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Introduction
In the previous meeting, PUCCH overlap issues was discussed in offline [1, 2]. This contribution discusses remaining issues on PUCCH overlap such as HARQ-ACK and multiple SR overlap issues and HARQ-ACK/SR and CSI overlap issue.
Discussion
HARQ-ACK (PUCCH format 0) and multiple SR
In [2], following alternatives were identified.
· Alt.1: If a UCI transmission on a PUCCH format 0 from a UE that conveys HARQ-ACK information and SR, overlaps in time with K=2 configured SR PUCCH resources, the HARQ-ACK resource is used for transmission of HARQ-ACK and SR.
· The initial cyclic shift of the HARQ-ACK PUCCH resource is increased by one or two, respectively, if SR corresponding to the highest or the second highest priority configured SR ID is positive.
· If K>2, two configured SR resources with the highest priority are considered.
· Alt.2: When HARQ-ACK transmission using PUCCH format 0 overlaps in time with K occasions for SR transmission each configured to use PUCCH format 0, logical “OR” over all K SR processes is indicated together with HARQ-ACK on the HARQ-ACK/SR PUCCH format 0 resources.
· Alt.3: PUCCH format 2 is used to carry L=1 or 2 bits HARQ-ACK and K>1 SR. That implies when a UE has K SRs configured in a same time position.
· For 1 or 2 bits HARQ-ACK, if K=0 or 1, ARI field in DCI indicates PUCCH format 0, otherwise, ARI field in DCI indicates PUCCH format 2.
Alt.1 can use PUCCH format 0 regardless of the number of configured SRs. Potential concern would be Alt.1 can identify only up to 2 SRs which have higher priority and the remaining SRs are not informed. Another concern is there can be performance degradation due to shortening the gap between HARQ-ACK hypothesis. Alt. 2 can also use PUCCH format 0 regardless of the number of configured SRs and the same HARQ-ACK performance could be achieved as simultaneous transmission of HARQ-ACK and single SR case. However, Alt.2 cannot identify which SR ID is transmitted. Alt.3 can identify all configured SRs. However, Alt.3 needs to change PUCCH format. This means to change waveform from single-carrier to OFDM. In addition, handling when PUCCH format 2 is not configured is required discussion point.
From SR ID priority identification point of view, in the assumption that priority level is only 2 (such as distinction between eMBB and URLLC is important), the approach of Alt.1 is simpler and sufficient. This is because when more than 2 SRs are occurred, to request highest priority SR is sufficient and then, at the time of BSR, the other pending SR is identified. 
If Alt.1 is directly applied, our understanding of the handling of multiple SR is as follows. Assuming K SRs are configured and the priority is SR ID=0 > SR ID=1 > … > SR ID=K-1. If all SR is positive, SR ID=0 is transmitted with cyclic shift incrementation (+1). In this case, gNB issue grant for PUSCH for SR ID=0 and other SRs (SR ID=1, 2, ..., K-1) are identified by BSR. If SR ID=0 is negative and the other SRs are positive, SR ID=1 is transmitted with cyclic shift incrementation (+2). In this case, gNB also issue grant for PUSCH for SR ID=1 and other SRs (SR ID= 2, …, K-1) are identified by BSR. On the other hand, if SR ID=0 and 1 are negative, and the other SRs are positive, no SR is transmitted. In this case, gNB does not issue grant as there is no SR. In order to avoid the situation that no BSR is sent if only 2 level can be identified by L1, we propose to the approach based on the combination of Alt.1 and Alt.2. It means that one highest level SR ID uses one SR PUCCH resource (i.e., initial cyclic shift of the HARQ-ACK PUCCH resource is increased by one) and the other SR IDs use the other SR PUCCH resource (i.e., initial cyclic shift of the HARQ-ACK PUCCH resource is increased by two). For other SR IDs except for the highest level SR ID, logical “OR” over all K-1 SR processes is indicated together. By using above, lower priority SR can be identified by the network.
If SR ID priority identification level is larger such as more than 2 is the assumption, Alt.1 cannot work. In this case, Alt.3 should be taken. In our view, more than 2 level priority identification might not be required.
Proposal 1: If a UCI transmission on a PUCCH format 0 from a UE that conveys HARQ-ACK information and SR, overlaps in time with K configured SR PUCCH resources, select one of the following two alternatives.
· If two level SR priority distinction is important (such as eMBB and URLLC), the HARQ-ACK resource is used for transmission of HARQ-ACK and SR.
· The initial cyclic shift of the HARQ-ACK PUCCH resource is increased by one if SR corresponding to the highest priority configured SR ID is positive.
· The initial cyclic shift of the HARQ-ACK PUCCH resource is increased by two if logical “OR” over K-1 SR processes other than the highest priority configured SR ID is positive.
· If more than two level SR priority distinction is required, PUCCH format 2 is used to carry L=1 or 2 bits HARQ-ACK and K>1 SR.

