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1. Introduction

In this paper, our views on PUCCH resource allocation remaining issues are presented.
2. Discussion
2.1. Implicit mapping when >8 resources configured in a resource set
In RAN1#92 meeting, it was agreed that the CCE-index-based implicit mapping is used when >8 resources are configured for PUCCH.
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.

The implicit mapping scheme under consideration is that when >8 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 major concern about this approach is still the DCI mis-detection issue. When the last DCI is mis-detected, the UE would derive the PUCCH resource from the last second DCI by mistake. If the gNB anticipate the possibility of DCI mis-detection on UE side, the gNB can perform decoding on multiple hypothesized PUCCH resources to guarantee the successful PUCCH reception. Another consequence the DCI mis-detection may lead to is the potential unexpected collision. When the UE 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. 
Considering the small error probability, the robustness of this scheme is acceptable. And since the above agreement expands the bitwidth of ARI to 3 bits, the negative impacts of the potential mistaken implicit mapping is largely reduced. If gNB does not like to take the risk of DCI mis-detection, it can only group UEs without multiple PDCCHs mapped to a PUCCH into a subset. The PUCCH resource for a UE with multiple mapped PDCCH is put in a dedicated subset. Or the gNB can simply fall back to pure explicit ARI indication (8 resources can be indicated).
Proposal 1: For resource allocation for HARQ-ACK after a UE has a dedicated PUCCH configuration, 
· when >8 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.
2.2. Resource allocation for HARQ-ACK before RRC connection setup
In RAN1#92 meeting a set of new agreements have been reached for PUCCH resource allocation before RRC connection setup. 
Agreements:

For resource allocation for HARQ-ACK before a UE has a dedicated PUCCH configuration, 
· Additional PUCCH durations include:

· 4-symbol, 

· starting from Symbol#10.

· 10-symbol, 

· starting from Symbol#4 

Working assumption:

· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 
· Frequeny hopping is always enabled for PUCCH transmission for FR1 and FR2.
Agreements:

· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration,
· PUCCH format is cell-specific and derived from RMSI indication.

· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration,
· PUCCH duration and starting symbol are cell-specific and derived by RMSI.

Agreements:

· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 16 UE-specific resources are specified within a PUCCH resource set indicated by RMSI.

· PRB indices are determined based on ARI and RMSI.
Hence the table specifying cell-spcefic parameters has come into form. An example is as below.

Table 1: Cell-specific parameters for HARQ-ACK resource allocation before RRC connection
	RMSI indication
	Duration/Starting symbol
	PRB offset

	0
	2-symbol/Symbol#12
	X1, X2

	1
	2-symbol/Symbol#12
	X3, X4

	2
	4-symbol/Symbol#10
	X1, X2

	3
	4-symbol/Symbol#10
	X3, X4

	4
	10-symbol/Symbol#4
	X1, X2

	5
	10-symbol/Symbol#4
	X3, X4

	6
	14-symbol/Symbol#0
	X1, X2

	7
	14-symbol/Symbol#0
	X3, X4

	….
	….
	….

	
	
	

	15
	….
	….


Then in a cell with a specific RMSI value, a set of cell-specific parameters are settled down, and a PUCCH resource set with the set of parameters is determined. Within the resource set, a PUCCH resource corresponding an actual PRB offset, a hopping direction and a cyclic shift can be indicated by ARI jointly with implicit mapping. If 3-bit ARI is used and 1-bit implicit mapping to CCE index is used, 16 resources in the resource set can be indicated by 4-bit explicit+implicit indication. For example, 1 bit is used to indicate one PRB offset among the two, 1 bit is used to inidcate one hopping direction among the two, 2 bits are used to indicated one cyclic shift among the four. A UE-specific table can be specified for each RMSI-indicated cell.
Different PRB offsets from each edge of the initial UL BWP can be indicated by RMSI to enable the inter-cell interference coordination for PUCCH. In the example in Table 1, 2 neighboring cells can have different frequency resources. If a better interference coordination is desired, 4 different sets of PRB offsets can be specified for each duration/starting symbol setting. And within each set of PRB offsets for a cell, ARI indication or implicit mapping can be used to determine the actual PRB offset for a UE.
Proposal 2: For resource allocation for HARQ-ACK before a UE has a dedicated PUCCH configuration, 
· 16 resources are included in a resource set.
· 3-bit ARI and 1-bit CCE-index-based implicit mapping are used to a resource corresponding to a PRB offset from edge of initial UL BWP, a hopping direction and a cyclic shift.
3. Conclusions

Proposal 1: For resource allocation for HARQ-ACK after a UE has a dedicated PUCCH configuration, 
· when >8 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.
Proposal 2: For resource allocation for HARQ-ACK before a UE has a dedicated PUCCH configuration, 
· 16 resources are included in a resource set.
· 3-bit ARI and 1-bit CCE-index-based implicit mapping are used to a resource corresponding to a PRB offset from edge of initial UL BWP, a hopping direction and a cyclic shift.
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