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At the RAN1#93 meeting, the following agreements were made with regard to UCI multiplexing and PUCCH resource allocation [1]:
Agreements:
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.

Agreements:
For step 1, while there are overlapping PUCCH resources in a slot,
· The UE determines the PUCCH resource (resource A) that overlaps with at least another PUCCH resource with the priority order of earliest followed by largest duration (if applicable)
· In case of multiple candidates for resource A, the UE can pick one (implementation-specific)
· The UE determines a set of PUCCH resources (resource set X) overlapping with PUCCH resource A. 
· The UE determines a PUCCH resource and corresponding UCI for multiplexing the PUCCH resource A and PUCCH resources in set X in one shot.
· The determined PUCCH resource and the corresponding UCI replace resource set X and resource A 
For step 1, when there is no more overlapping PUCCH resources in the slot, the UE determines “the timeline requirements for overlapping UL channels”. If the requirement is met, the UE proceeds to Step 2. 
Note: the above is per PUCCH group
The above agreements is to replace Step 1 in the agreements under 7.1.3.2.3

Agreements:
Within a group of overlapping PUCCH/PUSCH channels satisfying the timeline requirements, adopt the following procedure 
Step 1: determine a set of non-overlapping (in time)PUCCH resource(s) for UCI multiplexing by considering only the PUCCH resources in the group (irrespective whether or not PUSCH(s) exists), where each PUCCH resource satisfies the timeline requirements
Step 2: 
· if the resulting PUCCH resource(s) in step 1 overlapping with PUSCH(s), multiplex UCIs on the overlapping PUSCH(s); 
· FFS: When UCI includes SR
· Otherwise, multiplex UCI on the determined PUCCH resource(s)

Agreement
When a PUCCH resource carrying SR and other UCI overlaps with PUSCH, if the UCI on PUCCH is going to be multiplexed on PUSCH, the SR bit(s) is dropped from the UCI before multiplexing on PUSCH.

Agreement
In a PUCCH group, within one set of colliding PUCCHs/PUSCHs channels, when the determined PUCCH resource overlaps with one or multiple PUSCHs which satisfy timeline requirements for overlapped UL channels, 
· UE first determines CC index for UCI multiplexing based on procedure defined in 38.213 V15.1.0 
· If there are multiple PUSCHs on the determined CC, UE multiplex PUCCH on the PUSCH with earliest starting symbol on that CC.

Agreements
For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, adopt the following table for specifying cell-specific PUCCH resources/parameters:
· NBWP is the size of initial UL BWP

	RMSI value
	PUCCH format
	Starting symbol
	Number of symbols
	Cell-specific PRB offset
	Initial CS index set

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	Floor(NBWP/4)
	{0, 3, 6, 9}



In the contribution, we discuss remaining details on NR PUCCH. 
Remaining details on UCI multiplexing
As agreed in the RAN1#93 meeting, procedure to multiplex UCI on PUCCH and PUSCH was defined [1]. 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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[bookmark: _Ref520968091]Figure 1. More than two PUCCH resources in a slot

Similar to the CSI multiplexing on PUCCH in the first step, dropping rule may depend on the priority of UCI type carried by PUCCH. To simplify the design, one straightforward priority rule can be defined as dynamic HARQ-ACK feedback > CSI with higher priority > CSI with lower priority > SPS HARQ-ACK feedback > SR. 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 are determined, dropping rule is defined to multiplex two non-overlapping PUCCH resources in a slot and at least one of PUCCH resources is short PUCCH.

Note that as agreed in the RAN1#93 meeting, in the second step of UCI multiplexing, UE determines a PUCCH resource and corresponding UCI for all PUCCH resources overlapping with the earliest PUCCH resource. However, when UE is not provided high layer parameter multi-CSI-PUCCH-ResourceList, and when SPS HARQ-ACK PUCCH resource overlaps with two non-overlapping CSI PUCCHs, it is unclear which PUCCH resource is utilized to carrying the combined UCI.  
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[bookmark: _Ref521323452]Figure 2. Multiplexing of SPS HARQ-ACK/SR and CSI

Figure 2 illustrates the multiplexing of SPS HARQ-ACK/SR with multiple CSI reports on PUCCH. To simplify the multiplexing rule, one solution is to multiplex the SPS HARQ-ACK/SR on CSI with highest priority and drop the CSIs with lower priority. In other words, when UE is not provided high layer parameter multi-CSI-PUCCH-ResourceList, and when SPS HARQ-ACK PUCCH resource overlaps with two non-overlapping CSI PUCCHs, CSI report and corresponding PUCCH resource with highest priority is selected.
Proposal 2
· When UE is not provided high layer parameter multi-CSI-PUCCH-ResourceList, and when SPS HARQ-ACK PUCCH resource overlaps with two non-overlapping CSI PUCCHs, CSI report and corresponding PUCCH resource with highest priority is selected.

As described in Section 5.2.5 in TS38.214 [2], when a UE is configured to transmit two colliding CSI reports, the following rules apply (for CSI reports transmitted on PUSCH, as described in Subclause 5.2.3; for CSI reports transmitted on PUCCH, as described in Subclause 5.2.4) - the CSI report with higher  value shall not be sent by the UE. This indicates that when an aperiodic CSI report on PUSCH overlaps with periodic or semi-persistent CSI report on PUCCH, periodic or semi-persistent CSI report is dropped and UE would only transmit the aperiodic CSI report on PUSCH. 
However, in Section 9 in TS38.213 [3], if a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI in a PUCCH that overlaps with the PUSCH, the UE multiplexes the UCI in the PUSCH. This implies that when aperiodic CSI overlaps periodic or semi-persistent CSI report on PUCCH, UE would multiplex all CSI reports on PUSCH, which contradicts the description as mentioned above in TS38.214. Hence, the draft text proposal can be updated as follows:

=== Start of text proposal for 38.213 Subclause 9 ===

If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI in a PUCCH that overlaps with the PUSCH, the UE multiplexes the UCI in the PUSCH.

