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1. Introduction
The following objective is included in this work item [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.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]According to the agreements in RAN1#104-e [2], the link level simulations and the methodology of link budget calculations are listed in appendix. In this contribution, we provide some evaluations for further discussion or down-selecting for the alternatives of enhanced PUCCH format 0/1/4, including the RE mapping for SCS 120kHz, the sequence of PUCCH format 0/1 and the sequence of DMRS of PUCCH format 4, and the block-wise spreading for PUCCH format 4, additionally, the number of RBs of each SCS of each PUCCH format, the UE multiplexing with misalignment or not. Moreover, we also discuss the cyclic shift for a single long sequence, the indication of number of RBs, and the shortage of common PUCCH resource.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref521492551]Simulation evaluation for PUCCH
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In this section, we provide details of our PUCCH evaluation, including the evaluation assumptions and reporting metrics. Then we provide some evaluation results for down-selecting or further discussion.
[bookmark: _Ref68191054]Evaluation assumption and methodology
Our evaluation assumptions and reporting metrics are based on the baseline as agreed in RAN1#104-e. There are some additional details we provided in the following Table 1. Furthermore, we list all the evaluation cases in Table 3 to express more clearly.
[bookmark: _Ref67932163]Table 1 The additional evaluation assumptions and reporting metrics
	Parameter
	Notes
	Values

	PUCCH Frequency Domain Resource Mapping
	N_RB contiguous RBs per hop (with all REs allocated per PRB)

Note: If alternative RE allocation per PRB is used, companies to report details
	For case 0/1/2, all REs are allocated per PRB.
For case 3/4/5/6, there are 6 REs allocated per PRB.

	Frequency hopping details
	Frequency offset between hops,
	If the PRB number of BWP is N_RB, then the frequency offset between the minimum PRB index in the first hop and the maximum PRB index in the second hop are N_RB – 1.

	Number of RBs used per hop (N_RB)
	N_RB contiguous RBs per hop
	The contiguous RBs per hop is {1,2,4,8,16}


	Sequence construction details
	Sequence type for PF0/1
Sequence type for DMRS of PF4
	For case 0/1/3/5, the sequence type is alt.1.
For case 2/4/6, the sequence type is alt.2.

	OCC configuration details
	Applicable for PF1, PF4
	1 user is configured by OCC index 0.
OCC length is 2.

	PUCCH payload encoder type
	Reed Muller or Polar for PF4
	Reed Muller when payload is 4 bits or 11 bits.
Polar when payload is 22 bits.

	PUCCH encoding rate(s)
	Applicable for PF4
If multiple payload sizes evaluated, encoding rates to be reported for each payload size
	The encoding rates are listed in Table 2 for different payloads and different cases.

	Number of multiplexed users, e.g., by code division, if applicable
	1 user

Note: Companies to report if other cases if evaluated
	Most cases are evaluated with 1 user while we also provide the evaluation with 2 users for PUCCH format 0.

	Pmax (dBm)
	Maximum allowed conducted power considering combined limit per region (from Table 3).

Note: Companies should report if Pmax is considered per region or a combined limit is considered across multiple regions
	Pmax is considered per region.


[bookmark: _Ref68180359][bookmark: _Ref67932247]Table 2 The coding rates for PUCCH format 4
	
	Case 0
	Case 1
(2 PRB)
	Case 1
(4 PRB)
	Case 1
(8 PRB)
	Case 1
(16 PRB)

	4 bits
	0.0278
	0.0139
	0.0069
	0.0035
	0.0017

	11 bits
	0.0764
	0.0382
	0.0191
	0.0095
	0.0048

	22 bits
	0.2292
	0.1146
	0.0573
	0.0286
	0.0143


[bookmark: _Ref68257750]Table 3 The cases of PUCCH evaluation
	Case
	RE mapping: (X, Y) is used to state X contiguous PRBs per hop and Y REs are allocated per PRB for one user. 
	Sequence type and sequence length

	Case 0
	(1, 12)
	Alt 1, 12

	Case 1
	(X≥2, 12)
	Alt 1, X*12

	Case 2
	(X≥2, 12)
	Alt 2, 12

	Case 3
	(X≥2, 6) with contiguous REs
	Alt 1, X*6

	Case 4
	(X≥2, 6) with contiguous REs
	Alt 2, 6

	Case 5
	(X≥2, 6) with sub-PRB interlace
	Alt 1, X*6

	Case 6
	(X≥2, 6) with sub-PRB interlace
	Alt 2, 6


For example, when X =2, the RE mapping and sequence type for evaluation cases mentioned above are as illustrated in Figure 1, the different colours show the sequence with cyclic shifts across RBs, the same colour means a single sequence.


[bookmark: _Ref67937418]Figure 1 the RE mapping and sequence type for evaluation cases when X = 2
Evaluation results and analysis
There are some evaluation results provided according to the evaluation assumptions in section 2.1.1. We also provide some analysis for down-selecting or further discussion with the RE mapping for SCS 120kHz, sequence type for PUCCH format 0/1 and DMRS of PUCCH format 4 and block-wise spreading for PUCCH format 4, the number of RBs of each SCS of each PUCCH format, the UE multiplexing with misalignment or not.
[bookmark: _Ref68191012]Enhancement on PUCCH format 0/1
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The sub-PRB of contiguous REs within each PRBs (case 3&4) 
The following Figure 2 shows the MIL for case0 ~ case 6 when SCS is 120kHz, delay spread is 5ns, PRB number is 2 of PUCCH format 0/1. In most region including US, South Korea 1(when an equipment is <300m from an astronomical antenna) and South Korea 2(when an equipment is >=300m from an astronomical antenna), the MIL of case 1 ~ case 6 is higher than case 0 which means the multi-PRB PUCCH format 0/1 have better coverage performance than that with one PRB. Moreover, in US and South Korea, the MIL of case 3 and case 4 is lower than other multi-PRB based PUCCH cases. In Europe, even the MIL of case 3 and case 4 is higher than that of case 2, they are all lower than that of case 0. However, the MIL of case 1 and case 5 is higher than that of case 0. 

[bookmark: _Ref67938511]Figure 2 The MIL for PUCCH format 0/1 when SCS is 120kHz, delay spread is 5ns, PRB number is 2
[bookmark: _Ref68551123]Observation 1: The case 3 and case 4 have worse MIL performance than other multi-PRB cases in US and South Korea, and have worse MIL performance than one PRB case in Europe.
The sequence type for enhanced PUCCH format 0/1
Considering the sequence type for enhanced PUCCH format 0/1, there are two alternatives are agreed in RAN1 104 e-meeting as following agreement. The Figure 3 and Figure 4 illustrate the MIL of enhanced PUCCH format 0/1 when SCS is {120kHz, 480kHz, 960kHz}, delay spread is {5ns, 10ns, 20ns}, PRB number is 2, and the cases 0/1/2/5/6 for SCS 120kHz, cases 0/1/2 for SCS 480kHz and 960kHz.
	[bookmark: _Hlk68114304]Agreement #RAN1 104-e:
· 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






[bookmark: _Ref68163226]Figure 3 The MIL of enhanced PUCCH format 0 when SCS is {120kHz, 480kHz, 960kHz}, delay spread is {5ns, 10ns, 20ns}, PRB number is 2
As we see from Figure 3, for enhanced PUCCH format 0, firstly, when SCS is 480kHz or 960kHz and PRB number is 2, the MIL of case 1 increases more than that of case 2 in US and South Korea. While in Europe the case 2 does not have MIL gain compared with case 0 while case 1 has slight MIL gain compared with case 0. Secondly, when SCS is 120kHz, the MIL of case 1 is higher than that of case 2 in all regions. For case 5 and case 6, similarly, the MIL of case 5 is obviously higher than that of case 6 in South Korea 1 when delay spread is 5ns or 10ns and in Europe when delay spread is 20ns. While the MIL of case 5 is slightly lower than that of case 6 in other situations.
[bookmark: _Ref68551136][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 2: For enhanced PUCCH format 0, when SCS is 480kHz or 960kHz and PRB number is 2, the MIL of case 1 increases more than that of case 2 in US and South Korea, and the case 2 does not have MIL gain compared with case 0 while case 1 has slight MIL gain compared with case 0 in Europe.
[bookmark: _Ref68551140]Observation 3: For enhanced PUCCH format 0, when SCS is 120kHz and PRB number is 2, the MIL of case 1 is higher than that of case 2 in all regions. Similarly, the MIL of case 5 is obviously higher than that of case 6 in South Korea 1 when delay spread is 5ns or 10ns and in Europe when delay spread is 20ns. While the MIL of case 5 is slightly lower than that of case 6 in other situations.



[bookmark: _Ref68163185]Figure 4 The MIL of enhanced PUCCH format 1 when SCS is {120kHz, 480kHz, 960kHz}, delay spread is {5ns, 10ns, 20ns}, PRB number is 2
As we see from Figure 4, for enhanced PUCCH format 1, firstly, when SCS is 480kHz and PRB number is 2, the MIL of case 1 increases more than that of case 2 in US and South Korea. While in Europe, the MIL of case 2 do not increase and the MIL of case 1 do not increase compared with case 0 in Europe either when delay spread is 20ns, and the MIL of case1 slightly increases compared with case 0 when delay spread is 5ns or 10ns. Secondly, when SCS is 960kHz, the MIL of case 2 decreases in all regions, and the MIL of case 1 decreases in all regions when delay spread is 20ns. When delay spread is 5ns or 10ns, the MIL of case 1 increases in US and South Korea but decreases in Europe. Thirdly, when SCS is 120kHz, in US and South Korea, the MIL of case 1 and case 2 are close to each other when delay spread is 10ns or 20ns, while the MIL of case 2 have slight increase than that of case 1 when delay spread is 5ns. Similarly, the MIL of case 6 is lower than that of case 5 when delay spread is 5ns or 10ns, while higher when delay spread is 20ns. In Europe, the MIL of case 1 and case 5 is obviously higher than that of case 2 and case 6 respectively.
[bookmark: _Ref68551149]Observation 4: For enhanced PUCCH format 1, when SCS is 480kHz and PRB number is 2, the MIL of case 1 increases more than that of case 2 in US and South Korea. While in Europe, the MIL of case 2 do not increase and the MIL of case 1 decrease in Europe either when delay spread is 20ns, and the MIL of case1 slightly increases when delay spread is 5ns or 10ns.
[bookmark: _Ref68551154]Observation 5: For enhanced PUCCH format 1, when SCS is 960kHz and PRB number is 2, the MIL of case 2 decreases in all regions, and the MIL of case 1 decreases in all regions when delay spread is 20ns. When delay spread is 5ns or 10ns, the MIL of case 1 increases in US and South Korea but decreases in Europe.
[bookmark: _Ref68551175]Observation 6: For enhanced PUCCH format 1, when SCS is 120kHz and PRB number is 2, in US and South Korea, the MIL of case 1 and case 2 are close to each other when delay spread is 10ns or 20ns, while the MIL of case 2 have slight increase than that of case 1 when delay spread is 5ns. Similarly, the MIL of case 6 is lower than that of case 5 when delay spread is 5ns or 10ns, while higher when delay spread is 20ns. In Europe, the MIL of case 1 and case 5 is obviously higher than that of case 2 and case 6 respectively.
[bookmark: _Ref68190184]Proposal 1: For enhanced PUCCH format 0/1, the alt 1 of a single sequence of length equal to the total number of mapped REs of the PUCCH resource is preferred.
The RE mapping for enhanced PUCCH format 0/1 when SCS 120kHz
Considering the RE mapping for enhanced PUCCH format 0/1 of SCS 120kHz, there are two alternatives are agreed in RAN1 104 e-meeting as following agreement. The Figure 5 and Figure 6 illustrate the MIL of enhanced PUCCH format 0/1 when SCS is 120kHz, delay spread is {5ns, 10ns, 20ns}, PRB number is {2,4,8}, and the cases 0/1/5.
	Agreement #RAN1 104-e:
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) 



