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At the RAN1#94 meeting, the following agreements were made with regard to the remaining issues for PUCCH [1]:
Agreements:
For SP-CSI on configured PUSCH without UL-SCH colliding with a PUSCH with UL-SCH with overlapped symbols in time,
If the timeline requirement for handling overlapped UCI over PUSCH is satisfied, drop SP-CSI and transmit PUSCH
Otherwise, it is an error case. It is up to UE implementation to handle the error case. 

Agreements:
UE is not expected to be indicated ‘UL-SCH indicator’ = “0” and ‘CSI request’ = “zero(s)” (not triggered) in DCI format 0-1.

Agreements:
When multi-slot PUCCH with repetition overlap with multi-slot PUCCH with repetition in time within the same PUCCH group
The UE is not expected to have two overlapped multi-slot PUCCH transmissions with the same starting slot carrying UCI with the same priority
For UCI with the same priority, the PUCCH that starts in an earlier slot is transmitted.
For UCI with different priority, the UCI PUCCH with higher priority is transmitted in overlapping slots if timeline requirement is met. 
Priority is defined as follows: HARQ-ACK > SR > CSI with higher priority >CSI with lower priority
In overlapping slots, the de-prioritized UCI is dropped without any postponing of the transmission
There is no impact on the transmission of the de-prioritized UCI in the remaining non-overlapping slots
FFS: multi-slot PUCCH with repetition overlap with single-slot PUCCH in time

Agreements:
Pseudo-code in 9.2.5 of TS38.213 is applicable to overlapping PUCCH resources semi-statically configured
· Note: timeline requirement for UCI multiplexing is not applied if none of these PUCCH resources correspond to DL SPS HARQ-ACK

Agreements:
When a UE is not configured with multi-CSI-PUCCH report,
· When SR occasion and/or DL SPS HARQ-ACK and two non-overlapping CSI PUCCH resources contained in Resource A and Set X (as defined in RAN1 #93 meeting) decided by the pseudo code (as in 9.2.5 of TS38.213) in a slot
· DL SPS HARQ-ACK/SR is multiplexed on the CSI PUCCH resource with higher priority, and CSI on the CSI PUCCH resource with lower priority is dropped
· In case of presence of DL SPS HARQ-ACK, multiplexing occurs if the corresponding timeline requirement is met, otherwise, it is considered as an error case

Agreements:
When grant-based PUSCH overlaps with configured PUCCH resource(s) for CSI and/or SR in a slot, the timeline requirement for UCI multiplexing on PUCCH or PUSCH is satisfied if the earliest symbol among these PUCCHs/PUSCH starts no earlier than N2+Y symbols after the last symbol of the DCI scheduling PUSCH.
· Y is defined as agreed in RAN1#93.

Agreements:
When PUSCH without corresponding DCI overlaps with configured PUCCH resource(s) for CSI and/or SR in a slot,
· The timeline requirement for UCI multiplexing is not applicable
· The pseudo-code in 9.2.5 of TS38.213 is applicable to resolve overlapping among PUCCH resources (if any)
· After resolving overlapping among PUCCH resources (if any), the PUCCH UCI is multiplexed on the PUSCH without corresponding DCI if overlapping occurs.
· Note: this does not apply to PUSCH as part of the activation 

Agreements:
When HARQ-ACK corresponding to SPS PDSCH without scheduling DCI overlaps only with configured PUCCH resource(s) for CSI and/or SR and/or PUSCH resources with configured grant in a slot, 
· The timeline requirement for UCI multiplexing is satisfied if the earliest symbol among these PUCCH(s)/PUSCH(s) starts no earlier than N1+X symbols after the last symbol of the corresponding SPS-PDSCH(s).
· X is defined as agreed in RAN1#93.
· The pseudo-code in 9.2.5 of TS38.213 is applicable to resolve overlapping among PUCCH resources (if any)
· After resolving overlapping among PUCCH resources (if any), the PUCCH UCI is multiplexed on the overlapping PUSCH resource with configured grant (if any). 
· Note: this does not apply to PUSCH or SPS PDSCH as part of the activation 

