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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.
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 RAN1#104b-e[3], some agreements have made, including the maximum PRB number of enhanced PF 0/1/4, pre-DFT block-wise spreading and OCC length, DMRS sequence type of PF4.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]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 type of PUCCH format 0/1, additionally, the specific PRB number and whether 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 evaluations, 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, 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 {1,2,3,4,5, 6….12}


	Sequence construction details
	Sequence type for PF0/1
Sequence type for DMRS of PF4
	For case 0/1/3, the sequence type is alt.1.
For case 2/4, 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 sub-PRB interlace
	Alt 1, X*6

	Case 4
	(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.
[bookmark: _Ref71378985][bookmark: _Ref68191012]Sequence Construction for Enhanced PF 0/1
Considering the sequence type for enhanced PUCCH format 0/1, there are two alternatives agreed in RAN1 104 e-meeting as the following agreement. Moreover, the maximum values for the NRB for enhanced PF 0/1/4 have been agreed in RAN1 104b-e meeting according to the simulation assumption in appendix. Firstly, the 95-th percentile CM is provided in Table 4 and Figure 2 to compare the performance of the two sequence types.
	[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
Agreement #RAN1 104b-e:
· The maximum values for the configured number of RBs, NRB, for enhanced PF0/1/4 are at least:
· 12 RBs for 120 kHz SCS
· 3 RBs for 480 kHz SCS
· 2 RBs for 960 kHz SCS
· FFS: Whether or not the above values need to be revised to support larger values (and any associated signaling impact), e.g., to support lower UE Tx beamforming gain and/or larger UE EIRP and conducted power limits for different UE power classes, different from those in the agreed evaluation assumptions 


[bookmark: _Ref71299952]Table 4 The 95-th percentile cubic metric [dB] for different number of RBs
	NRB
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Alt1 (Case1)
	0.796
	0.8147
	1.309
	2.111
	2.145
	2.202
	2.249
	1.601
	2.205
	1.771
	2.295
	2.031

	Alt2 (Case2)
	0.796
	2.852
	3.352
	3.524
	3.372
	3.17
	2.76
	2.387
	2.204
	1.81
	1.652
	1.476

	Alt1 (Case3)
	1.444
	0.7667
	0.768
	0.8029
	2.394
	1.305
	2.089
	2.123
	2.202
	2.144
	1.61
	2.211

	Alt2 (Case4)
	1.444
	2.948
	3.132
	2.532
	1.952
	2.032
	0.9752
	1.364
	1.956
	2.178
	2.276
	2.54




[bookmark: _Ref71299978]Figure 2 the comparison of two sequence types of 95th percentile CM for different number of RBs
As we see from Table 4 and Figure 2, for case 1 and case 2, the CM of alt 2 is much larger than that of alt 1 when PRB number is not more than 9, and a bit lower when PRB number is more than 10. For case 3 and case 4, the CM of alt 2 is higher than that of alt 1 when PRB number is less than 5 or larger than 9 or equal to 6, while lower when PRB number is equal to 5/7/8/9. Additionally, the trend of alt 1 is steadier than alt 2 with varying PRB numbers. In general, alt 1 has better CM performance than alt 2 if we support only one sequence type for enhanced PF 0/1/4.
[bookmark: _Ref71659705]Observation 1: Alt 1 has better CM performance than alt 2 if we support only one sequence type for enhanced PF 0/1/4.
Secondly, for single user case, the Figure 3 illustrates the MIL of enhanced PUCCH format 0 when SCS is 120kHz, delay spread is {5ns, 10ns, 20ns}, PRB number is 2 for the cases 1/2/3/4. 

