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Introduction
This contribution is introducing reference curves for FR1 and FR2 channel model validation purposes so that pass/fail limits can be determined accordingly. Additionally, this contribution discusses need to clarify and define the BS antenna polarization assumptions for FR1 and FR2. 
Discussion
As discussed and agreed in RAN4#98-e [1], reference curves need to be defined and agreed between CE vendors before the pass/fail limits for channel model validations can be agreed. 
	· Channel model validation limit
Further discuss and define the reference before RAN4 specify the actual values 



The BS beamforming and antenna element characteristics have obvious influence on the resulting channel model characteristics. The definition BS antenna element radiation pattern and polarization are missing in TR38.827 [2]. Instead, it refers to section 7.3 in 38.901 [3] for the BS antenna element model. However, the selection of BS antenna polarization between V/H (Ë) or +/-45 slanted (Ò) is not clearly defined in 38.901 [3]. Furthermore, two alternative methods for implementation of slanted polarization, i.e. method-1 and method-2, are defined in [3]. Selection between these two methods is not specified in [2] or [3]. It is proposed to add detailed definition of the BS antenna polarization and implementation method in [2] and TS 38.151 [4]. 
[bookmark: _Ref68157183]Observation 1: Definition of BS antenna element polarization is currently missing in TR 38.827
[bookmark: _Ref68156633][bookmark: _Ref68157184]Proposal 1: Apply Ò polarized antenna model with 45˚ slant angle for FR1 MIMO OTA and Ë polarized antenna model for FR2 MIMO OTA 
[bookmark: _Ref68157185]Proposal 2: Use polarization model-2 of section 7.3.2 of TR 38.901 for implementing the +/-45˚ slant angle for FR1 antenna model and 0˚/90˚ slant angle for FR2 antenna model 
The spatial correlation reference data in [2] and presented in RAN4#98-e [5] was based on V/H BS antenna polarization. Based on Proposal 1, the spatial correlation reference data should follow the with +/-45 polarized BS antenna assumption. The PDP and autocorrelation data for FR1 in this contribution are based on +/-45 polarized BS antenna. 
The proposed reference data and example figures for PDP, autocorrelation, and spatial correlation for FR1 channel models are provided in this section for fc=2450 MHz and fc=4700 MHz. The BS beamforming and radiation pattern characteristics are included in the data and example PDP data is provided for all co- and cross-polarized components, i.e. H11, H21, H12 and H22, of the model. In addition, the reference data and figures are provided for the combined X2V metric, which is a power sum of the two orthogonally polarized inputs of the model to a V-polarized probe/sampling antenna. The V2X reference data is proposed to serve as the reference for the channel model validation measurements, where the inputs of the two polarizations of channel model can be combined using a splitter in the measurement.
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Figure 1. Reference PDP figure for strongest beam of CDL-A UMi channel model for fc ≤ 2.5 GHz. Note! H21 and H22 are swapped in the picture but correct in the table below.
Table 1. Reference PDP data for strongest beam of CDL-A UMi channel model for fc ≤ 2.5 GHz
	Delay [ns]
	Power [dB]

