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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1 #92 [1], following agreements had been made on PUCCH resource determination.
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 NUCI <= 2.
· 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 NUCI > 2.
· No implicit mapping
· Note: Changing RAN1#91 agreement
In RAN1 #92 [2], following agreements had been made on PUCCH resource determination before a UE has a dedicated PUCCH configuration.
Agreements:
· For PUCCH 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
Agreements:
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration
· PUCCH format is cell-specific and derived from RMSI indication.
Agreements:
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 16 UE-specific resource are specified within a PUCCH resource set indicated by RMSI.
· PRB index are determined based on ARI and RMSI.
Working assumption:
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration
· Frequency hopping is always enabled for PUCCH transmission for FR1 and FR2.
This contribution discusses remaining details on PUCCH resource allocation. Section 2 discusses the remaining details on implicit mapping mechanism and Section 3 discusses PUCCH resource determination before a UE has a dedicated PUCCH configuration.
Implicit mapping for PUCCH resource determination
The remaining issue for PUCCH resource determination is details of implicit mapping. Following schemes were proposed in RAN1#92 [2].
· [bookmark: _Hlk510513120]The resource index r within the resource subset is implicitly derived based on starting CCE index according to the following equation.
· r = (C/L) mod M
· where 
· M is the number of PUCCH resources in the resource subset (M = 1 when 8 PUCCH resource are configured, M = 2 when 16 PUCCH resource are configured, M= 4 when 32 PUCCH resources are configured).
· C is the starting CCE index of the lastly received DCI within the ACK bundling window. In case of CA, C is the starting CCE index of the DCI received on the smallest CC in the last slot within the ACK bundling window.
· L is the aggregation level of the PDCCH associated with C.
Although the implicit mapping is only used for the case of UCI is up to 2 bits, there are still be the issue related to the case of TDD, i.e., the case when HARQ-ACKs corresponding to 2 PDSCHs are multiplexed to one PUCCH. To solve this issue, following operation is possibility.
· gNB could use the same CCE index for all PDCCHs corresponds to one PUCCH, 
· To reserve 2 PUCCH resources for a UE and perform blind decoding of 2 PUCCH resources corresponding to 2 CCEs for each PDCCH scheduling PDSCH, or 
· [bookmark: _GoBack]To increase the reliability of the last PDCCH.
Since explicit signalling has the flexibility to select 8 resources, above proposal of implicit mapping is sufficient if necessary.
Proposal 1: For UCI of up to 2 bits, following implicit mapping scheme is used when >8 resources are configured.
· The resource index r within the resource subset is implicitly derived based on starting CCE index according to the following equation.
· r = (C/L) mod M
· where 
· M is the number of PUCCH resources in the resource subset.
· C is the starting CCE index of the lastly received DCI within the ACK bundling window. In case of CA, C is the starting CCE index of the DCI received on the smallest CC in the last slot within the ACK bundling window.
· L is the aggregation level of the PDCCH associated with C.