If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex HARQ-ACK in a PUCCH that overlaps with the PUSCH, and the conditions in Subclause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied, the UE multiplexes the aperiodic CSI and HARQ-ACK in the PUSCH.

=== end of text proposal for 38.213 Subclause 9 ===

Proposal 3
· Adopt the following text in 38.213 Subclause 9.
· If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex HARQ-ACK in a PUCCH that overlaps with the PUSCH, and the conditions in Subclause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied, the UE multiplexes the aperiodic CSI and HARQ-ACK in the PUSCH.

Remaining details on PUCCH resource allocation 
In the RAN1#93 meeting, cell specific PUCCH resource set was defined to allow UE to provide HARQ-ACK feedback prior to dedicated RRC configuration [1]. In particular, 3-bit PUCCH resource indicator in DCI and starting CCE index for the corresponding PDCCH transmission are jointly used to derive PUCCH resource index from 16 cell specific PUCCH resources which are indicated by 4-bit field in RMSI. 
One outstanding issue for PUCCH resource allocation is the selection of OCC index for the transmission of PUCCH format 1 with 10 and 14 symbol duration during RACH procedure. Given that frequency hopping is always enabled for PUCCH resource before dedicated RRC configuration, the available set of OCC indexes can be {0, 1} and {0, 1, 2} for PUCCH format 1 with length 10 and 14 symbols, respectively. 
For the determination of OCC index, two options can be considered as follows:
· Option 1: OCC index is fixed;
· Option 2: OCC index is derived from initial CS index.  
As it is evident that Option 1 with a fixed OCC index may simplify the design and implementation effort, it may not be optimal in term of PUCCH detection performance, especially when considering the system operating with a large cell size. In this case, only using different CS values to differentiate PUCCH from different UEs may lead to performance degradation, e.g., when two UEs are assigned with CS values of 0 and 3, respectively. To improve the PUCCH detection performance, it may be more desirable to assign different OCCs in time on top of CSs in frequency. Hence, from inter-user interference perspective, Option 2 may be more beneficial by associating OCC index with initial CS index for PUCCH format 1 before RRC connection set-up. 
Proposal 4
· OCC index for PUCCH format 1 before RRC connection set-up is associated with initial CS index.

HARQ-ACK on configured grant uplink transmission 
For NR, it was agreed that UCI on PUSCH with configured grant is supported. Note that in DCI format 0_1, UL DAI is included to indicate the number of HARQ-ACK feedback bits on PUSCH, with the main motivation of avoiding ambiguity between gNB and UE, e.g., on whether PUSCH is rate-matched with or punctured by HARQ-ACK. This mechanism, however, may not be available for configured grant uplink transmission, which may result in misalignment between gNB and UE on the number of HARQ-ACK bits. In case when HARQ-ACK feedback bits are multiplexed on PUSCH with configured grant, gNB may not be able to decode the data successfully. For URLLC application using configured grant transmission, this would result in undesirable latency.
For Type 2 configured grant uplink transmission, DCI carrying activation of UL grant free transmission may include the UL DAI, which can be used to indicate the number of HARQ-ACK feedback bits at least for initial transmission. For other transmissions, including Type 1 configured grant uplink transmission and Type 2 configured grant uplink subsequent transmission after initial transmission, certain mechanisms may need to be defined.
To ensure alignment between gNB and UE on the number of HARQ-ACK feedback bits, one straightforward approach is to always apply rate-matching for HARQ-ACK on PUSCH regardless of the number of actually transmitted HARQ-ACK bits. Further, certain reserved REs for HARQ-ACK may be defined, which can follow the design principle for less than 3 HARQ-ACK bits multiplexed on PUSCH. The size of reserved REs can be determined according to a configured HARQ-ACK payload size and configured/indicated beta offset. 
Proposal 5
· For Type 2 configured grant uplink initial transmission, the number of HARQ-ACK bits is determined by UL DAI in activation of Type 2 configured grant uplink transmission.
· For Type 1 and Type 2 (subsequent transmissions after initial transmission) configured grant transmission, PUSCH is always rate-matched around HARQ-ACK. Further, reserved REs can be defined assuming a configured HARQ-ACK payload size and beta offset.

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 are determined, dropping rule is defined to multiplex two non-overlapping PUCCH resources in a slot and at least one of PUCCH resources is short PUCCH.
Proposal 2
· When UE is not provided high layer parameter multi-CSI-PUCCH-ResourceList, and when SPS HARQ-ACK PUCCH resource overlaps with two non-overlapping CSI PUCCHs, CSI report and corresponding PUCCH resource with highest priority is selected.
Proposal 3
· Adopt the following text in 38.213 Subclause 9.
· If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex HARQ-ACK in a PUCCH that overlaps with the PUSCH, and the conditions in Subclause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied, the UE multiplexes the aperiodic CSI and HARQ-ACK in the PUSCH.
Proposal 4
· OCC index for PUCCH format 1 before RRC connection set-up is associated with initial CS index.
Proposal 5
· For Type 2 configured grant uplink initial transmission, the number of HARQ-ACK bits is determined by UL DAI in activation of Type 2 configured grant uplink transmission.
· For Type 1 and Type 2 (subsequent transmissions after initial transmission) configured grant transmission, PUSCH is always rate-matched around HARQ-ACK. Further, reserved REs can be defined assuming a configured HARQ-ACK payload size and beta offset.
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