 

[bookmark: _Ref68164533][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Figure 5 The MIL of enhanced PUCCH format 0 when SCS is 120kHz, delay spread is {5ns, 10ns, 20ns}, PRB number is {2,4,8}
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]As we see from Figure 5, for enhanced PUCCH format 0 with 120kHz SCS, the MIL of case 1 is slightly higher than that of case 5 when PRB number is 2. The MIL of case 5 increase significantly when PRB number is 4 or 8. Especially, compared with case 0, the MIL of case 1 decreases and case 5 increases when PRB number is 4 in Europe.
[bookmark: _Ref68551183]Observation 7: For enhanced PUCCH format 0 with 120kHz SCS, the MIL of case 1 is slightly higher than that of case 5 when PRB number is 2. While the MIL of case 5 increase significantly when PRB number is 4 or 8. Especially, compared with case 0, the MIL of case 1 decreases and case 5 increases when PRB number is 4 in Europe.


[bookmark: _Ref68164539]Figure 6 The MIL of enhanced PUCCH format 1 when SCS is 120kHz, delay spread is {5ns, 10ns, 20ns}, PRB number is {2,4,8}
As we see from Figure 6, for enhanced PUCCH format 1 with 120kHz SCS, firstly, when PRB number is 2, the MIL of case 1 is lower than that of case 5 when delay spread is 5ns in US and South Korea, slightly higher in other cases. Secondly, when PRB number is 4, the MIL of case 1 is higher than that of case 5 in US and Korea, while decreases in Europe. Thirdly, when PRB number is 8, the MIL of case 5 increase compared with case 1. Especially, the MIL of case 1 decreases in Europe.
[bookmark: _Ref68551188]Observation 8: For enhanced PUCCH format 1 with 120kHz SCS, the MIL of case 1 is lower than that of case 5 when delay spread is 5ns in US and South Korea, slightly higher in other cases when PRB number is 2. The MIL of case 1 is higher than that of case 5 in US and Korea when PRB number is 4, while decreases in Europe. While the MIL of case 5 increase obviously when PRB number is 8. Especially, the MIL of case 1 decreases when PRB number is 8 in Europe.
[bookmark: _Ref68190186]In general, for enhanced PUCCH format 0/1, case 0 has worse MIL performance than case 1 and case 5 in US and South Korea. However, case 0 has a comparable (when the number of PRB is 2 or 4 for case 1 and 5) or better MIL performance (when the number of PRB is 8 for case 1 and 5) than those of case 1 and case 5 in Europe. Comparing the MIL performance of case 1 and case 5 for enhanced PUCCH format 0/1 with multi-PRB, case 5 has better performance when the number of PRB is 4 in Europe and otherwise comparable performance for other number of PRB in Europe or in other regions. Based on the MIL performance evaluation results of single UE, we think both alternatives should be supported due to various regulations in different regions. 
It is worth noting that the evaluation is done only with 1 user. The UE multiplexing impact on MIL need further discussion. The maximum number of multiplexing UE is 6 for case 0 when the payload is 1 bit. However, it increases to 12 for case 1 and case 5. Additionally, to compare case 1 with case 5 with the same UE multiplexing capacity, the UE number of case 5 should be half of case 1 owing to the FDM. 
Proposal 2: For enhanced PUCCH format 0/1, for 120 kHz SCS, we support both of the two alternatives for RE mapping. Meanwhile, the UE multiplexing impact for MIL need further study. 
[bookmark: _Ref68191021]Enhancement on PUCCH format 4
The RE mapping for UCI of enhanced PUCCH format 4 when SCS 120kHz
[bookmark: _GoBack]For UCI of PUCCH format 4, the Fourier basis can be used for the OCC spreading code {[1,1,1,1], [1, j, -1, -j], [1, -1, 1, -1], [1, -j, -1, j]} to multiplex 4 UEs, and {[1,1], [1, -1]} to multiplex 2 UEs, according to [3], we can conclude that the pre-DFT-OCC user multiplexing is equivalent to the comb-based user multiplexing. So, we think it is not necessary to use additional sub-PRB interlace RE mapping for UCI of enhanced PUCCH format 4. 
[image: ]
Figure 7 Example of Rel.15 PUCCH format 4 for one PRBs using a single DFT-precoder.
[bookmark: _Ref68190188]Proposal 3: For UCI of enhanced PUCCH format 4, all REs within each RB are mapped is preferred for 120kHz SCS.
The sequence type for DMRS of enhanced PUCCH format 4
Considering the sequence type for DMRS of enhanced PUCCH format 4, there are two alternatives are agreed in RAN1 104 e-meeting as following agreement. The Figure 8,Figure 9 and Figure 10 illustrate the MIL of enhanced PUCCH format 4 when SCS is {120kHz, 480kHz, 960kHz}, delay spread is {5ns, 10ns, 20ns}, payload is {4 bits, 11 bits, 22 bits}, PRB number is 2, and the cases 0/1/2.
	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




 
[bookmark: _Ref68166125]Figure 8 The MIL of enhanced PUCCH format 4 when SCS is {120kHz, 480kHz, 960kHz}, delay spread is {5ns, 10ns, 20ns}, PRB number is 2, payload is 4 bits 
  
[bookmark: _Ref68166137]Figure 9 The MIL of enhanced PUCCH format 4 when SCS is {120kHz, 480kHz, 960kHz}, delay spread is {5ns, 10ns, 20ns}, PRB number is 2, payload is 11 bits
  
[bookmark: _Ref68166144]Figure 10 The MIL of enhanced PUCCH format 4 when SCS is {120kHz, 480kHz, 960kHz}, delay spread is {5ns, 10ns, 20ns}, PRB number is 2, payload is 22 bits
As illustrated in Figure 8, Figure 9 and Figure 10, to all provided payloads, in Europe, the MIL of case 1 and case 2 do not have gain compared with that of case 0 in Europe when SCS is 480kHz or 960kHz, the MIL of case 1 have more gain than that of case 2 when SCS is 120kHz. Additionally, In US and South Korea, the MIL of case 1 is obviously higher than that of case 2 when SCS is 960kHz, and minor difference between the two cases when SCS is 120kHz or 480kHz.
[bookmark: _Ref68551195]Observation 9: In Europe, the MIL of case 1 and case 2 do not have gain compared with that of case 0 in Europe when SCS is 480kHz or 960kHz, the MIL of case 1 have more gain than that of case 2 when SCS is 120kHz.
[bookmark: _Ref68551199]Observation 10: In US and South Korea, the MIL of case 1 is obviously higher than that of case 2 when SCS is 960kHz, and minor difference between the two cases when SCS is 120kHz or 480kHz.
[bookmark: _Ref68190190]Proposal 4: For DMRS of enhanced PUCCH format 4, a single sequence of length equal to the total number of mapped REs of the PUCCH resource is preferred is preferred.
The block-wise spreading for enhanced PUCCH format 4 
Considering the block-wise spreading for enhanced PUCCH format 4, there are two alternatives are agreed in RAN1 104 e-meeting as following agreement. The Figure 11, Figure 12 and Figure 13 illustrate the MIL of enhanced PUCCH format 4 when SCS is {120kHz, 480kHz, 960kHz}, delay spread is {5ns, 10ns, 20ns}, payload is {4 bits, 11 bits, 22 bits}, PRB number is 2, and the cases 0/1-alt1/1-alt2. For alt 2, the PRB-specific phase rotation is used for PAPRA/CM reduction.
	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


 

[bookmark: _Ref68167030]Figure 11 The MIL of enhanced PUCCH format 4 when SCS is {120kHz, 480kHz, 960kHz}, delay spread is {5ns, 10ns, 20ns}, PRB number is 2, payload is 4 bits for two alternatives of block-wise spreading
    
[bookmark: _Ref68167036]Figure 12 The MIL of enhanced PUCCH format 4 when SCS is {120kHz, 480kHz, 960kHz}, delay spread is {5ns, 10ns, 20ns}, PRB number is 2, payload is 11 bits for two alternatives of block-wise spreading
    
[bookmark: _Ref68167042]Figure 13 The MIL of enhanced PUCCH format 4 when SCS is {120kHz, 480kHz, 960kHz}, delay spread is {5ns, 10ns, 20ns}, PRB number is 2, payload is 22 bits for two alternatives of block-wise spreading
As illustrated in Figure 11, Figure 12 and Figure 13, the MIL of alt 1 is obviously higher than that of alt 2 when payload is 11 bits or 22 bits with all SCS and when payload is 4 bits with SCS 960kHz. When payload is 4 bits with SCS 120kHz, the MIL of alt 1 is higher than that of alt 2 when delay spread is 5ns or 10ns, slightly lower when delay spread is 20ns. When payload is 11 bits with SCS 480kHz, the MIL between the two alternatives have minor differences. 
Moreover, the alt 1 has less specification impact than alt 2. The block-wise spreading formula for PUCCH 4 is also applied for interlace-based PUCCH format 3, which means the formula also supports PUCCH formats with multiple PRBs, the related parameter just to be changed for alt 1. Specifically, for PUCCH format 4,   with  representing the bandwidth of the PUCCH in terms of resource blocks. In NR Release 16,  for PUCCH format 4 and . For alt 1, we consider , and , where . Then the block-wise spreading applies with the NR release 16 spec: 