PUCCH resource determination before a UE has a dedicated PUCCH configuration
The resource allocation is derived based on a 4-bit parameter in RMSI. 4-bit RMSI indicates an entry into a 16-row table and each row in the table configures a set of cell-specific PUCCH resources/parameters. In addition, PUCCH resource determination is similar approach to the case after RRC connection setup was agreed. The remaining issue is the detailed mapping of 4-bit parameter in RMSI, ARI and implicit index to PUCCH resource.
It was agreed that PUCCH format, PUCCH duration, and starting symbol are cell-specific parameter derived from RMSI. In addition, it was also agreed that PRB index is determined based on ARI and RMSI. Then, the relationship described as Table 1 could be considered with RMSI index. On PRB index offset, if the setting of UL initial BWP has flexibility, to indicate only edge PRB (e.g., X1=1(or 2), X2=2(or 4), X3=3(or 6)) would be sufficient. If the setting of UL initial BWP has less flexibility, it would be better to allow to indicate more flexible PRBs within the initial UL BWP.
As PRB index is determined based on ARI and RMSI was agreed, PRB index should be UE-specific parameter derived from ARI. In addition, hopping direction, initial cyclic shift and OCC index (only for PUCCH format 1, duration of 10 symbols and 14 symbols) could be UE-specific parameters. Table 2 and 3 shows the example of how to derive hopping direction, initial cyclic shift and OCC index from ARI and implicit index. In Table 2 and 3, the maximum number of allocable PRBs are different between PUCCH format 0 and 1 (i.e., 4 PRBs are allocable for PUCCH format 0 and 2 PRBs are allocable for PUCCH format 1) considering different multiplexing capacity within a PRB. For PUCCH format 1, initial cyclic shift can be derived from both ARI and implicit index. While for PUCCH format 0, initial cyclic shift is derived only from implicit index. Another possibility would be unified indication (i.e., initial cyclic shift is derived only from implicit index) for both PUCCH format 0 and 1 is used.
For implicit index, CCE index-based implicit mapping is used. Since only 1 bit is transmitted, there is no issue. Another possibility would be to use unused bit in DCI scheduling Msg.4.
Table 1 Example of the relationship between RMSI index and cell-specific parameters
	RMSI index
	PUCCH format / duration
	Starting symbol index
	PRB index Noffset (Offset from edge of initial UL BWP)

	0
	PUCCH format 0 / 2 symbols
	12
	0

	1
	
	
	X1

	2
	
	
	X2

	3
	
	
	X3

	4
	PUCCH format 1 / 4 symbols
	10
	0

	5
	
	
	X1

	6
	
	
	X2

	7
	
	
	X3

	8
	PUCCH format 1 / 10 symbols
	4
	0

	9
	
	
	X1

	10
	
	
	X2

	11
	
	
	X3

	12
	PUCCH format 1 / 14 symbols
	0
	0

	13
	
	
	X1

	14
	
	
	X2

	15
	
	
	X3



	Table 2 Example of the relationship between ARI, implicit index and UE-specific parameters (for PUCCH format 0)
	ARI
	Implicit index (resource index within a subset)
	PRB index (Offset from edge of initial UL BWP) / hopping direction
	Initial cyclic shift

	0
	0
	0 + Noffset
	0

	
	1
	
	3

	1
	0
	1 + Noffset
	0

	
	1
	
	3

	2
	0
	2 + Noffset
	0

	
	1
	
	3

	3
	0
	3 + Noffset
	0

	
	1
	
	3

	4
	0
	NBWP - 1 - (0 + Noffset)
	0

	
	1
	
	3

	5
	0
	NBWP - 1 - (1 + Noffset)
	0

	
	1
	
	3

	6
	0
	NBWP - 1 - (2 + Noffset)
	0

	
	1
	
	3

	7
	0
	NBWP - 1 - (3 + Noffset)
	0

	
	1
	
	3



	Table 3 Example of the relationship between ARI, implicit index and UE-specific parameters (for PUCCH format 1)
	ARI
	Implicit index (resource index within a subset)
	PRB index (Offset from edge of initial UL BWP) / hopping direction
	Initial cyclic shift
	OCC index (only for duration of 10 and 14 symbols)

	0
	0
	0 + Noffset
	0
	0

	
	1
	
	3
	1

	1
	0
	
	6
	0

	
	1
	
	9
	1

	2
	0
	1 + Noffset
	0
	0

	
	1
	
	3
	1

	3
	0
	
	6
	0

	
	1
	
	9
	1

	4
	0
	NBWP - 1 - (0 + Noffset)
	0
	0

	
	1
	
	3
	1

	5
	0
	
	6
	0

	
	1
	
	9
	1

	6
	0
	NBWP - 1 - (1 + Noffset)
	0
	0

	
	1
	
	3
	1

	7
	0
	
	6
	0

	
	1
	
	9
	1



Proposal 2: For PUCCH resource determination before a UE has a dedicated PUCCH configuration, cell-specific parameters are derived from RMSI with following table as example.
	RMSI index
	PUCCH format / duration
	Starting symbol index
	PRB index Noffset (Offset from edge of initial UL BWP)

