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1. Introduction

Discussions on PUCCH resource allocation after dedicated RRC connection has finished in RAN1#92-bis meeting [17]. The remaining issues on PUCCH resource allocation before dedicated RRC connection should be resolved in RAN1#93 meeting.
2. Resource allocation for HARQ-ACK before RRC connection setup
2.1. Agreements in previous meetings
RAN1#AH NR 1801 agreements: 

Agreements:

· For resource allocation for HARQ-ACK before RRC connection setup  

· 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

· PUCCH duration of at least {2, 14}
· If frequency hopping is enabled for long PUCCH, the PRB(s) of the two hops are x PRBs away from each edge of the initial UL BWP.
· FFS on x

· FFS on whether to support frequency hopping for short PUCCH
· FFS frequency hopping is always enabled or indicated in RMSI to enable/disable hopping

· Check further offline on the UE feature related discussion

Agreements:

· For PUCCH duration = 2, the starting symbol is symbol 12 within the slot

· HARQ-ACK is only one bit without bundling before RRC connection 

RAN1#92 agreements: 

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.

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.

RAN1#92-bis agreements: 

Agreements: Confirm the following 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 PUCCH resource allocation before a UE has a dedicated PUCCH configuration, 
· One RMSI value is used for indicating cell-specific PRB offset = 0 for PUCCH duration = 2, 4, 10,14 symbols respectively.
· (working assumption) One RMSI value is used for indicating cell-specific PRB offset = Floor(NBWP/4) for PUCCH duration = 14 symbols.
· NBWP is the size of initial UL BWP
Agreements:

For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, 

· Up to two sets of initial CS shift indices can be specified for different RMSI values for a specific PUCCH format
Agreements:

For PUCCH resource allocation with NUCI≤2 after a UE has a dedicated PUCCH configuration, when >8 resources are configured,
· Adopt the following equation for 38.213 subclause 9.2.3 for resource index r within the resource set:
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Where, m is the PUCCH resource indicator field value, [image: image5.png]Roycen



 is the number of the PUCCH resources given by higher layer parameter maxNrofPUCCH-ResourcesPerSet. CCEstart is the starting CCE index of the last received DCI within the ACK bundling window, In case of CA, CCEstart is the starting CCE index of the DCI received on the CC with the largest CC index in the last slot where a DCI is received within the ACK bundling window . And [image: image7.png]


 is the number of CCEs in control resource set p. r is the PUCCH resource index within the PUCCH resource set. [image: image9.png]
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Agreements:

For PUCCH resource determination within a resource set before a UE has a dedicated PUCCH configuration, besides 3-bit ARI, the additional 1-bit indication is based on 
· CCE-index-based implicit mapping same as that after UE has a dedicated PUCCH configuration
2.2. Discussions in Tdocs for RAN1#92-bis
2.2.1 RMSI Table – cell-specific indications
According to the above agreements, the table specifying cell-spcefic parameters has come into form. An example is as below. 

Remaining issue 1: Besides 0 for all durations, how to define other cell-specific PRB offsets indicated in RMSI table?

· Option 1: Confirm WA that Floor(NBWP/4) is for 14-symbol. Other PRB offsets are defined in number of PRBs, 2-PRB, or 4-PRB.
· OPPO, Nokia
· Option 2: Confirm WA as: Floor(NBWP/4) is for 2-symbol, 4-symbol, 10-symbol and 14-symbol
· HW, Pana, NEC, DCM
· Option 3: Do not confirm WA that Floor(NBWP/4) is for 14-symbol. Other PRB offsets are defined in number of PRBs, 2-PRB, or 4-PRB.
· CATT, QC
Remaining issue 2: What initial CS sets are needed for a PUCCH duration?

