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Introduction
This contribution presents the reference channel emulation curves for validation purposes.
Discussion
Three companies presented reference channel emulation curves in RAN4#99-e, i.e., Keysight, Spirent, and CMCC. The WF from that meeting provided guidance for alignment purposes [1]. 
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[bookmark: _Hlk79512105]Offline discussions were held, and validation curves were shared among these companies. Unfortunately, time ran out to conclude on the final, averaged reference curves, which is why three separate contributions were submitted [2][3][4] by the submission deadline with the goal to provide a joint, late contribution prior to the start of the meeting with the averaged reference curves. Those results are presented here. It should be noted that the curves provided in [4] were replaced with curves provided after the original submission. 
The approach agreed by the contributors to determine the reference curves is as follows:
· Power Delay Profile (PDP): Take average of KS, Spirent, CMCC reference curves and round the power to 0.1 dB accuracy. 
· Temporal Correlation Function (TCF): Take average of KS, Spirent, CMCC reference curves and keep 0.001 accuracy.
· Spatial Correlation Function (SCF): Take average of KS, Spirent, CMCC reference curves and keep 0.01 accuracy.
· V/H Ratio: Take average of KS, Spirent, CMCC reference curves and keep 0.1 accuracy.
The averaged reference CDL-C UMa results for 
· PDP are tabulated in Table 1 and Table 2 and shown in Figure 1 through Figure 4
· Temporal auto-correlation are tabulated in Table 3 and Table 4 and shown in Figure 5 through Figure 8
· Spatial correlation is tabulated in Table 5 and shown in Figure 9
· V/H-ratios are tabulated in Table 6

It is proposed to adopt the averaged CDL-C UMa curves as reference channel emulation curves for validation purposes.
[bookmark: _Ref79511606]Proposal 1: Adopt the averaged CDL-C UMa curves as reference channel emulation curves for validation purposes
The annex presents the individual validation curves presented in [2][3][4] as well as the resulting averages. 
[bookmark: _Ref79510467]Table 1. Reference PDP of CDL-C UMa with combined beams and ≤ 2.5 GHz
	Delay [ns]
	Power [dB]

	 
	X2V
	H11
	H21
	H12
	H22

	0.0
	-25.9
	-27.6
	-24.9
	-25.0
	-27.7

	76.6
	-2.5
	-2.5
	-2.5
	-2.8
	-2.9

	79.4
	-13.0
	-13.8
	-12.5
	-12.7
	-14.0

	81.0
	-5.0
	-6.1
	-4.3
	-4.5
	-6.3

	85.0
	-6.2
	-6.2
	-5.9
	-6.6
	-6.9

	232.4
	0.0
	-0.1
	0.0
	-0.3
	-0.4

	235.4
	-2.7
	-3.5
	-2.0
	-2.3
	-4.0

	239.4
	-3.9
	-4.0
	-3.7
	-4.3
	-4.6

	240.3
	-inf
	-inf
	-39.7
	-inf
	-inf

	289.6
	-25.8
	-26.2
	-25.5
	-25.8
	-26.6

	299.8
	-36.2
	-36.9
	-35.9
	-36.0
	-37.0

	448.4
	-26.3
	-26.3
	-26.1
	-26.7
	-26.8

	477.5
	-25.8
	-26.2
	-25.5
	-25.9
	-26.6

	1679.1
	-37.8
	-37.8
	-37.7
	-38.1
	-38.4
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[bookmark: _Ref79510509]Figure 1: Reference PDP of CDL-C UMa with combined beams and ≤ 2.5 GHz.
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Figure 2: Reference X2V PDP of CDL-C UMa with combined beams and ≤ 2.5 GHz



[bookmark: _Ref79510469]Table 2. Reference PDP of CDL-C UMa with combined beams and > 2.5 GHz
	Delay [ns]
	Power [dB]

