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1 Introduction

This contribution considers residual aspects regarding resource allocation for PUCCH, including:

a) Implicit resource determination mechanism 
b) PUCCH resource configuration before RRC connection 
2 Discussion 
2.1 Implicit resource determination  
It is agreed to support the use of 3-bit ARI with additional implicit mapping for PUCCH resource determination when the configured PUCCH resource in a resource set is larger than 8 [1]. 
Agreements:

· 3-bit ARI for DCI 1_0 and DCI 1_1

· At least 8 (up to 32) PUCCH resources can be configured in a resource set with 
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· CCE-index-based implicit mapping is additionally used when >8 resources are configured.

· Note: Increasing RRC value range from 8 to 32
· 8 PUCCH resources are configured in a resource set with 
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· No implicit mapping

· Note: Changing RAN1#91 agreement.

PDCCH operation with multiple CORESETs in NR is largely equivalent to EPDCCH operation with multiple PRB pairs sets in LTE. In LTE, the eNB scheduler is not restricted in the CCEs it selects for transmitting PDCCHs to UEs (subject to the obvious constraint for using non-overlapping CCEs) as this would increase scheduler complexity and PDCCH blocking probability (that exists due to the need to use non-overlapping CCEs). 

In LTE EPDCCH, a UE can be configured with multiple PRB sets and different UEs can be configured with different/multiple PRB sets. It is then inevitable that a scheduler uses a same lowest CCE index for PDCCH transmissions (with DL DCI formats) in different PRB sets to different UEs. For PUCCH resource overhead reduction, a same set of PUCCH resources is used and implicit determination of a PUCCH resource from the lowest CCE index of the corresponding PDCCH results to PUCCH resource collisions. To avoid the PUCCH resource collision, a HARQ-ACK resource offset field is included in the DCI format to offset the PUCCH resource that is implicitly determined from the lowest CCE index.  

The corresponding operation in NR is identical to LTE and the same PUCCH resource allocation mechanism can apply for 
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Proposal 1: For resource determination of a PUCCH transmission conveying up to two HARQ-ACK/SR bits, the ARI field in the DCI format provides an offset to a resource determined from mapping the lowest CCE index of the corresponding PDCCH to a resource from a set of up to 32 resources.
2.2 PUCCH resource configuration before RRC connection 
For PUCCH resource indication before RRC connection, RAN1 agreed to introduce 4 bits in SIB1 to indicate an entry of a 16-row table configuring a set of cell-specific PUCCH resources and 16 UE-specific PUCCH resource configurations are provided within each entry indicated by SIB1. Therefore, 4 bits are needed to indicate one of the 16 configurations to the UE. As DCI format 1_0 includes a 3-bit ARI field, it would be desirable for the DCI format 1_0 to provide the one additional bit to complement the 3-bit ARI. 
Usually a PUCCH resource configuration consists of PUCCH format, PUCCH duration/starting symbol, frequency hopping, PRB indices and cyclic shift (CS)/OCC index. The PUCCH format (format 0 or 1) and the PUCCH starting symbol/duration are agreed to be cell-specific parameters and to be derived from the 4-bit field in SIB1. A working assumption is that frequency hopping is always enabled for PUCCH transmission for FR1 and FR2 before RRC connection. Similar to LTE, PUCCH can hop at the edge of the bandwidth (i.e., the initial UL BWP). The PUCCH PRB in the first hop can start from the bottom or the top of the UL BWP with the PRB offset and hop to the top or bottom of the UL BWP in the second hop. Furthermore, it is also agreed that PRB indices are determined based on the 3-bit ARI field and the 4-bit field in SIB1. There can be at least two alternatives to use the 3 bits of the ARI field, 
· a) 3-bits ARI indicates 8 different PRB indices, e.g., 4 PRB offsets combined with two hop directions. For each ARI value, there can be two sub-sets associated with a different CS. Overall, two CS settings can be configured for each entry indicated by SIB1. 
· b) 3-bits ARI indicates 4 different PRB indices, e.g., 2 PRB offsets combined with two hop directions, and two different CSs. For each ARI value, the two sub-sets are associated with a different CS. Overall, four CS settings can be configured for each entry indicated by SIB1. 
Two alternatives for the sub-set indication were discussed in RAN1#92. One is to adopt the CCE-index-based implicit mapping; the other is to utilize a redundant bit field in DCI format. For example, the DL DAI bit-field in DCI format 1_0 is unused because the HARQ-ACK payload is only one bit without bundling before RRC connection [2]. In addition, according to the DCI consideration of Msg.4 agreed in RAN1#92 [1], the functionality of the DAI field is reserved. Therefore, the DAI field can be reused for PUCCH resource indication together with the ARI for CS indication. Relative to a CCE-index-based implicit mapping, using 1 bit from the DL DAI field provides the gNB with full control and with a more flexible solution without any possibility for PUCCH resource collisions. 
Proposal 2: The 3 bits from the ARI field and the 1 bit from the DL DAI field jointly indicate 16 UE-specific resources within a PUCCH resource set indicated by SIB1. 
3 Conclusions

This contribution considered aspects for PUCCH resource allocation proposes the following. 
Proposal 1: For resource determination of a PUCCH transmission conveying up to two HARQ-ACK/SR bits, the ARI field in the DCI format provides an offset to a resource determined from mapping the lowest CCE index of the corresponding PDCCH to a resource from a set of up to 32 resources.
Proposal 2: The 3 bits from the ARI field and the 1 bit from the DL DAI field jointly indicate 16 UE-specific resources within a PUCCH resource set indicated by SIB1. 
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