[bookmark: _Ref68163226]Figure 3 The MIL of enhanced PUCCH format 0 when SCS is 120kHz, delay spread is {5ns, 10ns, 20ns}, PRB number is 2 for case 0/1/2/3/4 for single user
As we see from Figure 3, for enhanced PUCCH format 0, the MIL of case 1 is higher than that of case 2 in all regions. Moreover, 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. For case 3 and case 4, the case 3 & 4 both have MIL gain compared with case 0 in US and South Korea. Moreover, the MIL of case 3 is higher than that of case 4 in Europe while lower in other regions. Similarly, in Europe, the case 4 does not have MIL gain compared with case 0, while case 3 has slight MIL gain compared with case 0. 
[bookmark: _Ref68551140][bookmark: _Ref71659789]Observation 2: 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. The MIL of case 3 is higher than that of case 4 in Europe while lower in other regions. The case 3 & 4 both have MIL gain compared with case 0 in US and South Korea. The case 4 does not have MIL gain compared with case 0, while case 3 has slight MIL gain compared with case 0 in Europe.
Thirdly, for multiplexing of users with aligned or misaligned RB allocations shown in Figure 4, the Figure 5 and Figure 6 illustrate the MIL of enhanced PUCCH format 0 when SCS is 120kHz, delay spread is {5ns, 10ns, 20ns}, PRB number is 2 for the cases 1/2/3/4.


[bookmark: _Ref71366761]Figure 4 The PRB allocation of aligned/misaligned user multiplexing


[bookmark: _Ref71366808]Figure 5 The MIL of enhanced PUCCH format 0 when SCS is 120kHz, delay spread is {5ns, 10ns, 20ns}, PRB number is 2 for case 1/2/3/4 for multiplexing user with aligned PRB allocation


[bookmark: _Ref71366814]Figure 6  The MIL of enhanced PUCCH format 0 when SCS is 120kHz, delay spread is {5ns, 10ns, 20ns}, PRB number is 2 for case 1/2/3/4 for multiplexing user with misaligned PRB allocation
As we see from Figure 5, when user multiplexing with aligned RB allocation, for UE 1 and UE 2, the MIL of case 1 and 3 is higher than that of case 2 and 4 in Europe, and have minor difference in other regions.  As we see from Figure 6, when user multiplexing with misaligned RB allocation, for UE 1, the MIL of case 3 is lower than that of case 4 in all regions, while the MIL of case 1 is lower than that of case 2 in US and South Korea, similar in other regions. For UE 2, the MIL of case 1 is higher than that of case 2 in Europe and have minor difference in other regions, and the MIL of case 3 is higher than case 4. 
[bookmark: _Ref68190184]In term of the capacity of user multiplexing, the maximum supported number of multiplexing users of alt 1 is more than that of alt 2 for user multiplexing with aligned or misaligned RB allocation. In current Rel-15/16 specification, the alt 1 is applied to PF3-DMRS, and applied to enhanced PF4-DRMS as agreed in RAN1 104b-e meeting. The alt 2 is applied only to UCI when interlace is configured. So, the specification impact of the two alternatives are almost similar.
[bookmark: _Ref71659709]Observation 3: When user multiplexing with aligned RB allocation, for UE 1 and UE 2, the MIL of case 1 and 3 are higher than those of case 2 and 4 in Europe, and have minor difference in other regions.
[bookmark: _Ref71659710]Observation 4: The capacity of user multiplexing of alt 1 is more than that of alt 2. Moreover, the specification impacts of the two alternatives are almost similar.
[bookmark: _Ref71659717]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.
RE Mapping for Enhanced PF 0/1/4 for 120 kHz SCS
The RE mapping for enhanced PUCCH format 0/1 
Considering the RE mapping for enhanced PUCCH format 0/1 of SCS 120kHz, there are two alternatives agreed in RAN1 104 e-meeting as the following agreement. 
	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) 


We have discussed the sequence type of alt 1 (long sequence) should be supported in section 2.1.2.1. As illustrated in Figure 3, for single user case, when PRB number equals to 2, the RE mapping alt 1(case 1) has similar MIL performance with alt 2(case 2). Furthermore, we evaluate the user multiplexing cases shown in Figure 7. The Figure 8


Figure 8 and Figure 9 illustrate the MIL of enhanced PUCCH format 0 when SCS is 120kHz, delay spread is {5ns, 10ns, 20ns} for the cases 1&3, when PRB number equals to 2. In Figure 8, the power between the two UEs are the same called “power balance”, owing to the power control tolerance in [4], 3dB is considered to model power imbalance in Figure 9 called “power imbalance”. For alt 1-1 and alt 2-1, the power imbalance does not have impact because the two users are multiplexed in different subcarriers. While for alt 1-2, the two users are multiplexed in the same RE, so, the power imbalance impact should be considered.