	 
	X2V
	H11
	H21
	H12
	H22

	0.0
	-26.0
	-27.7
	-25.0
	-25.1
	-27.8

	76.6
	-2.5
	-2.8
	-2.5
	-2.7
	-3.0

	79.4
	-13.1
	-13.9
	-12.5
	-12.7
	-14.3

	81.0
	-5.6
	-6.7
	-4.6
	-5.1
	-7.5

	85.0
	-6.1
	-6.0
	-5.9
	-6.8
	-6.9

	232.4
	0.0
	-0.3
	0.0
	-0.2
	-0.4

	235.4
	-3.3
	-3.9
	-2.2
	-3.1
	-5.2

	239.4
	-3.7
	-3.7
	-3.5
	-4.3
	-4.5

	289.6
	-27.0
	-27.3
	-26.7
	-27.1
	-27.7

	299.8
	-37.8
	-38.5
	-37.7
	-37.6
	-38.4

	448.4
	-26.6
	-26.7
	-26.4
	-26.9
	-27.1

	477.5
	-26.8
	-27.3
	-26.5
	-26.8
	-27.6
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Figure 3: Reference PDP of CDL-C UMa with combined beams and > 2.5 GHz.
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[bookmark: _Ref79510516]Figure 4: Reference X2V PDP of CDL-C UMa with combined beams and ≤ 2.5 GHz

[bookmark: _Ref79510613]Table 3. Reference Temporal auto-correlation of CDL-C UMa with combined beams and ≤ 2.5 GHz
	lambdas
	X2V
	H11
	H21
	H12
	H22

