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Introduction
During the discussion in previous meetings, 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 the previous RAN1 meeting, we reached the following agreements [1]:
Agreements:
· If a UCI transmission on a PUCCH from a UE in a slot using format 2 or 3 or 4 overlaps in time with K configured PUCCH SR resources which are overlapped in time, X bits are used to represent an SR being indicated by the UE where 
· All-zero X represents the absence of an SR. Otherwise, X represents the presence of an SR.
· Note: X bits should be considered when the UCI is encoded irrespective of the SR being present of absent.
· X=ceil(log2(K+1)) where K is the number of configured SR PUCCH IDs (schedulingRequestResourceId) that overlap in time with the UCI transmission on PUCCH in the slot.
· The K IDs are ordered according to an increasing number of the corresponding SR IDs. The index of an ordered configured PUCCH resource ID is obtained from X bits when SR is triggered.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Agreements:
· [bookmark: OLE_LINK1]When AN/SR and CSI PUCCH resources have the same starting symbols, one PUCCH resource is used for transmission of AN/SR and CSI.
· If the UE is configured with more than one PUCCH resource sets, the PUCCH resource set is determined based on the total number of AN/SR and CSI. The PUCCH resource is determined based on ARI.
· FFS on UE assumption on the CSI part 2 is present
· FFS if/how to multiplex CSI and AN/SR in case PUCCH format indicated by ARI for AN/SR and CSI is different from the configured PUCCH format for CSI.
· If the UE is configured with only one PUCCH resource set,
· FSS how to determine the PUCCH resource for transmission of UCI


Therefore, in this contribution, we give analysis and discussion on the mentioned issues. This is an updated contribution from [2].



Discussion


On PUCCH transmission of SR and HARQ-ACK bits partially overlapping in time
When the transmissions of SR and HARQ-ACK bits carried by long PUCCH formats partially overlap in time, there are several cases to discuss:
· Starting position of the SR resource is same as or before the HARQ-ACK transmission starting point with PUCCH format 2, 3 or 4.

In this case, the UE is not expected to transmit both the SR and the HARQ-ACK in their individually configured resources 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 representing 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 1: 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 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 defined by a priority order. The following factors can be considered to discuss the dropping priority: whether the HARQ-ACK feedback interval is short enough to show a stringent latency expectation, how many TBs the HARQ-ACK bits corresponds to, whether the SR configuration is with a sufficiently high priority to justify dropping HARQ-ACK in the overlapped region, etc.
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, 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.

· 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 one of them. Since the impacted UCI bits number is not large, to simplify the UE implementation, we propose to drop the one arriving later:
Proposal 3: When SR resource partially overlaps with the transmission of HARQ-ACK with PUCCH format 0 or 1, UE should drop SR or HARQ-ACK based on the timing of arrival.

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 the same or 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

Because 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 one of them in the overlapped duration. Because dropping CSI part may also have impact on the PUSCH transmission preparation. We propose to drop the SR transmission in the overlapped duration.

Proposal 4: When the PUCCH transmission of SR and CSI report overlapping in time, and if starting position of SR resource is the same as or before the transmission of aperiodic/periodic/semi-persistent CSI report, X bits SR are appended at the end of CSI bits. The SR transmission on the overlapped duration is dropped.
Proposal 5: 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 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 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
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]As agreed in the previous meeting, when HARQ-ACK/SR and CSI PUCCH resource have the same starting symbol, one PUCCH resource is used for transmission of all the UCI bits. The PUCCH resource determination principle follows the agreed way that resource set is determined firstly based on the total payload size of HARQ-ACK/SR and CSI. The PUCCH resource within the resource set is determined based on the DCI.
However, the following FFS points still need to address:
· If the UE is configured with more than one PUCCH resource sets, the PUCCH resource set is determined based on the total number of AN/SR and CSI. The PUCCH resource is determined based on ARI.
· FFS on UE assumption on the CSI part 2 is present
· FFS if/how to multiplex CSI and AN/SR in case PUCCH format indicated by ARI for AN/SR and CSI is different from the configured PUCCH format for CSI.
· If the UE is configured with only one PUCCH resource set,
· FSS how to determine the PUCCH resource for transmission of UCI

On the first FFS bullet, it needs to clarity the meaning and intention. If all the CSI bits including CSI part 2 has been taken into account, it should not be an issue to accommodate all the UCI bits in the scheduled PUCCH resource.

On the second FFS bullet on the potential misalignment of the PUCCH format, in our opinion it is preferable to multiplex all the UCIs using the resource and format indicated by DCI as long as all the UCI bits can be accommodated.
For the third FFS bullet, in which case there is only one PUCCH resource set configured for HARQ-ACK/SR, the potential issue is that the resource in the configured resource set potentially is not capable for carrying all the UCI bits. In this case, our proposal is to use the PUCCH resource configured for CSI report.
Proposal 7: When HARQ-ACK/SR and CSI PUCCH resources have the same starting symbols, one PUCCH resource is used for transmission of HARQ-ACK/SR and CSI. If the payload range of configured resource set(s) for HARQ-ACK is capable of accommodating all the UCI bits, multiplex CSI and HARQ-ACK/SR in the PUCCH resource and use the PUCCH format based indicated by DCI. Otherwise, use the PUCCH resource and format configured for CSI report. 

If HARQ-ACK/SR and CSI PUCCH resource have different starting symbols and partially overlap, it is preferable to multiplex all the UCIs in the PUCCH resource arriving latter. This allows for a more complete UCI feedback and is friendly to UE processing implementation.
Proposal 8: When HARQ-ACK/SR and CSI PUCCH resource have different starting symbols and partially overlap, multiplex HARQ-ACK/SR and CSI PUCCH in the PUCCH resource arriving latter than the other.


 
Conclusions
In this contribution, we provide our views on remaining issues of multiplexing different types of UCI. To sum up the discussion and proposals:
Proposal 1: 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 2: 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.
Proposal 3: When SR resource partially overlaps with the transmission of HARQ-ACK with PUCCH format 0 or 1, UE should drop SR or HARQ-ACK based on the timing of arrival.
Proposal 4: When the PUCCH transmission of SR and CSI report overlapping in time, and if starting position of SR resource is the same as or before the transmission of aperiodic/periodic/semi-persistent CSI report, X bits SR are appended at the end of CSI bits. The SR transmission on the overlapped duration is dropped.
[bookmark: _GoBack]Proposal 5: 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 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 aperiodic CSI report piggybacked in PUSCH, SR transmission in the overlapped duration is dropped. 
Proposal 7: When HARQ-ACK/SR and CSI PUCCH resources have the same starting symbols, one PUCCH resource is used for transmission of HARQ-ACK/SR and CSI. If the payload range of configured resource set(s) for HARQ-ACK is capable of accommodating all the UCI bits, multiplex CSI and HARQ-ACK/SR in the PUCCH resource and use the PUCCH format based indicated by DCI. Otherwise, use the PUCCH resource and format configured for CSI report. 
Proposal 8: When HARQ-ACK/SR and CSI PUCCH resource have different starting symbols and partially overlap, multiplex HARQ-ACK/SR and CSI PUCCH in the PUCCH resource arriving latter than the other.
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