[bookmark: _Ref71559494]Figure 7 the user multiplexing cases for the two RE mapping alternatives
[bookmark: _Ref68164533]


[bookmark: _Ref71559274][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Figure 8 The MIL of enhanced PUCCH format 0 when SCS is 120kHz, delay spread is {5ns, 10ns, 20ns}, when power is balance

[bookmark: _Ref71392086]Figure 9 The MIL of enhanced PUCCH format 0 when SCS is 120kHz, delay spread is {5ns, 10ns, 20ns}, when power is imbalance
As we see from Figure 8, when power is balanced, the MIL of alt 1-1 is worse than those of alt 1-2 and 2-1 in US and South Korea, better in Europe. In Europe, the PSD is 23dBm/MHz, so the power is limited by the conduct power 21dBm. As we see from Figure 9, when power is imbalance, the MIL of alt 2-1 is better than those of alt 1-1 and 1-2 in US and South Korea as well as when delay spread is 10ns in Europe.
[bookmark: _Ref68551183][bookmark: _Ref71659712][bookmark: _Ref68190186]Observation 5: The alt 1-1 has MIL performance than those of alt 1-2 and 2-1. The alt 2-1 has better MIL performance when power is imbalanced.
[bookmark: _Ref71659719]Proposal 2: For enhanced PUCCH format 0/1, for 120 kHz SCS, we support alt 2 for RE mapping. 
The RE mapping for enhanced PUCCH format 4
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 [4], 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 10 Example of Rel.15 PUCCH format 4 for one PRBs using a single DFT-precoder.
[bookmark: _Ref68190188][bookmark: OLE_LINK14]Proposal 3: For UCI of enhanced PUCCH format 4, all REs within each RB are mapped is preferred for 120kHz SCS. 

[bookmark: _Ref71635479]Figure 11 the comparison of two alternative of RE mapping for DMRS of PF4, SCS is120Khz, delay spread is {5ns, 10ns, 20ns}, payload = 4 bits/11 bits/ 22 bits
For DMRS of PUCCH format 4, the two alternatives of RE mapping are evaluated illustrated in Figure 11. As we see from Figure 11, alt 2 has better MIL performance when payload is 11 bits and 22 bits, as well as payload is 4 bits when delay spread is 10ns or 20ns.
[bookmark: _Ref71659713]Observation 6: Alt 2 has better MIL performance when payload is 11 bits and 22 bits, as well as payload is 4 bits when delay spread is 10ns or 20ns.
[bookmark: _Ref71659721]Proposal 4: For DMRS of PUCCH format 4, the sub-PRB interlaced mapping should be supported.
The other issues of enhanced PUCCH format 0/1/4
[bookmark: _Ref71636194]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)

Agreement #RAN1 104b-e:
Down select to one of the following two alternatives for the configuration of the number of RBs, , for enhanced PUCCH formats 0/1/4:
· Alt-1:
· For enhanced PF0/1
· Support configuration of all integer values in the range [1 .. max()] for each SCS
· For enhanced PF4
· Support configuration of all integer values in the range [1 .. max()] for each SCS that fulfill the requirement  where  is a set of non-negative integers.
· Alt-2:
· Same as Alt-1, but with coarser granularity, i.e., not all integer values of  can be configured
· FFS: Which values of  are supported values in the range [1 .. max()]

Agreement #RAN1 104b-e:
Down select to one of the following two alternatives for the configuration of the number of RBs, , for enhanced PUCCH formats 0/1/4:
· Alt-1:
· For enhanced PF0/1
· Support configuration of all integer values in the range [1 .. max()] for each SCS
· For enhanced PF4
· Support configuration of all integer values in the range [1 .. max()] for each SCS that fulfill the requirement  where  is a set of non-negative integers.
· Alt-2:
· Same as Alt-1, but with coarser granularity, i.e., not all integer values of  can be configured
· FFS: Which values of  are supported values in the range [1 .. max()]



The specific value of 
As shown in Figure 12, the MIL of PF 0 for case 1/3 varies from PRB 1 to 12. It is more flexible to indicate every value in the allowed range. So, we support alt-1.