	
	X2V
	H11
	H22
	H12
	H21

	0.0
	-49.4
	-50.6
	-50.7
	-48.8
	-48.8

	38.2
	0.0
	0.0
	-0.3
	-0.4
	-0.1

	40.3
	-2.8
	-3.0
	-3.6
	-2.9
	-2.4

	46.1
	-24.4
	-24.5
	-24.9
	-24.8
	-24.4

	53.8
	-27.2
	-28.7
	-27.9
	-26.4
	-27.0

	57.5
	-40.2
	-39.7
	-41.0
	-41.1
	-39.8

	58.7
	-4.9
	-5.0
	-5.3
	-5.2
	-4.9

	67.1
	-27.8
	-27.9
	-28.4
	-28.1
	-27.6

	76.2
	-22.1
	-22.3
	-22.5
	-22.3
	-22.1

	153.8
	-40.5
	-40.7
	-41.2
	-40.7
	-40.1

	189.8
	-21.1
	-21.3
	-21.5
	-21.2
	-21.0

	217.2
	-35.6
	-36.0
	-36.2
	-35.6
	-35.4

	222.4
	-44.2
	-44.9
	-45.0
	-43.9
	-43.9

	249.4
	-45.5
	-46.3
	-46.4
	-45.2
	-45.1

	251.2
	-34.3
	-34.3
	-34.7
	-34.7
	-34.3

	305.8
	-33.6
	-33.8
	-34.1
	-33.8
	-33.6

	408.1
	-38.4
	-38.5
	-38.9
	-38.8
	-38.4

	445.8
	-39.9
	-40.3
	-40.5
	-40.0
	-39.8

	457.0
	-46.2
	-47.0
	-47.1
	-45.9
	-45.9

	479.7
	-48.2
	-48.2
	-49.1
	-48.7
	-47.8

	500.7
	-40.1
	-40.7
	-40.1
	-40.0
	-39.5

	530.4
	-51.7
	-52.4
	-53.2
	-51.5
	-51.0

	965.9
	-41.7
	-42.9
	-42.9
	-41.2
	-41.1
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Figure 2. Reference autocorrelation figure for strongest beam of CDL-A UMi channel model for fc ≤ 2.5 GHz. Note! H21 and H22 are swapped in the picture but correct in the table below.
Table 2: Reference autocorrelation for strongest beam of CDL-A UMi channel model for fc ≤ 2.5 GHz
	Distance [l]
	H11
	H22
	H12
	H21

	0.00
	1.00
	1.00
	1.00
	1.00

	0.16
	0.99
	0.99
	0.99
	0.99

	0.31
	0.97
	0.97
	0.96
	0.96

	0.47
	0.95
	0.95
	0.92
	0.92

	0.63
	0.92
	0.91
	0.87
	0.88

	0.78
	0.89
	0.88
	0.81
	0.82

	0.94
	0.84
	0.83
	0.74
	0.76

	1.09
	0.80
	0.78
	0.67
	0.69

	1.25
	0.75
	0.73
	0.59
	0.62

	1.41
	0.70
	0.68
	0.53
	0.56

	1.56
	0.66
	0.63
	0.46
	0.50

	1.72
	0.61
	0.58
	0.40
	0.44

	1.88
	0.56
	0.52
	0.34
	0.39

	2.03
	0.51
	0.47
	0.28
	0.34

	2.19
	0.47
	0.41
	0.24
	0.30

	2.34
	0.43
	0.37
	0.21
	0.27

	2.50
	0.39
	0.32
	0.18
	0.25

	2.66
	0.35
	0.28
	0.16
	0.24

	2.81
	0.32
	0.24
	0.15
	0.23

	2.97
	0.30
	0.21
	0.14
	0.23

	3.13
	0.27
	0.18
	0.14
	0.24

	3.28
	0.26
	0.16
	0.14
	0.25

	3.44
	0.24
	0.14
	0.14
	0.26

	3.59
	0.22
	0.12
	0.14
	0.26

	3.75
	0.21
	0.11
	0.14
	0.26

	3.91
	0.19
	0.10
	0.14
	0.26

	4.06
	0.18
	0.10
	0.13
	0.25

	4.22
	0.16
	0.10
	0.12
	0.24

	4.38
	0.15
	0.11
	0.11
	0.22

	4.53
	0.13
	0.11
	0.11
	0.20

	4.69
	0.12
	0.12
	0.11
	0.18

	4.84
	0.11
	0.13
	0.12
	0.15

	5.00
	0.11
	0.14
	0.13
	0.13
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[bookmark: _Hlk68182046]Figure 3. Reference PDP figure for strongest beam of CDL-C UMa channel model for fc ≤ 2.5 GHz. Note! H21 and H22 are swapped in the picture but correct in the table below.
Table 3. Reference PDP data for strongest beam of CDL-C UMa channel model for fc ≤ 2.5 GHz
	Delay [ns]
	Power [dB]

