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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 Frequency domain resource mapping for enhanced PF 0/1/4
	Agreement:
For enhanced (multi-RB) PUCCH Formats 0/1/4 for 120/480/960 kHz SCS, support allocation of N_RB contiguous RBs
· FFS: Values of N_RB for each SCS
· For 480/960 kHz SCS, all REs within each RB are mapped
· Note: PRB and sub-PRB interlaced mapping is not considered further
· For 120 kHz SCS, further discuss the following two alternatives:
· Alt-1: All REs within each RB are mapped
· Note: PRB and sub-PRB interlaced mapping is not considered further
· Alt-2: Subset of REs within each RB are mapped (sub-PRB interlaced mapping)


In RAN1#104-e meeting [2], it was agreed to support allocation of N_RB contiguous RB for enhanced PUCCH format 0/1/4 for 120/480/960 kHz SCS to achieve higher transmit power. For 120 kHz SCS, there are two different RB mapping methods are captured. The reason for using the PRB-based interlaced structure in NR-U was to boost transmission power while complying with the OCB requirement. However, in 60GHz band, the gain is limited even if the Sub-PRB interlaced mapping is used because of the large SCS, and the OCB requirement that is different from the NR-U. Therefore, the PRB and sub-PRB interlaced mapping should not be considered further for 120 kHz SCS.

Proposal #1: For enhanced PUCCH formats 0/1/4 for 120 kHz SCS, the PRB and sub-PRB interlaced mapping should not be considered further.

2.2 The number of RBs for enhanced PF 0/1/4
	Agreement:
· The configured number of RBs for enhanced PF 0/1/4 is denoted NRB
· The minimum value of NRB is 1 for PF 0/1/4 for all subcarrier spacings
· The maximum value of NRB depends on subcarrier spacing
· FFS: maximum value for each SCS and each of PF0/1/4
· FFS: Allowed values of NRB within the [min/max] range
· FFS: Details of indication of NRB by cell-specific (for PF0/1) and dedicated signaling (PF0/1/4)
· FFS: Whether or not multiplexing of users with misaligned RB allocations is supported, where "misaligned" also includes users with different # of RBs.
· For PF4:
· The actual number of RBs used for a PUCCH transmission is equal to NRB, i.e., the actual number of RBs does not vary dynamically based on PUCCH payload
· NRB fulfils the following:  where  is a set of non-negative integers
· Note: if frequency hopping is enabled, NRB is the number of RBs per hop
· Note: decisions on the maximum value of NRB for each SCS and PUCCH format shall take into account link budgets based at least on the agreed evaluation assumptions


Based on the regulatory requirements such as the maximum PSD limit of 23 dBm/MHz and the maximum output power limit of 40 dBm in ETSI EN 302 567, the minimum required number of PRBs in order to transmit a PUCCH to the maximum allowed output power can be calculated as below for each subcarrier spacing in above 52.6GHz.
Table 1: The number of PRBs to achieve the maximum allowed output power for each subcarrier spacing
	SCS (kHz)
	1 PRB BW (MHz)
	1 PRB TX power (dBm)
	# of PRBs
	Total Tx power (dBm)

	120
	1.44
	24.58
	34
	39.89

	
	
	
	35
	40.02

	480
	5.76
	30.60
	8
	39.63

	
	
	
	9
	40.14

	960
	11.52
	33.61
	4
	39.63

	
	
	
	5
	40.60


According to Table 1, the PUCCH can be transmitted with the maximum allowed output power by transmitting using 35 PRBs for 120 kHz subcarrier spacing when the PSD limits apply. Since the occupied channel bandwidth of a single PRB becomes larger as subcarrier spacing increases, the minimum required number of PRB in order to transmit a PUCCH to the maximum allowed output power is decreased. Specifically, 9 PRBs and 5 PRBs are enough to achieve the maximum allowed output power for 480 kHz and 960 kHz subcarrier spacing, respectively, as shown in Table 1.
Therefore, considering the number of PRBs for PF4 can be obtained by applying the DFT constraint (i.e., NRB = 2a×3b×5c where a, b, c are positive integer value including 0) on top of the regulatory requirements, the maximum values of NRB for each SCS can be predefined as 36/9/5 for 120/480/960 kHz SCS in the specification. Another approach to determine the maximum values of NRB for each SCS is that based on the maximum value of NRB in a specific SCS, and calculate the maximum values of NRB for other SCS by using the proportional relationships among SCSs. For example, based on the maximum value of NRB = 5 for 960 kHz SCS, the maximum values of NRB for 480 kHz and 120 kHz SCS can be calculated as 10 and 40, respectively. 

