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1 Introduction

In last meeting, RAN1 finalized the implicit PUCCH resource mechanism [1]. RAN1 also agreed on PUCCH resource determination before RRC connection. This contribution considers the remaining issue of PUCCH resource allocation to support two PUCCHs in a slot.
2 Discussion 
A UE can transmit up to two TDMed PUCCHs in a slot, with a limitation that at least one of the two PUCCHs uses PUCCH format 0 or PUCCH format 2 [2]. 
In some scenarios, both PUCCH resources in a slot could carry SP-CSI or P-CSI. gNB may configure multiple P-CSI reports for a UE, wherein the  PUCCH resource is configured independently for each P-CSI report. It is likely that more than one P-CSI report may happen in a same slot. These P-CSI reports in a same slot can be grouped into one or two sets depending on the relation of the overlap or partial overlap of the PUCCH resources configured for the P-CSI reports. If there is a single P-CSI report in a set, the PUCCH resource for P-CSI transmission is right the PUCCH resource configured for this P-CSI report. If there are multiple P-CSI reports in a set, a RRC configured PUCCH resource for transmission of multiple P-CSI is derived based on payload size of the multiple P-CSI. It is then up to gNB implementation that the two PUCCH resources derived should be TDM. 
Observation: In the case of multiple P-CSI reports in a slot, the two PUCCH resources in slot can be differentiate by gNB implementation. 

There’re also some scenarios in which both PUCCH resources in a slot may carry HARQ-ACK. RAN1 discussion till now assume that there is only one PUCCH resource per slot is used to carry HARQ-ACK feedback. Therefore, the remaining issue is how to form up to two HARQ-ACK codebook and derive two PUCCH resources for HARQ-ACK transmission. Given this quite late stage, it is preferred to avoid any new RRC impact. Therefore, the allocation of a second PUCCH resource in a slot should not introduce any new RRC signaling for PUCCH resource configuration. 
Proposal 1: No new RRC signaling introduced for the resource allocation of up to two PUCCHs in a slot. 

One way is to interpret one or more bit fields, e.g. ARI in DCI to differentiate the PUCCH resource. For example, 4 values of the 3-bit ARI indicate a first HARQ-ACK CB for a first PUCCH resource, while the other 4 values are associated with a second HARQ-ACK CB for a second PUCCH resource. No additional overhead is required by reusing the existing DCI, but it limits the freedom for gNB in PUCCH resource allocation. 

The other way is to derive one or two HARQ-ACK CBs according to the first symbol of a PUCCH resource and the processing time. Assuming a PDSCH belongs to a HARQ-ACK CB, a PUCCH resource is then derived by the current payload size of the HARQ-ACK CB and ARI in the PDCCH scheduling this PDSCH. If the interval between last symbol of the PDSCH and the first symbol of the PUCCH resource is no less than the processing time, the PDSCH is confirmed to belong to the HARQ-ACK CB. Otherwise, the PDSCH belongs to another HARQ-ACK CB. This method has no impact on the resource allocation flexibility. A second HARQ-ACK CB is only used when processing time is not sufficient to pack the HARQ-ACK to the first HARQ-ACK CB, which fits well the typical use case of fast HARQ-ACK feedback for URLLC. 

Proposal 2: In the case of multiple HARQ-ACKs in a slot, derive one or two HARQ-ACK CB according to the first symbol of a PUCCH resource and processing time. 

3 Conclusions

This contribution considered aspects for PUCCH resource allocation to support two PUCCHs in a slot, and proposes the following. 
Observation: In the case of multiple P-CSI reports in a slot, the two PUCCH resources in slot can be differentiate by gNB implementation. 

Proposal 1: No new RRC signaling introduced for the resource allocation of up to two PUCCHs in a slot. 

Proposal 2: In the case of multiple HARQ-ACKs in a slot, derive one or two HARQ-ACK CB according to the first symbol of a PUCCH resource and processing time. 
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