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1 Introduction
[bookmark: OLE_LINK91][bookmark: OLE_LINK90][bookmark: OLE_LINK6]In RAN4#89, a WF on PUCCH demodulation performance was approved [1]. In this contribution, we provide the simulation results on PUCCH FR1 with both ideal and realistic assumptions. Notes that the results for SCS 30kHz and CBW 40MHz will be updated during the meeting.
2 Numerical results, FR1

1T2R
	PUCCH FR1 1T2R, TDLC300-100
	Number of bits
	Number of OFDM symbols
	Number of PRBs
	Note
	Ideal
	Realistic

	Format 0
	15kHz, 5MHz
	1
	1
	1
	 
	0.95
	8.43

	
	
	1
	2
	1
	 
	-0.91
	2.27

	
	15kHz, 10MHz
	1
	1
	1
	 
	0.95
	8.29

	
	
	1
	2
	1
	 
	-1.21
	3

	
	15kHz, 20MHz
	1
	1
	1
	 
	0.87
	8.51

	
	
	1
	2
	1
	 
	-0.87
	3.4

	
	30kHz, 10MHz
	1
	1
	1
	 
	0.64
	8.96

	
	
	1
	2
	1
	 
	-3
	3.41

	
	30kHz, 20MHz
	1
	1
	1
	 
	1.49
	9.22

	
	
	1
	2
	1
	 
	-2.4
	4.14

	
	30kHz, 100MHz
	1
	1
	1
	 
	0.74
	8.93

	
	
	1
	2
	1
	 
	-3.5
	2.73

	Format 1
	15kHz, 5MHz
	2
	14
	1
	ACK miss
	-7.86
	-5.42

	
	
	
	
	
	NACK to ACK 
	-11
	-4.28

	
	15kHz, 10MHz
	
	
	
	ACK miss
	-7.28
	-4.85

	
	
	
	
	
	NACK to ACK 
	-11
	-3.49

	
	15kHz, 20MHz
	
	
	
	ACK miss
	-7,65
	-5.5

	
	
	
	
	
	NACK to ACK 
	-11
	-3.73

	
	30kHz, 10MHz
	
	
	
	ACK miss
	-7.13
	-4.76

	
	
	
	
	
	NACK to ACK 
	-11
	-3.51

	
	30kHz, 20MHz
	
	
	
	ACK miss
	-6.63
	-4.31

	
	
	
	
	
	NACK to ACK 
	-11
	-2.88

	
	30kHz, 100MHz
	
	
	
	ACK miss
	-7.33
	-4.94

	
	
	
	
	
	NACK to ACK 
	-11
	-3.83

	Format 2
	15kHz, 5MHz
	4
	1
	4
	ACK miss
	0.09
	5.42

	
	
	
	
	
	NACK to ACK 
	-6.11
	-0.92

	
	
	22
	2
	9
	BLER@1%
	-4.7
	1

	
	15kHz, 10MHz
	4
	1
	4
	ACK miss
	0.11
	5.34

	
	
	
	
	
	NACK to ACK 
	-6.58
	-0.46

	
	
	22
	2
	9
	BLER@1%
	-4.08
	1.61

	
	15kHz, 20MHz
	4
	1
	4
	ACK miss
	0.14
	5.35

	
	
	
	
	
	NACK to ACK 
	-6.31
	-0.43

	
	
	22
	2
	9
	BLER@1%
	-3.92
	1.8

	
	30kHz, 10MHz
	4
	1
	4
	ACK miss
	-0.22
	4.94

	
	
	
	
	
	NACK to ACK 
	-6.37
	-0.85

	
	
	22
	2
	9
	BLER@1%
	-4.98
	0.74

	
	30kHz, 20MHz
	4
	1
	4
	ACK miss
	-0.19
	4.97

	
	
	
	
	
	NACK to ACK 
	-6.63
	-0.56

	
	
	22
	2
	9
	BLER@1%
	-4.77
	0.89

	
	30kHz, 100MHz
	4
	1
	4
	ACK miss
	-0.18
	5.09

	
	