Proposal #2: For the maximum values of NRB for each SCS, consider the following alternatives:
· Alt. 1: The maximum values of NRB for each SCS can be predefined in the specification considering the DFT constraint for PF4 on top of the regulatory requirements such as the power spectral density and the maximum output power. For example, the maximum values of NRB for each SCS can be predefined as 36/9/5 for 120/480/960 kHz SCS in the specification.
· Alt. 2: Determine the maximum value of NRB in a specific SCS, and calculate the maximum values of NRB for other SCS by using the proportional relationships among SCSs. For example, based on the maximum value of NRB = 5 for 960 kHz SCS, the maximum values of NRB for 480 kHz and 120 kHz SCS can be calculated as 10 and 40, respectively.

For the allowed values of NRB within the [min/max] range, the positive integer values between the min/max NRB can be used for PF0/1 while the allowed values of NRB for PF4 can be obtained by applying the DFT constraint (i.e., NRB = 2a×3b×5c where a, b, c are positive integer value including 0). Since the regulatory requirements may differ from the region and gNB may need to adjust the number of PRB according to network configuration, the values of NRB after the RRC connection can be configured based on the allowed values of NRB defined in the specification for each PUCCH format/resource by the gNB (UE-dedicated RRC signalling).
During RAN1#104-e meeting, there were discussions on whether or not multiplexing of users with misaligned RB allocations is supported, where "misaligned" also includes users with different # of RBs. However, the misaligned RB allocation may lead to restricting the scheduling/configuration because the OCC length needs to be aligned for multiplexing of users if the number of RBs is different for each UE. Therefore, the multiplexing of users with TDM or FDM is preferred rather than the multiplexing of users with misaligned RB allocations.

Proposal #3: For the allowed values of NRB, the positive integer values between the min/max NRB can be used for PF0/1 while the allowed values of NRB between the min/max NRB for PF4 can be obtained by applying the DFT constraint.
Proposal #4: The values of NRB after the RRC connection can be configured based on the allowed values of NRB defined in the specification for each PUCCH format/resource by the gNB (UE-dedicated RRC signalling).
Proposal #5: Since the misaligned RB allocation may lead to restricting the scheduling/configuration, do not support multiplexing of users with misaligned RB allocations.


2.3 Sequence type for PUCCH format 0/1 
	Agreement:
· For enhanced PF0/1, support Type-1 low PAPR sequences. Further study and strive to select one of the following alternatives:
· Alt-1: A single sequence of length equal to the total number of mapped REs of of the PUCCH resource is used. Cyclic shifts for PF0/1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.
· Alt-2: A single sequence of length equal to the number of mapped REs per RB of the PUCCH resource is used, and the sequence is repeated in each RB. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
· At least the following aspects should be considered in the study
· Coverage (maximum isotropic loss (MIL)), including
· Required SNR to fulfil PUCCH detection criterion
· PAPR/CM as a function of N_RB
· Specification impact


In Rel-16 NR-U, enhanced PUCCH format 0/1 is configured such that CS offset (i.e., the step size ∆ = 5) is applied for each PRB in a single interlace in addition to the starting CS value in NR in order to improve PAPR/CM performance. However, since the contiguous mapping is preferred (rather than interlaced mapping) in above 52.6 GHz, the sequence repetition other than L=12 CGS with different CS offset value can be also considered when the PUCCH sequence repetition based mapping is used for multi-PRB based PUCCH format 0/1.
To minimize the specification impacts, Alt-2 is preferred that a single sequence of length equal to the number of mapped REs per RB of the PUCCH resource is used, and the sequence is repeated in each RB. For PAPR/CM reduction schemes, the step size ∆ = 5 for the cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured.

