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Introduction
During RAN1 #91 meeting, RAN1 made the following agreements for resource allocation for NR physical uplink control channel (PUCCH): [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:
· When frequency hopping is enabled, the frequency resource of the 1st hop and the frequency resource of the 2nd hop are separately configured for a given PUCCH resource. 

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:
· Value range of starting symbol in a slot is 0 -13 for PUCCH Format 0 and 2.
· FFS: Not all values can be configured for a UE.
· The index of initial cyclic shift for DMRS for PUCCH format 3 is 0.
· The index of initial cyclic shift for DMRS for PUCCH format 4 can be 0, 3, 6, 9 which is determined by index of pre-DFT OCC.
· FFS: the cyclic shift hopping (no RRC impact)
· For 1-PRB, the same set of length-of-12 sequences as in Format 0 are used for DMRS in Format 3 and 4.

Agreements:
Parameters configured in PUCCH resource sets and their value ranges 
	
	PUCCH 
Format 0
	PUCCH 
Format 1
	PUCCH 
Format 2
	PUCCH 
Format 3
	PUCCH 
Format 4

	Starting symbol
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	0-13
	0 – 10
	0-13
	0 – 10
(FFS: special values for implicit derivation)
	0 – 10
(FFS: special values for implicit derivation)

	Number of symbols in a slot
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	1, 2
	4 – 14
((FFS: special values for implicit derivation)
	4 – 14
(FFS: special values for implicit derivation)

	Index for identifying starting PRB
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	√
	√
	√

	
	Value range
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
	0 - [274]
	0 - [274]

	Number of PRBs
	Configurability
	N.A.
	N.A.
	√
	√
	N.A.

	
	Value range
	N.A.
(Default is 1)
	N.A.
(Default is 1)
	1 – [16]
	1 - 6, 8 - 10, 12, 15, 16
	N.A.
(Default is 1)

	Enabling a frequency hopping
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	On/Off
(only for 2 symbol)
	On/Off
	On/Off
(only for 2 symbol)
	On/Off
	On/Off

	FFS: Frequency resource of 2nd hop if frequency Hopping is enabled
	Configurability
	FFS√
	FFS√
	FFS√
	FFS√
	FFS√

	
	Value range
	FFS
0 – 274
	FFS
0 - 274
	FFS
0 - 274
	FFS
0 - 274
	FFS
0 - 274

	Index of initial cyclic shift
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	N.A.
	N.A.
FFS
(for DMRS)
	N.A.
FFS
(for DMRS)

	
	Value range
	0 – 11
	0 – 11
	N.A.
	0 – 11
	0 – 11

	Index of time-domain OCC
	Configurability
	N.A.
	√
(FFS if implicit derivation is also used)
	N.A.
	N.A.
	N.A.

	
	Value range
	N.A.
	0 - 6
	N.A.
	N.A.
	N.A.

	Length of Pre-DFT OCC
	Configurability
	N.A.
	N.A.
	N.A.
	N.A.
	√

	
	Value range
	N.A.
	N.A.
	N.A.
	N.A.
	2, 4

	Index of Pre-DFT OCC
	Configurability
	N.A.
	N.A.
	N.A.
	N.A.
	√

	
	Value range
	N.A.
	N.A.
	N.A.
	N.A.
	0, 1, 2, 3


Table 2: Semi-statically-configured parameters and their value ranges for number of slots
	
	PUCCH 
Format 0
	PUCCH Format 1
	PUCCH 
Format 2
	PUCCH Format 3
	PUCCH Format 4

	Number of slots
	Configurability
	N.A.
	Configured
	N.A.
	Configured
	Configured

	
	Value range
	N.A.
	1, y1, y2, y3
	N.A.
	1, y1, y2, y3
	1, y1, y2, y3



Agreements:
· For resource allocation for HARQ-ACK before RRC connection setup: 
· Only PUCCH Format 0 and 1 are supported 
· The resource allocation is derived based on a 4-bit parameter in RMSI 
· FFS other details (no additional RRC impact)