	0.0
	1.000
	1.000
	1.000
	1.000
	1.000

	0.1
	0.955
	0.958
	0.952
	0.952
	0.957

	0.2
	0.827
	0.838
	0.819
	0.816
	0.836

	0.3
	0.638
	0.659
	0.623
	0.618
	0.657

	0.4
	0.422
	0.451
	0.402
	0.394
	0.448

	0.5
	0.221
	0.255
	0.197
	0.188
	0.253

	0.6
	0.130
	0.169
	0.098
	0.094
	0.168

	0.7
	0.203
	0.254
	0.169
	0.162
	0.247

	0.8
	0.278
	0.358
	0.229
	0.208
	0.340

	0.9
	0.311
	0.425
	0.244
	0.206
	0.393

	1.0
	0.306
	0.449
	0.228
	0.169
	0.401

	1.1
	0.274
	0.432
	0.194
	0.119
	0.371

	1.2
	0.225
	0.382
	0.154
	0.076
	0.312

	1.3
	0.170
	0.308
	0.116
	0.049
	0.235

	1.4
	0.114
	0.220
	0.085
	0.033
	0.153

	1.5
	0.067
	0.135
	0.076
	0.015
	0.078

	1.6
	0.045
	0.077
	0.090
	0.015
	0.025

	1.7
	0.055
	0.084
	0.110
	0.042
	0.027

	1.8
	0.069
	0.120
	0.123
	0.065
	0.034

	1.9
	0.077
	0.149
	0.131
	0.080
	0.019

	2.0
	0.078
	0.165
	0.140
	0.085
	0.012

	2.1
	0.076
	0.170
	0.157
	0.083
	0.050

	2.2
	0.073
	0.169
	0.178
	0.074
	0.084

	2.3
	0.071
	0.164
	0.193
	0.063
	0.108

	2.4
	0.067
	0.156
	0.194
	0.051
	0.115

	2.5
	0.059
	0.145
	0.174
	0.042
	0.106

	2.6
	0.045
	0.130
	0.135
	0.042
	0.083

	2.7
	0.025
	0.110
	0.082
	0.058
	0.052

	2.8
	0.006
	0.087
	0.025
	0.081
	0.023

	2.9
	0.025
	0.061
	0.037
	0.104
	0.015

	3.0
	0.044
	0.039
	0.077
	0.119
	0.031

	3.1
	0.056
	0.031
	0.097
	0.122
	0.039

	3.2
	0.061
	0.043
	0.098
	0.112
	0.040

	3.3
	0.061
	0.066
	0.090
	0.093
	0.036

	3.4
	0.064
	0.094
	0.091
	0.072
	0.031

	3.5
	0.071
	0.120
	0.107
	0.055
	0.030

	3.6
	0.078
	0.140
	0.127
	0.047
	0.035

	3.7
	0.079
	0.148
	0.136
	0.048
	0.043

	3.8
	0.072
	0.140
	0.129
	0.056
	0.050

	3.9
	0.059
	0.118
	0.110
	0.065
	0.052

	4.0
	0.042
	0.086
	0.084
	0.066
	0.046

	4.1
	0.024
	0.053
	0.061
	0.052
	0.035

	4.2
	0.011
	0.033
	0.045
	0.024
	0.036

	4.3
	0.027
	0.031
	0.043
	0.032
	0.059

	4.4
	0.050
	0.028
	0.055
	0.082
	0.087

	4.5
	0.072
	0.016
	0.074
	0.128
	0.110

	4.6
	0.085
	0.021
	0.092
	0.156
	0.120

	4.7
	0.087
	0.047
	0.099
	0.160
	0.116

	4.8
	0.076
	0.071
	0.093
	0.140
	0.099

	4.9
	0.054
	0.085
	0.073
	0.106
	0.072

	5.0
	0.026
	0.085
	0.045
	0.075
	0.043
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[bookmark: _Ref79510624]Figure 5: Reference Temporal auto-correlation of CDL-C UMa with combined beams and ≤ 2.5 GHz
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Figure 6: Reference X2V Temporal auto-correlation of CDL-C UMa with combined beams and ≤ 2.5 GHz


[bookmark: _Ref79510615]Table 4. Reference Temporal auto-correlation of CDL-C UMa with combined beams and with > 2.5 GHz
	lambdas
	X2V
	H11
	H21
	H12
	H22

