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1. Introduction

This contribution provides a text proposal on resource allocation for PUCCH for NR in TS 38.213. Some remaining issues e.g. implicit mapping will also be discussed.
2. Discussion
2.1. BWP-specific PUCCH resource set
According to the current specification, a UE can be configured a number of sets of PUCCH resources.
However, it is not clear if the PUCCH resource sets are shared by all the configured UL BWPs or “BWP specific”. Since different BWPs may have different subcarrier spacings which impact the actual time and frequency domain resource of the CORESET and search space, it is more reasonable that the configurations of CORESET and search space are “BWP specific”. According to the comments in endorsed RRC parameter sheet [5], configuration of PDSCH and PUSCH timing configurations (DL-data-time-domain and UL-data-time-domain) have been both “BWP specific”. For the same reason, configurations of PDCCH and PUCCH should also be “BWP specific”.
Proposal 1: In context of resource allocation in time domain in TS 38.213, it should be clarified that the configuration of PUCCH resource set is BWP specific.
2.2. Implicit mapping when >4 resources configured in a resource set
A detailed implicit mapping scheme was proposed in RAN1#91 that when >4 resources are configured in a resource set, ARI is used to indicate a sub-set in a resource set. The resource index r within the resource sub-set is implicitly derived based on the starting CCE index of a DCI according to the following equation: 
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where 

· M is the number of PUCCH resources in the resource sub-set indicated by ARI bits
· C is the starting CCE index of the PDCCH containing the ARI bits
· In case of multiple PDCCH for a UE, C is the smallest one among the multiple starting CCE indices. 
· In case HARQ-ACK multiplexing or multiple PDCCH for a UE, C is starting CCE index of the last received PDCCH for the UE.
· L is the aggregation level of the PDCCH containing the ARI bits
The scenario for indicating the sub-set via ARI is depicted in Fig.1. The scenario for implicit mapping based on CCE index within the sub-set is depicted in Fig.2.
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Fig.1: Indicating the sub-set via ARI
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Fig.2: Implicit mapping based on CCE index within the sub-set
However, some concerns were raised that  when the last PDCCH is mis-detected, the UE would derive the PUCCH resource from the last second PDCCH by mistake. If the gNB anticipate the possibility of PDCCH mis-detection on UE side, the gNB can performing decoding on multiple hypothesized PUCCH resources to guarantee the successful PUCCH reception. 

Another consequence the PDCCH mis-detection may lead to is the potential unexpected collision. When the UE would derive the PUCCH resource from the last second PDCCH by mistake and the resource implied by the last second PDCCH has been re-allocated to other UEs, an unexpected collision would happen. From our perspective, it is difficult to specify a procedure in the PHY specification to correct this error. The gNB can reuse the PDCCH resource or expand the PUCCH resource without changing the CCE-index derivation when updating the PUCCH allocation. This definitely sets a constraint to gNB scheduler. Considering the small error probability, the robustness of this scheme is acceptable.
 Proposal 2: When >4 resources are configured in a resource set, ARI is used to indicate a sub-set in a resource set. The resource index r within the resource sub-set is implicitly derived based on the starting CCE index of a DCI. The scheme can be further refined.
3. Conclusions

Proposal 1: In context of resource allocation in time domain in TS 38.213, it should be clarified that the configuration of PUCCH resource set is BWP specific.
Proposal 2: When >4 resources are configured in a resource set, ARI is used to indicate a sub-set in a resource set. The resource index r within the resource sub-set is implicitly derived based on the starting CCE index of a DCI. The scheme can be further refined.
Adopt following text proposals for TS 38.213.
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/************************ Start of Text Proposal for TS 38.213 **************************/
9.2.1
PUCCH Resource Sets

……
For each configured UL BWP, a UE can be configured a number of sets of PUCCH resources by higher layer parameter PUCCH-resource-set, where the number of PUCCH resources in each set of PUCCH resources is provided by higher layer parameter PUCCH-resource-set-size and where a PUCCH resource in a set of PUCCH resources is indicated by higher layer parameter PUCCH-resource-index. 

If the UE transmits 
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 UCI bits, the UE determines a PUCCH resource set to be 

-
a first set of PUCCH resources if 
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a second set of PUCCH resources, if any, if 
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 is provided by higher layer parameter N_2, or
-
a third set of PUCCH resources, if any, if 
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 is provided by higher layer parameter N_3, or
-
a fourth set of PUCCH resources, if any, if 
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/************************ End of Text Proposal for TS 38.213 **************************/
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