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 this document, some remaining detail issues on PUCCH resource allocation are discussed.
Discussion
Resource set structuring
As agreed, the current PUCCH resource set definition is only characterized by payload range. Within a certain resource set configured for UE, no more than 8 PUCCH resources can be configured. Each of the configured resource within the resource set can be for either short or long PUCCH format. Then DCI indicates UE which resource to use by 2 bits explicit ARI bits and jointly with implicit mapping. In a more complete and detailed way, the resource set structuring can be described as:
· Up to 8 PUCCH resources are configured within a PUCCH resource set. Up to 4 resource sets can be configured for a certain UE.
· For each PUCCH resource set, a UCI payload size range is configured for UE to identify which resource set to utilize.
· Each resource in a resource set is defined by a PUCCH format and an associated higher layer parameter, which is one of PUCCH-resource-config-PF0, PUCCH-resource-config-PF1, PUCCH-resource-config-PF2, PUCCH-resource-config-PF3, or PUCCH-resource-config-PF4 [2][3]
Based on the proposed resource set structuring, different PUCCH format can be flexible multiplexed within a resource set. Alternatively one resource set could be configured to contain PUCCH resources only for one certain PUCCH format. This structure is clear and leaves full flexibility to gNB’s implementation on how to use PUCCH resources. For example, depending on different use cases, gNB could enable a UE to utilize PUCCH formats dynamic switching between long and short by configuring resources for both short and long PUCCH formats in a resource set. Therefore, 
Proposal 1: Each resource in a resource set is defined by a PUCCH format and an associated higher layer parameter, which is one of PUCCH-resource-config-PF0, PUCCH-resource-config-PF1, PUCCH-resource-config-PF2, PUCCH-resource-config-PF3, or PUCCH-resource-config-PF4 [2][3].

Resource determination with a resource set
As agreed, out of the up to 4 configured resource sets, the UE firstly identify one of them based on the intended UCI payload size and the payload size ranges associated with each resource set. After that, the UE needs to determine which resource to utilize within this resource set. The agreed principle is:
Agreements:[1]
· 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
This resource allocation principle was achieved with huge efforts and time consumed by both online meeting, offline session and email discussion. Explicit indication plus implicit mapping can achieve good tradeoff between control signaling overhead and scheduling flexibility.
[bookmark: _GoBack]2-bit ARI indicates a subset within a resource. Thus, an essential remaining issue is how to design the implicit mapping within the subset. Since up to 8 resource is supported in a PUCCH resource set, there are only 2 resources in a subset in maximum. Then as a result, the key issue is how to support implicit mapping to choose between the 2 resources within the subset. 
As discussed in the previous subsection, each resource in the resource set is associated with a PUCCH format which is higher layer configured. In our understanding, using short or long PUCCH format is highly related to the HARQ feedback latency, which is mainly motivated by different traffic type and latency requirement. It is a typical use case that the UE is configured with two UE-specific search spaces with two different monitoring intervals (potentially with two different CORESET configurations), wherein one search space is configured for low latency service and the other search space is configured for normal eMBB service. Further, two PUCCH resources within a subset as described above can be configured for short and long PUCCH formats respectively. Then, a search space identity can be associated with one of the PUCCH resource within a subset and accordingly, a PUCCH format. This approach provides efficient framework with good flexibility and low signaling overhead in support of different service types by a certain UE simultaneously. 
Proposal 2: If larger than 4 PUCCH resources are configured in a PUCCH resource set, association between a search space ID (potentially a CORSET ID) and a PUCCH resource within the ARI indicated subset is supported.


Conclusion
In summary, we propose the followings for PUCCH resource allocation:
Proposal 1: Each resource in a resource set is defined by a PUCCH format and an associated higher layer parameter, which is one of PUCCH-resource-config-PF0, PUCCH-resource-config-PF1, PUCCH-resource-config-PF2, PUCCH-resource-config-PF3, or PUCCH-resource-config-PF4 [2][3].
Proposal 2: If larger than 4 PUCCH resources are configured in a PUCCH resource set, association between a search space ID (potentially a CORSET ID) and a PUCCH resource within the ARI indicated subset is supported.
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