	0.0
	1.000
	1.000
	1.000
	1.000
	1.000

	0.1
	0.954
	0.958
	0.952
	0.951
	0.957

	0.2
	0.825
	0.838
	0.817
	0.813
	0.836

	0.3
	0.635
	0.660
	0.620
	0.612
	0.655

	0.4
	0.419
	0.452
	0.398
	0.386
	0.446

	0.5
	0.218
	0.257
	0.193
	0.180
	0.253

	0.6
	0.124
	0.166
	0.090
	0.088
	0.168

	0.7
	0.193
	0.244
	0.157
	0.155
	0.241

	0.8
	0.260
	0.343
	0.209
	0.194
	0.327

	0.9
	0.284
	0.406
	0.216
	0.181
	0.372

	1.0
	0.271
	0.426
	0.191
	0.132
	0.373

	1.1
	0.233
	0.407
	0.153
	0.070
	0.337

	1.2
	0.183
	0.356
	0.113
	0.015
	0.274

	1.3
	0.131
	0.284
	0.079
	0.020
	0.197

	1.4
	0.084
	0.201
	0.060
	0.031
	0.118

	1.5
	0.053
	0.124
	0.070
	0.022
	0.051

	1.6
	0.049
	0.077
	0.095
	0.023
	0.012

	1.7
	0.060
	0.087
	0.116
	0.051
	0.028

	1.8
	0.067
	0.117
	0.125
	0.079
	0.028

	1.9
	0.066
	0.140
	0.125
	0.098
	0.013

	2.0
	0.060
	0.153
	0.127
	0.105
	0.036

	2.1
	0.054
	0.159
	0.140
	0.101
	0.074

	2.2
	0.052
	0.161
	0.164
	0.090
	0.108

	2.3
	0.053
	0.160
	0.184
	0.076
	0.128

	2.4
	0.053
	0.155
	0.188
	0.063
	0.132

	2.5
	0.049
	0.145
	0.172
	0.054
	0.118

	2.6
	0.037
	0.129
	0.133
	0.055
	0.093

	2.7
	0.018
	0.107
	0.078
	0.069
	0.062

	2.8
	0.009
	0.081
	0.022
	0.091
	0.032

	2.9
	0.032
	0.053
	0.050
	0.114
	0.010

	3.0
	0.051
	0.029
	0.092
	0.128
	0.007

	3.1
	0.061
	0.012
	0.112
	0.129
	0.009

	3.2
	0.060
	0.003
	0.109
	0.116
	0.004

	3.3
	0.049
	0.011
	0.088
	0.093
	0.011

	3.4
	0.034
	0.031
	0.066
	0.066
	0.024

	3.5
	0.027
	0.056
	0.067
	0.043
	0.035

	3.6
	0.032
	0.080
	0.086
	0.032
	0.043

	3.7
	0.038
	0.098
	0.101
	0.031
	0.048

	3.8
	0.040
	0.104
	0.103
	0.037
	0.048

	3.9
	0.037
	0.101
	0.095
	0.042
	0.042

	4.0
	0.035
	0.091
	0.084
	0.038
	0.030

	4.1
	0.039
	0.082
	0.075
	0.025
	0.032

	4.2
	0.057
	0.079
	0.076
	0.043
	0.065

	4.3
	0.087
	0.081
	0.090
	0.096
	0.110

	4.4
	0.122
	0.085
	0.115
	0.158
	0.154

	4.5
	0.153
	0.092
	0.142
	0.212
	0.190

	4.6
	0.172
	0.104
	0.161
	0.245
	0.208

	4.7
	0.174
	0.119
	0.165
	0.246
	0.206

	4.8
	0.156
	0.129
	0.149
	0.216
	0.184

	4.9
	0.121
	0.130
	0.116
	0.162
	0.144

	5.0
	0.076
	0.117
	0.072
	0.100
	0.095
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Figure 7: Reference Temporal auto-correlation of CDL-C UMa with combined beams and with > 2.5 GHz
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[bookmark: _Ref79510632]Figure 8: Reference X2V Temporal auto-correlation of CDL-C UMa with combined beams and with > 2.5 GHz

[bookmark: _Ref79510816]Table 5. Reference Spatial correlation of CDL-C UMa with combined beams
	617 MHz
	722 MHz
	836.5 MHz
	1575.42 MHz
	1800 MHz

	Azim [°]
	|r| comb
	Azim [°]
	|r| comb
	Azim [°]
	|r| comb
	Azim [°]
	|r| comb
	Azim [°]
	|r| comb

	270.0
	1.00
	270.0
	1.00
	270.0
	1.00
	270.0
	1.00
	270.0
	1.00

	251.4
	0.99
	254.1
	0.99
	256.3
	0.99
	262.7
	0.99
	260.9
	0.99

	232.9
	0.99
	238.3
	0.98
	242.6
	0.98
	255.5
	0.98
	251.7
	0.96

	214.3
	0.98
	222.4
	0.97
	228.9
	0.97
	248.2
	0.96
	242.6
	0.93

	195.8
	0.96
	206.6
	0.96
	215.2
	0.96
	240.9
	0.94
	233.5
	0.90

	110.4
	0.61
	190.7
	0.94
	201.6
	0.95
	233.7
	0.92
	224.3
	0.89

	40.8
	0.47
	120.5
	0.58
	187.9
	0.92
	226.4
	0.91
	215.2
	0.88

	331.2
	0.85
	61.1
	0.30
	128.7
	0.56
	219.1
	0.90
	206.0
	0.87

	 
	 
	1.6
	0.56
	77.3
	0.19
	211.9
	0.89
	196.9
	0.84

	 
	 
	302.1
	0.95
	26.0
	0.27
	204.6
	0.88
	187.8
	0.79

	 
	 
	 
	 
	334.7
	0.70
	197.3
	0.87
	134.3
	0.16

	 
	 
	 
	 
	283.3
	0.99
	190.0
	0.84
	88.6
	0.30

	 
	 
	 
	 
	 
	 
	182.8
	0.79
	43.0
	0.22

	 
	 
