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[bookmark: OLE_LINK5][bookmark: OLE_LINK6]During last RAN1 meetings [1], the following agreements had been made on PUCCH
	Agreement (RAN1#91):
· 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
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.
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
Proposals
· 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.
· Supportive companies:  E//, Intel, OPPO, QC, HW, Samsung, Panasonic
· Alt 2: HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI
· Supportive companies:  Nokia, MTK, Lenovo, Motorola, ZTE, CATT, DCM
· Alt 3: HARQ-ACK/SR is transmitted on the HARQ-ACK/SR PUCCH resource and CSI reporting is dropped in that slot.
· Supportive companies: LG, Vivo
Discuss further till next meeting
Proposals:
· Select one of the following two alternatives:
· 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 corresponding to the positive SR.
· Supportive companies: Nokia, E//, CATT, LG, DCM, HW, Vivo, Panasonic, DCM
· Alt 2: PUCCH format 2 or 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 0 or 1; otherwise, ARI field in DCI indicates PUCCH format 2 or 3 or 4.
· Supportive companies: Samsung, ZTE
Discuss till next meeting




In this contribution, we provide our considerations on some open issues in PUCCH.
Partial overlapping of PUCCH resources
Same starting symbols
[bookmark: _GoBack]Configure one PUCCH resource set
If HARQ-ACK/SR and CSI are intended to be transmitted on one PUCCH resource, it means the number of UCI bits is more than 2 bits. There is a question that whether only one PUCCH resource set can be configured for the multiplexing case of HARQ-ACK/SR and CSI. We had a lot of discussion for this matter, but without achieving any agreements for no majority view on the following three 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.
· 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.
For Alt1, it is considered as an error case. If UE is configured with only one PUCCH resource set, gNB can schedule PUCCH resource for HARQ-ACK with a non-overlapped resource with CSI which can be periodic or semi-persistent. It is easy to avoid this case.
For Alt2, it prefer to use PUCCH resource for CSI for HARQ-ACK/SR and CSI. Considering the similar operation for the PUCCH resource allocation of HARQ-ACK of DL SPS PDSCH, which is also only support up to 2 bits HARQ-ACK. If HARQ-ACK of DL SPS PDSCH is colliding with CSI, HARQ-ACK would be coded together with CSI, and use CSI PUCCH resource.
For Alt3, it is a kind of priority rule for UE behaviours. If gNB schedules a PUCCH resource for HARQ-ACK with an overlapped resource with CSI, UE can drop CSI reporting and only feedback HARQ-ACK/SR.
Considering the flexibility of gNB configuration and indication, we think it belongs to an error case, and can be solved by gNB properly. So we prefer Alt 1 is adopted. 
Proposal 1. Support Alt1.
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.

Different starting symbols
Semi-statically configured PUCCH overlap with semi-statically configured PUCCH contains the following 12 cases marked in Red and Yellow, where the red cases are aim to HARQ-ACK for semi-static PDSCH collide with SR/CSI PUCCH, and Yellow cases are aim to SR PUCCH collide with CSI PUCCH.
Table 1 Semi-statically configured PUCCH overlap with semi-statically configured PUCCH
	
	AN PF0 for semi- static PDSCH
	AN PF1 for semi- static PDSCH
	SR PF0
	SR PF1
	CSI PF2
	CSI PF3/4
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	SR PF1
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	12

	CSI PF2
	
	
	
	
	Specified by multiple CSI resource if any symbol is overlapped

	CSI PF3/4
	
	
	
	
	