Agreements:
For the determination of the number of PRBs in 38.213 section 9.2.5.1 and 9.2.5.2, OCRC=11if the number of UCI bits is larger than or equal to 360; otherwise OCRC is the number of CRC bits calculated based on the number of UCI bits, as determined in 38.212.
In the contribution, we discuss remaining details on NR PUCCH. 
Remaining details on UCI multiplexing
Handling case of more than two non-overlapping PUCCH resources in a slot
As agreed in the RAN1#93 meeting, procedure to multiplex UCI on PUCCH and PUSCH was defined [2]. More specifically, the procedure consists of three steps: 1) CSI multiplexing on PUCCH, 2) HARQ-ACK/SR and CSI multiplexing on PUCCH and 3) UCI multiplexing on PUSCH. In the first step, after CSI multiplexing on PUCCH, at most two PUCCH resources carrying CSI can be identified, where at least one of PUCCH resources is short PUCCH. In the second step, an iterative method to determine a set of non-overlapping PUCCH resources was agreed for UCI multiplexing. Subsequently, if resulting PUCCH resource(s) overlap with PUSCH(s) and if timeline requirement is satisfied, UCI is piggybacked on the overlapping PUSCH(s).
Further, as agreed in NR, when HARQ-ACK feedback on PUCCH resource in response to scheduled PDSCH transmission overlaps with one or more CSI PUCCH resource(s) in a slot, and if UE is provided higher layer parameter simultaneousHARQ-ACK-CSI and if the timeline requirement is satisfied, the UE would multiplex dynamic HARQ-ACK feedback and CSI reports in a new PUCCH resource, which is determined based on the PUCCH resource indication field in the DCI scheduling a PDSCH transmission and combined UCI payload size. 
In the second step of UCI multiplexing, an iterative method is employed to determine a set of non-overlapping PUCCH resources. After this step, however, it is possible that more than two non-overlapping PUCCH resources or two long non-overlapping PUCCH resources are determined in a slot, as shown in Figure 1. Given the fact that at most two PUCCHs can be transmitted in a slot and at least one of them is short PUCCH, certain dropping rules may need to be defined. Note that the dropping rules may be applied after UCI multiplexing on PUSCH in the last step, if PUCCH resources determined in the second step overlap with PUSCH. 
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More specifically, dropping rule may depend on the priority of UCI type carried by PUCCH. Similar to the collision handling between multi-slot PUCCHs as agreed in the RAN1#94 meeting [1], the priority rule can be defined as HARQ-ACK feedback > SR > CSI with higher priority > CSI with lower priority. Further, if two non-overlapping PUCCH resources are selected, they include at least one with short PUCCH. For instance, as shown in the Figure 1, if CSI #1 has higher priority than CSI#2, HARQ-ACK and CSI#1 on PUCCH are transmitted and CSI#2 is dropped. 
Proposal 1
· After UCI multiplexing on PUCCH and PUSCH, if more than two non-overlapping PUCCH resources or two non-overlapping PUCCH resources with long PUCCH format are determined, priority based dropping rule is defined to multiplex two non-overlapping PUCCH resources in a slot and at least one of PUCCH resources is short PUCCH.
· The priority rule is defined as HARQ-ACK feedback > SR > CSI with higher priority > CSI with lower priority