Therefore, the parameter related to block-wise spreading of PUCCH format 4 is dependent on the number of RBs and the number of REs in each RB. However, for alt 2, the per-RB PAPR/CM reduction mechanism brings more changes for signal processing flows.
[bookmark: _Ref68551211]Observation 11: The MIL of alt 1 is obviously higher than that of alt 2 when payload is 11 bits or 22 bits with all SCS and when payload is 4 bits with SCS 960kHz. 
[bookmark: _Ref68551215]Observation 12: When payload is 4 bits with SCS 120kHz, the MIL of alt 1 is higher than that of alt 2 when delay spread is 5ns or 10ns, slightly lower when delay spread is 20ns. When payload is 11 bits with SCS 480kHz, the MIL between the two alternatives have minor differences.
Observation 13: For block-wise spreading for PUCCH format 4, alt 1 has less specification impact than alt 2.
[bookmark: _Ref68190191]Proposal 5: For UCI of enhanced PUCCH format 4, we support alt 1 that the block-wise spreading is performed across all allocated RBs.
In Rel.15, different PUCCH format are designed for different principles. For example, the PUCCH format 3/4 are used for larger UCI payloads and moderate UE multiplexing. And the PUCCH format 0/1 are used for smaller UCI payloads and large UC multiplexing. Even though there will be allocated multiple PRBs for enhanced PUCCH format 4, while PUCCH format 3 with interlace are allocated for multiple RBs with the OCC length 2 or 4 configured by RRC in Rel.16. Therefore, we think there is no strong motivation to support additional OCC length.
[bookmark: _Ref68190192]Proposal 6: The current OCC length for enhanced PUCCH format 4 is enough.
[bookmark: _Ref68191034]The RB number of enhanced PUCCH format 0/1/4 
The minimum value of NRB is 1 for PF 0/1/4 for all subcarrier spacings, while the maximum value for each SCS and each of PF0/1/4 and the allowed values of NRB within the [min/max] range is not decided yet. The Figure 14 to Figure 18 illustrate the MIL trend with different values of NRB for PUCCH format 0/1 with payload of 1 bit for case 1/5 and PUCCH format 4 with different payload of {4 bits, 11 bits, 22 bits} for case 1.
	Agreement #RAN1 104-e:
· 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




Figure 14 The MIL of enhanced PUCCH format 0 for different numbers of RB
Figure 15 The MIL of enhanced PUCCH format 1 for different numbers of RB

Figure 16 The MIL of enhanced PUCCH format 4 with payload is 4 bits for different numbers of RB
Figure 17 The MIL of enhanced PUCCH format 4 with payload is 11 bits for different numbers of RB
[bookmark: _Ref68172322]Figure 18 The MIL of enhanced PUCCH format 4 with payload is 22 bits for different numbers of RB
The principle of the maximum value of NRB is dependent on the relatively large value of MIL. For example, as illustrated in Figure 14, the growth rate when NRB is 16 is lower than when NRB is 8, even the MIL is higher, then the maximum value of NRB is decided by 8. Moreover, the MIL has different trends in different regions, even if the MIL increases in one region, it should be considered for the maximum value of NRB. Therefore, the maximum value is decided according to the trends in Figure 14 to Figure 18 and listed in Table 4. The allowed value of NRB is within the [min/max] range which the minimum value is 1 and the maximum value is listed. within the [min/max] range. Moreover, the allowed NRB for PUCCH format 4 fulfils the following:  where  is a set of non-negative integers. So, the value of 7 is excluded and the allowed values of NRB for each SCS of each PUCCH format are listed in Table 5.
[bookmark: _Ref68173474][bookmark: _Ref68172744]Table 4 Maximum value of NRB for each SCS and each of PF0/1/4 
	
	PF 0 
	PF 1
	 PF 4 (4bits)
	PF 4 (11bits)
	PF 4 (22bits)

	120 kHz
(case 1& 5)
	8
	8
	8
	8
	8

	480 kHz
	2
	2
	4
	4
	4

	960 kHz
	2
	2
	2
	2
	2


[bookmark: _Ref68173689]Table 5 Allowed values of NRB within the [min/max] range
	
	PF 0
	PF 1
	 PF 4 (4bits)
	PF 4 (11bits)
	PF 4 (22bits)

	120kHz
(case 1&5)
	{1,2,3,4,5,6,7,8}
	{1,2,3,4,5,6,7,8}
	{1,2,3,4,5,6,8}
	{1,2,3,4,5,6,8}
	{1,2,3,4,5,6,8}

	480kHz
	{1,2}
	{1,2}
	{1,2,3,4}
	{1,2,3,4}
	{1,2,3,4}

	960kHz
	{1,2}
	{1,2}
	{1,2}
	{1,2}
	{1,2}


[bookmark: _Ref68190193]Proposal 7: The maximum value of NRB for each SCS of each PUCCH format 0/1/4 are listed in Table 4.
[bookmark: _Ref68190194]Proposal 8: The allowed values of NRB within the [min/max] range for each SCS of each PUCCH format 0/1/4 are listed in Table 5.
The UE multiplexing
	Agreement #RAN1 104-e:
· FFS: Whether or not multiplexing of users with misaligned RB allocations is supported, where "misaligned" also includes users with different # of RBs.


We provided some evaluations results for whether the UE multiplexing with misaligned RB allocations should be supported. The opt.1 is for multiplexing of users with aligned RB allocations, oppositely, the opt.2 is for multiplexing of users with misaligned RB allocations. The RB allocations for the two options are show in Figure 19. Figure 20 shows the MIL performance for the two options of PUCCH format 0, when SCS is 120kHz, payload is 1 bit, delay spread is {5ns, 10ns, 20ns}.


[bookmark: _Ref68174457]Figure 19 The RB allocations for the two options

[bookmark: _Ref68175081]Figure 20 The multiplexing of 2 UEs with alignment or misalignment
As illustrated in Figure 20, the MIL of opt.1 is always higher than that of opt.2. Therefore, the multiplexing of users with misaligned RB allocations should not be supported.
[bookmark: _Ref68190195]Proposal 9: The multiplexing of users with misaligned RB allocations should not be supported.
The other issues of enhanced PUCCH format 0/1/4
The cyclic shift for a single long sequence
The cyclic shift  varies as a function of the symbol and slot number according to [4]


For PUCCH format 0/1, where  is RRC configured (the value ranges from 0 to 11) for dedicated PUCCH resource and predefined for common PUCCH resource as in Table 6-1. is 12 which is the total RE number within one PRB. except for PUCCH format 0 when it depends on the information to be transmitted as Table 6-2 to Table 6-5 below.  
As we discussed in section 2.1.2.1, the alt 1 of a single sequence of length equal to the total number of mapped REs of the PUCCH resource is preferred for PUCCH format 0/1. For example, the sequence length is 24 when PRB number is 2 for SCS 480kHz. To support more and better UE multiplexing, should be change to 24. Addtionally, the value range of  should change from 0～11 to 0～23 for dedicated PUCCH resource, the value candicates of  in Table 6-1 should also change for common PUCCH resource. Similarily, and the value of  in Table 6-2 to Table 6-5 should be changed dependent on the length of sequence.
[bookmark: _Ref68183880]Table 6 Copy of Table 9.2.1-1 and Table 9.2.3-3&4 and Table 9.2.5-1&2 from TS 38.213[5]
	Table 6-1 Copy of 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}



Table 6-2 Copy of Table 9.2.3-3: Mapping of values for one HARQ-ACK information bit to sequences for PUCCH format 0
	HARQ-ACK Value
	0
	1

	Sequence cyclic shift
	[image: ]
	[image: ]



Table 6-3 Copy of Table 9.2.3-4: Mapping of values for two HARQ-ACK information bits to sequences for PUCCH format 0
	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
	[image: ]
	[image: ]
	[image: ]
	[image: ]


Table 6-4 Copy of Table 9.2.5-1: Mapping of values for one HARQ-ACK information bit and positive SR to sequences for PUCCH format 0
	HARQ-ACK Value
	0
	1

	Sequence cyclic shift
	[image: ]
	[image: ]



Table 6-5 Copy of Table 9.2.5-2: Mapping of values for two HARQ-ACK information bits and positive SR to sequences for PUCCH format 0
	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
	[image: ]
	[image: ]
	[image: ]
	[image: ]





[bookmark: _Ref68190196]Proposal 10：For a single sequence of length equal to the total number of mapped REs of the PUCCH resource, the cyclic shift should be adapted with the length of the sequence at least for PUCCH format 0/1.
The indication of PRB number
	Agreement #RAN1 104-e:
· FFS: Details of indication of NRB by cell-specific (for PF0/1) and dedicated signaling (PF0/1/4)


Indication of NRB by cell-specific (for PF0/1)
The indication of NRB for common PUCCH format 0/1 can be predefined in Table 6-1 or configured by SIB1. In Rel.15, the PUCCH frequency resource allocation is decided once the first PRB index is decided, because there is constant one PRB allocated for PUCCH 0/1. However, the PUCCH frequency resource for enhanced PUCCH 0/1 with multi-PRB should be dependent on not only the first PRB index but also the NRB. Moreover, the first PRB index is also dependent on the NRB.
For example, when the NRB indicated by SIB1 is 4, if  ,	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the 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. If  ,	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as .
Moreover, for sub-PRB interlace RE mapping when SCS is 120kHz, the RE pattern candidates should be indicated by SIB1. Then the specific sub-PRB mapping pattern is dynamically indicated to UE by DCI format.
[bookmark: _Ref68190199]Proposal 11: The indication of NRB for common PUCCH format 0/1 can be configured in the predefined table of PUCCH resource sets before dedicated PUCCH resource configuration or configured by SIB1.
[bookmark: _Ref68190200]Proposal 12: The PUCCH frequency resource and the first PRB index are dependent on the NRB.
[bookmark: _Ref68190201]Proposal 13: The sub-PRB interlace RE mapping pattern candidates should be configured by SIB1 and then dynamically indicated to UE by DCI format.
Indication of NRB by dedicated signaling (PF0/1/4)
For dedicated PUCCH resource, the frequency resource is RRC configured in Rel.15&Rel.16, so the NRB should be indicated by UE-specific RRC configuration. Similarity, the sub-PRB interlace RE mapping pattern can be also indicated by UE-specific RRC configuration. For example, the following IE is listed: 
PUCCH-Resource ::=                      SEQUENCE {
    pucch-ResourceId                        PUCCH-ResourceId,
    startingPRB                             PRB-Id,
     comboffset                                    {2}
comb                                          {4}
PRBnumofmultiPRB                              {2}
    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
    }
}
[bookmark: _Ref68190203]Proposal 14: The indication of NRB (PF0/1/4) and sub-PRB interlace RE mapping pattern are by dedicated RRC signalling.
The shortage of common PUCCH resource
[bookmark: PP12]According to section 2.1.2.3, the maximum value of NRB is 8 when SCS is 120kHz for 400 MHz carrier. As shown in Table 6, for row index 0, 3,7,11, the PUCCH resource set is allocated 8 PRBs when one PRB is allocated for PUCCH format 0/1. Therefore, there are at least 64 PRBs requirement for the BWP so that there should be further design for the PUCCH resource sets before dedicated PUCCH resource configuration when the bandwidth of BWP is not enough. Table 7 is an example of additional SLIV for row index 0, and the PUCCH resource are listed below. The frequency resource is saved owing to the additional SLIV.
[bookmark: _Ref68187768]Table 7 The example of additional SLIV for index 0
	Index
	PUCCH format
	First symbol, Number of symbols
	PRB offset 
	Set of initial CS indexes