	
	X2V
	H11
	H22
	H12
	H21

	0.0
	-31.4
	-32.8
	-32.9
	-30.7
	-30.6

	76.6
	-28.1
	-28.1
	-28.4
	-28.5
	-28.2

	79.4
	-20.7
	-21.3
	-21.5
	-20.5
	-20.3

	81.0
	-20.5
	-23.2
	-23.2
	-19.1
	-19.1

	85.0
	-25.8
	-25.8
	-27.7
	-26.1
	-24.8

	232.4
	0.0
	-0.1
	-0.4
	-0.3
	0.0

	235.4
	-2.8
	-3.6
	-4.1
	-2.4
	-2.1

	239.4
	-3.9
	-4.0
	-4.6
	-4.3
	-3.7

	240.3
	-42.6
	-43.6
	-43.8
	-42.1
	-42.0

	289.6
	-30.8
	-31.1
	-31.5
	-30.8
	-30.5

	299.8
	-38.7
	-39.3
	-39.5
	-38.5
	-38.3

	340.8
	-46.3
	-46.5
	-47.0
	-46.5
	-46.0

	448.4
	-32.9
	-32.8
	-33.5
	-33.4
	-32.8

	477.5
	-31.1
	-31.4
	-31.8
	-31.2
	-30.8

	792.2
	-45.2
	-46.4
	-46.4
	-44.6
	-44.6

	989.3
	-49.9
	-49.5
	-50.4
	-50.7
	-49.8

	1554.5
	-51.0
	-50.6
	-51.4
	-51.9
	-50.9

	1679.1
	-41.0
	-41.0
	-41.6
	-41.4
	-40.9

	2003.9
	-51.3
	-51.6
	-52.0
	-51.4
	-51.0

	2046.8
	-45.2
	-45.3
	-45.9
	-45.5
	-45.0

	2301.9
	-46.3
	-46.2
	-46.8
	-46.9
	-46.3

	2422.7
	-58.3
	-59.4
	-59.7
	-57.8
	-57.5

	2570.6
	-61.5
	-62.0
	-62.2
	-61.3
	-61.3

	3158.1
	-66.8
	-67.3
	-67.5
	-66.7
	-66.5
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Figure 4. Reference autocorrelation figure for strongest beam of CDL-C UMa channel model for fc ≤ 2.5 GHz. Note! H21 and H22 are swapped in the picture but correct in the table below.

Table 4: Reference autocorrelation for strongest beam of CDL-C UMa channel model for fc ≤ 2.5 GHz.
	Distance [l]
	H11
	H22
	H12
	H21

