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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK12]In this contribution, we share our view on overlapping of NACK only PUCCH and SR PUCCH.
2. Overlapping of NACK only PUCCH and SR PUCCH
In the last RAN1 meeting, the following agreement and CR were agreed to handle the collision of NACK-only PUCCH and SR PUCCH [1].
Agreement
It is up to UE implementation on which one to drop between SR or NACK-only when NACK-only collides with SR when UE would transmit PUCCH with HARQ-ACK according to the second reporting mode. 

	If a UE would multiplex multicast HARQ-ACK information according to the second HARQ-ACK reporting mode with multicast HARQ-ACK information according to the first HARQ-ACK reporting mode, or unicast HARQ-ACK information, or CSI reports in a first PUCCH or in a PUSCH, as described in clauses 9 and 9.2.5, the UE provides the HARQ-ACK information according to the first HARQ-ACK reporting mode. For resolving an overlapping among a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode and other PUCCHs or PUSCHs prior to multiplexing the HARQ-ACK information in a PUCCH or PUSCH when the UE is provided moreThanOneNackOnlyMode, the UE considers that the UE would transmit the second PUCCH using any PUCCH resource from the PUCCH resources associated with the second HARQ-ACK reporting mode when all values of the HARQ-ACK information are 'ACK'. If a UE would transmit a first PUCCH with positive SR and a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode, where the first and second PUCCHs would overlap in time in a slot and have same priority index, it is up to UE implementation for the UE to transmit either the first PUCCH or the second PUCCH.



In addition, for the collision of NACK-only PUCCH and other PUCCH like CSI PUCCH and PUSCH, the following agreement was made in previous meeting where multiplexing of HARQ-ACK information and CSI/PUSCH with the same priority are supported.
Agreement:
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for HARQ-ACK feedback/CSI for unicast for the same priority or PUSCH transmission for the same priority, support UE multiplexing the NACK-only based feedback with the HARQ-ACK feedback/CSI on PUCCH or on to PUSCH by transforming NACK-only into the ACK/NACK HARQ bit. 
· This applies to at least the case of the feedback addressing one TB. NACK-only based feedback for more than one TBs is to be handled separately. 
· Note: When the TB is correctly decoded, the ACK will be transmitted and multiplexed with others. 
· FFS the case of PUCCH for SR. 

However, the above agreements may only consider the collision between two channels and each PUCCH channel is only with one type of UCI, some issues need to be discussed when there are multiple overlapping channels or multiple UCI types in one PUCCH.


[bookmark: _Ref118298309]Figure 1 Example for NACK only PUCCH overlaps with SR and CSI PUCCH
The CR says that if a UE would transmit a first PUCCH with positive SR and a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode, where the first and second PUCCHs would overlap in time in a slot and have same priority index, it is up to UE implementation for the UE to transmit either the first PUCCH or the second PUCCH. However, it is possible that NACK-only PUCCH overlaps with a PUCCH with both positive SR and CSI. In that case, UE should follow the collision handling rule of CSI PUCCH and NACK-only PUCCH to multiplex CSI, SR and HARQ-ACK information in one PUCCH. I.e., UE provides HARQ-ACK information according to the first HARQ-ACK reporting mode, and the UE determines a PUCCH resource following the same rule as that of multiplexing CSI reports, SR and HARQ-ACK information that is in response to PDSCH receptions without corresponding PDCCHs.



[bookmark: _Ref118280565]Figure 2 Examples for the overlapping of multiple PUCCHs with the same priority including NACK-only and SR 
As shown in Figure 2, for multiple channels, there are different overlapping cases. In case 1, NACK-only PUCCH, SR PUCCH and CSI PUCCH are in a PUCCH overlapping group based on the definition of PUCCH overlapping group in Rel-15. It is easy to handle this case. Multiplexing HARQ-ACK information, SR and CSI in one PUCCH resource should be considered and the multiplexing rule can be the same as that for multiplexing of NACK-only and CSI. 
In case 2 and case 3, following the overlapping handling order defined in Rel-15, UE will first resolve the overlapping between NACK-only and SR. Based on the agreement in last meeting, it is up to UE implementation to drop NACK-only or SR. For case 2, if UE drops SR, NACK-only would be multiplexed with CSI. If UE drops NACK-only, SR PUCCH and CSI PUCCH would be separately transmitted. Different UE behaviours on handling collision of NACK-only and SR will result in different results in subsequent overlapping handling, which would significantly increase PUCCH reception complexity at the gNB side. For case 3, the issue is similar. If UE drops NACK-only, SR will be multiplexed with CSI. If UE drops SR, NACK-only PUCCH and CSI PUCCH would be separately transmitted.
If CSI PUCCH is replaced by PUSCH. Similar issues may exist as shown in Figure 3. Since SR multiplexing on PUSCH is not supported, in case 1 and case 3 shown in Figure 3, both NACK-only and SR would be dropped if UE drops NACK-only when handling the collision of NACK-only and SR, although it is unnecessary to drop NACK-only in these cases. In case 2, whether HARQ-ACK information would be multiplexed on PUSCH also depends on whether NACK-only is dropped when handling the collision of NACK-only and SR.