HARQ-ACK (PUCCH format 1) and multiple SR
In [2], following alternatives were identified.
· Alt.1: If a HARQ-ACK transmission from a UE using PUCCH format 1 determined by ARI overlaps with K SR occasions each using PUCCH format 1, in case of negative SR, the HARQ-ACK is transmitted on the HARQ-ACK resource. In case of positive SR, the HARQ-ACK is transmitted on the SR resource considering to the positive SR.
· Alt.2: PUCCH format 3 or 4 is used to carry L=1 or 2 bits HARQ-ACK and K>1 SR. That implies when a UE has K SRs configured in a same time position.
· For 1 or 2 bits HARQ-ACK, if K=0 or 1, ARI field in DCI indicates PUCCH format 1; otherwise, ARI field in DCI indicates PUCCH format 3 or 4.
Alt.1 can use PUCCH format 1 regardless of the number of configured SRs. Potential concern would be gNB needs blind decoding. Alt.2 needs to change PUCCH format depending on the number of configured SRs. Handling when PUCCH format 2 is not configured is required discussion point.
Similar to the discussion in Section 2.2, from SR ID priority identification point of view, in the assumption that priority level is only 2, the approach of Alt.1 seems simpler, while if SR ID priority identification level is larger such as more than 2 is the assumption, Alt.3 would be reasonable as larger number of blind decoding is not realistic.
If Alt.1 is directly applied, regardless of the number of SR ID priority identification level, Alt.1 requires blind decoding for K configured SR resources. In the assumption that priority level is only 2, in order to avoid larger number of blind decoding, similar approach to the case of PUCCH format 0 would be considered, i.e., one highest level SR ID uses one SR PUCCH resource and the other IDs use the other SR PUCCH resource.
Proposal 2: If a UCI transmission on a PUCCH format 1 from a UE that conveys HARQ-ACK information and SR, overlaps in time with K configured SR PUCCH resources, select one of the following two alternatives.
· If two level SR priority distinction is important (such as eMBB and URLLC), the SR resource is used for transmission of HARQ-ACK and SR.
· The SR PUCCH resource corresponding to the highest priority configure SR ID is used if the highest priority configured SR ID is positive.
· The SR PUCCH resource corresponding to the second highest priority configure SR ID is used if logical “OR” over K-1 SR processes other than the highest priority configured SR ID is positive.
· If more than two level SR priority distinction is required, PUCCH format 2 is used to carry L=1 or 2 bits HARQ-ACK and K>1 SR.

HARQ-ACK/SR and CSI
The one of remaining issues on HARQ-ACK/SR and CSI multiplexing is the handling if the UE is configured with only one PUCCH resource set. Following proposals were identified in [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, select from one of the following alternatives.
· [bookmark: _Hlk513481284]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.
· 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.
On PUCCH resource set configuration, there is following agreements in RAN1#91.
Agreements:
· UE determines one PUCCH resource set from one or more (up to K = 4) configured PUCCH resource sets based on the UCI payload size (not including CRC).
· PUCCH resource set i for UCI payload size is in the range of {Ni, …, Ni+1 – 1} bits (i = 0, …, K – 1)
· N0 = 1, N1 = 3
· For i = 2, …, K – 1, Ni is UE-specifically configured.
· The value is in the range of {4, [256]} with a granularity of [4] bits.
· NK = a max UCI payload size, which may be implicitly or explicitly derived, detailed value is FFS.
· Note: For a UCI payload range, a PUCCH resource set can contain resources for short-PUCCH and resource for long-PUCCH.
In addition, TS38.213 [3] reflects above agreements as follows.
---
A UE can be configured up to four sets of PUCCH resources by higher layer parameter PUCCH-Resource-Set. A PUCCH resource set is associated with a PUCCH resource set index provided by higher layer parameter pucch-ResourceSetId, with a set of PUCCH resource indexes provided by higher layer parameter resourceList that provides a set of pucch-ResourceSetId used in the PUCCH resource set, and with a maximum number of UCI information bits the UE can transmit using the PUCCH resource set provided by higher layer parameter maxPayloadMinus1. For the first PUCCH resource set, the maximum number of UCI information bits is fixed to two. For the PUCH resource set with the largest index, other than the first one, the maximum number of UCI information bits is 1706. A maximum number of PUCCH resource indexes for a set of PUCCH resource is provided by higher layer parameter maxNrofPUCCH-ResourcesPerSet. The maximum number of PUCCH resources in the first PUCCH resource is 32 and the maximum number of PUCCH resources in the other sets of PUCCH resources is 8.