	0.00
	1.00
	1.00
	1.00
	1.00

	0.16
	0.98
	0.98
	0.96
	0.96

	0.31
	0.91
	0.91
	0.84
	0.84

	0.47
	0.82
	0.81
	0.66
	0.68

	0.63
	0.71
	0.70
	0.48
	0.50

	0.78
	0.59
	0.58
	0.31
	0.34

	0.94
	0.49
	0.46
	0.18
	0.22

	1.09
	0.40
	0.34
	0.11
	0.17

	1.25
	0.33
	0.24
	0.07
	0.16

	1.41
	0.29
	0.16
	0.05
	0.18

	1.56
	0.26
	0.09
	0.08
	0.22

	1.72
	0.25
	0.04
	0.13
	0.25

	1.88
	0.24
	0.04
	0.16
	0.27

	2.03
	0.23
	0.07
	0.16
	0.27

	2.19
	0.21
	0.09
	0.14
	0.24

	2.34
	0.19
	0.10
	0.09
	0.20

	2.50
	0.16
	0.10
	0.07
	0.16

	2.66
	0.14
	0.08
	0.09
	0.13

	2.81
	0.12
	0.06
	0.13
	0.12

	2.97
	0.11
	0.04
	0.14
	0.11

	3.13
	0.12
	0.02
	0.13
	0.07

	3.28
	0.13
	0.03
	0.11
	0.05

	3.44
	0.14
	0.05
	0.09
	0.08

	3.59
	0.14
	0.06
	0.08
	0.12

	3.75
	0.13
	0.07
	0.07
	0.14

	3.91
	0.10
	0.09
	0.05
	0.12

	4.06
	0.07
	0.10
	0.05
	0.09

	4.22
	0.04
	0.11
	0.10
	0.08

	4.38
	0.04
	0.12
	0.15
	0.11

	4.53
	0.06
	0.13
	0.19
	0.13

	4.69
	0.08
	0.12
	0.19
	0.13

	4.84
	0.08
	0.10
	0.16
	0.09

	5.00
	0.08
	0.07
	0.13
	0.03
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Figure 5. Reference PDP figure for 2nd strongest beam of CDL-C UMa channel model for fc ≤ 2.5 GHz. Note! H21 and H22 are swapped in the picture but correct in the table below.

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

	
	X2V
	H11
	H22
	H12
	H21

	0.0
	-30.5
	-31.8
	-32.0
	-29.7
	-29.6

	76.6
	-27.0
	-27.0
	-27.5
	-27.4
	-26.9

	79.4
	-21.1
	-21.8
	-22.0
	-20.9
	-20.7

	81.0
	-20.3
	-22.7
	-22.8
	-18.9
	-18.9

	85.0
	-24.7
	-24.9
	-26.7
	-24.9
	-23.6

	232.4
	0.0
	-0.1
	-0.3
	-0.2
	0.0

	235.4
	-2.5
	-3.0
	-3.8
	-2.4
	-1.8

	239.4
	-3.7
	-4.1
	-4.4
	-3.7
	-3.4

	240.3
	-44.2
	-45.3
	-45.1
	-43.6
	-43.7

	289.6
	-29.2
	-29.6
	-29.9
	-29.2
	-28.9

	299.8
	-41.0
	-41.6
	-41.6
	-40.7
	-40.8

	340.8
	-44.2
	-44.4
	-44.9
	-44.3
	-43.9

	448.4
	-34.3
	-34.2
	-34.7
	-34.7
	-34.2

	477.5
	-33.0
	-33.3
	-33.6
	-33.0
	-32.7

	792.2
	-42.5
	-43.6
	-43.7
	-41.9
	-41.8

	989.3
	-53.0
	-52.6
	-53.7
	-53.9
	-52.7

	1554.5
	-49.9
	-49.3
	-50.4
	-50.8
	-49.7

	1679.1
	-38.7
	-38.7
	-39.3
	-39.0
	-38.5

	2003.9
	-48.7
	-49.0
	-49.4
	-48.7
	-48.3

	2046.8
	-48.5
	-48.6
	-49.1
	-48.7
	-48.2

	2301.9
	-44.1
	-44.0
	-44.7
	-44.6
	-43.9

	2422.7
	-55.1
	-56.1
	-56.4
	-54.6
	-54.4

	2570.6
	-62.8
	-63.3
	-63.3
	-62.7
	-62.7

	3158.1
	-70.1
	-70.6
	-70.6
	-70.0
	-70.0
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Figure 6. Reference autocorrelation figure for 2nd strongest beam of CDL-C UMa channel model for fc ≤ 2.5 GHz. Note! H21 and H22 are swapped in the picture but correct in the table below.

Table 6 Reference autocorrelation data for 2nd strongest beam of CDL-C UMa channel model for fc ≤ 2.5 GHz
	Distance [l]
	H11
	H22
	H12
	H21

