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Introduction
This contribution complements the reference curves for FR1 channel model validation purposes introduced in [1]. In addition, to decrease the BS correlation for CDL-C UMa channel model, a new beam direction for the second beam is introduced for ≤ 2.5 GHz. Since the CDL-A UMi model has been replaced by CDL-C UMi [2], this contribution takes the new CM into account. 
Discussion
As discussed and agreed in RAN4#98-e [3], reference curves need to be defined and agreed between CE vendors before the pass/fail limits for channel model validations can be agreed. This contribution complements the reference curves for FR1 channel model validation purposes introduced in [1]. The reference spatial correlation curves presented here are simulated curves to represent the actual correlation at the DUT position. 
It was noticed the BS antenna correlation for CDL-C UMa (≤ 2.5 GHz) is too high (0.98) when using the beams with same azimuth direction. Therefore, a new second beam direction is needed to be defined. The beam directions for ≤ 2.5 GHz using 4x8 BS array are:
· Old beams:
1. Azimuth: -7.27, Elevation: -10
2. Azimuth: -7.27, Elevation: 0
· New beams: 
1. Azimuth: -7.27, Elevation: -10
2. Azimuth: -21.82, Elevation: -10
Observation 1: BS correlation for CDL-C UMa at ≤ 2.5 GHz is too high with the old beam directions above.
Proposal 1: Use beam direction Az: -21.82, El: -10 for the second beam for CDL-C UMa at ≤ 2.5 GHz.
[bookmark: _Hlk71612278][bookmark: _Hlk71612401]FR1 results for spatial correlation, PDP, and auto-correlation are shown in Figure 1 through Figure 9 and tabulated in Table 1 through Table 6; these results are based on the X polarized antenna model with 45˚ slant angle [2]. Tables for the FR1 spatial correlations will be added in a revision of this contribution. It should be noted that the spatial correlation curves for UMa CDL-C are shown per beam to simplify the alignment between CE vendors and that the combined beams will be addressed after successful alignment.
FR2 Channel model validation results are pending a definition of the BS antenna element polarization which is currently not defined [2].
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[bookmark: _Ref71611598]Figure 1. Reference spatial correlation curves for strongest beam of CDL-C UMa channel model.
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Figure 2. Reference spatial correlation curves for 2nd strongest beam of CDL-C UMa channel model.
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Figure 3. Reference spatial correlation curves for CDL-C UMi channel model.
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Figure 4. Reference PDP figure for CDL-C UMi channel model for fc ≤ 2.5 GHz. 
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Figure 5. Reference Temporal auto-correlation curves for CDL-C UMi channel model for fc ≤ 2.5 GHz.


[bookmark: _Ref71611631]Table 1. Reference PDP data for CDL-C UMi channel model for fc ≤ 2.5 GHz.
	Delay [ns]
	Power [dB]

	
	X2V
	H11
	H21
	H12
	H22

	0.0
	-26.1
	-27.0
	-25.6
	-25.7
	-27.2

	21.0
	-25.0
	-25.2
	-24.6
	-25.2
	-26.0

	21.8
	-19.2
	-19.7
	-18.9
	-19.1
	-19.9

	22.2
	-19.9
	-23.4
	-18.7
	-18.3
	-22.4

	23.3
	-23.2
	-23.3
	-22.4
	-23.6
	-24.9

	63.7
	0.0
	0.0
	0.0
	-0.4
	-0.4

	64.5
	-2.4
	-3.4
	-1.9
	-1.9
	-3.5

	65.6
	-3.9
	-4.0
	-3.7
	-4.2
	-4.6

	65.8
	-33.9
	-33.6
	-33.8
	-34.7
	-34.4

	79.4
	-30.3
	-30.5
	-30.1
	-30.5
	-30.9

	82.1
	-45.4
	-46.7
	-44.6
	-44.8
	-47.1

	93.4
	-51.8
	-51.6
	-51.7
	-52.4
	-52.3

	122.9
	-37.1
	-36.8
	-36.8
	-38.0
	-38.0

	130.8
	-30.7
	-30.9
	-30.5
	-30.9
	-31.3

	217.0
	-36.2
	-36.9
	-35.9
	-36.0
	-37.1

	271.1
	-41.3
	-41.3
	-41.1
	-41.6
	-41.9

	425.9
	-40.1
	-40.2
	-40.0
	-40.5
	-40.7

	460.0
	-38.8
	-39.2
	-38.5
	-38.8
	-39.5

	549.0
	-52.9
	-53.1
	-52.8
	-53.2
	-53.5

	560.8
	-42.4
	-42.7
	-42.2
	-42.5
	-43.1

	630.7
	-40.6
	-40.8
	-40.4
	-40.8
	-41.2

	663.7
	-47.0
	-46.9
	-46.8
	-47.5
	-47.5

	704.3
	-71.1
	-71.8
	-70.1
	-70.8
	-72.9

	865.2
	-61.9
	-62.3
	-61.7
	-62.0
	-62.7





Table 2. Temporal auto-correlation data for CDL-C UMi channel model for fc ≤ 2.5 GHz.
	lambda
	X2V
	H11
	H21
	H12
	H22