If the UE transmits  UCI information bits, that include HARQ-ACK information bits, the UE determines a PUCCH resource set to be 

-	a first set of PUCCH resources with pucch-ResourceSetId = 0 if  including 1 or 2 HARQ-ACK information bits and a positive or negative SR on one SR transmission occasion if transmission of HARQ-ACK and SR occurs simultaneously, or


-	a second set of PUCCH resources with pucch-ResourceSetId = 1, if provided by higher layers, if  where  is provided by higher layer parameter maxPayloadMinus1 for the PUCCH resource set with pucch-ResourceSetId = 1, or


-	a third set of PUCCH resources with pucch-ResourceSetId = 2, if provided by higher layers, if  where  is provided by higher layer parameter maxPayloadMinus1 for the PUCCH resource set with pucch-ResourceSetId = 2, or

-	a fourth set of PUCCH resources with pucch-ResourceSetId = 3, if provided by higher layers, if . 
---
According to above agreements and specification, our understanding is if UE is configured with only one PUCCH resource set, this set is for UCI payload size in the range of {1, 2}. Then, CSI report cannot be multiplexed to PUCCH resource indicated by ARI.
In Alt.1, such case is considered as misconfiguration. Potential concern would be both HARQ-ACK/SR and CSI cannot be transmitted in this case. In Alt.2, PUCCH resource for CSI is used and both HARQ-ACK/SR and CSI are transmitted. Potential concern would be performance requirement might be different between HARQ-ACK/SR and CSI. Then, there might not be ensure the performance of HARQ-ACK/SR if PUCCH resource for CSI is used. In Alt.3, PUCCH resource for HARQ-ACK/SR is used and only HARQ-ACK/SR is transmitted.
Our view is either alternative works but to have possibility to convey HARQ-ACK/SR seems reasonable. Therefore, our slight preference is Alt.2 or 3.
Proposal 3: 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. Our slight preference is Alt. 2 or Alt.3.
· 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.
· 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.

Conclusion
In this contribution, we discussed PUCCH overlap handling issues. We have following proposals:
Proposal 1: If a UCI transmission on a PUCCH format 0 from a UE that conveys HARQ-ACK information and SR, overlaps in time with K configured SR PUCCH resources, select one of the following two alternatives.
· If two level SR priority distinction is important (such as eMBB and URLLC), the HARQ-ACK resource is used for transmission of HARQ-ACK and SR.
· The initial cyclic shift of the HARQ-ACK PUCCH resource is increased by one if SR corresponding to the highest priority configured SR ID is positive.
· The initial cyclic shift of the HARQ-ACK PUCCH resource is increased by two if logical “OR” over K-1 SR processes other than the highest priority configured SR ID is positive.
· If more than two level SR priority distinction is required, PUCCH format 2 is used to carry L=1 or 2 bits HARQ-ACK and K>1 SR.
Proposal 2: If a UCI transmission on a PUCCH format 1 from a UE that conveys HARQ-ACK information and SR, overlaps in time with K configured SR PUCCH resources, select one of the following two alternatives.
· If two level SR priority distinction is important (such as eMBB and URLLC), the SR resource is used for transmission of HARQ-ACK and SR.
· The SR PUCCH resource corresponding to the highest priority configure SR ID is used if the highest priority configured SR ID is positive.
· The SR PUCCH resource corresponding to the second highest priority configure SR ID is used if logical “OR” over K-1 SR processes other than the highest priority configured SR ID is positive.
· If more than two level SR priority distinction is required, PUCCH format 2 is used to carry L=1 or 2 bits HARQ-ACK and K>1 SR.
Proposal 3: 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. Our slight preference is Alt. 2 or Alt.3.
· 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.
· 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.
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