	0.00
	1.00
	1.00
	1.00
	1.00

	0.16
	0.98
	0.98
	0.96
	0.96

	0.31
	0.92
	0.92
	0.84
	0.85

	0.47
	0.83
	0.83
	0.68
	0.69

	0.63
	0.73
	0.73
	0.51
	0.52

	0.78
	0.63
	0.63
	0.35
	0.36

	0.94
	0.54
	0.52
	0.24
	0.25

	1.09
	0.46
	0.43
	0.17
	0.20

	1.25
	0.40
	0.34
	0.14
	0.20

	1.41
	0.36
	0.27
	0.14
	0.23

	1.56
	0.34
	0.22
	0.17
	0.28

	1.72
	0.34
	0.17
	0.20
	0.33

	1.88
	0.33
	0.15
	0.23
	0.36

	2.03
	0.32
	0.14
	0.22
	0.36

	2.19
	0.32
	0.13
	0.19
	0.33

	2.34
	0.30
	0.14
	0.13
	0.28

	2.50
	0.28
	0.14
	0.06
	0.22

	2.66
	0.25
	0.14
	0.02
	0.16

	2.81
	0.23
	0.13
	0.05
	0.12

	2.97
	0.22
	0.12
	0.05
	0.09

	3.13
	0.21
	0.12
	0.04
	0.08

	3.28
	0.21
	0.12
	0.04
	0.11

	3.44
	0.20
	0.11
	0.08
	0.15

	3.59
	0.19
	0.11
	0.11
	0.18

	3.75
	0.17
	0.10
	0.12
	0.19

	3.91
	0.13
	0.09
	0.09
	0.16

	4.06
	0.09
	0.09
	0.05
	0.10

	4.22
	0.05
	0.09
	0.06
	0.03

	4.38
	0.03
	0.11
	0.12
	0.05

	4.53
	0.02
	0.11
	0.16
	0.09

	4.69
	0.02
	0.12
	0.18
	0.10

	4.84
	0.02
	0.11
	0.18
	0.08

	5.00
	0.03
	0.11
	0.18
	0.09




Figure 7: Reference autocorrelation figure for 2nd strongest beam of CDL-C UMa channel model for fc ≤ 2.5 
GHz
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Figure 8: Reference PDP figure for strongest beam of CDL-A UMi channel model for fc > 2.5 GHz. Note! H21 and H22 are swapped in the picture but correct in the table below.

Table 7: Reference PDP data for strongest beam of CDL-A UMi channel model for fc > 2.5 GHz
	Delay [ns]
	Power [dB]

	
	X2V
	H11
	H22
	H12
	H21

	0.0
	-49.9
	-51.1
	-51.1
	-49.3
	-49.2

	38.2
	0.0
	0.0
	-0.3
	-0.4
	-0.1

	40.3
	-2.8
	-3.1
	-3.6
	-2.9
	-2.4

	46.1
	-24.2
	-24.3
	-24.6
	-24.6
	-24.2

	53.8
	-27.0
	-28.5
	-27.7
	-26.2
	-26.8

	57.5
	-39.8
	-39.4
	-40.7
	-40.8
	-39.5

	58.7
	-4.9
	-5.0
	-5.3
	-5.2
	-4.9

	67.1
	-27.6
	-27.7
	-28.2
	-28.0
	-27.4

	76.2
	-22.5
	-22.7
	-22.9
	-22.7
	-22.5

	153.8
	-41.2
	-41.5
	-41.9
	-41.4
	-40.9

	189.8
	-20.8
	-21.0
	-21.3
	-21.0
	-20.8

	217.2
	-35.3
	-35.7
	-35.9
	-35.3
	-35.1

	222.4
	-43.8
	-44.5
	-44.6
	-43.5
	-43.5

	249.4
	-45.2
	-46.0
	-46.0
	-44.8
	-44.8

	251.2
	-34.8
	-34.8
	-35.2
	-35.2
	-34.8

	305.8
	-34.2
	-34.3
	-34.6
	-34.4
	-34.1

	408.1
	-38.9
	-39.0
	-39.4
	-39.3
	-38.9

	445.8
	-39.6
	-39.9
	-40.1
	-39.6
	-39.5

	457.0
	-47.2
	-48.0
	-48.0
	-46.9
	-46.8

	479.7
	-49.1
	-49.1
	-50.0
	-49.6
	-48.7

	500.7
	-39.7
	-40.3
	-39.8
	-39.6
	-39.1

	530.4
	-52.5
	-53.2
	-54.0
	-52.3
	-51.8

	965.9
	-41.4
	-42.5
	-42.6
	-40.9
	-40.8
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Figure 9 Reference autocorrelation figure for strongest beam of CDL-A UMi channel model for fc > 2.5 GHz. Note! H21 and H22 are swapped in the picture but correct in the table below.