	0
	0
	(12,2) (10,2)
	0
	{0, 3}



	
	PRB index for the first hop
	CS
	SLIV
	
	
	PRB index for the first hop
	CS
	SLIV 

	0
	0
	0
	（12,2）
	
	0
	0
	0
	（12,2）

	1
	0
	3
	（12,2）
	
	1
	0
	3
	（12,2）

	2
	1
	0
	（12,2）
	
	2
	1
	0
	（12,2）

	3
	1
	3
	（12,2）
	
	3
	1
	3
	（12,2）

	4
	2
	0
	（12,2）
	
	4
	2
	0
	（12,2）

	5
	2
	3
	（12,2）
	
	5
	2
	3
	（12,2）

	6
	3
	0
	（12,2）
	
	6
	3
	0
	（12,2）

	7
	3
	3
	（12,2）
	
	7
	3
	3
	（12,2）

	8
	
	0
	（12,2）
	
	8
	
	0
	（10,2）

	9
	
	3
	（12,2）
	
	9
	
	3
	（10,2）

	10
	
	0
	（12,2）
	
	10
	
	0
	（10,2）

	11
	 2
	3
	（12,2）
	
	11
	 2
	3
	（10,2）

	12
	 3
	0
	（12,2）
	
	12
	 3
	0
	（10,2）

	13
	 3
	3
	（12,2）
	
	13
	 3
	3
	（10,2）

	14
	 4
	0
	（12,2）
	
	14
	 4
	0
	（10,2）

	15
	 4
	3
	（12,2）
	
	15
	 4
	3
	（10,2）


[bookmark: _Ref68190204]Proposal 15: The additional SLIV or OCC should be included in the PUCCH resource sets before dedicated PUCCH resource configuration.
3. Conclusion
In this contribution, we focus on the evaluation methodology, result analysis and the enhancement methods on the increasing of the number of RBs of PUCCH format 0/1/4, and have the following observations and proposals:
Observation 1: The case 3 and case 4 have worse MIL performance than other multi-PRB cases in US and South Korea, and have worse MIL performance than one PRB case in Europe.
Observation 2: For enhanced PUCCH format 0, when SCS is 480kHz or 960kHz and PRB number is 2, the MIL of case 1 increases more than that of case 2 in US and South Korea, and the case 2 does not have MIL gain compared with case 0 while case 1 has slight MIL gain compared with case 0 in Europe.
Observation 3: For enhanced PUCCH format 0, when SCS is 120kHz and PRB number is 2, the MIL of case 1 is higher than that of case 2 in all regions. Similarly, the MIL of case 5 is obviously higher than that of case 6 in South Korea 1 when delay spread is 5ns or 10ns and in Europe when delay spread is 20ns. While the MIL of case 5 is slightly lower than that of case 6 in other situations.
Observation 4: For enhanced PUCCH format 1, when SCS is 480kHz and PRB number is 2, the MIL of case 1 increases more than that of case 2 in US and South Korea. While in Europe, the MIL of case 2 do not increase and the MIL of case 1 decrease in Europe either when delay spread is 20ns, and the MIL of case1 slightly increases when delay spread is 5ns or 10ns.
Observation 5: For enhanced PUCCH format 1, when SCS is 960kHz and PRB number is 2, the MIL of case 2 decreases in all regions, and the MIL of case 1 decreases in all regions when delay spread is 20ns. When delay spread is 5ns or 10ns, the MIL of case 1 increases in US and South Korea but decreases in Europe.
Observation 6: For enhanced PUCCH format 1, when SCS is 120kHz and PRB number is 2, in US and South Korea, the MIL of case 1 and case 2 are close to each other when delay spread is 10ns or 20ns, while the MIL of case 2 have slight increase than that of case 1 when delay spread is 5ns. Similarly, the MIL of case 6 is lower than that of case 5 when delay spread is 5ns or 10ns, while higher when delay spread is 20ns. In Europe, the MIL of case 1 and case 5 is obviously higher than that of case 2 and case 6 respectively.
Observation 7: For enhanced PUCCH format 0 with 120kHz SCS, the MIL of case 1 is slightly higher than that of case 5 when PRB number is 2. While the MIL of case 5 increase significantly when PRB number is 4 or 8. Especially, compared with case 0, the MIL of case 1 decreases and case 5 increases when PRB number is 4 in Europe.
Observation 8: For enhanced PUCCH format 1 with 120kHz SCS, the MIL of case 1 is lower than that of case 5 when delay spread is 5ns in US and South Korea, slightly higher in other cases when PRB number is 2. The MIL of case 1 is higher than that of case 5 in US and Korea when PRB number is 4, while decreases in Europe. While the MIL of case 5 increase obviously when PRB number is 8. Especially, the MIL of case 1 decreases when PRB number is 8 in Europe.
Observation 9: In Europe, the MIL of case 1 and case 2 do not have gain compared with that of case 0 in Europe when SCS is 480kHz or 960kHz, the MIL of case 1 have more gain than that of case 2 when SCS is 120kHz.
Observation 10: In US and South Korea, the MIL of case 1 is obviously higher than that of case 2 when SCS is 960kHz, and minor difference between the two cases when SCS is 120kHz or 480kHz.
Observation 11: The MIL of alt 1 is obviously higher than that of alt 2 when payload is 11 bits or 22 bits with all SCS and when payload is 4 bits with SCS 960kHz.
Observation 12: When payload is 4 bits with SCS 120kHz, the MIL of alt 1 is higher than that of alt 2 when delay spread is 5ns or 10ns, slightly lower when delay spread is 20ns. When payload is 11 bits with SCS 480kHz, the MIL between the two alternatives have minor differences.
Proposal 1: For enhanced PUCCH format 0/1, the alt 1 of a single sequence of length equal to the total number of mapped REs of the PUCCH resource is preferred.
Proposal 2: For enhanced PUCCH format 0/1, for 120 kHz SCS, we support both of the two alternatives for RE mapping. Meanwhile, the UE multiplexing impact for MIL need further study. 
Proposal 3: For UCI of enhanced PUCCH format 4, all REs within each RB are mapped is preferred for 120kHz SCS.
Proposal 4: For DMRS of enhanced PUCCH format 4, a single sequence of length equal to the total number of mapped REs of the PUCCH resource is preferred is preferred.
Proposal 5: For UCI of enhanced PUCCH format 4, we support alt 1 that the block-wise spreading is performed across all allocated RBs.
Proposal 6: The current OCC length for enhanced PUCCH format 4 is enough.
Proposal 7: The maximum value of NRB for each SCS of each PUCCH format 0/1/4 are listed in Table 4.
Proposal 8: The allowed values of NRB within the [min/max] range for each SCS of each PUCCH format 0/1/4 are listed in Table 5.
Proposal 9: The multiplexing of users with misaligned RB allocations should not be supported.
Proposal 10：For a single sequence of length equal to the total number of mapped REs of the PUCCH resource, the cyclic shift should be adapted with the length of the sequence at least for PUCCH format 0/1.
Proposal 11: The indication of NRB for common PUCCH format 0/1 can be configured in the predefined table of PUCCH resource sets before dedicated PUCCH resource configuration or configured by SIB1.
Proposal 12: The PUCCH frequency resource and the first PRB index are dependent on the NRB.
Proposal 13: The sub-PRB interlace RE mapping pattern candidates should be configured by SIB1 and then dynamically indicated to UE by DCI format.
Proposal 14: The indication of NRB (PF0/1/4) and sub-PRB interlace RE mapping pattern are by dedicated RRC signalling.
Proposal 15: The additional SLIV or OCC should be included in the PUCCH resource sets before dedicated PUCCH resource configuration.
4. Appendix
[bookmark: _Hlk63407597]Agreement #RAN1 104-e:
Tables 1, 2, and 3 in Section 2.3 of R1-2102127 are agreed as a common set of assumptions for link level simulations and link budget calculations for evaluating enhancements to PUCCH formats 0/1/4 
Note: Other parameters can be additionally considered in the evaluations
Table 1: Simplified Evaluation Assumptions
	Assumptions
	Value

	Carrier Frequency [GHz]
	60 GHz

	Subcarrier Spacing [kHz]
	120, 480, 960 kHz

	Number of usable RBs per carrier
	256 for 120 kHz SCS (corresponds to ~400 MHz carrier)
256 for 480 kHz SCS (corresponds to ~1600 MHz carrier)
160 for 960 kHz SCS (corresponds to ~2000 MHz carrier)
 
Note: If other values used, companies to report values

	PUCCH Frequency Hopping
	On

	PUCCH Frequency Domain Resource Mapping
	N_RB contiguous RBs per hop (with all REs allocated per PRB)

Note: If alternative RE allocation per PRB is used, companies to report details

	Waveform
	CP-OFDM for PF0/1
DFT-s-OFDM for PF4

	CP Type
	Normal CP

	Channel Model
	TDL-A model as defined in of TR38.901 Section 7.7.2:
- Delay spread (DS) = {5ns, 10ns, 20ns} 
- Optional: DS = 40ns

	BS Antenna Configuration (Mg,Ng,M,N,P)
	{1,1,1,1,2}

	UE Antenna Configuration (Mg,Ng,M,N,P)
	{1,1,1,1,1}

	Mobility
	3 km/hr

	PA Model
	None

	gNB TRP PN Model
	Zero phase noise

	UE PN Model
	Zero phase noise

	Pre-loaded Tx EVM
	0%

	Additive Rx EVM
	0%

	I-Q Imbalance
	None

	Frequency Offset
	0 ppm

	Channel Estimation
	Realistic channel estimation



Table 2: Reporting metrics
	Parameter
	Value
	Notes

	PUCCH Format
	
	PF0, PF1, PF4

	Subcarrier spacing, SCS [kHz]
	
	SCS = {120, 480, 960} kHz

	Frequency hopping details
	
	Frequency offset between hops,

	Number of RBs used per hop (N_RB)
	
	N_RB contiguous RBs per hop

	PUCCH bandwidth per hop, BW [MHz]
	
	BW = N_RB * 12 * SCS / 1e6

	Number of OFDM symbols used for PUCCH resource
	
	1 or 2 for PF0
{4 .. 14} for PF1/4

	Sequence construction details
	
	Sequence type for PF0/1
Sequence type for DMRS of PF4

	OCC configuration details
	
	Applicable for PF1, PF4


	Cyclic shift configuration details
	
	For PF0/1
For DMRS of PF4

	Number of multiplexed users, e.g., by code division, if applicable
	
	1 user

Note: Companies to report if other cases if evaluated

	PUCCH payload encoder type
	
	Reed Muller or Polar for PF4

	PUCCH payload size(s) (bits)
	
	For PF4, at least the following values should be considered:
· Low: 4 bits
· Moderate: 11 bits
· High: 22 bits 
Maximum isotropic loss (see calculation below) to be reported for each PUCCH payload size

	PUCCH encoding rate(s)
	
	Applicable for PF4
If multiple payload sizes evaluated, encoding rates to be reported for each payload size

	Required SNR (dB)
	
	Required SNR needed to fulfil detection criterion, from link level simulations based on Table 1 (see Notes (1) and (2) at bottom of table for definition of detection criteria for PF 0/1/4).