	0
	PUCCH format 0 / 2 symbols
	12
	0

	1
	
	
	X1

	2
	
	
	X2

	3
	
	
	X3

	4
	PUCCH format 1 / 4 symbols
	10
	0

	5
	
	
	X1

	6
	
	
	X2

	7
	
	
	X3

	8
	PUCCH format 1 / 10 symbols
	4
	0

	9
	
	
	X1

	10
	
	
	X2

	11
	
	
	X3

	12
	PUCCH format 1 / 14 symbols
	0
	0

	13
	
	
	X1

	14
	
	
	X2

	15
	
	
	X3


Proposal 3: For PUCCH resource determination before a UE has a dedicated PUCCH configuration, UE-specific parameters are derived from ARI and implicit index with following table as example.
· PUCCH format 0
	ARI
	Implicit index (resource index within a subset)
	PRB index (Offset from edge of initial UL BWP) / hopping direction
	Initial cyclic shift

	0
	0
	0 + Noffset
	0

	
	1
	
	3

	1
	0
	1 + Noffset
	0

	
	1
	
	3

	2
	0
	2 + Noffset
	0

	
	1
	
	3

	3
	0
	3 + Noffset
	0

	
	1
	
	3

	4
	0
	NBWP - 1 - (0 + Noffset)
	0

	
	1
	
	3

	5
	0
	NBWP - 1 - (1 + Noffset)
	0

	
	1
	
	3

	6
	0
	NBWP - 1 - (2 + Noffset)
	0

	
	1
	
	3

	7
	0
	NBWP - 1 - (3 + Noffset)
	0

	
	1
	
	3


· PUCCH format 1
· Alt.1
	ARI
	Implicit index (resource index within a subset)
	PRB index (Offset from edge of initial UL BWP) / hopping direction
	Initial cyclic shift
	OCC index (only for duration of 10 and 14 symbols)

	0
	0
	0 + Noffset
	0
	0

	
	1
	
	3
	1

	1
	0
	
	6
	0

	
	1
	
	9
	1

	2
	0
	1 + Noffset
	0
	0

	
	1
	
	3
	1

	3
	0
	
	6
	0

	
	1
	
	9
	1

	4
	0
	NBWP - 1 - (0 + Noffset)
	0
	0

	
	1
	
	3
	1

	5
	0
	
	6
	0

	
	1
	
	9
	1

	6
	0
	NBWP - 1 - (1 + Noffset)
	0
	0

	
	1
	
	3
	1

	7
	0
	
	6
	0

	
	1
	
	9
	1


· Alt.2
	ARI
	Implicit index (resource index within a subset)
	PRB index (Offset from edge of initial UL BWP) / hopping direction
	Initial cyclic shift
	OCC index (only for duration of 10 and 14 symbols)

	0
	0
	0 + Noffset
	0
	0

	
	1
	
	6
	1

	1
	0
	1 + Noffset
	0
	0

	
	1
	
	6
	1

	2
	0
	2 + Noffset
	0
	0

	
	1
	
	6
	1

	3
	0
	3 + Noffset
	0
	0

	
	1
	
	6
	1

	4
	0
	NBWP - 1 - (0 + Noffset)
	0
	0

	
	1
	
	6
	1

	5
	0
	NBWP - 1 - (1 + Noffset)
	0
	0

	
	1
	
	6
	1

	6
	0
	NBWP - 1 - (2 + Noffset)
	0
	0

	
	1
	
	6
	1

	7
	0
	NBWP - 1 - (3 + Noffset)
	0
	0

	
	1
	
	6
	1



Conclusion
In this contribution, we discussed remaining details on PUCCH resource allocation. We have following proposals:
Proposal 1: For UCI of up to 2 bits, following implicit mapping scheme is used when >8 resources are configured.
· The resource index r within the resource subset is implicitly derived based on starting CCE index according to the following equation.
· r = (C/L) mod M
· where 
· M is the number of PUCCH resources in the resource subset.
· C is the starting CCE index of the lastly received DCI within the ACK bundling window. In case of CA, C is the starting CCE index of the DCI received on the smallest CC in the last slot within the ACK bundling window.
· L is the aggregation level of the PDCCH associated with C.
Proposal 2: For PUCCH resource determination before a UE has a dedicated PUCCH configuration, cell-specific parameters are derived from RMSI with following table as example.
	RMSI index
	PUCCH format / duration
	Starting symbol index
	PRB index Noffset (Offset from edge of initial UL BWP)

