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Introduction
At the RAN1#91 meeting, the following agreements were made with regard to PUCCH resource configuration and allocation [1]:
Agreements:
· UE determines one PUCCH resource set from one or more (up to K=4) configured PUCCH resource sets based on the UCI payload size (not including CRC). 
· PUCCH resource set i for UCI payload size  is in the range of {Ni, …, Ni+1-1} bits (i=0, …, K-1)
· N0=1, N1=3
· For i=2, …, K-1, Ni is UE-specifically configured 
· The value is in the range of {4, [256]} with a granularity of [4] bits
· NK= a max UCI payload size, which may be implicitly or explicitly derived, detailed value is FFS 
· Note: For a UCI payload range, a PUCCH resource set can contain resources for short PUCCH and resources for long PUCCH.
Agreements:
· 2-bit ARI jointly with implicit mapping for PUCCH resource allocation:
· >[4] (no more than 8) PUCCH resources can be configured in a resource set.
· The number of PUCCH resources in a resource set is configured.
· If larger than [4], implicit mapping in addition to explicit indication is also used.
· A sub-set within a resource set is indicated by ARI and implicit mapping is used within the sub-set
· No additional RRC impact is necessary.
· Otherwise, 3-bit ARI with up to 8 resources per resource set is supported
Agreements:
· For PUCCH resource allocation with fallback DCI,
· The same approach is used as that with normal DCI.
Agreements:
· For resource allocation for HARQ-ACK before RRC connection setup, UE identifies a PUCCH resource from a set of resources derived from RMSI using a similar approach to the case after RRC connection setup.
In the contribution, we present our view on remaining details of PUCCH resource configuration.  
Remaining details of PUCCH resource allocation 
At the RAN1#91 meeting, a combination of explicit indication using 2-bit ARI and implicit mapping for PUCCH resource allocation was agreed [1]. More specifically, in case when more than 4 PUCCH resources are configured within a resource set, a subset within a resource set can be indicated by 2-bit ARI while implicit mapping is used to select one of PUCCH resource within the indicated subset. 
The main motivation of utilizing a joint explicit indication and implicit mapping for PUCCH resource allocation is to reduce PUCCH resource collision probability within a cell and save signalling overhead in the DCI. In Section 9.2.3 in 38.213 as captured below [2], however, the detailed mechanism on implicit mapping for PUCCH resource allocation is still open.

=== Start of a capture from 38.213 v15.0.0 Subclause 9.2.3 ===
If the PUCCH-resource-set-size is larger than four and the PUCCH resource indicator field indicates two PUCCH resources, the UE determines a PUCCH resource from the two PUCCH resources through a mapping function to other parameters.     
Table 9.2.1-2: Mapping of PUCCH resource indication field values to a PUCCH resource in a PUCCH resource set
	PUCCH resource indicator 
	PUCCH resource

	‘00’ 
	{1st, 5th} resource provided by PUCCH-resource-index

	‘01’ 
	{2nd, 6th}  resource provided by PUCCH-resource-index

	‘10’ 
	{3rd, 7th} resource provided by PUCCH-resource-index

	‘11’ 
	{4th, 8th} resource provided by PUCCH-resource-index



=== end of a capture from 38.213 v15.0.0 Subclause 9.2.3 ===

As up to 8 resources can be configured within a resource set, this indicates that up to 2 resources can be included in a resource subset, which is indicated by 2-bit ARI. In this regard, implicit mapping provides a binary indicator to select which PUCCH resource is used within a resource subset. For implicit mapping, one approach is to utilize the starting CCE index of the scheduling PDCCH and associated aggregation level to indicate the PUCCH resource, which can be given by

where  is the starting CCE of the scheduling PDCCH, is the aggregation level,  is the number of PUCCH resource within th resource subset, which is indicated by 2-bit ARI. 
This approach may help to reduce the collision rate, especially considering the case when multiple UEs are configured with same PUCCH resource set. However, in certain scenarios, e.g., when MU-MIMO is employed for the transmission of PDCCH for multiple UEs, or when two UEs in UE specific CORESETs have the same starting CCE index for the scheduling PDCCH, using the above equation solely may not solve the collision issue completely. 
To further randomize the collision, it should be considered to add an offset which is configured in a UE specific manner in addition to the starting CCE index. For instance, as agreed in the RAN1#91 meeting [1], UE is configured with a configurable ID for DM-RS sequence initialization for each CORESET configured by UE-specific RRC signalling. In this case, this configurable ID may be included in the equation above, 

where  is the configurable ID for PDCCH DM-RS sequence initialization. 
[bookmark: _GoBack]Note that in case of HARQ-ACK multiplexing, where HARQ-ACK feedback for PDSCH transmission from multiple slots and CCs within a PUCCH group can be multiplexed and conveyed in a PUCCH, UE needs to determine which scheduling PDCCH and corresponding starting CCE index are utilized to derive the PUCCH resource from a resource set. To ensure most robust performance, from UE perspective, the same PUCCH resource can be derived from all scheduling PDCCHs within HARQ-ACK multiplexing window. This approach, however, may not be desirable as it puts stringent scheduling restriction at gNB side. 
Alternatively, UE may derive the PUCCH resource from the last received PDCCH with highest CC and CORESET ID. In this case, even if UE misses last scheduling PDCCH, gNB may perform blind decoding on multiple PUCCH resources, which can ensure the decoding performance. 
Proposal 1
· For implicit mapping, starting CCE index, associated aggregation level and configurable ID for PDCCH DM-RS sequence initialization can be used to derive a PUCCH resource within a resource subset. 
· UE can derive the PUCCH resource from the last received PDCCH with highest CC and CORESET ID. 

Conclusions
In this contribution, we shared our view on remaining details of PUCCH resource configuration and allocation. Based on the discussions, we summarize our proposals as follows:
Proposal 1
· For implicit mapping, starting CCE index, associated aggregation level and configurable ID for PDCCH DM-RS sequence initialization can be used to derive a PUCCH resource within a resource subset. 
· UE can derive the PUCCH resource from the last received PDCCH with highest CC and CORESET ID. 
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