· For 2-symbol duration:
· {0, 3}: HW, OPPO, Pana, LGE, DCM, E///, CATT
· {1, 4}: HW

· {0, 4, 8}: Nokia, CATT, Pana

· For 4-symbol duration:
· {0, 3, 6, 9}: HW, OPPO, Pana, CATT, LGE, Nokia
· {0, 2, 4, 6, 8, 10}: HW, CATT
· {0, 6}: DCM

· {0, 3}: E///

· For 10-symbol duration:
· {0, 3, 6, 9}: HW, OPPO, Pana, CATT, LGE, Nokia
· {0, 2, 4, 6, 8, 10}: HW, CATT
· {0, 6}: DCM

· {0, 3}: E///

· For 14-symbol duration:
· {0, 3, 6, 9}: HW, OPPO, Pana, CATT, LGE, Nokia
· {0, 2, 4, 6, 8, 10}: HW, Pana, CATT
· {0, 6}: DCM

· {0, 6} only for Floor(NBWP/4) PRB offset: Nokia

· {0, 3}: E///

Remaining issue 3: Whether RMSI table indicates the time-domain OCC set for 10-symbol and 14-symbol?
· Yes (Different OCC sets can be specified for 10-symbol and 14-symbol)
· HW
2.2.2 Resource determination in a resource set
For PUCCH resource determination within a resource set before a UE has a dedicated PUCCH configuration, besides 3-bit ARI, the additional 1-bit indication is based on CCE-index-based implicit mapping same as that after UE has a dedicated PUCCH configuration.

Remaining issue 1: Fixed OCC index or different OCC indices for 10/14-symbol PUCCH?

· Option 1: Fixed OCC (e.g. OCC index = 0)

· Spreadtrum
· Option 2: Different OCC (OCC index is indicated or derived from initial CS index)

· HW, Pana, CATT
Remaining issue 2: Mapping from PUCCH resource index r to parameters?

· The implicit mapping bit is only used for indicating CS
· NEC, LGE, DCM, QC
· Derive PRB index and CS from r using a set of equations
· HW, CATT, QC
2.3. Offline discussion outputs
Agreements:

Confirm working assumption as:

For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, 
·  One RMSI value is used for indicating cell-specific PRB offset = Floor(NBWP/4) for PUCCH duration = 14 symbols.
· NBWP is the size of initial UL BWP
· For 2 symbols, 4 symbols and 10 symbols, 
· Floor(NBWP/4) is not specified.
· At least one additional offset is specified in number of PRBs for each duration.
· Note: Offset = 0 has been agreed.
Agreements:

For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, adopt the following table for specifying cell-specific PUCCH resources/parameters:

· NBWP is the size of initial UL BWP
	RMSI value
	PUCCH format
	Starting symbol
	Number of symbols
	Cell-specific PRB offset
	Initial CS index set

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	4
	10
	0
	{0, 6}

	7
	1
	4
	10
	0
	{0, 3, 6, 9}

	8
	1
	4
	10
	2
	{0, 3, 6, 9}

	9
	1
	0
	14
	0
	{0, 6}

	10
	1
	0
	14
	0
	{0, 3, 6, 9}

	11
	1
	0
	14
	2
	{0, 3, 6, 9}

	12
	1
	0
	14
	4
	{0, 3, 6, 9}

	13
	1
	0
	14
	Floor(NBWP/4)
	{0, 3, 6, 9}

	14
	FFS
	
	
	
	

	15
	FFS
	
	
	
	


Agreements:

For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, the PUCCH resource within the is determined as belows. 

· PRB offset = cell-specific PRB offset + UE-specific PRB offset
· It is up to the editor to adopt one option among the two below, where
· nCS is the number of CS indices in the CS index set.
· m is the PUCCH resource indicator field value, 
· CCEstart is the starting CCE index of the DCI received
·  NCCE,p is the number of CCEs in control resource set p.
· Option 1: Equation-based expression.

· PUCCH resource index rPUCCH = 2m+Floor(2*CCEstart/NCCE,p)
· Hopping direction h = Floor(rPUCCH/8)
· UE-specific PRB offset p = Floor((rPUCCH-8h)/nCS)
· CS index c = Mod (rPUCCH-8h, nCS)
· Option 2: Table-based expression.
· CCE-based implicit bit = Floor(2*CCEstart/NCCE,p)
· For RMSI value with initial CS index set {0, 3},
	ARI bits
	CCE-based implicit bit
	Hopping direction
	UE specific PRB offset
	Initial CS index