	 
	 
	 
	 
	152.7
	0.42
	357.3
	0.36

	 
	 
	 
	 
	 
	 
	125.5
	0.13
	311.6
	0.57

	 
	 
	 
	 
	 
	 
	98.2
	0.30
	 
	 

	 
	 
	 
	 
	 
	 
	71.0
	0.31
	 
	 

	 
	 
	 
	 
	 
	 
	43.7
	0.29
	 
	 

	 
	 
	 
	 
	 
	 
	16.5
	0.33
	 
	 

	 
	 
	 
	 
	 
	 
	349.2
	0.29
	 
	 

	 
	 
	 
	 
	 
	 
	321.9
	0.48
	 
	 

	 
	 
	 
	 
	 
	 
	294.7
	0.88
	 
	 



	2132.5 MHz
	2450 MHz
	3600 MHz
	4700 MHz

	Azim [°]
	|r| comb
	Azim [°]
	|r| comb
	Azim [°]
	|r| comb
	Azim [°]
	|r| comb

	270.0
	1.00
	270.0
	1.00
	270.0
	1.00
	270.0
	1.00

	261.9
	0.99
	263.0
	0.99
	265.2
	0.98
	266.3
	0.98

	253.9
	0.95
	256.0
	0.95
	260.5
	0.95
	262.7
	0.94

	245.8
	0.92
	249.0
	0.91
	255.7
	0.90
	259.0
	0.89

	237.8
	0.89
	242.0
	0.87
	250.9
	0.84
	255.4
	0.83

	229.7
	0.86
	234.9
	0.85
	246.1
	0.80
	251.7
	0.78

	221.7
	0.85
	227.9
	0.83
	241.4
	0.77
	248.1
	0.73

	213.6
	0.85
	220.9
	0.82
	236.6
	0.75
	244.4
	0.70

	205.6
	0.83
	213.9
	0.82
	231.8
	0.73
	240.8
	0.68

	197.5
	0.80
	206.9
	0.80
	227.1
	0.72
	237.1
	0.66

	189.5
	0.75
	199.9
	0.77
	222.3
	0.71
	233.5
	0.65

	181.4
	0.67
	192.9
	0.73
	217.5
	0.70
	229.8
	0.64

	139.7
	0.22
	185.9
	0.66
	212.7
	0.69
	226.1
	0.63

	99.5
	0.24
	144.9
	0.26
	208.0
	0.67
	222.5
	0.62

	59.2
	0.03
	109.9
	0.23
	203.2
	0.64
	218.8
	0.61

	18.9
	0.16
	74.8
	0.19
	198.4
	0.61
	215.2
	0.60

	338.6
	0.37
	39.8
	0.13
	193.7
	0.56
	211.5
	0.59

	298.4
	0.73
	4.7
	0.15
	188.9
	0.49
	207.9
	0.57

	 
	 
	329.7
	0.38
	184.1
	0.41
	204.2
	0.55

	 
	 
	294.6
	0.74
	156.1
	0.42
	200.6
	0.52

	 
	 
	 
	 
	132.3
	0.19
	196.9
	0.48

	 
	 
	 
	 
	108.4
	0.64
	193.3
	0.42

	 
	 
	 
	 
	84.6
	0.47
	189.6
	0.35

	 
	 
	 
	 
	60.7
	0.44
	185.9
	0.26

	 
	 
	 
	 
	36.9
	0.28
	182.3
	0.18

	 
	 
	 
	 
	13.0
	0.16
	161.7
	0.59

	 
	 
	 
	 
	349.1
	0.16
	143.5
	0.26

	 
	 
	 
	 
	325.3
	0.41
	125.2
	0.79

	 
	 
	 
	 
	301.4
	0.40
	106.9
	0.43

	 
	 
	 
	 
	277.6
	0.95
	88.6
	0.68

	 
	 
	 
	 
	 
	 
	70.4
	0.63

	 
	 
	 
	 
	 
	 
