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1. Introduction
The following WID objectives related to PUCCH were made in RAN#90-e meeting [1]:
	· Physical layer aspects including [RAN1]:
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.


In this contribution, we discuss and provide views on the enhancements for PUCCH format 0/1/4 to support NR above 52.6 GHz, in terms of the resource allocation and the sequence design under the regulatory requirement.

2. Discussions 
2.1 The number of RBs for enhanced PUCCH format 0/1/4
	Agreement:
· Support an RRC parameter to configure the number of RBs for a PUCCH resource for each of enhanced PUCCH formats 0, 1, and 4
· The parameter is provided by dedicated signaling (per UE) per BWP


In RAN1#106-e meeting [3], it was agreed to support an RRC parameter to configure the number of RBs for a PUCCH resource for each of enhanced PUCCH formats 0, 1, and 4. However, it needs to clarify whether the configured number of RBs for each PUCCH format is common to PUCCH resources or not.
In Rel-15 NR, the number of RB for PUCCH format is configured with PUCCH format-specific manner but a PUCCH resource configured in PUCCH-format2 or PUCCH-format3 can be configured with a different number of RBs by the parameter nrofPRBs. 
	PUCCH-ResourceSet ::=                   SEQUENCE {
    pucch-ResourceSetId                     PUCCH-ResourceSetId,
    resourceList                            SEQUENCE (SIZE (1..maxNrofPUCCH-ResourcesPerSet)) OF PUCCH-ResourceId,
    maxPayloadSize                          INTEGER (4..256)                                                      OPTIONAL  -- Need R
}

PUCCH-ResourceSetId ::=                 INTEGER (0..maxNrofPUCCH-ResourceSets-1)

PUCCH-Resource ::=                      SEQUENCE {
    pucch-ResourceId                        PUCCH-ResourceId,
    startingPRB                             PRB-Id,
    intraSlotFrequencyHopping               ENUMERATED { enabled }                                                OPTIONAL, -- Need R
    secondHopPRB                            PRB-Id                                                                OPTIONAL, -- Need R
    format                                  CHOICE {
        format0                                 PUCCH-format0,
        format1                                 PUCCH-format1,
        format2                                 PUCCH-format2,
        format3                                 PUCCH-format3,
        format4                                 PUCCH-format4
    }
}

PUCCH-ResourceId ::=                    INTEGER (0..maxNrofPUCCH-Resources-1)


PUCCH-format0 ::=                               SEQUENCE {
    initialCyclicShift                              INTEGER(0..11),
    nrofSymbols                                     INTEGER (1..2),
    startingSymbolIndex                             INTEGER(0..13)
}

PUCCH-format1 ::=                               SEQUENCE {
    initialCyclicShift                              INTEGER(0..11),
    nrofSymbols                                     INTEGER (4..14),
    startingSymbolIndex                             INTEGER(0..10),
    timeDomainOCC                                   INTEGER(0..6)
}

PUCCH-format2 ::=                               SEQUENCE {
    nrofPRBs                                        INTEGER (1..16),
    nrofSymbols                                     INTEGER (1..2),
    startingSymbolIndex                             INTEGER(0..13)
}

PUCCH-format3 ::=                               SEQUENCE {
    nrofPRBs                                        INTEGER (1..16),
    nrofSymbols                                     INTEGER (4..14),
    startingSymbolIndex                             INTEGER(0..10)
}

PUCCH-format4 ::=                               SEQUENCE {
    nrofSymbols                                     INTEGER (4..14),
    occ-Length                                      ENUMERATED {n2,n4},
    occ-Index                                       ENUMERATED {n0,n1,n2,n3},
    startingSymbolIndex                             INTEGER(0..10)


Similarly, the number of RBs for enhanced PUCCH format 0, 1, and 4 can be configured differently per PUCCH resource and it can provide more flexibility than configuring the number of RBs per PUCCH format. Therefore, based on the above understanding, the note in the comments for row 11/12/13 in RRC parameters table [4] for extending NR to 52.6-71GHz should be modified as follow:
	Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 480 and 960 kHz SCS (same as for 120 kHz SCS).
Note: RAN2 may need to determine eventually where this RRC parameter is added.
Note: It is possible to put this in PUCCH resource, but RAN1 agreement is the # of RB is configured per format