	0
	PUCCH format 0 / 2 symbols
	12
	0

	1
	
	
	X1

	2
	
	
	X2

	3
	
	
	X3

	4
	PUCCH format 1 / 4 symbols
	10
	0

	5
	
	
	X1

	6
	
	
	X2

	7
	
	
	X3

	8
	PUCCH format 1 / 10 symbols
	4
	0

	9
	
	
	X1

	10
	
	
	X2

	11
	
	
	X3

	12
	PUCCH format 1 / 14 symbols
	0
	0

	13
	
	
	X1

	14
	
	
	X2

	15
	
	
	X3


Proposal 3: For PUCCH resource determination before a UE has a dedicated PUCCH configuration, UE-specific parameters are derived from ARI and implicit index with following table as example.
· PUCCH format 0
	ARI
	Implicit index (resource index within a subset)
	PRB index (Offset from edge of initial UL BWP) / hopping direction
	Initial cyclic shift

	0
	0
	0 + Noffset
	0

	
	1
	
	3

	1
	0
	1 + Noffset
	0

	
	1
	
	3

	2
	0
	2 + Noffset
	0

	
	1
	
	3

	3
	0
	3 + Noffset
	0

	
	1
	
	3

	4
	0
	NBWP - 1 - (0 + Noffset)
	0

	
	1
	
	3

	5
	0
	NBWP - 1 - (1 + Noffset)
	0

	
	1
	
	3

	6
	0
	NBWP - 1 - (2 + Noffset)
	0

	
	1
	
	3

	7
	0
	NBWP - 1 - (3 + Noffset)
	0

	
	1
	
	3


· PUCCH format 1
· Alt.1
	ARI
	Implicit index (resource index within a subset)
	PRB index (Offset from edge of initial UL BWP) / hopping direction
	Initial cyclic shift
	OCC index (only for duration of 10 and 14 symbols)

	0
	0
	0 + Noffset
	0
	0

	
	1
	
	3
	1

	1
	0
	
	6
	0

	
	1
	
	9
	1

	2
	0
	1 + Noffset
	0
	0

	
	1
	
	3
	1

	3
	0
	
	6
	0

	
	1
	
	9
	1

	4
	0
	NBWP - 1 - (0 + Noffset)
	0
	0

	
	1
	
	3
	1

	5
	0
	
	6
	0

	
	1
	
	9
	1

	6
	0
	NBWP - 1 - (1 + Noffset)
	0
	0

	
	1
	
	3
	1

	7
	0
	
	6
	0

	
	1
	
	9
	1


· Alt.2
	ARI
	Implicit index (resource index within a subset)
	PRB index (Offset from edge of initial UL BWP) / hopping direction
	Initial cyclic shift
	OCC index (only for duration of 10 and 14 symbols)

	0
	0
	0 + Noffset
	0
	0

	
	1
	
	6
	1

	1
	0
	1 + Noffset
	0
	0

	
	1
	
	6
	1

	2
	0
	2 + Noffset
	0
	0

	
	1
	
	6
	1

	3
	0
	3 + Noffset
	0
	0

	
	1
	
	6
	1

	4
	0
	NBWP - 1 - (0 + Noffset)
	0
	0

	
	1
	
	6
	1

	5
	0
	NBWP - 1 - (1 + Noffset)
	0
	0

	
	1
	
	6
	1

	6
	0
	NBWP - 1 - (2 + Noffset)
	0
	0

	
	1
	
	6
	1

	7
	0
	NBWP - 1 - (3 + Noffset)
	0
	0

	
	1
	
	6
	1
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