	
	
	
	NACK to ACK 
	-6.5
	-1.01

	
	
	22
	2
	9
	BLER@1%
	-5.02
	0.62

	Format 3
	15kHz, 5MHz
	16
	14
	1
	Without additional DMRS
	-5.91
	-0.02

	
	
	
	
	
	With additional DMRS
	-5.13
	-0.7

	
	
	16
	4
	3
	Without additional DMRS
	-3.1
	1.39

	
	15kHz, 10MHz
	16
	14
	1
	Without additional DMRS
	-5.26
	0.66

	
	
	
	
	
	With additional DMRS
	-4.45
	-0.05

	
	
	
	4
	3
	Without additional DMRS
	-1.57
	1.99

	
	15kHz, 20MHz
	16
	14
	1
	Without additional DMRS
	-4.58
	0.48

	
	
	
	
	
	With additional DMRS
	-3.82
	-0.24

	
	
	16
	4
	3
	Without additional DMRS
	-1.62
	1.91

	
	30kHz, 10MHz
	16
	14
	1
	Without additional DMRS
	-5.54
	0.47

	
	
	
	
	
	With additional DMRS
	-4.68
	-0.24

	
	
	16
	4
	3
	Without additional DMRS
	-1.84
	1.66

	
	30kHz, 20MHz
	16
	14
	1
	Without additional DMRS
	-4.88
	0.86

	
	
	
	
	
	With additional DMRS
	-4.28
	0.35

	
	
	16
	4
	3
	Without additional DMRS
	-1.33
	2.19

	
	30kHz, 100MHz
	16
	14
	1
	Without additional DMRS
	-5.94
	0.32

	
	
	
	
	
	With additional DMRS
	-5.13
	-0.7

	
	
	16
	4
	3
	Without additional DMRS
	-2.33
	1.16

	Format 4
	15kHz, 5MHz
	22
	14
	1
	Without additional DMRS
	-3.77
	1.86

	
	
	
	
	
	With additional DMRS
	-2.84
	1.37

	
	15kHz, 10MHz
	
	
	
	Without additional DMRS
	-2.85
	1.68

	
	
	
	
	
	With additional DMRS
	-2.02
	1.46

	
	15kHz, 20MHz
	
	
	
	Without additional DMRS
	-2.81
	2.41

	
	
	
	
	
	With additional DMRS
	-1.98
	1.86

	
	30kHz, 10MHz
	
	
	
	Without additional DMRS
	-3.18
	2.44

	
	
	
	
	
	With additional DMRS
	-2.18
	1.92

	
	30kHz, 20MHz
	
	
	
	Without additional DMRS
	-2.32
	3.41

	
	
	
	
	
	With additional DMRS
	-1.41
	2.49

	
	30kHz, 100MHz
	
	
	
	Without additional DMRS
	-3.46
	1.86

	
	
	
	
	
	With additional DMRS
	-2.61
	1.35



1T4R
	PUCCH FR1 1T4R, TDLC300-100
	Number of bits
	Number of OFDM symbols
	Number of PRBs
	Note
	Ideal
	Realistic

	Format 0
	15kHz, 5MHz
	1
	1
	1
	 
	-3,85
	2.13

	
	
	1
	2
	1
	 
	-7.03
	-1.85

	
	15kHz, 10MHz
	1
	1
	1
	 
	-3.82
	2.18

	
	
	1
	2
	1
	 
	-6.75
	-1.4

	
	15kHz, 20MHz
	1
	1
	1
	 
	-3.77
	2.25

	
	
	1
	2
	1
	 
	-6.65
	-1.28

	
	30kHz, 10MHz
	1
	1
	1
	 
	-3.55
	2.57

	
	
	1
	2
	1
	 
	-6.68
	-1.1

	
	30kHz, 20MHz
	1
	1
	1
	 
	-3.60
	2.57

	
	
	1
	2
	1
	 
	-6.53
	-0.67

	
	30kHz, 100MHz
	1
	1
	1
	 
	-3.54
	2.55

	
	