Proposal #1: It needs to clarify whether the number of RBs for enhanced PUCCH format 0, 1, and 4 can be configured differently per PUCCH resource. If RAN1 can confirm that the previous RAN1 agreement implies the number of RBs for enhanced PUCCH format 0, 1, and 4 can be configured differently per PUCCH resource, the note in the comments for row 11/12/13 in RRC parameters table for extending NR to 52.6-71GHz should be modified as follows:
	Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 480 and 960 kHz SCS (same as for 120 kHz SCS).
Note: RAN2 may need to determine eventually where this RRC parameter is added.
Note: It is possible to put this in PUCCH resource, but RAN1 agreement is the # of RB is configured per format



2.2 Considerations for initial PUCCH resource set
(TS 38.213) Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	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
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	{0, 3, 6, 9}



In NR, each initial PUCCH resource set consists of 16 PUCCH resources, and the number of PRBs required to create 16 resources was determined according to the number of initial CS indexes. For example, for PUCCH resource set indexes of 0, 3, 7, and 11, 8 PRBs (i.e., 8 FDM resources) are required to provide 16 PUCCH resources due to a single RB allocation design for PUCCH formats 0 and 1.
	Agreement:
· For PUCCH resource sets prior to RRC configuration, support a parameter in SIB1 that indicates the number of RBs for enhanced (multi-RB) PUCCH format 0/1


In RAN1#106-e [3], it was agreed to support multi-RB allocation for the PUCCH resource prior to RRC configuration and the number of RBs can be indicated by SIB1. Therefore, it is necessary to scale the PRB offset value with the indicated NRB and reflect it in the calculation of the starting PRB index for PUCCH resources prior to RRC configuration.
However, the PRB offset and FDM (frequency division multiplexing) between cells should be considered when the PRB indices are calculated based on the value of NRB. Since the PRB offset  in TS 38.213 Table 9.2.2-1 is defined for a single RB PUCCH format 0/1, there may be overlapping or wasted PRBs when NRB is used to directly calculate PRB indices without considering FDM between PUCCH resources of different cells.
For example, two cells Cell#1 and Cell#2 can configure the PUCCH resource set to index 1 and 2 in TS 38.213 Table 9.2.1-1, respectively, that are FDMed by PRB offset with 3 PRBs when a single-RB allocation is used for PUCCH resource. If the value of 8 and 6 is indicated as NRB to Cell#1 and Cell#2, respectively, and the PRB index is simply scaled to the NRB, the PRB used by the last PUCCH resource of Cell #1 and the first PUCCH resource of Cell #2 may overlap. 
Therefore, it is necessary to discuss whether the indicated NRB will be directly used to calculate the PRB indices or a separate parameter can be introduced for calculating PRB offset considering the FDM between cells to calculate the PRB indices. If X is the parameter to be used for scaling instead of NRB, the starting PRB index can be calculated by the following equation (if NRB is used to directly calculate PRB indices, X can be replaced by NRB in the following equation):
	If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-     the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-     the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-     the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as 



Proposal #2: The PRB indices for enhanced PUCCH format 0/1 prior to RRC configuration can be obtained by following options:
· Option 1: Directly use the NRB value indicated by SIB1 to calculate the PRB indices
· Option 2: The parameter X for the PRB offset scaling is configured separately and use it together with the NRB value to calculate the PRB indices.

Meanwhile, the PRB offset for PUCCH resource set index 15 is determined by  based on the current Table 9.2.1.-1 and 4 FDM resources are required to create 16 resources because the number of initial CS indexes is 4. 16 PUCCH resources may not be obtained when the indicated value of NRB is larger than the  since index 15 uses the upper and lower BWP/4 RBs of the BWP as PRB offset and total NRB x 4 RBs are required to obtain 16 resources. Therefore, it needs to discuss whether special handling for the PUCCH resource set 15 is necessary or not.