	Cubic Metric, CM (dB)
	
	Reported value is the 95th percentile, i.e., the CM for which 95% of all sequences of the design fall below

	UE Tx Beamforming gain (dBi)
	
	TxBF = 6 dBi

Notes:
(1) TxBF includes antenna element gain
(2) If other TxBF value(s) used, companies to report value(s)

	BS Rx Beamforming gain (dBi)
	
	RxBF = 20 dBi

Notes:
(1) RxBF includes antenna element gain
(2) If other RxBF value(s) used, companies to report value(s)

	UE Power Limitations
	
	Maximum EIRP:
UE_EIRP = 25 dBm

Maximum conduced power (prior to consideration of backoff):
UE_P = 21 dBm
 
Optional:
- UE_EIRP = 40dBm
- UE_P = 21 dBm

Note: Companies to report if other cases evaluated

	Pmax (dBm)
	
	Maximum allowed conducted power considering combined limit per region (from Table 3).

Note:Companies should report if Pmax is considered per region or a combined limit is considered across multiple regions

	Backoff (dB)
	
	Power backoff is equal to the cubic metric, CM

Note: If cubic metric is not used, information on the backoff metric used should be provided.

	Transmit power, P_TX (dBm)
	
	Maximum allowed transmit power including UE power limitation and backoff

P_TX = min(Pmax, UE_EIRP – TxBF, UE_P – Backoff)

	Noise power, P_N (dBm)
	
	BS Noise Figure, NF = 7 dB
Noise PSD = -174 dBm/Hz

P_N = Noise PSD + 10*log10(BW * 1e6) + NF

Note: BW is the PUCCH bandwidth per hop in MHz

	Maximum Isotropic Loss, MIL (dB)
	
	MIL = P_TX – P_N – Required SNR + TxBF + RxBF

	Definition of detection criteria for PF0/1/4:

(1) For PF0/1 (payload of 1 or 2 bits) the detection criterion assumes that the PUCCH payload consists of randomly drawn HARQ ACK/NACK bits and the criterion is defined as the SNR for which P(ACK to Error) ≤ 1% AND P(NACK to ACK) ≤ 0.1%. Error is defined as NACK or DTX where the decision region for DTX is determined to ensure that the maximum P(DTX to ACK) ≤ 1% for the case when the input to the receiver is noise only.

(2) For PF4 (payload greater than 2 bits): the detection criterion is the UCI block error probability BLER ≤ 1% (as in TS38.104 Section 8.3.6)



Table 3: Regulatory Power Limits by Region
	Region
	Maximum Conducted Power, Pmax (dBm)

	US
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 40 dBm - TxBF

Conducted power limit as a function of PUCCH BW per hop:
     Pmax_P = 27 dBm – max(0, 10*log10(100 / BW))

Combined limit:
     Pmax = min(Pmax_P, Pmax_EIRP)

	Europe
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 40 dBm – TxBF

Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all REs allocated per PRB):
     Pmax_PSD = 23 dBm/MHz + max(0, 10*log10(BW)) - TxBF

Combined limit:
     Pmax = min(Pmax_PSD, Pmax_EIRP)

	South Korea
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 43 dBm – TxBF   when an equipment is >=300m from an astronomical antenna
     Pmax_EIRP = 27 dBm – TxBF   when an equipment is <300m from an astronomical antenna

Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all REs allocated per PRB):
     Pmax_PSD = 13 dBm/MHz + max(0, 10*log10(BW)) - TxBF

Combined limit:
     Pmax = min(Pmax_PSD, Pmax_EIRP)

	Other regions
	…

	Note: BW is the PUCCH bandwidth per hop in MHz



Agreement #RAN1 104-e:
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)

Agreement #RAN1 104-e:
· 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

Agreement #RAN1 104-e:
· 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

Agreement #RAN1 104-e:
· 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 #RAN1 104-e:
· 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
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MIL for PUCCH format 0, 120kHz SCS, 5ns

case 0	US	Europe 	South Korea 1	South Korea 2	134.33499999999998	144.21137507904751	134.33499999999998	134.33499999999998	case 1	US	Europe 	South Korea 1	South Korea 2	137.37200000000001	144.66807512240769	137.37200000000001	137.37200000000001	case 2	US	Europe 	South Korea 1	South Korea 2	136.80799999999999	140.70407512240769	136.80799999999999	136.80799999999999	case 3	US	Europe 	South Korea 1	South Korea 2	135.8166750356873	143.3983750790475	135.8166750356873	135.8166750356873	case 4	US	Europe 	South Korea 1	South Korea 2	135.78867503568731	142.0653750790475	135.78867503568731	135.78867503568731	case 5	US	Europe 	South Korea 1	South Korea 2	137.264966563652	144.3333750790475	137.264966563652	137.264966563652	case 6	US	Europe 	South Korea 1	South Korea 2	137.44696656365198	143.7033750790475	137.44696656365198	137.44696656365198	



MIL for PUCCH format 1, 120kHz SCS, 5ns

case 0	US	Europe 	South Korea 1	South Korea 2	144.83499999999998	154.64437507904751	144.83499999999998	144.83499999999998	case 1	US	Europe 	South Korea 1	South Korea 2	147.38800000000001	154.67407512240769	147.38800000000001	147.38800000000001	case 2	US	Europe 	South Korea 1	South Korea 2	147.90600000000001	151.69207512240769	147.90600000000001	147.90600000000001	case 3	US	Europe 	South Korea 1	South Korea 2	145.87067503568733	153.35437507904749	145.87067503568733	145.87067503568733	case 4	US	Europe 	South Korea 1	South Korea 2	145.95467503568699	152.2313750790475	145.95467503568733	145.95467503568733	case 5	US	Europe 	South Korea 1	South Korea 2	147.53196656365199	154.56837507904751	147.53196656365199	147.53196656365199	case 6	US	Europe 	South Korea 1	South Korea 2	147.402966563652	153.5663750790475	147.402966563652	147.402966563652	



MIL for PUCCH format 0, 2PRB,120kHz

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	134.33499999999998	134.33499999999998	144.21137507904751	134.33499999999998	134.53	134.53	144.40637507904751	134.53	134.23500000000001	144.11137507904749	134.23500000000001	134.23500000000001	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	137.37200000000001	137.37200000000001	144.66807512240769	137.37200000000001	137.285	137.285	144.5810751224077	137.285	137.029	144.3250751224077	137.029	137.029	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	136.80799999999999	136.80799999999999	140.70407512240769	136.80799999999999	137.02600000000001	137.02600000000001	140.9220751224077	137.02600000000001	136.642	140.53807512240769	136.642	136.642	case 5	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	137.264966563652	137.264966563652	144.3333750790475	137.264966563652	137.218966563652	137.218966563652	144.28737507904751	137.218966563652	136.82396656365199	143.8923750790475	136.82396656365199	136.82396656365199	case 6	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	137.44696656365198	137.44696656365198	143.7033750790475	137.44696656365198	137.49396656365201	137.49396656365201	143.7503750790475	137.49396656365201	136.98196656365201	143.2383750790475	136.98196656365201	136.98196656365201	



MIL for PUCCH format 0, 2PRB,480kHz

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	134.33499999999998	134.33499999999998	144.21137507904751	134.33499999999998	134.53	134.53	144.40637507904751	134.53	134.23500000000001	144.11137507904749	134.23500000000001	134.23500000000001	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	137.37200000000001	137.37200000000001	144.66807512240769	137.37200000000001	137.285	137.285	144.5810751224077	137.285	137.029	144.3250751224077	137.029	137.029	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	136.80799999999999	136.80799999999999	140.70407512240769	136.80799999999999	137.02600000000001	137.02600000000001	140.9220751224077	137.02600000000001	136.642	140.53807512240769	136.642	136.642	



MIL for PUCCH format 0, 2PRB,960kHz

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	134.33499999999998	134.33499999999998	144.21137507904751	134.33499999999998	134.53	134.53	144.40637507904751	134.53	134.23500000000001	144.11137507904749	134.23500000000001	134.23500000000001	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	137.37200000000001	137.37200000000001	144.66807512240769	137.37200000000001	137.285	137.285	144.5810751224077	137.285	137.029	144.3250751224077	137.029	137.029	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	136.80799999999999	136.80799999999999	140.70407512240769	136.80799999999999	137.02600000000001	137.02600000000001	140.9220751224077	137.02600000000001	136.642	140.53807512240769	136.642	136.642	



MIL for PUCCH format 1, 2PRB,120kHz

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	144.83499999999998	154.64437507904751	144.83499999999998	144.83499999999998	145.97800000000001	155.78737507904751	145.97800000000001	145.97800000000001	146.32300000000001	156.13237507904751	146.32300000000001	146.32300000000001	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	147.38800000000001	154.67407512240769	147.38800000000001	147.38800000000001	148.88400000000001	156.1700751224077	148.88400000000001	148.88400000000001	148.93200000000002	156.2180751224077	148.93200000000002	148.93200000000002	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	147.90600000000001	151.69207512240769	147.90600000000001	147.90600000000001	148.851	152.63707512240768	148.851	148.851	149.03800000000001	152.82407512240769	149.03800000000001	149.03800000000001	case 5	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	147.53196656365199	154.56837507904751	147.53196656365199	147.53196656365199	148.50796656365202	155.54437507904751	148.50796656365202	148.50796656365202	148.60996656365199	155.64637507904752	148.60996656365199	148.60996656365199	case 6	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	147.402966563652	153.5663750790475	147.402966563652	147.402966563652	148.56596656365201	154.72937507904751	148.56596656365201	148.56596656365201	148.830966563652	154.9943750790475	148.830966563652	148.830966563652	



MIL for PUCCH format 1, 2PRB,480kHz

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	146.28700000000001	150.07577516576788	146.28700000000001	146.28700000000001	145.351	149.1397751657679	145.351	145.351	145.77800000000002	149.56677516576789	145.77800000000002	145.77800000000002	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	148.84899999999999	150.08147520912809	148.84899999999999	148.84899999999999	148.041	149.27347520912807	148.041	148.041	148.14699999999999	149.37947520912809	148.14699999999999	148.14699999999999	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	146.87347520912809	146.87347520912809	146.87347520912809	146.87347520912809	145.98647520912809	145.98647520912809	145.98647520912809	145.98647520912809	146.00747520912807	146.00747520912807	146.00747520912807	146.00747520912807	



MIL for PUCCH format 1, 2PRB,960kHz

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	146	146.77847520912809	146	146	146.11599999999999	146.89447520912807	146.11599999999999	146.11599999999999	145.18799999999999	145.96647520912808	145.18799999999999	145.18799999999999	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	146.76317525248825	146.76317525248825	146.76317525248825	146.76317525248825	146.76717525248824	146.76717525248824	146.76717525248824	146.76717525248824	145.10517525248827	145.10517525248827	145.10517525248827	145.10517525248827	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	143.58517525248826	143.58517525248826	143.58517525248826	143.58517525248826	143.31117525248825	143.31117525248825	143.31117525248825	143.31117525248825	141.97417525248827	141.97417525248827	141.97417525248827	141.97417525248827	