Table 8: Reference autocorrelation data for strongest beam of CDL-A UMi channel model for fc > 2.5 GHz
	Distance [l]
	H11
	H22
	H12
	H21

	0.00
	1.00
	1.00
	1.00
	1.00

	0.16
	0.99
	0.99
	0.99
	0.99

	0.31
	0.97
	0.97
	0.96
	0.96

	0.47
	0.95
	0.95
	0.92
	0.92

	0.63
	0.92
	0.91
	0.87
	0.88

	0.78
	0.88
	0.88
	0.81
	0.82

	0.94
	0.84
	0.83
	0.74
	0.76

	1.09
	0.79
	0.78
	0.67
	0.69

	1.25
	0.75
	0.73
	0.59
	0.62

	1.41
	0.70
	0.68
	0.52
	0.56

	1.56
	0.66
	0.63
	0.46
	0.50

	1.72
	0.61
	0.58
	0.40
	0.44

	1.88
	0.56
	0.52
	0.34
	0.39

	2.03
	0.51
	0.47
	0.28
	0.34

	2.19
	0.47
	0.41
	0.24
	0.30

	2.34
	0.43
	0.37
	0.20
	0.27

	2.50
	0.39
	0.32
	0.18
	0.25

	2.66
	0.35
	0.28
	0.16
	0.24

	2.81
	0.32
	0.24
	0.15
	0.23

	2.97
	0.29
	0.21
	0.14
	0.23

	3.13
	0.27
	0.18
	0.14
	0.24

	3.28
	0.25
	0.16
	0.14
	0.25

	3.44
	0.24
	0.14
	0.14
	0.25

	3.59
	0.22
	0.12
	0.14
	0.26

	3.75
	0.20
	0.11
	0.14
	0.26

	3.91
	0.19
	0.10
	0.14
	0.26

	4.06
	0.17
	0.10
	0.13
	0.25

	4.22
	0.16
	0.10
	0.12
	0.24

	4.38
	0.15
	0.11
	0.11
	0.22

	4.53
	0.13
	0.11
	0.11
	0.20

	4.69
	0.12
	0.12
	0.11
	0.17

	4.84
	0.11
	0.13
	0.11
	0.15

	5.00
	0.10
	0.14
	0.13
	0.12
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Figure 10 Reference PDP figure for strongest beam of CDL-C UMa channel model for fc > 2.5GHz. Note! H21 and H22 are swapped in the picture but correct in the table below.
Table 9 Reference PDP data for strongest beam of CDL-C UMa channel model for fc > 2.5 GHz
	Delay [ns]
	Power [dB]