	000
	0
	0
	0
	0

	
	1
	
	
	3

	001
	0
	
	1
	0

	
	1
	
	
	3

	010
	0
	
	2
	0

	
	1
	
	
	3

	011
	0
	
	3
	0

	
	1
	
	
	3

	100
	0
	1
	0
	0

	
	1
	
	
	3

	101
	0
	
	1
	0

	
	1
	
	
	3

	110
	0
	
	2
	0

	
	1
	
	
	3

	111
	0
	
	3
	0

	
	1
	
	
	3


· For RMSI values with initial CS index set {0, 4, 8},
	ARI
	CCE-based implicit bit
	Hopping direction
	UE-specific PRB offset
	Initial CS index

	000
	0
	0
	0
	0

	
	1
	
	
	4

	001
	0
	
	
	8

	
	1
	
	1
	0

	010
	0
	
	
	4

	
	1
	
	
	8

	011
	0
	
	2
	0

	
	1
	
	
	4

	100
	0
	1
	0
	0

	
	1
	
	
	4

	101
	0
	
	
	8

	
	1
	
	1
	0

	110
	0
	
	
	4

	
	1
	
	
	8

	111
	0
	
	2
	0

	
	1
	
	
	4


· For RMSI values with initial CS index set {0, 6},
	ARI
	CCE-based implicit bit
	Hopping direction
	UE specific PRB offset
	Initial CS index

	000
	0
	0
	0
	0

	
	1
	
	
	6

	001
	0
	
	1
	0

	
	1
	
	
	6

	010
	0
	
	2
	0

	
	1
	
	
	6

	011
	0
	
	3
	0

	
	1
	
	
	6

	100
	0
	1
	0
	0

	
	1
	
	
	6

	101
	0
	
	1
	0

	
	1
	
	
	6

	110
	0
	
	2
	0

	
	1
	
	
	6

	111
	0
	
	3
	0

	
	1
	
	
	6


· For RMSI values with initial CS index set {0, 3, 6, 9},
	ARI
	CCE-based implicit bit
	Hopping direction
	UE specific PRB offset
	Initial CS index

	000
	0
	0
	0
	0

	
	1
	
	
	3

	001
	0
	
	
	6

	
	1
	
	
	9

	010
	0
	
	1
	0

	
	1
	
	
	3

	011
	0
	
	
	6

	
	1
	
	
	9

	100
	0
	1
	0
	0

	
	1
	
	
	3

	101
	0
	
	
	6

	
	1
	
	
	9

	110
	0
	
	1
	0

	
	1
	
	
	3

	111
	0
	
	
	6

	
	1
	
	
	9


Proposal from offline:

For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, adopt the following table for specifying cell-specific PUCCH resources/parameters:

· NBWP is the size of initial UL BWP
	RMSI value
	PUCCH format
	Starting symbol
	Number of symbols
	Cell-specific PRB offset
	Initial CS index set

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	Floor(NBWP/4)
	{0, 3, 6, 9}


Proposal from offline:
For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, the PUCCH resource within the is determined as belows. 

· PRB offset = cell-specific PRB offset + UE-specific PRB offset
· It is up to the editor to adopt one option among the two below, where
· nCS is the number of CS indices in the CS index set.
· m is the PUCCH resource indicator field value, 
· CCEstart is the starting CCE index of the DCI received
·  NCCE,p is the number of CCEs in control resource set p.
· Option 1: Equation-based expression.

· PUCCH resource index rPUCCH = 2m+Floor(2*CCEstart/NCCE,p)
· Hopping direction h = Floor(rPUCCH/8)
· UE-specific PRB offset p = Floor((rPUCCH-8h)/nCS)
· CS Index in the initial CS index set c = Mod (rPUCCH-8h, nCS)
· Option 2: Table-based expression.
· CCE-based implicit bit = Floor(2*CCEstart/NCCE,p)
· For RMSI value with initial CS index set {0, 3},
	ARI bits
	CCE-based implicit bit
	Hopping direction
	UE specific PRB offset
	Initial CS index

	000
	0
	0
	0
	0

	
	1
	
	
	3

	001
	0
	
	1
	0

	
	1
	
	
	3

	010
	0
	
	2
	0

	
	1
	
	
	3

	011
	0
	
	3
	0

	
	1
	
	
	3

	100
	0
	1
	0
	0

	
	1
	
	
	3

	101
	0
	
	1
	0

	
	1
	
	
	3

	110
	0
	
	2
	0

	
	1
	
	
	3

	111
	0
	
	3
	0

	
	1
	
	
	3


· For RMSI values with initial CS index set {0, 4, 8},
	ARI
	CCE-based implicit bit
	Hopping direction
	UE-specific PRB offset
	Initial CS index