	0.00
	1.00
	1.00
	1.00
	1.00
	1.00

	0.16
	0.99
	0.99
	0.99
	0.99
	0.99

	0.31
	0.97
	0.98
	0.96
	0.96
	0.98

	0.47
	0.94
	0.96
	0.92
	0.92
	0.95

	0.63
	0.90
	0.93
	0.88
	0.87
	0.93

	0.78
	0.86
	0.90
	0.82
	0.81
	0.89

	0.94
	0.81
	0.87
	0.76
	0.74
	0.86

	1.09
	0.75
	0.84
	0.70
	0.67
	0.82

	1.25
	0.70
	0.80
	0.63
	0.60
	0.77

	1.41
	0.64
	0.76
	0.57
	0.53
	0.72

	1.56
	0.59
	0.72
	0.52
	0.47
	0.67

	1.72
	0.54
	0.68
	0.48
	0.41
	0.62

	1.88
	0.50
	0.64
	0.44
	0.37
	0.57

	2.03
	0.46
	0.60
	0.42
	0.34
	0.53

	2.19
	0.43
	0.56
	0.40
	0.32
	0.48

	2.34
	0.40
	0.53
	0.39
	0.31
	0.44

	2.50
	0.38
	0.50
	0.38
	0.31
	0.39

	2.66
	0.36
	0.46
	0.36
	0.30
	0.36

	2.81
	0.33
	0.43
	0.34
	0.28
	0.32

	2.97
	0.30
	0.39
	0.31
	0.27
	0.29

	3.13
	0.27
	0.35
	0.27
	0.24
	0.26

	3.28
	0.24
	0.32
	0.24
	0.22
	0.23

	3.44
	0.21
	0.28
	0.20
	0.19
	0.21

	3.59
	0.17
	0.25
	0.16
	0.16
	0.20

	3.75
	0.14
	0.21
	0.13
	0.13
	0.19

	3.91
	0.11
	0.18
	0.10
	0.10
	0.18

	4.06
	0.08
	0.15
	0.08
	0.09
	0.18

	4.22
	0.06
	0.12
	0.08
	0.09
	0.18

	4.38
	0.04
	0.10
	0.08
	0.09
	0.18

	4.53
	0.04
	0.08
	0.08
	0.09
	0.18

	4.69
	0.03
	0.07
	0.09
	0.09
	0.18

	4.84
	0.03
	0.06
	0.09
	0.09
	0.18

	5.00
	0.03
	0.05
	0.09
	0.08
	0.18
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Figure 6. Reference PDP figure for CDL-C UMi channel model for fc > 2.5 GHz. 
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Figure 7. Reference Temporal auto-correlation curves for CDL-C UMi channel model for fc > 2.5 GHz.

Table 3. Reference PDP data for CDL-C UMi channel model for fc > 2.5 GHz.
	Delay [ns]
	Power [dB]