Handling collision between single-slot and multi-slot PUCCH
At the RAN1#94 meeting, the procedure on handling collision between multi-slot and multi-slot PUCCH was agreed [1]. More specifically, priority based dropping rule was agreed when UCI on multi-slot PUCCH with different priority overlaps. Further, the UCI with lower priority on PUCCH is dropped on the overlapped slots without deferral. 
When single-slot and multi-slot PUCCH with repetition overlap in time within a PUCCH group, two options can be considered as follows:
· Option 1: in the overlapped slots, if the timeline requirement is satisfied, multiple single-slot PUCCHs are first multiplexed if overlapped. If at least one of UCIs on the determined PUCCH resource has higher priority than UCI in multi-slot PUCCH, the UCIs on the determined PUCCH resource are transmitted; otherwise the UCI on multi-slot PUCCH is transmitted;
· Option 2: in the overlapped slots, if the timeline requirement is satisfied, only UCI with highest priority in overlapped slot is transmitted and other UCIs are dropped. 
While it is evident that Option 1 can potentially allow more UCIs to be transmitted in the overlapped slots, it may complicate the design and specification effort compared to Option 2. Figure 2 illustrates two cases when multiple single-slot PUCCH overlap with multi-slot PUCCH with repetition in a slot. In Case 1, multiple single-slot PUCCHs overlap in a slot while in Case 2, multiple single-slot PUCCHs do not overlap in a slot. 
If the Option 1 is employed for both Case 1 and Case 2, a new multiplexing rule may need to be defined to allow two non-overlapping single-slot PUCCHs to be multiplexed first in the overlapped slots. For the Option 2, however, a simple dropping rule, which is based on the priority of different UCI types, can be considered as a unified solution for both multiple overlapping or non-overlapped single-slot PUCCHs. Hence, to minimize the specification impact and simplify implementation effort, it is more desirable to employ the Option 2 to handle the collisions between single-slot and multi-slot PUCCH. 
Hence, based on the discussions above, when multi-slot PUCCH with repetition overlap with single-slot PUCCH(s) in a slot within a same PUCCH group, if the timeline requirement is satisfied, only UCI with highest priority in the overlapped slots is transmitted and other UCIs are dropped.
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Proposal 2
· When multi-slot PUCCH with repetition overlap with single-slot PUCCH(s) in a slot within a same PUCCH group, if the timeline requirement is satisfied, only UCI with highest priority in the overlapped slots is transmitted and other UCIs are dropped. 

UCI multiplexing on PUSCH with short duration
As specified in TS38.214 [3], minimum transmission duration of PUSCH can be 1 symbol. Further, when UCI is multiplexed on PUSCH, it was agreed that UCI is not mapped on the DMRS symbols associated with PUSCH. This indicates that if PUSCH spans 1 symbol, or 2/3 symbols with frequency hopping, UCI cannot be multiplexed on PUSCH. Figure 3 illustrates the PUSCH duration of 1 symbol and 2/3 symbols with frequency hopping. 
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[bookmark: _Ref524528247]Figure 3. PUSCH duration of 1 symbol and 2/3 symbols with frequency hopping

In this case, when PUCCH carrying HARQ-ACK feedback and/or CSI report overlaps with PUSCH in a slot, when PUSCH spans 1 symbol or 2/3 symbols with frequency hopping, and if the timeline requirement is satisfied, HARQ-ACK feedback and/or CSI report cannot be multiplexed on the PUSCH. 
To resolve this issue, one straightforward solution is to drop one of the PUCCH and PUSCH in the overlapped slot, which can also help to minimize the specification impact and implementation effort. Given the fact that UCI may contain critical information and does not have retransmission mechanism, it is more desirable to drop the PUSCH and transmit the PUCCH, similar to handling the collision between multi-slot PUCCH and multi-slot PUSCH. 
Hence, based on the discussions above, when PUCCH carrying HARQ-ACK and/or CSI overlaps with PUSCH in a slot, when PUSCH spans 1 symbol or 2/3 symbols with frequency hopping, and if the timeline requirement is satisfied, PUCCH carrying HARQ-ACK and/or CSI report is transmitted and PUSCH is dropped in the slot.
Proposal 3
· When PUCCH carrying HARQ-ACK and/or CSI overlaps with PUSCH in a slot, when PUSCH spans 1 symbol or 2/3 symbols with frequency hopping, and if the timeline requirement is satisfied, PUCCH carrying HARQ-ACK and/or CSI report is transmitted and PUSCH is dropped in the slot. 