[bookmark: _Ref71492562]Figure 12 the MIL of PUCCH format 0, SCS 120kHz, 10ns, case1/3, 1~12 PRB
[bookmark: _Ref71659723]Proposal 5: For the configuration of the number of RBs, , for enhanced PUCCH formats 0/1/4, the alternative 1 is supported.
Indication of NRB by cell-specific (for PF0/1)
The indication of NRB for common PUCCH format 0/1 can be predefined in Table 5-1 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: _Ref71659724]Proposal 6: 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: _Ref71659725]Proposal 7: The PUCCH frequency resource and the first PRB index are dependent on the NRB.
[bookmark: _Ref71659727]Proposal 8: 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 signalling (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
[bookmark: _GoBack]    secondHopPRB                            PRB-Id                                                                OPTIONAL, -- Need R
    format                                  CHOICE {
        format0                                 PUCCH-format0,
        format1                                 PUCCH-format1,
        format2                                 PUCCH-format2,
        format3                                 PUCCH-format3,
        format4                                 PUCCH-format4
    }
}
[bookmark: _Ref71659728]Proposal 9: The indication of NRB (PF0/1/4) and sub-PRB interlace RE mapping pattern are by dedicated RRC signalling.
The cyclic shift for a single long sequence
The cyclic shift  varies as a function of the symbol and slot number according to [5]


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 5-1. 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 5-2 to Table 5-5 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 5-1 should also change for common PUCCH resource. Similarily, and the value of  in Table 5-2 to Table 5-5 should be changed dependent on the length of sequence.
[bookmark: _Ref68183880]Table 5 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[6]
	Table 5-1 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 5-2 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 5-3 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 5-4 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 5-5 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 shortage of common PUCCH resource
[bookmark: PP12]According to section 2.2.1,  the value of NRB can be 8 when SCS is 120kHz for 400 MHz carrier. As shown in Table 5, 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 6 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 6 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 11: 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: Alt 1 has better CM performance than alt 2 if we support only one sequence type for enhanced PF 0/1/4.
Observation 2: 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. The MIL of case 3 is higher than that of case 4 in Europe while lower in other regions. The case 3 & 4 both have MIL gain compared with case 0 in US and South Korea. The case 4 does not have MIL gain compared with case 0, while case 3 has slight MIL gain compared with case 0 in Europe.
Observation 3: When user multiplexing with aligned RB allocation, for UE 1 and UE 2, the MIL of case 1 and 3 are higher than those of case 2 and 4 in Europe, and have minor difference in other regions.
Observation 4: The capacity of user multiplexing of alt 1 is more than that of alt 2. Moreover, the specification impacts of the two alternatives are almost similar.
Observation 5: The alt 1-1 has MIL performance than those of alt 1-2 and 2-1. The alt 2-1 has better MIL performance when power is imbalanced.
Observation 6: Alt 2 has better MIL performance when payload is 11 bits and 22 bits, as well as payload is 4 bits when delay spread is 10ns or 20ns.
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 alt 2 for RE mapping.
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 PUCCH format 4, the sub-PRB interlaced mapping should be supported.
Proposal 5: For the configuration of the number of RBs, , for enhanced PUCCH formats 0/1/4, the alternative 1 is supported.
Proposal 6: 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 7: The PUCCH frequency resource and the first PRB index are dependent on the NRB.
Proposal 8: The sub-PRB interlace RE mapping pattern candidates should be configured by SIB1 and then dynamically indicated to UE by DCI format.
Proposal 9: The indication of NRB (PF0/1/4) and sub-PRB interlace RE mapping pattern are by dedicated RRC signalling.
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 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
Agreement #RAN1 104b-e:
· The maximum values for the configured number of RBs, NRB, for enhanced PF0/1/4 are at least:
· 12 RBs for 120 kHz SCS
· 3 RBs for 480 kHz SCS
· 2 RBs for 960 kHz SCS
· FFS: Whether or not the above values need to be revised to support larger values (and any associated signaling impact), e.g., to support lower UE Tx beamforming gain and/or larger UE EIRP and conducted power limits for different UE power classes, different from those in the agreed evaluation assumptions 