	
	X2V
	H11
	H21
	H12
	H22

	0.0
	-26.0
	-26.9
	-25.5
	-25.6
	-27.0

	21.0
	-24.9
	-25.2
	-24.5
	-25.1
	-26.0

	21.8
	-19.3
	-19.8
	-19.0
	-19.2
	-20.0

	22.2
	-19.9
	-23.3
	-18.7
	-18.3
	-22.4

	23.3
	-23.1
	-23.3
	-22.3
	-23.4
	-24.8

	63.7
	0.0
	0.0
	0.0
	-0.4
	-0.4

	64.5
	-2.4
	-3.3
	-1.8
	-2.0
	-3.5

	65.6
	-3.8
	-4.0
	-3.6
	-4.1
	-4.5

	65.8
	-34.4
	-34.1
	-34.3
	-35.2
	-35.0

	79.4
	-30.0
	-30.2
	-29.8
	-30.2
	-30.6

	82.1
	-46.1
	-47.3
	-45.2
	-45.5
	-47.7

	93.4
	-51.3
	-51.2
	-51.2
	-51.9
	-51.9

	122.9
	-37.4
	-37.1
	-37.1
	-38.3
	-38.3

	130.8
	-31.1
	-31.3
	-31.0
	-31.3
	-31.7

	217.0
	-35.8
	-36.4
	-35.4
	-35.6
	-36.6

	271.1
	-41.7
	-41.8
	-41.6
	-42.1
	-42.3

	425.9
	-39.8
	-39.9
	-39.6
	-40.1
	-40.4

	460.0
	-38.3
	-38.7
	-38.1
	-38.3
	-39.0

	549.0
	-52.4
	-52.5
	-52.2
	-52.7
	-53.0

	560.8
	-43.1
	-43.5
	-42.9
	-43.2
	-43.8

	630.7
	-40.1
	-40.4
	-40.0
	-40.3
	-40.8

	663.7
	-46.5
	-46.4
	-46.4
	-47.1
	-47.1

	704.3
	-71.5
	-72.3
	-70.6
	-71.3
	-73.3

	865.2
	-62.8
	-63.2
	-62.5
	-62.8
	-63.5




Table 4. Temporal auto-correlation data for CDL-C UMi channel model for fc > 2.5 GHz.
	lambda
	X2V
	H11
	H21
	H12
	H22

	0.00
	1.00
	1.00
	1.00
	1.00
	1.00

	0.16
	0.99
	0.99
	0.99
	0.99
	0.99

	0.31
	0.97
	0.98
	0.96
	0.96
	0.98

	0.47
	0.94
	0.96
	0.92
	0.92
	0.95

	0.63
	0.90
	0.93
	0.88
	0.87
	0.93

	0.78
	0.86
	0.90
	0.82
	0.81
	0.89

	0.94
	0.81
	0.87
	0.76
	0.74
	0.86

	1.09
	0.75
	0.84
	0.70
	0.67
	0.82

	1.25
	0.70
	0.80
	0.63
	0.60
	0.77

	1.41
	0.64
	0.76
	0.57
	0.53
	0.72

	1.56
	0.59
	0.72
	0.52
	0.47
	0.67

	1.72
	0.54
	0.68
	0.48
	0.41
	0.62

	1.88
	0.50
	0.64
	0.44
	0.37
	0.57

	2.03
	0.46
	0.60
	0.42
	0.34
	0.53

	2.19
	0.43
	0.56
	0.40
	0.32
	0.48

	2.34
	0.40
	0.53
	0.39
	0.31
	0.44

	2.50
	0.38
	0.50
	0.38
	0.31
	0.39

	2.66
	0.36
	0.46
	0.36
	0.30
	0.36

	2.81
	0.33
	0.43
	0.34
	0.28
	0.32

	2.97
	0.30
	0.39
	0.31
	0.27
	0.29

	3.13
	0.27
	0.35
	0.27
	0.24
	0.26

	3.28
	0.24
	0.32
	0.24
	0.22
	0.23

	3.44
	0.21
	0.28
	0.20
	0.19
	0.21

	3.59
	0.17
	0.25
	0.16
	0.16
	0.20

	3.75
	0.14
	0.21
	0.13
	0.13
	0.19

	3.91
	0.11
	0.18
	0.10
	0.10
	0.18

	4.06
	0.08
	0.15
	0.08
	0.09
	0.18

	4.22
	0.06
	0.12
	0.08
	0.09
	0.18

	4.38
	0.04
	0.10
	0.08
	0.09
	0.18

	4.53
	0.04
	0.08
	0.08
	0.09
	0.18

	4.69
	0.03
	0.07
	0.09
	0.09
	0.18

	4.84
	0.03
	0.06
	0.09
	0.09
	0.18

	5.00
	0.03
	0.05
	0.09
	0.08
	0.18
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Figure 8. Reference PDP figure for 2nd beam of CDL-C UMa channel model for fc ≤ 2.5 GHz. 
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[bookmark: _Ref71611612]Figure 9. Reference Temporal auto-correlation curves for the 2nd beam of CDL-C UMa for fc ≤ 2.5 GHz.

Table 5. Reference PDP data for the 2nd beam of CDL-C UMa channel model for fc ≤ 2.5 GHz.
	Delay [ns]
	Power [dB]

