starting position of SR resource is after the transmission of aperiodic CSI report piggybacked in PUSCH, SR transmission in the overlapped duration is dropped. 

On PUCCH transmission of HARQ-ACK and CSI report overlapping in time
Since the timing of both types of UCI are scheduled or triggered by gNB, it is desirable that gNB can ensure the UE has sufficient processing time to transmit HARQ-ACK and CSI report together if overlapping happens. Therefore, this matter depends on both UE processing capability and gNB scheduling. 
There may also be cases that the scheduling timing does not allow UE to do the joint encoding or transmit both at one time, for example, the time interval between the PDSCH and HARQ-ACK (N2) is too short. In this case, some dropping rule need to be specified based on the timing of arrival, transmission duration and UCI types.
Proposal 8: When PUCCH transmission of HARQ-ACK and CSI report entirely or partially overlap in time and the UE is not able to transmit both UCI types at one time, a dropping rule needs to be specified based on the timing of arrival, transmission duration and UCI types.

On PUCCH and PUSCH transmission overlapping in time 
If a UE is scheduled with a PUSCH already, it will unlikely transmit SR to gNB. Thus if the PUCCH and PUSCH overlapping happens, the reasonable scenarios could be:
· A stringent PUSCH is scheduled even though a PUCCH carrying HARQ-ACK or CSI report overlaps with it. In this case, PUSCH may take higher priority and PUCCH can be dropped in the overlapped duration.
· A stringent PUCCH carrying HARQ-ACK is scheduled even though a PUSCH scheduled before overlaps with it. In this case, PUCCH may take higher priority and PUSCH can be dropped in the overlapped duration 
Therefore, we propose,
[bookmark: _GoBack]Proposal 9: When the PUCCH and PUSCH transmission overlapping in time, the PUCCH with periodic/semi-persistent CSI report takes lowest priority when doing the dropping. Priority between PUSCH and PUCCH with HARQ-ACK depends on the schedule time.

 
Conclusions
In this contribution, we provide our views on remaining issues of multiplexing different types of UCI and between PUSCH and PUCCH. To sum up the discussion and proposals:
Proposal 1: If a UCI transmission on a PUCCH form a UE using format 2 or 3 or 4 overlaps in time with K PUCCH resources, each configured for a SR, X bits are used to represent a SR being indicated by the UE and appended to the end of the end of HARQ-ACK followed by CSI. X=ceil(log2(K+1)), where the first state represents the negative SR and the next K states represent positive SR corresponding to K SR configurations.
Proposal 2: When the transmission of HARQ-ACK bits with PUCCH format 2, 3 or 4 partially overlaps with an SR opportunity in time domain, if SR resource starts before that of HARQ-ACK PUCCH, the UE should drop the SR transmission in the overlapped part. X bit presenting the state of the SR and SR configuration index, is appended to the end of HARQ-ACK bits. X = X=ceil(log2(K+1)), where K is the number of SR configurations.
Proposal 3: When the transmission of HARQ-ACK bits with PUCCH format 2, 3 or 4 partially overlaps with an SR opportunity in time domain, and if SR resource starts after that of HARQ-ACK PUCCH, the UE should drop the SR or HARQ-ACK transmission at least in the overlapped duration. Dropping priority can be FFS.
Proposal 4: When SR resource partially overlaps with the transmission of HARQ-ACK with PUCCH format 0 or 1, UE should drop SR or HARQ-ACK at least in the overlapped duration. Dropping priority can be based on the timing of arrival, transmission duration and UCI types.
Proposal 5: When the PUCCH transmission of SR and CSI report overlapping in time, and if starting position of SR resource is before the transmission of aperiodic/periodic/semi-persistent CSI report, X bits SR is appended at the end of CSI bits. The SR transmission on the overlapped duration is dropped.
Proposal 6: When the PUCCH transmission of SR and CSI report overlapping in time, and if starting position of SR resource is after the transmission of periodic/semi-persistent CSI report, the CSI report in the overlapped duration is dropped.
Proposal 7: When the PUCCH transmission of SR and CSI report overlapping in time, and if starting position of SR resource is after the transmission of aperiodic CSI report piggybacked in PUSCH, SR transmission in the overlapped duration is dropped. 
Proposal 8: When PUCCH transmission of HARQ-ACK and CSI report entirely or partially overlap in time and the UE is not able to transmit both UCI types at one time, a dropping rule needs to be specified based on the timing of arrival, transmission duration and UCI types.
Proposal 9: When the PUCCH and PUSCH transmission overlapping in time, the PUCCH with periodic/semi-persistent CSI report takes lowest priority when doing the dropping. Priority between PUSCH and PUCCH with HARQ-ACK depends on the schedule time.
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