MIL for PUCCH format 0, 2PRB, 120kHz

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 2PRB	120kHz, 10ns, 2PRB	120kHz, 20ns, 2PRB	134.33499999999998	144.21137507904751	134.33499999999998	134.33499999999998	134.53	144.40637507904751	134.53	134.53	134.23500000000001	144.11137507904749	134.23500000000001	134.23500000000001	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 2PRB	120kHz, 10ns, 2PRB	120kHz, 20ns, 2PRB	137.37200000000001	144.66807512240769	137.37200000000001	137.37200000000001	137.285	144.5810751224077	137.285	137.285	137.029	144.3250751224077	137.029	137.029	case 5	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 2PRB	120kHz, 10ns, 2PRB	120kHz, 20ns, 2PRB	137.264966563652	144.3333750790475	137.264966563652	137.264966563652	137.218966563652	144.28737507904751	137.218966563652	137.218966563652	136.82396656365199	143.8923750790475	136.82396656365199	136.82396656365199	



MIL for PUCCH format 0, 4PRB, 120kHz

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 4PRB	120kHz, 10ns, 4PRB	120kHz, 20ns, 4PRB	134.33499999999998	144.21137507904751	134.33499999999998	134.33499999999998	134.53	144.40637507904751	134.53	134.53	134.23500000000001	144.11137507904749	134.23500000000001	134.23500000000001	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 4PRB	120kHz, 10ns, 4PRB	120kHz, 20ns, 4PRB	140.3552	142.84397516576789	140.3552	140.3552	140.3252	142.81397516576789	140.3252	140.3252	139.88890000000001	142.3776751657679	139.88890000000001	139.88890000000001	case 5	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 4PRB	120kHz, 10ns, 4PRB	120kHz, 20ns, 4PRB	140.866966563652	145.3130751224077	140.866966563652	140.866966563652	140.42596656365203	144.87207512240769	140.42596656365203	140.42596656365203	140.12796656365202	144.57407512240769	140.12796656365202	140.12796656365202	



MIL for PUCCH format 0, 8PRB, 120kHz

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 8PRB	120kHz, 10ns, 8PRB	120kHz, 20ns, 8PRB	134.33499999999998	144.21137507904751	134.33499999999998	134.33499999999998	134.53	144.40637507904751	134.53	134.53	134.23500000000001	144.11137507904749	134.23500000000001	134.23500000000001	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 8PRB	120kHz, 10ns, 8PRB	120kHz, 20ns, 8PRB	142.90347520912809	142.90347520912809	142.90347520912809	142.90347520912809	142.67747520912809	142.67747520912809	142.67747520912809	142.67747520912809	141.6844752091281	141.6844752091281	141.6844752091281	141.6844752091281	case 5	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 8PRB	120kHz, 10ns, 8PRB	120kHz, 20ns, 8PRB	143.07287516576787	143.07287516576787	143.07287516576787	143.07287516576787	142.78417516576786	142.78417516576786	142.78417516576786	142.78417516576786	142.45981516576788	142.45981516576788	142.45981516576788	142.45981516576788	



MIL for PUCCH format 1, 2PRB, 120kHz

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 2PRB	120kHz, 10ns, 2PRB	120kHz, 20ns, 2PRB	144.83499999999998	154.64437507904751	144.83499999999998	144.83499999999998	145.97800000000001	155.78737507904751	145.97800000000001	145.97800000000001	146.32300000000001	156.13237507904751	146.32300000000001	146.32300000000001	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 2PRB	120kHz, 10ns, 2PRB	120kHz, 20ns, 2PRB	147.38800000000001	154.67407512240769	147.38800000000001	147.38800000000001	148.88400000000001	156.1700751224077	148.88400000000001	148.88400000000001	148.93200000000002	156.2180751224077	148.93200000000002	148.93200000000002	case 5	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 2PRB	120kHz, 10ns, 2PRB	120kHz, 20ns, 2PRB	147.53196656365199	154.56837507904751	147.53196656365199	147.53196656365199	148.50796656365202	155.54437507904751	148.50796656365202	148.50796656365202	148.60996656365199	155.64637507904752	148.60996656365199	148.60996656365199	



MIL for PUCCH format 1, 4 PRB, 120kHz

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 4PRB	120kHz, 10ns, 4PRB	120kHz, 20ns, 4PRB	144.83499999999998	154.64437507904751	144.83499999999998	144.83499999999998	145.97800000000001	155.78737507904751	145.97800000000001	145.97800000000001	146.32300000000001	156.13237507904751	146.32300000000001	146.32300000000001	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 4PRB	120kHz, 10ns, 4PRB	120kHz, 20ns, 4PRB	150.73000000000002	153.21977516576789	150.73000000000002	150.73000000000002	151.74	154.2297751657679	151.74	151.74	151.53	154.0197751657679	151.53	151.53	case 5	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 4PRB	120kHz, 10ns, 4PRB	120kHz, 20ns, 4PRB	150.38296656365202	154.74407512240771	150.38296656365202	150.38296656365202	151.39796656365201	155.75907512240769	151.39796656365201	151.39796656365201	151.378966563652	155.74007512240769	151.378966563652	151.378966563652	



MIL for PUCCH format 1, 8PRB, 120kHz

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 8PRB	120kHz, 10ns, 8PRB	120kHz, 20ns, 8PRB	144.83499999999998	154.64437507904751	144.83499999999998	144.83499999999998	145.97800000000001	155.78737507904751	145.97800000000001	145.97800000000001	146.32300000000001	156.13237507904751	146.32300000000001	146.32300000000001	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 8PRB	120kHz, 10ns, 8PRB	120kHz, 20ns, 8PRB	153.54947520912808	153.54947520912808	153.54947520912808	153.54947520912808	154.39947520912807	154.39947520912807	154.39947520912807	154.39947520912807	153.72947520912805	153.72947520912805	153.72947520912805	153.72947520912805	case 5	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns, 8PRB	120kHz, 10ns, 8PRB	120kHz, 20ns, 8PRB	153.76077516576788	153.76077516576788	153.76077516576788	153.76077516576788	154.53077516576789	154.53077516576789	154.53077516576789	154.53077516576789	154.13077516576789	154.13077516576789	154.13077516576789	154.13077516576789	



MIL for PUCCH format 4, 2PRB, 120kHz, 4bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	148.63296656365202	158.5796750356873	148.63296656365202	148.63296656365202	149.77996656365201	159.72667503568732	149.77996656365201	149.77996656365201	149.986966563652	159.93367503568732	149.986966563652	149.986966563652	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	151.89496656365199	158.6303750790475	151.89496656365199	151.89496656365199	152.420966563652	159.15637507904748	152.420966563652	152.420966563652	151.37596656365201	158.11137507904749	151.37596656365201	151.37596656365201	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	151.96096656365199	158.0833750790475	151.96096656365199	151.96096656365199	152.69696656365198	158.81937507904749	152.69696656365198	152.69696656365198	151.59096656365199	157.71337507904749	151.59096656365199	151.59096656365199	



MIL for PUCCH format 4, 2PRB, 480kHz, 4bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	147.46628766960433	154.05507512240769	147.46628766960433	147.46628766960433	146.72028766960432	153.30907512240771	146.72028766960432	146.72028766960432	146.85428766960433	153.44307512240769	146.85428766960433	146.85428766960433	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	149.00028766960432	152.3767751657679	149.00028766960432	149.00028766960432	148.05028766960433	151.42677516576788	148.05028766960433	148.05028766960433	148.66728766960432	152.0437751657679	148.66728766960432	148.66728766960432	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	149.01728766960434	151.7817751657679	149.01728766960434	149.01728766960434	147.94128766960432	150.70577516576788	147.94128766960432	147.94128766960432	148.70228766960435	151.4667751657679	148.70228766960435	148.70228766960435	



MIL for PUCCH format 4, 2PRB, 960kHz, 4bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	147.09100000000001	150.84677516576789	147.09100000000001	147.09100000000001	147.03800000000001	150.7937751657679	147.03800000000001	147.03800000000001	145.67400000000001	149.42977516576789	145.67400000000001	145.67400000000001	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	148.36228766960431	148.72747520912807	148.36228766960431	148.36228766960431	148.93728766960433	149.30247520912809	148.93728766960433	148.93728766960433	148.15328766960431	148.51847520912807	148.15328766960431	148.15328766960431	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	148.32947520912808	148.32947520912808	148.32947520912808	148.32947520912808	148.61347520912807	148.61347520912807	148.61347520912807	148.61347520912807	147.86747520912809	147.86747520912809	147.86747520912809	147.86747520912809	



MIL for PUCCH format 4, 2PRB, 120kHz, 11bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	146.27496656365201	156.27496656365199	146.27496656365201	146.27496656365201	147.342966563652	157.342966563652	147.342966563652	147.342966563652	147.43496656365198	157.43496656365201	147.43496656365198	147.43496656365198	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	149.45996656365202	156.2973750790475	149.45996656365202	149.45996656365202	150.14796656365201	156.98537507904749	150.14796656365201	150.14796656365201	149.03196656365199	155.8693750790475	149.03196656365199	149.03196656365199	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	149.40496656365201	155.59737507904751	149.40496656365201	149.40496656365201	150.069966563652	156.2623750790475	150.069966563652	150.069966563652	149.098966563652	155.2913750790475	149.098966563652	149.098966563652	



MIL for PUCCH format 4, 2PRB, 480kHz, 11bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	144.19628766960432	150.8430751224077	144.19628766960432	144.19628766960432	144.35828766960432	151.00507512240767	144.35828766960432	144.35828766960432	144.83028766960433	151.47707512240771	144.83028766960433	144.83028766960433	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	145.67928766960432	149.16077516576786	145.67928766960432	145.67928766960432	146.13128766960432	149.61277516576786	146.13128766960432	146.13128766960432	146.12828766960433	149.60977516576787	146.12828766960433	146.12828766960433	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	145.61428766960432	148.45177516576788	145.61428766960432	145.61428766960432	146.22728766960432	149.06477516576788	146.22728766960432	146.22728766960432	146.17228766960432	149.00977516576791	146.17228766960432	146.17228766960432	



MIL for PUCCH format 4, 2PRB, 960kHz, 11bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	144.65300000000002	148.47177516576789	144.65300000000002	144.65300000000002	144.42099999999999	148.2397751657679	144.42099999999999	144.42099999999999	143.33199999999999	147.15077516576787	143.33199999999999	143.33199999999999	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	146.12828766960433	146.59847520912808	146.12828766960433	146.12828766960433	146.47528766960431	146.94547520912806	146.47528766960431	146.47528766960431	145.64628766960431	146.11647520912805	145.64628766960431	145.64628766960431	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	146.00147520912807	146.00147520912807	146.00147520912807	146.00147520912807	146.24047520912808	146.24047520912808	146.24047520912808	146.24047520912808	145.52947520912807	145.52947520912807	145.52947520912807	145.52947520912807	