Agreement #RAN1 104b-e:
Down select to one of the following two alternatives for the configuration of the number of RBs, , for enhanced PUCCH formats 0/1/4:
· Alt-1:
· For enhanced PF0/1
· Support configuration of all integer values in the range [1 .. max()] for each SCS
· For enhanced PF4
· Support configuration of all integer values in the range [1 .. max()] for each SCS that fulfill the requirement  where  is a set of non-negative integers.
· Alt-2:
· Same as Alt-1, but with coarser granularity, i.e., not all integer values of  can be configured
· FFS: Which values of  are supported values in the range [1 .. max()]

Agreement #RAN1 104b-e:
For UCI of enhanced PF4, support pre-DFT blockwise spreading using OCCs of length 2 and 4 only, as in Rel-15/16.

Agreement #RAN1 104b-e:
For DMRS of enhanced PF4, a Type-1 low PAPR 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-1 in agreement from RAN1#104-e).


Agreement #RAN1 104b-e:
For UCI of enhanced PF4, support pre-DFT blockwise spreading performed across all allocated RBs (Alt-1 in agreement from RAN1#104-e).

Agreement #RAN1 104b-e:
For addressing the FFS from the prior agreement in RAN1#104bis-e on the maximum values for the configured number RBs, send an LS to RAN4 asking for feasible maximum values for UE_EIRP and UE_P for operation in 52.6-71 GHz.

Agreement #RAN1 104b-e:
User-multiplexing can be considered but as lower priority compared to maximum isotropic loss for PUCCH as a design criterion.
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95-th percentile CM for case 1&2 (in dB) 

Alt1（case1）	1	2	3	4	5	6	7	8	9	10	11	12	0.79600000000000004	0.81469999999999998	1.3089999999999999	2.1110000000000002	2.145	2.202	2.2490000000000001	1.601	2.2050000000000001	1.7709999999999999	2.2949999999999999	2.0310000000000001	Alt2（case2）	1	2	3	4	5	6	7	8	9	10	11	12	0.79600000000000004	2.8519999999999999	3.3519999999999999	3.524	3.3719999999999999	3.17	2.76	2.387	2.2040000000000002	1.81	1.6519999999999999	1.476	



95-th percentile CM for case 3&4 (in dB) 

Alt1（case3）	1	2	3	4	5	6	7	8	9	10	11	12	1.444	0.76670000000000005	0.76800000000000002	0.80289999999999995	2.3940000000000001	1.3049999999999999	2.089	2.1230000000000002	2.202	2.1440000000000001	1.61	2.2109999999999999	Alt2（case4）	1	2	3	4	5	6	7	8	9	10	11	12	1.444	2.948	3.1320000000000001	2.532	1.952	2.032	0.97519999999999996	1.3640000000000001	1.956	2.1779999999999999	2.2759999999999998	2.54	



MIL for PUCCH format 0, 2PRB,120kHz, sinlge user

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	144.33499999999998	134.33499999999998	134.33499999999998	134.53	144.53	134.53	134.53	134.23500000000001	144.23500000000001	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	144.7780751224077	137.37200000000001	137.37200000000001	137.285	144.69107512240771	137.285	137.285	137.029	144.43507512240768	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	143.3620751224077	136.80799999999999	136.80799999999999	137.02600000000001	143.58007512240769	137.02600000000001	137.02600000000001	136.642	143.19607512240771	136.642	136.642	case 3	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	137.43529995663982	144.84137507904751	137.264966563652	137.264966563652	137.38929995663983	144.79537507904752	137.218966563652	137.218966563652	136.99429995663979	144.40037507904748	136.82396656365199	136.82396656365199	case 4	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	137.61729995663981	144.07537507904749	137.44696656365198	137.44696656365198	137.66429995663981	144.12237507904749	137.49396656365201	137.49396656365201	137.15229995663981	143.61037507904749	136.98196656365201	136.98196656365201	