	000
	0
	0
	0
	0

	
	1
	
	
	4

	001
	0
	
	
	8

	
	1
	
	1
	0

	010
	0
	
	
	4

	
	1
	
	
	8

	011
	0
	
	2
	0

	
	1
	
	
	4

	100
	0
	1
	0
	0

	
	1
	
	
	4

	101
	0
	
	
	8

	
	1
	
	1
	0

	110
	0
	
	
	4

	
	1
	
	
	8

	111
	0
	
	2
	0

	
	1
	
	
	4


· For RMSI values with initial CS index set {0, 6},
	ARI
	CCE-based implicit bit
	Hopping direction
	UE specific PRB offset
	Initial CS index

	000
	0
	0
	0
	0

	
	1
	
	
	6

	001
	0
	
	1
	0

	
	1
	
	
	6

	010
	0
	
	2
	0

	
	1
	
	
	6

	011
	0
	
	3
	0

	
	1
	
	
	6

	100
	0
	1
	0
	0

	
	1
	
	
	6

	101
	0
	
	1
	0

	
	1
	
	
	6

	110
	0
	
	2
	0

	
	1
	
	
	6

	111
	0
	
	3
	0

	
	1
	
	
	6


· For RMSI values with initial CS index set {0, 3, 6, 9},
	ARI
	CCE-based implicit bit
	Hopping direction
	UE specific PRB offset
	Initial CS index

	000
	0
	0
	0
	0

	
	1
	
	
	3

	001
	0
	
	
	6

	
	1
	
	
	9

	010
	0
	
	1
	0

	
	1
	
	
	3

	011
	0
	
	
	6

	
	1
	
	
	9

	100
	0
	1
	0
	0

	
	1
	
	
	3

	101
	0
	
	
	6

	
	1
	
	
	9

	110
	0
	
	1
	0

	
	1
	
	
	3

	111
	0
	
	
	6

	
	1
	
	
	9


Proposal from offline:

For PUCCH resource allocation before a UE has a dedicated PUCCH configuration,
· Time-domain OCC index = Mod (c, nOCC), where
· c is the index in the initial CS index set
· nOCC=2 for 10-symbol duration
· nOCC=3 for 14-symbol duration 
3. Text proposals
TP proposed by Nokia:

***************** 38.213 – Start ********************
9.2.3
UE procedure for reporting HARQ-ACK

...

For the first set of PUCCH resources and when the size 
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 of higher layer parameter resourceList is larger than eight, when a UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a last DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index 
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where 
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 is a number of CCEs in control resource set 
[image: image17.wmf]p

 of a corresponding PDCCH reception for the DCI format 1_0 or DCI format 1_1 as described in Subclause 10.1, 
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 is the index of a first CCE for the PDCCH reception, and 
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 is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 
For other sets of PUCCH resources, [image: image20.png]


.
PUCCH resource [image: image21.png]


 corresponds with the [image: image22.png](ropeew + 1)th



 PUCCH resource provided by pucch-ResourceId obtained from the [image: image23.png](ropeew + 1)th



 value of resourceList.

Table 9.2.3-2: Mapping of PUCCH resource indication field values to a PUCCH resource in a PUCCH resource set with maximum 8 PUCCH resources

	PUCCH resource indicator 
	PUCCH resource

	'000' 
	1st PUCCH resource provided by pucch-ResourceId obtained from the 1st value of resourceList

	'001' 
	2nd PUCCH resource provided by pucch-ResourceId obtained from the 2nd value of resourceList

	'010' 
	3rd PUCCH resource provided by pucch-ResourceId obtained from the 3rd value of resourceList

	'011' 
	4th PUCCH resource provided by pucch-ResourceId obtained from the 4th value of resourceList

	'100' 
	5th PUCCH resource provided by pucch-ResourceId obtained from the 5th value of resourceList

	'101' 
	6th PUCCH resource provided by pucch-ResourceId obtained from the 6th value of resourceList