	
	X2V
	H11
	H22
	H12
	H21

	0.0
	-31.5
	-33.0
	-33.1
	-30.8
	-30.7

	76.6
	-28.2
	-28.3
	-28.4
	-28.5
	-28.3

	79.4
	-20.8
	-21.4
	-21.8
	-20.6
	-20.3

	81.0
	-20.3
	-23.3
	-23.2
	-18.8
	-18.9

	85.0
	-25.6
	-25.5
	-27.4
	-26.1
	-24.6

	232.4
	0.0
	-0.3
	-0.4
	-0.2
	0.0

	235.4
	-3.4
	-4.0
	-5.3
	-3.2
	-2.4

	239.4
	-3.7
	-3.7
	-4.5
	-4.3
	-3.5

	240.3
	-43.8
	-44.9
	-45.0
	-43.4
	-43.3

	289.6
	-31.9
	-32.2
	-32.7
	-32.1
	-31.7

	299.8
	-40.3
	-40.9
	-40.9
	-40.1
	-40.1

	340.8
	-48.9
	-48.9
	-49.4
	-49.2
	-48.7

	448.4
	-33.1
	-33.1
	-33.7
	-33.5
	-33.0

	477.5
	-32.0
	-32.5
	-32.8
	-32.0
	-31.7

	792.2
	-47.6
	-48.8
	-48.4
	-47.0
	-47.2

	989.3
	-51.8
	-51.4
	-52.6
	-52.6
	-51.4

	1554.5
	-52.4
	-52.0
	-52.7
	-53.3
	-52.5

	1679.1
	-43.7
	-43.6
	-44.1
	-44.3
	-43.8

	2003.9
	-54.8
	-54.9
	-55.3
	-55.2
	-54.9

	2046.8
	-47.7
	-47.9
	-48.4
	-48.0
	-47.5

	2301.9
	-49.1
	-48.9
	-49.4
	-49.8
	-49.3

	2422.7
	-61.5
	-62.5
	-62.9
	-61.1
	-60.8

	2570.6
	-62.1
	-62.6
	-62.7
	-62.1
	-62.0

	3158.1
	-69.3
	-69.8
	-69.8
	-69.3
	-69.3
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Figure 11 Reference autocorrelation figure for strongest beam of CDL-C UMa channel model for fc > 2.5 GHz. Note! H21 and H22 are swapped in the picture but correct in the table below.
Table 10 Reference autocorrelation data for strongest beam of CDL-C UMa channel model for fc > 2.5 GHz
	Distance [l]
	H11
	H22
	H12
	H21

	0.00
	1.00
	1.00
	1.00
	1.00

	0.16
	0.98
	0.98
	0.95
	0.96

	0.31
	0.91
	0.91
	0.82
	0.83

	0.47
	0.81
	0.80
	0.64
	0.66

	0.63
	0.69
	0.68
	0.44
	0.47

	0.78
	0.57
	0.55
	0.27
	0.30

	0.94
	0.46
	0.43
	0.15
	0.18

	1.09
	0.37
	0.31
	0.11
	0.14

	1.25
	0.31
	0.21
	0.08
	0.14

	1.41
	0.26
	0.13
	0.04
	0.16

	1.56
	0.24
	0.05
	0.05
	0.20

	1.72
	0.24
	0.02
	0.12
	0.24

	1.88
	0.23
	0.06
	0.17
	0.26

	2.03
	0.22
	0.09
	0.18
	0.26

	2.19
	0.21
	0.12
	0.16
	0.23

	2.34
	0.19
	0.13
	0.12
	0.18

	2.50
	0.16
	0.12
	0.09
	0.15

	2.66
	0.12
	0.11
	0.11
	0.14

	2.81
	0.09
	0.09
	0.15
	0.14

	2.97
	0.07
	0.06
	0.16
	0.13

	3.13
	0.06
	0.04
	0.15
	0.09

	3.28
	0.08
	0.02
	0.12
	0.04

	3.44
	0.09
	0.03
	0.08
	0.04

	3.59
	0.10
	0.05
	0.05
	0.09

	3.75
	0.10
	0.07
	0.03
	0.11

	3.91
	0.09
	0.10
	0.04
	0.12

	4.06
	0.09
	0.14
	0.10
	0.12

	4.22
	0.11
	0.17
	0.17
	0.14

	4.38
	0.13
	0.20
	0.24
	0.18

	4.53
	0.15
	0.21
	0.27
	0.21

	4.69
	0.16
	0.21
	0.26
	0.20

	4.84
	0.16
	0.19
	0.21
	0.15

	5.00
	0.16
	0.16
	0.14
	0.07
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Figure 12 Reference PDP figure for 2nd strongest beam of CDL-C UMa channel model for fc > 2.5 GHz. Note! H21 and H22 are swapped in the picture but correct in the table below.
Table 11 Reference PDP data for 2nd strongest beam of CDL-C UMa channel model for fc > 2.5 GHz.
	Delay [ns]
	Power [dB]