Proposal #6: To minimize the specification impacts, adopt Alt-2 (a single sequence of length equal to the number of mapped REs per RB with the step size ∆ = 5 for the cycling of cyclic shifts across RBs) for the sequence type for enhanced PUCCH format 0/1 in 60 GHz.

2.4 Enhanced PUCCH format 4
	Agreement:
· For DMRS of enhanced PF4, support Type-1 low PAPR sequences. Further study and strive to select one of the following alternatives for sequence construction:
· Alt-1: A single sequence of length equal to the total number of mapped Res of of the PUCCH resource is used. Cyclic shifts are defined in the same was as Rel-15/16 for PF4.
· Alt-2: A single sequence of length equal to the number of mapped Res per PRB of the PUCCH resource is used, and the sequence is repeated in each PRB. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
· At least the following aspects should be considered in the study
· Coverage (maximum isotropic loss (MIL)), including
· Required SNR to fulfil PUCCH detection criterion
· PAPR/CM as a function of N_RB
· Specification impact

Agreement:
· For UCI of enhanced PF4, support pre-DFT blockwise spreading using OCCs of length 2 and 4 as defined for Rel-16 PF4
· Further study the following and decide in RAN1#104-b:
· Whether or not additional OCC lengths are supported
· Down-select to one of the following alternatives for blockwise spreading
· Alt-1: Blockwise spreading is performed across all allocated RBs
· Alt-2: Blockwise spreading and DFT is performed per-RB followed by per-RB PAPR/CM reduction mechanism.
· At least the following aspects should be considered in the study
· Coverage (maximum isotropic loss (MIL)), including
· Required SNR to fulfil PUCCH detection criterion
· PAPR/CM as a function of N_RB
· Specification impact


Two alternatives are identified for enhanced (multi-RB) PF4 during the RAN1#104-e meeting. The first is based on extending the length of a Type-1 low-PAPR sequence for DMRS to match the number of REs in multi-RB PF4. The other approach is to repeat a length-M Type-1 low-PAPR sequence in each of the PRBs (where M<=12) for DMRS, and using an appropriate PAPR/CM mitigation approach as was specified for interlaced PF0/1 in Rel-16.
Recalling the enhanced PF3 defined in NR-U, the block-wise repetition in time domain followed by mapping over whole interlace in frequency domain is adopted because of its similarity to PF4 in Rel-15 NR. Moreover, the pairing between OCC index for UCI symbol and initial cyclic shift value for DMRS symbol should be same as PUCCH format 4 in Rel-15 NR. In this regard, the block-wise spreading performed across all allocated RBs (i.e., Alt-1) for UCI of enhanced PF4 is preferred. For sequence construction of DMRS, a single sequence of length equal to the total number of mapped REs with cyclic shifts defined in the same way as Rel-15/16 for PF (i.e., Alt-1) is considered.

Proposal #7: For DMRS of enhanced PF4, adopt Alt-1 (A single sequence of length equal to the total number of mapped Res of of the PUCCH resource is used. Cyclic shifts are defined in the same was as Rel-15/16 for PF4). 
Proposal #8: For UCI of enhanced PF4, adopt Alt-1 (Blockwise spreading is performed across all allocated RBs).

2.5 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
	[image: ]
	{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.
Considering that the coverage of initial PUCCH and the multi-RB PF 0/1 introduced to increase PUCCH transmission power, a number of RBs greater than 1 should be supported even for the initial PUCCH resource and the PRB offset value also needs to be scaled by NRB. The value of NRB for initial PUCCH resource can be determined considering the available number of RB in the initial bandwidth part and the required number of FDM resources for each PUCCH resource set. As mentioned in Section 2.2, the maximum values of NRB for PF0/1 for each SCS can be predefined in the specification and these values can be used for the initial PUCCH resource directly. Alternatively, the value of NRB can be configured by RRC signalling (e.g., SIB1). In all alternative methods, 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.