MIL for PUCCH format 4, 2PRB, 120kHz, 22bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	143.616966563652	153.616966563652	143.616966563652	143.616966563652	144.57296656365202	154.57296656365199	144.57296656365202	144.57296656365202	144.63696656365198	154.63696656365201	144.63696656365198	144.63696656365198	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	146.818966563652	153.67937507904747	146.818966563652	146.818966563652	147.587966563652	154.44837507904748	147.587966563652	147.587966563652	146.75796656365202	153.6183750790475	146.75796656365202	146.75796656365202	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	146.753966563652	152.97437507904749	146.753966563652	146.753966563652	147.51296656365201	153.73337507904751	147.51296656365201	147.51296656365201	146.78496656365201	153.0053750790475	146.78496656365201	146.78496656365201	



MIL for PUCCH format 4, 2PRB, 480kHz, 22bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	142.05228766960431	148.7070751224077	142.05228766960431	142.05228766960431	141.34528766960432	148.00007512240771	141.34528766960432	141.34528766960432	141.44028766960434	148.09507512240771	141.44028766960434	141.44028766960434	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	144.27728766960433	147.78277516576787	144.27728766960433	144.27728766960433	143.43828766960434	146.94377516576787	143.43828766960434	143.43828766960434	143.72728766960432	147.23277516576786	143.72728766960432	143.72728766960432	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	144.32428766960433	147.18977516576791	144.32428766960433	144.32428766960433	143.30328766960434	146.1687751657679	143.30328766960434	143.30328766960434	143.88528766960434	146.75077516576789	143.88528766960434	143.88528766960434	



MIL for PUCCH format 4, 2PRB, 960kHz, 22bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	141.738	145.5627751657679	141.738	141.738	141.619	145.44377516576787	141.619	141.619	139.977	143.80177516576788	139.977	139.977	case 1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	143.88628766960431	144.38047520912806	143.88628766960431	143.88628766960431	144.10128766960435	144.5954752091281	144.10128766960435	144.10128766960435	143.07428766960433	143.56847520912808	143.07428766960433	143.07428766960433	case 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	143.73647520912806	143.73647520912806	143.73647520912806	143.73647520912806	143.99247520912809	143.99247520912809	143.99247520912809	143.99247520912809	143.05447520912807	143.05447520912807	143.05447520912807	143.05447520912807	



MIL for PUCCH format 4, 2PRB, 120kHz, 4bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	148.63296656365202	158.5796750356873	148.63296656365202	148.63296656365202	149.77996656365201	159.72667503568732	149.77996656365201	149.77996656365201	149.986966563652	159.93367503568732	149.986966563652	149.986966563652	case 1,alt1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	151.89496656365199	158.6303750790475	151.89496656365199	151.89496656365199	152.420966563652	159.15637507904748	152.420966563652	152.420966563652	151.37596656365201	158.11137507904749	151.37596656365201	151.37596656365201	case 1,alt2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	151.22596656365198	153.46237507904749	151.22596656365198	151.22596656365198	152.03196656365199	154.2683750790475	152.03196656365199	152.03196656365199	151.68396656365201	153.92037507904749	151.68396656365201	151.68396656365201	



MIL for PUCCH format 4, 2PRB, 480kHz, 4bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	147.46628766960433	154.05507512240769	147.46628766960433	147.46628766960433	146.72028766960432	153.30907512240771	146.72028766960432	146.72028766960432	146.85428766960433	153.44307512240769	146.85428766960433	146.85428766960433	case 1,alt1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	149.00028766960432	152.3767751657679	149.00028766960432	149.00028766960432	148.05028766960433	151.42677516576788	148.05028766960433	148.05028766960433	148.66728766960432	152.0437751657679	148.66728766960432	148.66728766960432	case 1,alt2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	149.01728766960434	151.7817751657679	149.01728766960434	149.01728766960434	147.94128766960432	150.70577516576788	147.94128766960432	147.94128766960432	148.70228766960435	151.4667751657679	148.70228766960435	148.70228766960435	



MIL for PUCCH format 4, 2PRB, 960kHz, 4bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	147.09100000000001	150.84677516576789	147.09100000000001	147.09100000000001	147.03800000000001	150.7937751657679	147.03800000000001	147.03800000000001	145.67400000000001	149.42977516576789	145.67400000000001	145.67400000000001	case 1,alt1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	148.36228766960431	148.72747520912807	148.36228766960431	148.36228766960431	148.93728766960433	149.30247520912809	148.93728766960433	148.93728766960433	148.15328766960431	148.51847520912807	148.15328766960431	148.15328766960431	case 1,alt2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	148.32947520912808	148.32947520912808	148.32947520912808	148.32947520912808	148.61347520912807	148.61347520912807	148.61347520912807	148.61347520912807	147.86747520912809	147.86747520912809	147.86747520912809	147.86747520912809	



MIL for PUCCH format 4, 2PRB, 120kHz, 11bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	146.27496656365201	156.27496656365199	146.27496656365201	146.27496656365201	147.342966563652	157.342966563652	147.342966563652	147.342966563652	147.43496656365198	157.43496656365201	147.43496656365198	147.43496656365198	case 1,alt1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	149.45996656365202	156.2973750790475	149.45996656365202	149.45996656365202	150.14796656365201	156.98537507904749	150.14796656365201	150.14796656365201	149.03196656365199	155.8693750790475	149.03196656365199	149.03196656365199	case 1,alt2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	147.723966563652	149.99537507904751	147.723966563652	147.723966563652	148.58896656365198	150.86037507904749	148.58896656365198	148.58896656365198	148.242966563652	155.08037507904749	148.242966563652	148.242966563652	



MIL for PUCCH format 4, 2PRB, 480kHz, 11bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	144.19628766960432	150.8430751224077	144.19628766960432	144.19628766960432	144.35828766960432	151.00507512240767	144.35828766960432	144.35828766960432	144.83028766960433	151.47707512240771	144.83028766960433	144.83028766960433	case 1,alt1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	145.67928766960432	149.16077516576786	145.67928766960432	145.67928766960432	146.13128766960432	149.61277516576786	146.13128766960432	146.13128766960432	146.12828766960433	149.60977516576787	146.12828766960433	146.12828766960433	case 1,alt2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	143.96077516576787	143.96077516576787	143.96077516576787	143.96077516576787	144.72977516576788	144.72977516576788	144.72977516576788	144.72977516576788	144.54677516576788	144.54677516576788	144.54677516576788	144.54677516576788	



MIL for PUCCH format 4, 2PRB, 960kHz, 11bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	144.65300000000002	148.47177516576789	144.65300000000002	144.65300000000002	144.42099999999999	148.2397751657679	144.42099999999999	144.42099999999999	143.33199999999999	147.15077516576787	143.33199999999999	143.33199999999999	case 1,alt1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	146.12828766960433	146.59847520912808	146.12828766960433	146.12828766960433	146.47528766960431	146.94547520912806	146.47528766960431	146.47528766960431	145.64628766960431	146.11647520912805	145.64628766960431	145.64628766960431	case 1,alt2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	141.53647520912807	141.53647520912807	141.53647520912807	141.53647520912807	142.00847520912808	142.00847520912808	142.00847520912808	142.00847520912808	141.32747520912807	141.32747520912807	141.32747520912807	141.32747520912807	



MIL for PUCCH format 4, 2PRB, 120kHz, 22bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	143.616966563652	153.616966563652	143.616966563652	143.616966563652	144.57296656365202	154.57296656365199	144.57296656365202	144.57296656365202	144.63696656365198	154.63696656365201	144.63696656365198	144.63696656365198	case 1,alt1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	146.818966563652	153.67937507904747	146.818966563652	146.818966563652	147.587966563652	154.44837507904748	147.587966563652	147.587966563652	146.75796656365202	153.6183750790475	146.75796656365202	146.75796656365202	case 1,alt2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	120kHz, 5ns	120kHz, 10ns	120kHz, 20ns	144.25196656365199	146.53137507904751	144.25196656365199	144.25196656365199	144.889966563652	147.16937507904748	144.889966563652	144.889966563652	144.85996656365199	147.13937507904751	144.85996656365199	144.85996656365199	



MIL for PUCCH format 4, 2PRB, 480kHz, 22bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	142.05228766960431	148.7070751224077	142.05228766960431	142.05228766960431	141.34528766960432	148.00007512240771	141.34528766960432	141.34528766960432	141.44028766960434	148.09507512240771	141.44028766960434	141.44028766960434	case 1,alt1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	144.27728766960433	147.78277516576787	144.27728766960433	144.27728766960433	143.43828766960434	146.94377516576787	143.43828766960434	143.43828766960434	143.72728766960432	147.23277516576786	143.72728766960432	143.72728766960432	case 1,alt2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	480kHz, 5ns	480kHz, 10ns	480kHz, 20ns	140.8367751657679	140.8367751657679	140.8367751657679	140.8367751657679	140.70277516576789	140.70277516576789	140.70277516576789	140.70277516576789	141.4497751657679	141.4497751657679	141.4497751657679	141.4497751657679	



MIL for PUCCH format 4, 2PRB, 960kHz, 22bits

case 0	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	141.738	145.5627751657679	141.738	141.738	141.619	145.44377516576787	141.619	141.619	139.977	143.80177516576788	139.977	139.977	case 1,alt1	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	143.88628766960431	144.38047520912806	143.88628766960431	143.88628766960431	144.10128766960435	144.5954752091281	144.10128766960435	144.10128766960435	143.07428766960433	143.56847520912808	143.07428766960433	143.07428766960433	case 1,alt2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	US	Europe 	South Korea 1	South Korea 2	960kHz, 5ns	960kHz, 10ns	960kHz, 20ns	138.12747520912808	138.12747520912808	138.12747520912808	138.12747520912808	138.61747520912809	138.61747520912809	138.61747520912809	138.61747520912809	138.00047520912807	138.00047520912807	138.00047520912807	138.00047520912807	



PUCCH format 0, case 1, 120kHz

US	1	2	4	8	16	134.33499999999998	137.37200000000001	140.3552	142.90347520912809	143.61117525248827	Europe 	1	2	4	8	16	144.21137507904751	144.66807512240769	142.84397516576789	142.90347520912809	143.61117525248827	South Korea 1	1	2	4	8	16	134.33499999999998	137.37200000000001	140.3552	142.90347520912809	143.61117525248827	South Korea 2	1	2	4	8	16	134.33499999999998	137.37200000000001	140.3552	142.90347520912809	143.61117525248827	