	1
	2
	1
	 
	-6.30
	-1.45

	Format 1
	15kHz, 5MHz
	2
	14
	1
	ACK miss
	-11.5
	-9.28

	
	
	
	
	
	NACK to ACK 
	-13
	-8.24

	
	15kHz, 10MHz
	
	
	
	ACK miss
	-11
	-8.86

	
	
	
	
	
	NACK to ACK 
	-13
	-7.95

	
	15kHz, 20MHz
	
	
	
	ACK miss
	-11.5
	-9.03

	
	
	
	
	
	NACK to ACK 
	-13
	-8.15

	
	30kHz, 10MHz
	
	
	
	ACK miss
	-11.25
	-8.84

	
	
	
	
	
	NACK to ACK 
	-13
	-8.25

	
	30kHz, 20MHz
	
	
	
	ACK miss
	-11.27
	-8.65

	
	
	
	
	
	NACK to ACK 
	-13
	-7.87

	
	30kHz, 100MHz
	
	
	
	ACK miss
	-11.2
	-8.87

	
	
	
	
	
	NACK to ACK 
	-13
	-8.1

	Format 2
	15kHz, 5MHz
	4
	1
	4
	ACK miss
	-5.57
	0.37

	
	
	
	
	
	NACK to ACK 
	-9
	-4.04

	
	
	22
	2
	9
	BLER@1%
	-8.91
	-2.68

	
	15kHz, 10MHz
	4
	1
	4
	ACK miss
	-5.41
	0.67

	
	
	
	
	
	NACK to ACK 
	-9
	-4.23

	
	
	22
	2
	9
	BLER@1%
	-9.3
	-2.12

	
	15kHz, 20MHz
	4
	1
	4
	ACK miss
	-5.68
	0.42

	
	
	
	
	
	NACK to ACK 
	-9
	-4.21

	
	
	22
	2
	9
	BLER@1%
	-8.78
	-2.21

	
	30kHz, 10MHz
	4
	1
	4
	ACK miss
	-5.55
	0.53

	
	
	
	
	
	NACK to ACK 
	-9
	-3.98

	
	
	22
	2
	9
	BLER@1%
	-9.38
	-2.77

	
	30kHz, 20MHz
	4
	1
	4
	ACK miss
	-5.77
	0.32

	
	
	
	
	
	NACK to ACK 
	-9
	-4.02

	
	
	22
	2
	9
	BLER@1%
	-9.3
	-2.69

	
	30kHz, 100MHz
	4
	1
	4
	ACK miss
	-5.71
	0.45

	
	
	
	
	
	NACK to ACK 
	-9
	-4.03

	
	
	22
	2
	9
	BLER@1%
	-9.35
	-2.78

	Format 3
	15kHz, 5MHz
	16
	14
	1
	Without additional DMRS
	-10.75
	-3.98

	
	
	
	
	
	With additional DMRS
	-10.21
	-4.87

	
	
	16
	4
	3
	Without additional DMRS
	-7.85
	-2.8

	
	15kHz, 10MHz
	16
	14
	1
	Without additional DMRS
	-10.21
	-3.48

	
	
	
	
	
	With additional DMRS
	-9.7
	-4.45

	
	
	
	4
	3
	Without additional DMRS
	-7.41
	-2.29

	
	15kHz, 20MHz
	16
	14
	1
	Without additional DMRS
	-10.45
	-3.55

	
	
	
	
	
	With additional DMRS
	-9.7
	-4.57

	
	
	16
	4
	3
	Without additional DMRS
	-7.65
	-2.31

	
	30kHz, 10MHz
	16
	14
	1
	Without additional DMRS
	-10.5
	-3.64

	
	
	
	
	
	With additional DMRS
	-9.75
	-4.57

	
	
	16
	4
	3
	Without additional DMRS
	-6.55
	-2.52

	
	30kHz, 20MHz
	16
	14
	1
	Without additional DMRS
	-10.32
	-3.47

	
	
	
	
	
	With additional DMRS
	-9.62
	-4.21

	
	