[bookmark: _Ref118294555]Figure 3 Examples for the overlapping of PUCCH and PUSCH with the same priority including NACK-only and SR



[bookmark: _Ref118296303]Figure 4 Examples for overlapping of channels with different priorities including NACK-only and SR with the same priority
Figure 4 shows some overlapping examples for channels with different priorities where NACK-only and SR are with the same priority. For case 1 shown in Figure 4, if high priority SR is dropped when handling the collision between SR and NACK-only, the low priority PUCCH/PUSCH overlapped with high priority SR can be transmitted. Otherwise, the low priority PUCCH/PUSCH overlapped with high priority SR would be dropped. For case 2 shown in Figure 4, both NACK-only and SR would be dropped if UE drops NACK-only when handling the collision of NACK-only and SR, which would result in unnecessary dropping.
Based on the above analysis, at least when there are multiple overlapping channels, the indeterministic collision handling result of NACK-only and SR will result in different results in subsequent overlapping handling procedures, which would increase gNB reception complexity especially in the same priority case. Thus, further discussion is needed for these cases. 
Before discussing the solutions for multiple overlapping channels cases, to make the agreement/CR in the last meeting work well, following proposal is made.
Proposal 1: Change the specification as “If a UE would only transmit a first PUCCH with only positive SR and a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode, where the first and second PUCCHs would overlap in time in a slot and have same priority index, it is up to UE implementation for the UE to transmit either the first PUCCH or the second PUCCH.”
To handle the case with multiple UCI types or overlapping PUCCHs, at least the following two proposals should be agreed first considering it is aligned with the multiplexing rule agreed for NACK-only and CSI or the multiplexing rule defined in Rel-15. With these proposals, the issues in Figure 1 and case 1 in Figure 2 can be solved.
Proposal 2: When a PUCCH transmission for the NACK-only based feedback for multicast collides with a PUCCH transmission for CSI and SR, the UE would multiplex NACK-only, CSI and SR in one PUCCH same as that of multiplexing NACK-only and CSI.
Proposal 3: When a PUCCH overlapping group includes PUCCH transmission for the NACK-only based feedback for multicast, PUCCH transmissions for CSI and PUCCH transmission for SR, the UE would multiplex NACK-only, CSI and SR in one PUCCH same as that of multiplexing NACK-only and CSI.
To resolve the issue in case 2 and case 3 in Figure 2, the following proposals can be considered.
[bookmark: _GoBack]Proposal 4: When a first PUCCH transmission for the NACK-only based feedback for multicast overlaps with a second PUCCH transmissions only for positive SR, and either the NACK-only PUCCH or the SR PUCCH also overlaps with a third PUCCH with CSI, and the three PUCCHs are not in a PUCCH overlapping group,
· Option 1: UE drops SR when handling the overlapping of NACK-only PUCCH and SR PUCCH.
· Option 2: UE multiplexes NACK-only, CSI and SR in a PUCCH same as that of multiplexing NACK-only and CSI.
For the cases shown in Figure 3, although unnecessary dropping may happen for case 1 and case 3, further optimization is not needed at this late stage. For case 2 shown in Figure 3, to make sure gNB can decode PUSCH correctly without multiple hyphenises. The following proposal can be considered. 
Proposal 5: When a PUCCH transmission for the NACK-only based feedback for multicast overlaps with a PUCCH transmissions only for positive SR, and the NACK-only PUCCH also overlaps with PUSCH transmission, UE drops SR when handling the overlapping of NACK-only PUCCH and SR PUCCH.
For the cases shown in Figure 4, indeterministic subsequent UE behaviour or unnecessary dropping may happen, optimization may not be needed since there is no further multiplexing in subsequent overlapping handling after NACK-only and SR, and gNB can do blind decoding by energy detection. 
3. Conclusion
In this contribution, we discuss about the remaining issues about overlapping of NACK only PUCCH and SR PUCCH, and the following proposal is made.
Proposal 1: Change the specification as “If a UE would only transmit a first PUCCH with only positive SR and a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode, where the first and second PUCCHs would overlap in time in a slot and have same priority index, it is up to UE implementation for the UE to transmit either the first PUCCH or the second PUCCH.”
Proposal 2: When a PUCCH transmission for the NACK-only based feedback for multicast collides with a PUCCH transmission for CSI and SR, the UE would multiplex NACK-only, CSI and SR in one PUCCH same as that of multiplexing NACK-only and CSI.
Proposal 3: When a PUCCH overlapping group includes PUCCH transmission for the NACK-only based feedback for multicast, PUCCH transmissions for CSI and PUCCH transmission for SR, the UE would multiplex NACK-only, CSI and SR in one PUCCH same as that of multiplexing NACK-only and CSI.
Proposal 4: When a first PUCCH transmission for the NACK-only based feedback for multicast overlaps with a second PUCCH transmissions only for positive SR, and either the NACK-only PUCCH or the SR PUCCH also overlaps with a third PUCCH with CSI, and the three PUCCHs are not in a PUCCH overlapping group,
· Option 1: UE drops SR when handling the overlapping of NACK-only PUCCH and SR PUCCH.
· Option 2: UE multiplexes NACK-only, CSI and SR in a PUCCH same as that of multiplexing NACK-only and CSI.
Proposal 5: When a PUCCH transmission for the NACK-only based feedback for multicast overlaps with a PUCCH transmissions only for positive SR, and the NACK-only PUCCH also overlaps with PUSCH transmission, UE drops SR when handling the overlapping of NACK-only PUCCH and SR PUCCH.
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