	
	X2V
	H11
	H21
	H12
	H22

	0.0
	-22.4
	-23.9
	-21.6
	-21.7
	-24.0

	76.6
	0.0
	-0.1
	0.0
	-0.3
	-0.4

	79.4
	-10.8
	-11.6
	-10.5
	-10.5
	-12.0

	81.0
	-2.6
	-3.4
	-1.9
	-2.3
	-3.9

	85.0
	-3.6
	-3.9
	-3.4
	-3.8
	-4.4

	232.4
	-23.3
	-23.4
	-24.2
	-23.7
	-23.0

	235.4
	-17.0
	-17.2
	-15.6
	-17.2
	-19.7

	239.4
	-23.3
	-23.5
	-22.2
	-23.6
	-25.4

	240.3
	-40.6
	-40.0
	-40.4
	-41.8
	-41.3

	289.6
	-24.1
	-24.7
	-24.3
	-24.0
	-24.9

	299.8
	-41.4
	-42.4
	-41.2
	-40.9
	-42.0

	340.8
	-40.7
	-41.0
	-40.4
	-40.9
	-41.4

	448.4
	-27.8
	-27.9
	-27.1
	-28.2
	-27.7

	477.5
	-26.1
	-26.5
	-25.9
	-26.2
	-26.8

	792.2
	-39.6
	-40.9
	-39.0
	-38.9
	-40.8

	989.3
	-43.9
	-43.9
	-43.7
	-44.4
	-44.6

	1554.5
	-43.8
	-43.6
	-43.8
	-44.5
	-44.3

	1679.1
	-36.7
	-36.9
	-36.6
	-37.0
	-37.4

	2003.9
	-45.5
	-45.9
	-45.2
	-45.6
	-46.3

	2046.8
	-44.1
	-44.5
	-43.9
	-44.3
	-44.8

	2301.9
	-41.1
	-41.1
	-41.0
	-41.6
	-41.7

	2422.7
	-58.1
	-59.1
	-57.5
	-57.7
	-59.4

	2570.6
	-65.3
	-65.7
	-65.8
	-65.3
	-65.3

	3158.1
	-66.0
	-66.5
	-65.8
	-65.9
	-66.5



[bookmark: _Ref71611633]Table 6. Temporal auto-correlation data for the 2nd beam of CDL-C UMa channel model for fc ≤ 2.5 GHz.
	lambda
	X2V
	H11
	H21
	H12
	H22

	0.00
	1.00
	1.00
	1.00
	1.00
	1.00

	0.16
	0.94
	0.95
	0.93
	0.93
	0.95

	0.31
	0.82
	0.85
	0.79
	0.78
	0.85

	0.47
	0.75
	0.82
	0.70
	0.69
	0.81

	0.63
	0.69
	0.78
	0.62
	0.60
	0.78

	0.78
	0.56
	0.68
	0.48
	0.45
	0.67

	0.94
	0.41
	0.57
	0.33
	0.27
	0.53

	1.09
	0.36
	0.52
	0.30
	0.22
	0.46

	1.25
	0.34
	0.50
	0.30
	0.22
	0.42

	1.41
	0.27
	0.41
	0.24
	0.16
	0.32

	1.56
	0.19
	0.31
	0.17
	0.12
	0.21

	1.72
	0.18
	0.27
	0.17
	0.13
	0.19

	1.88
	0.19
	0.26
	0.20
	0.13
	0.19

	2.03
	0.16
	0.23
	0.22
	0.10
	0.13

	2.19
	0.11
	0.17
	0.22
	0.06
	0.10

	2.34
	0.10
	0.15
	0.21
	0.05
	0.15

	2.50
	0.13
	0.17
	0.23
	0.09
	0.15

	2.66
	0.12
	0.17
	0.24
	0.08
	0.11

	2.81
	0.08
	0.13
	0.18
	0.04
	0.10

	2.97
	0.10
	0.13
	0.15
	0.11
	0.14

	3.13
	0.16
	0.18
	0.21
	0.17
	0.15

	3.28
	0.17
	0.20
	0.23
	0.15
	0.11

	3.44
	0.14
	0.18
	0.20
	0.10
	0.07

	3.59
	0.13
	0.20
	0.19
	0.08
	0.08

	3.75
	0.14
	0.23
	0.18
	0.06
	0.09

	3.91
	0.10
	0.20
	0.12
	0.04
	0.07

	4.06
	0.03
	0.15
	0.02
	0.12
	0.05

	4.22
	0.03
	0.14
	0.06
	0.17
	0.03

	4.38
	0.04
	0.14
	0.11
	0.16
	0.03

	4.53
	0.04
	0.12
	0.12
	0.14
	0.06

	4.69
	0.07
	0.11
	0.14
	0.13
	0.06

	4.84
	0.09
	0.15
	0.16
	0.08
	0.03

	5.00
	0.09
	0.14
	0.16
	0.05
	0.03





Conclusion
The following observations and proposals were made in this contribution:
Observation 1: BS correlation for CDL-C UMa at ≤ 2.5 GHz is too high with the old beam directions above.
Proposal 1: Use beam direction Az: -21.82, El: -10 for the second beam for CDL-C UMa at ≤ 2.5 GHz.
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Reference PDP, UMi_CDL-C_FR1, BS Array 8x8, Beam 1, fc = 4700 MHz
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Reference PDP, UMa_CDL-C_FR1, BS Array 4x8, Beam 2, fc = 2450 MHz
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