	16
	4
	3
	Without additional DMRS
	-6.2
	-2.47

	
	30kHz, 100MHz
	16
	14
	1
	Without additional DMRS
	-10.82
	-3.64

	
	
	
	
	
	With additional DMRS
	-10.08
	-4.88

	
	
	16
	4
	3
	Without additional DMRS
	-6.88
	-2.88

	Format 4
	15kHz, 5MHz
	22
	14
	1
	Without additional DMRS
	-8.62
	-2.36

	
	
	
	
	
	With additional DMRS
	-7.62
	-3.05

	
	15kHz, 10MHz
	
	
	
	Without additional DMRS
	-8.05
	-1.93

	
	
	
	
	
	With additional DMRS
	-7.3
	-2.95

	
	15kHz, 20MHz
	
	
	
	Without additional DMRS
	-8.45
	-2.16

	
	
	
	
	
	With additional DMRS
	-7.4
	-2.65

	
	30kHz, 10MHz
	
	
	
	Without additional DMRS
	-8.3
	-1.96

	
	
	
	
	
	With additional DMRS
	-7.46
	-2.36

	
	30kHz, 20MHz
	
	
	
	Without additional DMRS
	-8
	-1.77

	
	
	
	
	
	With additional DMRS
	-7.3
	-1.93

	
	30kHz, 100MHz
	
	
	
	Without additional DMRS
	-8.63
	-2.49

	
	
	
	
	
	With additional DMRS
	-7.74
	-2.16




1T8R
	PUCCH FR1 1T8R, TDLC300-100
	Number of bits
	Number of OFDM symbols
	Number of PRBs
	Note
	Ideal
	Realistic

	Format 0
	15kHz, 5MHz
	1
	1
	1
	 
	-7.03
	-1.74

	
	
	1
	2
	1
	 
	-9.6
	-4.81

	
	15kHz, 10MHz
	1
	1
	1
	 
	-7.03
	-1.82

	
	
	1
	2
	1
	 
	-9.45
	-4.51

	
	15kHz, 20MHz
	1
	1
	1
	 
	-7.03
	-1.87

	
	
	1
	2
	1
	 
	-9.35
	-4.51

	
	30kHz, 10MHz
	1
	1
	1
	 
	-6.92
	-1.7

	
	
	1
	2
	1
	 
	-9.25
	-4.3

	
	30kHz, 20MHz
	1
	1
	1
	 
	-6.92
	-1.65

	
	
	1
	2
	1
	 
	-9.26
	-4.1

	
	30kHz, 100MHz
	1
	1
	1
	 
	-6.92
	-1.63

	
	
	1
	2
	1
	 
	-9.25
	-4.5

	Format 1
	15kHz, 5MHz
	2
	14
	1
	ACK miss
	-14.7
	-12.2

	
	
	
	
	
	NACK to ACK 
	-15
	-11.42

	
	15kHz, 10MHz
	
	
	
	ACK miss
	-14.4
	-11.9

	
	
	
	
	
	NACK to ACK 
	-15
	-11.32

	
	15kHz, 20MHz
	
	
	
	ACK miss
	-14.5
	-12

	
	
	
	
	
	NACK to ACK 
	-15
	-11.3

	
	30kHz, 10MHz
	
	
	
	ACK miss
	-14.2
	-11.78

	
	
	
	
	
	NACK to ACK 
	-15
	-11.25

	
	30kHz, 20MHz
	
	
	
	ACK miss
	-13.9
	-11.4

	
	
	
	
	
	NACK to ACK 
	-15
	-11.05

	
	30kHz, 100MHz
	
	
	
	ACK miss
	-13.9
	-11.5

	
	
	
	
	
	NACK to ACK 
	-15
	-11.1

	Format 2
	15kHz, 5MHz
	4
	1
	4
	ACK miss
	-10.6
	-3.2

	
	
	
	
	
	NACK to ACK 
	-12
	-6.78

	
	
	22
	2
	9
	BLER@1%
	-11
	-5.6

	
	15kHz, 10MHz
	4
	1
	4
	ACK miss
	-10.8
	-3.2

	
	