	52.1
	0.75

	 
	 
	 
	 
	 
	 
	33.8
	0.87

	 
	 
	 
	 
	 
	 
	15.5
	0.67

	 
	 
	 
	 
	 
	 
	357.3
	0.09

	 
	 
	 
	 
	 
	 
	339.0
	0.25

	 
	 
	 
	 
	 
	 
	320.7
	0.32

	 
	 
	 
	 
	 
	 
	302.4
	0.42

	 
	 
	 
	 
	 
	 
	284.2
	0.73
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[bookmark: _Ref79510990]Figure 9: Reference Spatial correlation of CDL-C UMa with combined beams

[bookmark: _Ref79510943][bookmark: _Hlk79510925]Table 6: Reference V/H-ratios for CDL-C UMa
	UMa C, fc ≤ 2.5 GHz
	Beam 1
	Input 1:  V/H = -0.5 dB
Input 2:  V/H = 0.6 dB

	
	Beam 2
	Input 1:  V/H = -0.6 dB
Input 2:  V/H = 0.7 dB 

	
	Beam 1 + Beam 2
	Inputs 1+2: V/H = 0 dB

	UMa C, fc > 2.5 GHz
	Beam 1
	Input 1:  V/H = -0.6 dB
Input 2:  V/H = 0.7 dB

	
	Beam 2
	Input 1:  V/H = -0.7 dB
Input 2:  V/H = 0.8 dB

	
	Beam 1 + Beam 2
	Inputs 1+2: V/H = 0 dB



Conclusion
The following observations and proposals were made in this contribution
Proposal 1: Adopt the averaged CDL-C UMa curves as reference channel emulation curves for validation purposes
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Annex: Comparison between Keysight, Spirent, CMCC and the Resulting Average
This annex presents the reference curve comparisons between Keysight, Spirent, CMCC. Additionally, the resulting averages are shown as well. 
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image1.png
FR1 Channel model validation

 Reference curve for FR1 CDL-C Uma and UMi

— Framework on alignment of reference channel model curves
* Option 1: CE vendors provide a harmonized version

* Option 2: CE vendors provide individual results, averaging approach can be
considered to generate the reference curve

— Comparison of CM reference curves for FR1 from the three companies
(KS, Spirent, CMCC) are presented in Annex A of R4-21086109.

— The reference curves of CDL-C UMa should be stabilized and decided
in Aug. meeting, a check point for offline alignment among companies
before August is encouraged. (V/H should be decided )

— reference channel model curves for FR1

* Spatial correlation approach used for validation purpose

— both beam specific and beam simultaneous should be provided for
alignment purpose

— Select beam simultaneous approach to generate a new reference curve
based on the method used in R4-2108753
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BS Array 4x8, Combined beams, fc   2.5 GHz


image3.emf
0 200 400 600 800 1000 1200 1400 1600 1800

Delay [ns]

-40

-35

-30

-25

-20

-15

-10

-5

0

5

P

o

w

e

r

 

[

d

B

]

PDP reference, X2V UMa CDL-C FR1

BS Array 4x8, Combined beams, fc   2.5 GHz


image4.emf
-40

-30

-20

-10

0

P

o

w

e

r

 

[

d

B

]

H11

0 100 200 300 400 500

Delay [ns]

-40

-30

-20

-10

0

P

o

w

e

r

 

[

d

B

]

H21

0 100 200 300 400 500

Delay [ns]

-40

-30

-20

-10

0

P

o

w

e

r

 

[

d

B

]

H12

0 100 200 300 400 500

Delay [ns]

-40

-30

-20

-10

0

P

o

w

e

r

 

[

d

B

]

H22

0 100 200 300 400 500

Delay [ns]

PDP reference, UMa CDL-C FR1

BS Array 8x8, Combined beams, fc > 2.5 GHz
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Reference Temporal auto-correlation

UMa CDL-C FR1, BS Array 4x8, Combined beams, fc   2.5 GHz, DoT = 65°
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