Proposal #3: Discuss whether special handling for the PUCCH resource set index 15 is necessary or not.

	Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 480 and 960 kHz SCS (same as for 120 kHz SCS).


In RAN1#106-e meeting [3], it was agreed that the maximum values for the configured number of RBs for enhanced PF0/1/4 are given by 16 RBs for 120, 480, and 960 kHz SCS. If the maximum value of NRB for each SCS (i.e., NRB=16) is directly applied to PUCCH formats 0 and 1 in 60 GHz band, the available number of PRBs in the initial bandwidth part may not suffice to provide 16 PUCCH resources per each PUCCH resource set. Therefore, the potential shortage of PUCCH resources for the initial PUCCH resource set resulting from using multi-PRB to transmit PF 0/1 should be addressed.

One way to solve this problem is to use only PUCCH resources that do not overlap in the frequency domain, starting with the PUCCH resource allocated to the lowest frequency RB. For example, 11 PUCCH resources (i.e., 0 <  < 10) can be expected to be configured as valid resources if NRB=12 is used to transmit a single PUCCH resource when 132 PRBs are available in the initial bandwidth part with 200 MHz in 120 kHz subcarrier spacing.
Another way is that similar to NR-U, the additional CDMed or TDMed PUCCH resources can be provided until 16 PUCCH resources can be available. For example, a method of applying additional starting symbol index or OCC index based on the value of (pre-defined or configured) NRB can be considered. 
There are other consideration points in addition to the potential shortage of PUCCH resources for the initial PUCCH resource set. Considering the available number of RBs in the initial BWP and the multi-RB is used to transmit the initial PUCCH resource, the diversity gain of frequency hopping may not be enough. Therefore, it is necessary to discuss how to configure the hopping distance to obtain hopping gain equally for each PUCCH resource.

Proposal #4: To address the potential shortage of PUCCH resources for the initial PUCCH resource set resulting from using multi-PRB to transmit PUCCH formats 0 and 1, consider the following alternatives: 
· Alt. 1: Use only valid resources in the frequency domain
· Alt. 2: Support additional starting symbol and OCC index
Proposal #5: Considering the available number of RBs in the initial BWP and more than 1 RB allocated for an initial PUCCH resource, discuss how to configure the hopping distance to obtain hopping gain equally for each initial PUCCH resource.

3. Conclusions
In this contribution, the enhancements for PUCCH format 0/1/4 to support NR above 52.6 GHz were discussed, and the followings are proposed.
Proposal #1: It needs to clarify whether the number of RBs for enhanced PUCCH format 0, 1, and 4 can be configured differently per PUCCH resource. If RAN1 can confirm that the previous RAN1 agreement implies the number of RBs for enhanced PUCCH format 0, 1, and 4 can be configured differently per PUCCH resource, the note in the comments for row 11/12/13 in RRC parameters table for extending NR to 52.6-71GHz should be modified as follow:
	Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 480 and 960 kHz SCS (same as for 120 kHz SCS).
Note: RAN2 may need to determine eventually where this RRC parameter is added.
Note: It is possible to put this in PUCCH resource, but RAN1 agreement is the # of RB is configured per format


Proposal #2: The PRB indices for enhanced PUCCH format 0/1 prior to RRC configuration can be obtained by following options:
· Option 1: Directly use the NRB value indicated by SIB1 to calculate the PRB indices
· Option 2: The parameter X for the PRB offset scaling is configured separately and use it together with the NRB value to calculate the PRB indices.
Proposal #3: Discuss whether special handling for the PUCCH resource set index 15 is necessary or not.
Proposal #4: To address the potential shortage of PUCCH resources for the initial PUCCH resource set resulting from using multi-PRB to transmit PUCCH formats 0 and 1, consider the following alternatives: 
· Alt. 1: Use only valid resources in the frequency domain
· Alt. 2: Support additional starting symbol and OCC index
Proposal #5: Considering the available number of RBs in the initial BWP and more than 1 RB allocated for an initial PUCCH resource, discuss how to configure the hopping distance to obtain hopping gain equally for each initial PUCCH resource.
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