	'110' 
	7th PUCCH resource provided by pucch-ResourceId obtained from the 7th value of resourceList

	'111' 
	8th PUCCH resource provided by pucch-ResourceId obtained from the 8th value of resourceList


***************** 38.213 – End ********************
TP from DOCOMO:

9.2.3
UE procedure for reporting HARQ-ACK

[…]

For transmission of HARQ-ACK information in a PUCCH by a UE, the UE determines a PUCCH resource after determining a set of PUCCH resources for 
[image: image24.wmf]UCI
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 HARQ-ACK information bits, as described in Subclause 9.2.1. The PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1 among the DCIs indicating the same slot for HARQ-ACK feedback that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where detected DCI formats are indexed in an ascending order first across serving cells indexes and then across PDCCH monitoring occasion indexes.
[…]
4. Other aspects 

Some other remaining issues are also discussed in the Tdocs:

4.1. PUCCH resource allocation for URLLC
Huawei [11] thinks current design of 3-bit ARI mapping is insufficient to support fast HARQ-ACK feedback for non-slot based URLLC via allocating multiple PUCCH starting symbol positions.
	Proposal 1: To reduce the DCI overhead, HARQ-ACK slot-timing field can be removed. The slot index and starting symbol index of PUCCH resource can be jointly indicated to UE.

Proposal 2: Within the configured PUCCH resource set, the earliest PUCCH resource can be chosen to transmit HARQ-ACK based on UE’s PDSCH processing capability.


Qualcomm [16] proposes:
	Proposal 1: NR should have separate PUCCH configurations for URLLC and eMBB.   
Proposal 2: The number of PUCCH resources contained in a URLLC PUCCH resource set may be less than the number of resources within an eMBB PUCCH resource set. 

Proposal 3: For URLLC, the PDSCH-to-HARQ timing can be configured in the unit of number of symbols, and the starting OFDM symbol of a PUCCH resource can be interpreted as relative to the end of PDSCH plus the value indicated by the PDSCH-to-HARQ timing.


4.2. Consideration of fallback PUCCH resource
CATT thinks a second use case for the cell-common PUCCH resource set is during RRC reconfiguration. If the set(s) of dedicated PUCCH resources configured for a UE are reconfigured by RRC signaling, a fallback set of PUCCH resources is desirable to avoid ambiguity between the gNB and UE regarding the effective start time of the reconfiguration up until the UE transmits a RRC reconfiguration complete message. The initial set of PUCCH resources derived from the 4-bit PUCCH field in RMSI may be used for this purpose.
	Support using the initial PUCCH resource set indicated by RMSI as a fallback PUCCH resource set. A UE applies the initial PUCCH resource set if it receives a single PDSCH scheduled by PDCCH transmitted in CORESET 0.


4.3. SSB-based CS determination
CATT proposes:
	Consider SSB-based differentiation for the set of applicable cyclic shifts provided by the higher layer parameter PUCCH-Resource-Common.


4.4. Value range of the payload size of the PUCCH resource set
Vivo thinks that with only one configured PUCCH RESET, it should be clarified that the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2-bits (less than 3-bit). 
	With only one configured PUCCH RESET, the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2-bits. And the text proposal for TS38.213 in Annex 1 should be considered.


4.5. PUCCH resource allocation for multiple slots
Panasonic, vivo present their views on support of long PUCCH over multiple slots.

However, the multi-slot transmission is a “mandatory with signaling” feature for R15 NR UE. Hence it seems that the multi-slot PUCCH cannot be used in initial access procedure.

4.6. Change number of HARQ-ACK bits before RRC connection
Ericsson expresses that limiting the HARQ-ACK to 1 bit implies the UE is limited to monitor only one PDSCH before any uplink transmission in PUCCH before dedicated RRC. The most straightforward solution is to enable possibility of another PDSCH. That implies that the number of corresponding HARQ-ACK bits is increased to 2 bits.
	Only two HARQ-ACK bits without bundling is transmitted on PUCCH before dedicated PUCCH resource configuration


4.7. ACK for PDCCH
Qualcomm addresses the necessity of ACK for PDCCH.
	Transmit ACK for PDCCH indicating beam switching (similar to ACK for SPS release in LTE). FFS for other PDCCH indications.
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