	
	
	
	NACK to ACK 
	-12
	-6.76

	
	
	22
	2
	9
	BLER@1%
	-11
	-5.24

	
	15kHz, 20MHz
	4
	1
	4
	ACK miss
	-10.8
	-3.2

	
	
	
	
	
	NACK to ACK 
	-12
	-6.77

	
	
	22
	2
	9
	BLER@1%
	-11
	-5.16

	
	30kHz, 10MHz
	4
	1
	4
	ACK miss
	-10.1
	-3.4

	
	
	
	
	
	NACK to ACK 
	-12
	-6

	
	
	22
	2
	9
	BLER@1%
	-11
	-5.64

	
	30kHz, 20MHz
	4
	1
	4
	ACK miss
	-9.98
	-3.18

	
	
	
	
	
	NACK to ACK 
	-12
	-6

	
	
	22
	2
	9
	BLER@1%
	-11
	-5.53

	
	30kHz, 100MHz
	4
	1
	4
	ACK miss
	-10.18
	-3.2

	
	
	
	
	
	NACK to ACK 
	-12
	-6

	
	
	22
	2
	9
	BLER@1%
	-11
	-5.52

	Format 3
	15kHz, 5MHz
	16
	14
	1
	Without additional DMRS
	-14
	-7.02

	
	
	
	
	
	With additional DMRS
	-13
	-8.1

	
	
	16
	4
	3
	Without additional DMRS
	-12.9
	-5.82

	
	15kHz, 10MHz
	16
	14
	1
	Without additional DMRS
	-14
	-6.6

	
	
	
	
	
	With additional DMRS
	-13
	-7.59

	
	
	
	4
	3
	Without additional DMRS
	-12.6
	-5.4

	
	15kHz, 20MHz
	16
	14
	1
	Without additional DMRS
	-14
	-6.73

	
	
	
	
	
	With additional DMRS
	-13
	-7.78

	
	
	16
	4
	3
	Without additional DMRS
	-12
	-5.55

	
	30kHz, 10MHz
	16
	14
	1
	Without additional DMRS
	-14
	-6.7

	
	
	
	
	
	With additional DMRS
	-13
	-7.6

	
	
	16
	4
	3
	Without additional DMRS
	-12
	-5.6

	
	30kHz, 20MHz
	16
	14
	1
	Without additional DMRS
	-14
	-6.6

	
	
	
	
	
	With additional DMRS
	-13
	-7.58

	
	
	16
	4
	3
	Without additional DMRS
	-12
	-5.5

	
	30kHz, 100MHz
	16
	14
	1
	Without additional DMRS
	-14
	-6.9

	
	
	
	
	
	With additional DMRS
	-13
	-8.04

	
	
	16
	4
	3
	Without additional DMRS
	-12
	-5.9

	Format 4
	15kHz, 5MHz
	22
	14
	1
	Without additional DMRS
	-12.9
	-5.84

	
	
	
	
	
	With additional DMRS
	-12.2
	-6.74

	
	15kHz, 10MHz
	
	
	
	Without additional DMRS
	-12.5
	-5.61

	
	
	
	
	
	With additional DMRS
	-11.9
	-6.41

	
	15kHz, 20MHz
	
	
	
	Without additional DMRS
	-12.6
	-5.44

	
	
	
	
	
	With additional DMRS
	-11.7
	-6.23

	
	30kHz, 10MHz
	
	
	
	Without additional DMRS
	-12
	-5.5

	
	
	
	
	
	With additional DMRS
	-11.8
	-6.38

	
	30kHz, 20MHz
	
	
	
	Without additional DMRS
	-12.5
	-5.18

	
	
	
	
	
	With additional DMRS
	-11.6
	-5.97

	
	30kHz, 100MHz
	
	
	
	Without additional DMRS
	-12.7
	-5.65

	
	
	
	
	
	With additional DMRS
	-12
	-6.55








Reference
[1] R4-1816348	Way Forward for NR BS PUCCH demodulation performance, Huawei