HARQ-ACK for semi-static PDSCH



HARQ-ACK information in response to a PDSCH reception without a corresponding PDCCH, such as DL SPS PDSCH use the semi-static PUCCH resource configured by higher parameter n1PUCCH-AN. If a DL SPS PDSCH reception in slot , the UE transmits the corresponding PUCCH containing HARQ-ACK in slot where  is provided by the PDSCH-to-HARQ-timing-indicator field in DCI format 1_0 or in DCI format 1_1 activating the SPS PDSCH reception. Explicitly, this k parameter can fulfil the demand of N1+X timeline. 
It implies that the report occasion of HARQ-ACK for semi-static PDSCH depends on the fixed transmission period P and slot offset k of PDSCH. If DL SPS PDSCH transmission period is P slots, the period of HARQ-ACK report on PUCCH is also P slots, and with k slots offset to PDSCH.
For the case HARQ-ACK PUCCH resource is earlier than other types of UCI PUCCH resource such as CSI or SR, we can reuse the same method agreed last meeting. Since k slots already considering T1 timeline.
For the case that HARQ-ACK PUCCH resource is later than other type of UCI PUCCH resource such as CSI or SR, and when it does not satisfy the timing of N2+Y, we can also assume that it is an error case. If gNB can ensure the first symbol of the slot satisfy the T1 timeline, then the HARQ-ACK can be multiplexed in any PUCCH resources in the slot, and there is no such error case. So it is proposed that the first symbol of the slot with PUCCH carrying HARQ-ACK for semi-static PDSCH starts no earlier than symbol N1+X after the last symbol of PDSCH.
[image: ]
Figure 1: Collision PUCCHs
Proposal 2. The first symbol of the slot with PUCCH carrying HARQ-ACK for semi-static PDSCH starts no earlier than symbol N1+X after the last symbol of PDSCH.

Semi-statically configured PUCCH overlap with semi-statically configured PUCCH
For the other yellow cases, all the PUCCH resources are semi-statically configured, and without any timeline requirements of N1 and N2. As the agreements addressing this condition, when a configured CSI PUCCH resource overlaps with one or more configured SR PUCCH resources in a slot, 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. But when one SR PUCCH resource overlaps with two non-overlapping CSI PUCCH resources is FFS.
There can be three alternatives for this overlapping case:
Alt1: based on PUCCH position to select one CSI PUCCH to multiplex SR and CSI, e.g. on the former/latter CSI PUCCH resources
Alt2: based on CSI priority to choose one CSI PUCCH to multiplex SR and CSI, e.g. on the higher priority/ lower priority CSI PUCCH resources
Alt3: Choose the smaller code rate PUCCH resource to multiplex SR and CSI. 
Alt4: multiplex SR on both of CSI PUCCH resources
Compared with all these alternatives, we prefer Alt3. The reason is for the PUCCH with smaller code rate, SR information can be with higher reliability. If these two PUCCH with a same code rate, the higher priority CSI PUCCH resource is selected.
Proposal 3. Choose the smaller code rate PUCCH resource to multiplex SR and CSI. If these two PUCCH with a same code rate, the higher priority CSI PUCCH resource is selected.
SR ID indication of multiple overlapping SR PUCCH
In case a HARQ-ACK transmission from a UE using PUCCH format 1 determined by ARI overlaps with K SR occasions each using PUCCH format 1, two methods are also discussed for the case of positive SR. If the SR is absent, the UE indicates the absence of the SR by using the HARQ-ACK PUCCH resource for transmission of HARQ-ACK, which is common understand for all companies. But when SR is positive, alt 1 prefers to use positive SR resource with multiplexing of HARQ-ACK and SR. Alt 2 wants to reuse the method of multiplexing rule of SR and other type of UCI with PUCCH format 3/4/5 through the indication from ARI. But there are also only one PUCCH resource set configuration, which only support up to 2 bits UCI feedback. So in order to achieve a common solution for all the configurations, we prefer Alt1.
Proposal 4. Adopt Alt1.
Alt1: 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 corresponding to the positive SR. 
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposals.
Proposal 1.	Support Alt1.
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.
Proposal 2.	The first symbol of the slot with PUCCH carrying HARQ-ACK for semi-static PDSCH starts no earlier than symbol N1+X after the last symbol of PDSCH.
Proposal 3.	Choose the smaller code rate PUCCH resource to multiplex SR and CSI. If these two PUCCH with a same code rate, the higher priority CSI PUCCH resource is selected.
Proposal 4.	Adopt Alt1.
Alt1: 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 corresponding to the positive SR.
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