MIL for PUCCH format 0, 2PRB,120kHz, aligned multiplexing, UE1

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	137.482	144.88807512240771	137.482	137.482	137.40600000000001	144.81207512240769	137.40600000000001	137.40600000000001	137.143	144.54907512240771	137.143	137.143	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	137.26400000000001	143.81807512240769	137.26400000000001	137.26400000000001	137.452	144.00607512240771	137.452	137.452	136.977	143.53107512240769	136.977	136.977	case 3	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	137.27429995663982	144.68037507904751	137.10396656365199	137.10396656365199	137.28629995663982	144.69237507904751	137.11596656365199	137.11596656365199	137.05729995663981	144.46337507904749	136.88696656365198	136.88696656365198	case 4	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	137.52329995663982	143.9813750790475	137.35296656365199	137.35296656365199	137.52329995663982	143.9813750790475	137.35296656365199	137.35296656365199	136.99329995663982	143.45137507904749	136.82296656365202	136.82296656365202	



MIL for PUCCH format 0, 2PRB,120kHz, aligned multiplexing, UE2

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	136.71699999999998	144.1230751224077	136.71699999999998	136.71699999999998	136.72800000000001	144.13407512240769	136.72800000000001	136.72800000000001	136.797	144.20307512240771	136.797	136.797	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	136.85899999999998	143.41307512240769	136.85899999999998	136.85899999999998	136.77500000000001	143.32907512240769	136.77500000000001	136.77500000000001	136.76999999999998	143.32407512240769	136.76999999999998	136.76999999999998	case 3	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	136.75629995663979	144.16237507904748	136.58596656365199	136.58596656365199	136.70229995663982	144.10837507904751	136.53196656365199	136.53196656365199	136.6262999566398	144.03237507904748	136.455966563652	136.455966563652	case 4	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	136.61129995663981	143.06937507904749	136.44096656365201	136.44096656365201	136.74929995663982	143.20737507904749	136.57896656365199	136.57896656365199	136.37729995663983	142.83537507904748	136.206966563652	136.206966563652	



MIL for PUCCH format 0, 2PRB,120kHz, misaligned multiplexing, UE1

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	136.44299999999998	143.8490751224077	136.44299999999998	136.44299999999998	136.67400000000001	144.08007512240772	136.67400000000001	136.67400000000001	136.13	143.53607512240768	136.13	136.13	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	137.26300000000001	143.81707512240769	137.26300000000001	137.26300000000001	137.452	144.00607512240771	137.452	137.452	136.97899999999998	143.53307512240769	136.97899999999998	136.97899999999998	case 3	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	133.96429995663982	141.37037507904751	133.79396656365199	133.79396656365199	135.11029995663981	142.51637507904749	134.93996656365198	134.93996656365198	134.3832999566398	141.78937507904749	134.212966563652	134.212966563652	case 4	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	137.50929995663981	143.96737507904749	137.33896656365198	137.33896656365198	137.52329995663982	143.9813750790475	137.35296656365199	137.35296656365199	136.99429995663979	143.4523750790475	136.82396656365199	136.82396656365199	



MIL for PUCCH format 0, 2PRB,120kHz, misaligned multiplexing, UE2

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	139.78469999999999	144.18047516576789	139.78469999999999	139.78469999999999	139.74119999999999	144.13697516576789	139.74119999999999	139.74119999999999	139.45069999999998	143.84647516576788	139.45069999999998	139.45069999999998	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	139.7961	143.33987516576786	139.7961	139.7961	139.78530000000001	143.3290751657679	139.78530000000001	139.78530000000001	139.68680000000001	143.2305751657679	139.68680000000001	139.68680000000001	case 3	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	140.0562999566398	144.45207512240771	139.885966563652	139.885966563652	140.39329995663979	144.7890751224077	140.22296656365199	140.22296656365199	139.8232999566398	144.2190751224077	139.652966563652	139.652966563652	case 4	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	139.57429995663981	143.0220751224077	139.40396656365201	139.40396656365201	139.77429995663982	143.22207512240772	139.60396656365202	139.60396656365202	139.21929995663982	142.66707512240771	139.04896656365202	139.04896656365202	