Proposal #9: A number of RBs greater than 1 should be supported even for the initial PUCCH resource and the PRB offset value also needs to be scaled by NRB.
Proposal #10: To determine the value of NRB for the initial PUCCH resource, the following options can be considered:
· Opt.1: Directly use the predefined maximum value of NRB for PF 0/1 in the specification.
· Opt.2: Use the value of NRB configured through RRC signalling (e.g., SIB1) by gNB.
· Opt.3: Calculate the value of NRB based on the size of the initial BWP and the required number of FDM resources for each PUCCH resource set.

If the value of NRB in Table 1 is directly applied to PUCCH formats 0 and 1 in 60 GHz band, the available number of PRBs in initial bandwidth part may not suffice to provide 16 PUCCH resources per each PUCCH resource set. For example, the total available number of PRBs can be 264 when the channel bandwidth of the initial bandwidth part is 400 MHz in 120 kHz subcarrier spacing. However, when NRB=35 is used to transmit a single PUCCH resource according to Table 1, the minimum required number of PRBs to provide 16 PUCCH resources is 280, which exceeds the number of PRBs available in initial bandwidth part.

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, 14 PUCCH resources (i.e., 0 <  < 13) can be expected to be configured as valid resources if NRB=35 is used to transmit a single PUCCH resource when 264 PRBs are available in the initial bandwidth part with 400 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 #11: 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 #12: 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: For enhanced PUCCH formats 0/1/4 for 120 kHz SCS, the PRB and sub-PRB interlaced mapping should not be considered further.
Proposal #2: For the maximum values of NRB for each SCS, consider the following alternatives:
· Alt. 1: The maximum values of NRB for each SCS can be predefined in the specification considering the DFT constraint for PF4 on top of the regulatory requirements such as the power spectral density and the maximum output power. For example, the maximum values of NRB for each SCS can be predefined as 36/9/5 for 120/480/960 kHz SCS in the specification.
· Alt. 2: Determine the maximum value of NRB in a specific SCS, and calculate the maximum values of NRB for other SCS by using the proportional relationships among SCSs. For example, based on the maximum value of NRB = 5 for 960 kHz SCS, the maximum values of NRB for 480 kHz and 120 kHz SCS can be calculated as 10 and 40, respectively.
Proposal #3: For the allowed values of NRB, the positive integer values between the min/max NRB can be used for PF0/1 while the allowed values of NRB between the min/max NRB for PF4 can be obtained by applying the DFT constraint.
Proposal #4: The values of NRB after the RRC connection can be configured based on the allowed values of NRB defined in the specification for each PUCCH format/resource by the gNB (UE-dedicated RRC signalling).
Proposal #5: Since the misaligned RB allocation may lead to restricting the scheduling/configuration, do not support multiplexing of users with misaligned RB allocations.
Proposal #6: To minimize the specification impacts, adopt Alt-2 (a single sequence of length equal to the number of mapped REs per RB with the step size ∆ = 5 for the cycling of cyclic shifts across RBs) for the sequence type for enhanced PUCCH format 0/1 in 60 GHz.
Proposal #7: For DMRS of enhanced PF4, adopt Alt-1 (A single sequence of length equal to the total number of mapped Res of of the PUCCH resource is used. Cyclic shifts are defined in the same was as Rel-15/16 for PF4). 
Proposal #8: For UCI of enhanced PF4, adopt Alt-1 (Blockwise spreading is performed across all allocated RBs).
Proposal #9: A number of RBs greater than 1 should be supported even for the initial PUCCH resource and the PRB offset value also needs to be scaled by NRB.
Proposal #10: To determine the value of NRB for the initial PUCCH resource, the following options can be considered:
· Opt.1: Directly use the predefined maximum value of NRB for PF 0/1 in the specification.
· Opt.2: Use the value of NRB configured through RRC signalling (e.g., SIB1) by gNB.
· Opt.3: Calculate the value of NRB based on the size of the initial BWP and the required number of FDM resources for each PUCCH resource set.
Proposal #11: 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 #12: 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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