PUCCH format 0, case 1, 960kHz

US	1	2	4	8	16	134.303	135.57817525248828	133.43062529584847	132.50957533920865	131.54327538256882	Europe 	1	2	4	8	16	135.17147520912806	135.57817525248828	133.43062529584847	132.50957533920865	131.54327538256882	South Korea 1	1	2	4	8	16	134.303	135.57817525248828	133.43062529584847	132.50957533920865	131.54327538256882	South Korea 2	1	2	4	8	16	134.303	135.57817525248828	133.43062529584847	132.50957533920865	131.54327538256882	



PUCCH format 0, case 5, 120kHz

US	1	2	4	8	16	134.33499999999998	137.264966563652	140.866966563652	143.07287516576787	142.61247520912809	Europe 	1	2	4	8	16	144.21137507904751	144.3333750790475	145.3130751224077	143.07287516576787	142.61247520912809	South Korea 1	1	2	4	8	16	134.33499999999998	137.264966563652	140.866966563652	143.07287516576787	142.61247520912809	South Korea 2	1	2	4	8	16	134.33499999999998	137.264966563652	140.866966563652	143.07287516576787	142.61247520912809	



PUCCH format 0, case 1, 480kHz

US	1	2	4	8	16	134.59	137.465	136.45675525248825	136.36287529584843	136.25157533920864	Europe 	1	2	4	8	16	138.46777516576788	138.74147520912808	136.45675525248825	136.36287529584843	136.25157533920864	South Korea 1	1	2	4	8	16	134.59	137.465	136.45675525248825	136.36287529584843	136.25157533920864	South Korea 2	1	2	4	8	16	134.59	137.465	136.45675525248825	136.36287529584843	136.25157533920864	



PUCCH format 1, case 1, 120kHz

US	1	2	4	8	16	144.83499999999998	147.38800000000001	150.73000000000002	153.54947520912808	154.13517525248827	Europe 	1	2	4	8	16	154.64437507904751	154.67407512240769	153.21977516576789	153.54947520912808	154.13517525248827	South Korea 1	1	2	4	8	16	144.83499999999998	147.38800000000001	150.73000000000002	153.54947520912808	154.13517525248827	South Korea 2	1	2	4	8	16	144.83499999999998	147.38800000000001	150.73000000000002	153.54947520912808	154.13517525248827	



PUCCH format 1, case 1, 960kHz

US	1	2	4	8	16	146	146.76317525248825	144.58987529584846	144.05957533920864	142.51827538256882	Europe 	1	2	4	8	16	146.77847520912809	146.76317525248825	144.58987529584846	144.05957533920864	142.51827538256882	South Korea 1	1	2	4	8	16	146	146.76317525248825	144.58987529584846	144.05957533920864	142.51827538256882	South Korea 2	1	2	4	8	16	146	146.76317525248825	144.58987529584846	144.05957533920864	142.51827538256882	



PUCCH format 1, case 1, 480kHz

US	1	2	4	8	16	146.28700000000001	148.84899999999999	148.13917525248826	148.13887529584844	147.77457533920864	Europe 	1	2	4	8	16	150.07577516576788	150.08147520912809	148.13917525248826	148.13887529584844	147.77457533920864	South Korea 1	1	2	4	8	16	146.28700000000001	148.84899999999999	148.13917525248826	148.13887529584844	147.77457533920864	South Korea 2	1	2	4	8	16	146.28700000000001	148.84899999999999	148.13917525248826	148.13887529584844	147.77457533920864	



PUCCH format 1, case 5, 120kHz

US	1	2	4	8	16	144.83499999999998	147.53196656365199	150.38296656365202	153.76077516576788	153.35047520912809	Europe 	1	2	4	8	16	154.64437507904751	154.56837507904751	154.74407512240771	153.76077516576788	153.35047520912809	South Korea 1	1	2	4	8	16	144.83499999999998	147.53196656365199	150.38296656365202	153.76077516576788	153.35047520912809	South Korea 2	1	2	4	8	16	144.83499999999998	147.53196656365199	150.38296656365202	153.76077516576788	153.35047520912809	



PUCCH format 4, 4 bits, 480kHz

US	1	2	4	8	16	147.46628766960433	149.00028766960432	150.90728766960433	150.21117525248826	149.47487529584845	Europe 	1	2	4	8	16	154.05507512240769	152.3767751657679	150.97547520912809	150.21117525248826	149.47487529584845	South Korea 1	1	2	4	8	16	147.46628766960433	148.82300000000001	150.73000000000002	150.21117525248826	149.47487529584845	South Korea 2	1	2	4	8	16	147.46628766960433	148.82300000000001	150.73000000000002	150.21117525248826	149.47487529584845	



PUCCH format 4, 4 bits, 120kHz

US	1	2	4	8	16	148.63296656365202	151.89496656365199	154.51996656365202	156.569966563652	156.04547520912806	Europe 	1	2	4	8	16	158.5796750356873	158.6303750790475	157.94607512240771	156.91177516576789	156.04547520912806	South Korea 1	1	2	4	8	16	148.63296656365202	151.89496656365199	154.51996656365202	156.569966563652	156.04547520912806	South Korea 2	1	2	4	8	16	148.63296656365202	151.89496656365199	154.51996656365202	156.569966563652	156.04547520912806	



PUCCH format 4, 4 bits, 960kHz

US	1	2	4	8	16	147.09100000000001	148.185	147.50517525248824	146.58087529584844	145.70457533920865	Europe 	1	2	4	8	16	150.84677516576789	148.72747520912807	147.50517525248824	146.58087529584844	145.70457533920865	South Korea 1	1	2	4	8	16	147.09100000000001	148.185	147.50517525248824	146.58087529584844	145.70457533920865	South Korea 2	1	2	4	8	16	147.09100000000001	148.185	147.50517525248824	146.58087529584844	145.70457533920865	



PUCCH format 4, 11 bits, 960kHz

US	1	2	4	8	16	144.65300000000002	145.95099999999999	145.08117525248826	144.08787529584845	143.53757533920864	Europe 	1	2	4	8	16	148.47177516576789	146.59847520912808	145.08117525248826	144.08787529584845	143.53757533920864	South Korea 1	1	2	4	8	16	144.65300000000002	145.95099999999999	145.08117525248826	144.08787529584845	143.53757533920864	South Korea 2	1	2	4	8	16	144.65300000000002	145.95099999999999	145.08117525248826	144.08787529584845	143.53757533920864	



PUCCH format 4, 11 bits, 120kHz

US	1	2	4	8	16	146.27496656365201	149.45996656365202	151.92396656365202	154.13996656365202	153.86747520912809	Europe 	1	2	4	8	16	156.27496656365199	156.2973750790475	155.40007512240769	154.17777516576788	153.86747520912809	South Korea 1	1	2	4	8	16	146.27496656365201	149.45996656365202	151.92396656365202	154.13996656365202	153.86747520912809	South Korea 2	1	2	4	8	16	146.27496656365201	149.45996656365202	151.92396656365202	154.13996656365202	153.86747520912809	



PUCCH format 4, 11 bits, 480kHz

US	1	2	4	8	16	144.90828766960431	146.64628766960431	148.62528766960432	147.53817525248826	147.26687529584845	Europe 	1	2	4	8	16	151.55507512240769	150.12777516576787	148.74547520912807	147.53817525248826	147.26687529584845	South Korea 1	1	2	4	8	16	144.90828766960431	146.46899999999999	148.44800000000001	147.53817525248826	147.26687529584845	South Korea 2	1	2	4	8	16	144.90828766960431	146.46899999999999	148.44800000000001	147.53817525248826	147.26687529584845	



PUCCH format 4, 22 bits, 960kHz

US	1	2	4	8	16	141.738	143.709	143.10717525248828	142.51987529584846	141.65257533920862	Europe 	1	2	4	8	16	145.5627751657679	144.38047520912806	143.10717525248828	142.51987529584846	141.65257533920862	South Korea 1	1	2	4	8	16	141.738	143.709	143.10717525248828	142.51987529584846	141.65257533920862	South Korea 2	1	2	4	8	16	141.738	143.709	143.10717525248828	142.51987529584846	141.65257533920862	



PUCCH format 4, 22 bits, 480kHz

US	1	2	4	8	16	142.05228766960431	146.62528766960432	148.84228766960433	148.29217525248828	134.27187529584845	Europe 	1	2	4	8	16	148.7070751224077	149.73277516576789	148.91647520912807	148.29217525248828	134.27187529584845	South Korea 1	1	2	4	8	16	142.05228766960431	146.44800000000001	148.66499999999999	148.29217525248828	134.27187529584845	South Korea 2	1	2	4	8	16	142.05228766960431	146.44800000000001	148.66499999999999	148.29217525248828	134.27187529584845	



PUCCH format 4, 22 bits, 120kHz

US	1	2	4	8	16	143.616966563652	146.818966563652	149.61296656365201	151.96396656365201	151.78247520912805	Europe 	1	2	4	8	16	153.616966563652	153.67937507904747	153.0640751224077	152.38477516576788	151.78247520912805	South Korea 1	1	2	4	8	16	143.616966563652	146.818966563652	149.61296656365201	151.96396656365201	151.78247520912805	South Korea 2	1	2	4	8	16	143.616966563652	146.818966563652	149.61296656365201	151.96396656365201	151.78247520912805	



PUCCH format 0, 120kHz, 1bit, UE multiplexing 

5ns	opt.1	US	Europe 	South Korea 1	South Korea 2	137.09699999999998	144.39307512240771	137.09699999999998	137.09699999999998	5ns	opt.2	US	Europe 	South Korea 1	South Korea 2	136.44299999999998	143.73907512240771	136.44299999999998	136.44299999999998	10ns	opt.1	US	Europe 	South Korea 1	South Korea 2	136.99299999999999	144.2890751224077	136.99299999999999	136.99299999999999	10ns	opt.2	US	Europe 	South Korea 1	South Korea 2	136.67500000000001	143.97107512240768	136.67500000000001	136.67500000000001	20ns	opt.1	US	Europe 	South Korea 1	South Korea 2	136.71800000000002	144.01407512240769	136.71800000000002	136.71800000000002	20ns	opt.2	US	Europe 	South Korea 1	South Korea 2	136.13	143.4260751224077	136.13	136.13	



PUCCH format 0, 120kHz, 2 bits, UE multiplexing 
5ns	opt.1	US	Europe 	South Korea 1	South Korea 2	137.1	144.3980751224077	137.1	137.1	5ns	opt.2	US	Europe 	South Korea 1	South Korea 2	130.364	137.66207512240771	130.364	130.364	10ns	opt.1	US	Europe 	South Korea 1	South Korea 2	136.68299999999999	143.9810751224077	136.68299999999999	136.68299999999999	10ns	opt.2	US	Europe 	South Korea 1	South Korea 2	133.059	140.35707512240771	133.059	133.059	20ns	opt.1	US	Europe 	South Korea 1	South Korea 2	136.57900000000001	143.87707512240769	136.57900000000001	136.57900000000001	20ns	opt.2	US	Europe 	South Korea 1	South Korea 2	130	137.29807512240768	130	130	
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