MIL for PUCCH format 0, 120kHz, user multiplexing, power balance, UE 1

alt 1-1	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	137.47499999999999	144.88107512240771	137.47499999999999	137.47499999999999	137.40600000000001	144.81207512240769	137.40600000000001	137.40600000000001	137.13400000000001	144.5400751224077	137.13400000000001	137.13400000000001	alt 1-2	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	140.4487	144.73347516576789	140.4487	140.4487	140.42959999999999	144.71437516576788	140.42959999999999	140.42959999999999	139.98609999999999	144.27087516576788	139.98609999999999	139.98609999999999	alt 2-1	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	140.5662999566398	144.9620751224077	140.395966563652	140.395966563652	140.14729995663981	144.54307512240769	139.97696656365201	139.97696656365201	139.80929995663982	144.20507512240772	139.63896656365202	139.63896656365202	



MIL for PUCCH format 0, 120kHz, user multiplexing, power balance, UE 1

alt 1-1	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	137.47499999999999	144.88107512240771	137.47499999999999	137.47499999999999	137.40600000000001	144.81207512240769	137.40600000000001	137.40600000000001	137.13400000000001	144.5400751224077	137.13400000000001	137.13400000000001	alt 1-2	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	140.4487	144.73347516576789	140.4487	140.4487	140.42959999999999	144.71437516576788	140.42959999999999	140.42959999999999	139.98609999999999	144.27087516576788	139.98609999999999	139.98609999999999	alt 2-1	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	140.5662999566398	144.9620751224077	140.395966563652	140.395966563652	140.14729995663981	144.54307512240769	139.97696656365201	139.97696656365201	139.80929995663982	144.20507512240772	139.63896656365202	139.63896656365202	



MIL for PUCCH format 0, 120kHz, user multiplexing, power imbalance, UE1

alt 1-1	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	137.47499999999999	144.88107512240771	137.47499999999999	137.47499999999999	137.40600000000001	144.81207512240769	137.40600000000001	137.40600000000001	137.13400000000001	144.5400751224077	137.13400000000001	137.13400000000001	alt 1-2	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	137.47300000000001	141.7577751657679	137.47300000000001	137.47300000000001	137.785	142.06977516576788	137.785	137.785	137.17099999999999	141.45577516576788	137.17099999999999	137.17099999999999	alt 2-1	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	140.5662999566398	144.9620751224077	140.395966563652	140.395966563652	140.14729995663981	144.54307512240769	139.97696656365201	139.97696656365201	139.80929995663982	144.20507512240772	139.63896656365202	139.63896656365202	



MIL for PUCCH format 4, 120kHz, 4 bits, DMRS RE mapping alt1 vs alt2

 5ns	alt 1	US	Europe 	South Korea 1	South Korea 2	149.05500000000001	156.46107512240769	149.05500000000001	149.05500000000001	 5ns	alt 2	US	Europe 	South Korea 1	South Korea 2	148.92529995663983	156.25237507904748	148.754966563652	148.754966563652	 10ns	alt 1	US	Europe 	South Korea 1	South Korea 2	149.58100000000002	156.9870751224077	149.58100000000002	149.58100000000002	 10ns	alt 2	US	Europe 	South Korea 1	South Korea 2	150.03429995663981	157.36137507904749	149.86396656365201	149.86396656365201	20ns	alt 1	US	Europe 	South Korea 1	South Korea 2	148.536	155.94207512240769	148.536	148.536	20ns	alt 2	US	Europe 	South Korea 1	South Korea 2	150.09529995663979	157.4223750790475	149.92496656365199	149.92496656365199	