Correction on CSI multiplexing on PUCCH
At the RAN1#93 meeting, the following agreements were made regarding CSI multiplexing on PUCCH [2]. 

	· On a per PUCCH group basis:
· If a UE is configured with overlapping PUCCH resources for CSI-only reporting in a slot,
· If a UE is configured with multi-CSI-PUCCH-Config, the UE multiplexes all the CSI reports corresponding to CSI only PUCCH resources (overlapping or not) in the slot on a single multi-CSI-PUCCH resource, following the agreed priority rules for CSI reporting.
· If a UE is not configured with multi-CSI-PUCCH-Config, among all the PUCCH resources for CSI reporting, the UE selects maximum two non-overlapping PUCCH resources for CSI reports with the highest priority.
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2. 
· For CSI-only reporting in a slot, if a UE is configured with more than two non-overlapping CSI reports in a slot, the UE selects the maximum two PUCCH resources with the highest priority CSI repots.
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.



However, the second sub-bullet in the agreement above for CSI multiplexing on PUCCH when UE is configured with more than two non-overlapping CSI reports in a slot was not captured in the TS38.213 [5]. Hence, the draft text proposal can be updated as follows:

=== Start of text proposal for 38.213 Subclause 9.2.5 ===

If a UE is configured with multiple PUCCH resources in a slot to transmit only semi-persistent or periodic CSI reports
-	if the UE is configured with more than two non-overlapping CSI reports in a slot, or if the UE is not provided higher layer parameter multi-CSI-PUCCH-ResourceList, the UE determines a first resource corresponding to a CSI report with the highest priority [6, TS38.214] 
-	if the first resource includes PUCCH format 2, and if there are remaining resources in the slot that do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting 
-	If the first resource includes PUCCH format 3 or PUCCH format 4, and if there are remaining resources in the slot that include PUCCH format 2 and do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting
-	if the UE is provided higher layer parameter multi-CSI-PUCCH-ResourceList and if any of the multiple PUCCH resources overlap, the UE multiplexes all CSI reports in a resource from the resources provided by multi-CSI-PUCCH-ResourceList, as described in Subclause 9.2.5.2 
=== end of text proposal for 38.213 Subclause 9.2.5 ===
Proposal 4
· Adopt the following text in 38.213 Subclause 9.2.5.
· If the UE is configured with more than two non-overlapping CSI reports in a slot, or if the UE is not provided higher layer parameter multi-CSI-PUCCH-ResourceList, the UE determines a first resource corresponding to a CSI report with the highest priority.

Conclusions
In this contribution, we discussed remaining details on NR PUCCH. Further, we summarize the proposals as follows:
Proposal 1
· After UCI multiplexing on PUCCH and PUSCH, if more than two non-overlapping PUCCH resources or two non-overlapping PUCCH resources with long PUCCH format are determined, priority based dropping rule is defined to multiplex two non-overlapping PUCCH resources in a slot and at least one of PUCCH resources is short PUCCH.
· The priority rule is defined as HARQ-ACK feedback > SR > CSI with higher priority > CSI with lower priority
Proposal 2
· When multi-slot PUCCH with repetition overlap with single-slot PUCCH(s) in a slot within a same PUCCH group, if the timeline requirement is satisfied, only UCI with highest priority in the overlapped slots is transmitted and other UCIs are dropped. 
Proposal 3
· When PUCCH carrying HARQ-ACK and/or CSI overlaps with PUSCH in a slot, when PUSCH spans 1 symbol or 2/3 symbols with frequency hopping, and if the timeline requirement is satisfied, PUCCH carrying HARQ-ACK and/or CSI report is transmitted and PUSCH is dropped in the slot. 
Proposal 4
· Adopt the following text in 38.213 Subclause 9.2.5.
· If the UE is configured with more than two non-overlapping CSI reports in a slot, or if the UE is not provided higher layer parameter multi-CSI-PUCCH-ResourceList, the UE determines a first resource corresponding to a CSI report with the highest priority.
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