MIL for PUCCH format 4, 120kHz, 11 bits, DMRS RE mapping alt1 vs alt2

 5ns	alt 1	US	Europe 	South Korea 1	South Korea 2	146.62	154.02607512240769	146.62	146.62	 5ns	alt 2	US	Europe 	South Korea 1	South Korea 2	146.8522999566398	154.25837507904751	146.681966563652	146.681966563652	10ns	alt 1	US	Europe 	South Korea 1	South Korea 2	147.30799999999999	154.71407512240771	147.30799999999999	147.30799999999999	10ns	alt 2	US	Europe 	South Korea 1	South Korea 2	147.91029995663982	155.3163750790475	147.73996656365199	147.73996656365199	20ns	alt 1	US	Europe 	South Korea 1	South Korea 2	146.19200000000001	153.59807512240769	146.19200000000001	146.19200000000001	20ns	alt 2	US	Europe 	South Korea 1	South Korea 2	148.02429995663982	155.43037507904751	147.85396656365199	147.85396656365199	



MIL for PUCCH format 4, 120kHz, 22 bits, DMRS RE mapping alt1 vs alt2

 5ns	alt 1	US	Europe 	South Korea 1	South Korea 2	143.97899999999998	151.3850751224077	143.97899999999998	143.97899999999998	 5ns	alt 2	US	Europe 	South Korea 1	South Korea 2	144.75929995663981	152.16537507904749	144.58896656365198	144.58896656365198	10ns	alt 1	US	Europe 	South Korea 1	South Korea 2	144.74799999999999	152.1540751224077	144.74799999999999	144.74799999999999	10ns	alt 2	US	Europe 	South Korea 1	South Korea 2	145.94429995663981	153.3503750790475	145.77396656365198	145.77396656365198	20ns	alt 1	US	Europe 	South Korea 1	South Korea 2	143.91800000000001	151.32407512240769	143.91800000000001	143.91800000000001	20ns	alt 2	US	Europe 	South Korea 1	South Korea 2	145.88129995663979	153.28737507904748	145.71096656365199	145.71096656365199	



MIL for PUCCH format 0, 1~12 PRB,120kHz, 10ns, case 1

US	134.202	137.28700000000001	139.00369999999998	140.3254	141.07500000000002	141.768	142.16300000000001	142.97300000000001	143.47399999999999	143.767	143.64744822746525	143.91356261857126	Europe 	144.202	144.69307512240772	144.64886253185088	144.61017516576788	144.35667503568732	144.20086257521109	143.87939467890493	144.35847520912807	144.14294998465425	144.18337507904749	143.64744822746525	143.91356261857126	South Korea 1	134.202	137.28700000000001	139.00369999999998	140.3254	141.07500000000002	141.768	142.16300000000001	142.97300000000001	143.47399999999999	143.767	143.64744822746525	143.91356261857126	South Korea 2	134.202	137.28700000000001	139.00369999999998	140.3254	141.07500000000002	141.768	142.16300000000001	142.97300000000001	143.47399999999999	143.767	143.64744822746525	143.91356261857126	



MIL for PUCCH format 0, 1~12 PRB,120kHz, 10ns, case 3

US	131.24099999999999	137.38929995663983	139.25529995663982	140.35029995663982	141.53029995663982	142.12519995663982	142.53129995663983	142.97055995663982	143.62749995663981	143.92709995664001	144.49329995663982	143.87886257521109	Europe 	141.24099999999999	144.79537507904752	144.90046248849069	144.74607512240772	144.56297499232716	144.76006253185091	144.40769463554477	144.23303516576789	144.29944994129409	144.19947503568733	144.49574818410508	143.87886257521109	South Korea 1	131.24099999999999	137.218966563652	139.08496656365202	140.17996656365202	141.35996656365199	141.95486656365202	142.36096656365203	142.80022656365202	143.45716656365201	143.75676656365201	144.32296656365202	143.87886257521109	South Korea 2	131.24099999999999	137.218966563652	139.08496656365202	140.17996656365202	141.35996656365199	141.95486656365202	142.36096656365203	142.80022656365202	143.45716656365201	143.75676656365201	144.32296656365202	143.87886257521109	
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