	
	X2V
	H11
	H22
	H12
	H21

	0.0
	-24.8
	-26.7
	-26.8
	-23.8
	-23.8

	76.6
	0.0
	-0.3
	-0.5
	-0.2
	0.0

	79.4
	-11.3
	-12.2
	-12.6
	-11.0
	-10.8

	81.0
	-3.2
	-4.2
	-5.1
	-2.8
	-2.2

	85.0
	-3.6
	-3.5
	-4.4
	-4.3
	-3.4

	232.4
	-23.3
	-23.6
	-22.8
	-23.5
	-24.5

	235.4
	-16.9
	-17.3
	-19.9
	-17.1
	-15.5

	239.4
	-23.4
	-23.6
	-25.5
	-23.8
	-22.4

	240.3
	-43.3
	-43.7
	-44.7
	-43.4
	-42.6

	289.6
	-26.1
	-26.4
	-26.9
	-26.2
	-25.9

	299.8
	-38.9
	-39.7
	-39.5
	-38.7
	-38.8

	340.8
	-43.7
	-43.9
	-44.4
	-44.1
	-43.6

	448.4
	-25.1
	-25.2
	-25.7
	-25.4
	-25.0

	477.5
	-25.8
	-26.4
	-26.6
	-25.8
	-25.5

	792.2
	-45.0
	-46.7
	-46.1
	-44.2
	-44.5

	989.3
	-46.9
	-46.8
	-47.8
	-47.7
	-46.7

	1554.5
	-47.5
	-47.1
	-47.8
	-48.3
	-47.6

	1679.1
	-40.7
	-40.7
	-41.1
	-41.3
	-40.8

	2003.9
	-50.2
	-50.3
	-50.6
	-50.5
	-50.2

	2046.8
	-44.9
	-45.1
	-45.5
	-45.1
	-44.7

	2301.9
	-45.5
	-45.4
	-45.8
	-46.1
	-45.7

	2422.7
	-61.7
	-63.3
	-63.6
	-60.9
	-60.7

	2570.6
	-60.3
	-60.9
	-60.8
	-60.2
	-60.2

	3158.1
	-64.7
	-65.3
	-65.3
	-64.7
	-64.7
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Figure 13. Reference autocorrelation for 2nd strongest beam of CDL-C UMa channel model for fc > 2.5 GHz. Note! H21 and H22 are swapped in the picture but correct in the table below.
Table 12 Reference autocorrelation data for 2nd strongest beam of CDL-C UMa channel model for fc > 2.5 GHz.
	Distance [l]
	H11
	H22
	H12
	H21

	0.00
	1.00
	1.00
	1.00
	1.00

	0.16
	0.95
	0.95
	0.93
	0.93

	0.31
	0.86
	0.85
	0.78
	0.79

	0.47
	0.81
	0.80
	0.67
	0.69

	0.63
	0.76
	0.75
	0.56
	0.59

	0.78
	0.65
	0.62
	0.39
	0.44

	0.94
	0.53
	0.47
	0.19
	0.28

	1.09
	0.47
	0.39
	0.14
	0.24

	1.25
	0.43
	0.33
	0.15
	0.23

	1.41
	0.34
	0.22
	0.10
	0.16

	1.56
	0.24
	0.11
	0.11
	0.10

	1.72
	0.19
	0.10
	0.12
	0.10

	1.88
	0.18
	0.10
	0.07
	0.14

	2.03
	0.16
	0.07
	0.02
	0.19

	2.19
	0.13
	0.11
	0.03
	0.21

	2.34
	0.11
	0.14
	0.01
	0.22

	2.50
	0.14
	0.12
	0.05
	0.24

	2.66
	0.16
	0.09
	0.06
	0.25

	2.81
	0.13
	0.11
	0.01
	0.19

	2.97
	0.09
	0.12
	0.07
	0.14

	3.13
	0.11
	0.08
	0.12
	0.17

	3.28
	0.13
	0.01
	0.09
	0.18

	3.44
	0.12
	0.04
	0.03
	0.14

	3.59
	0.11
	0.04
	0.01
	0.11

	3.75
	0.14
	0.05
	0.05
	0.10

	3.91
	0.13
	0.12
	0.15
	0.08

	4.06
	0.08
	0.16
	0.24
	0.10

	4.22
	0.04
	0.16
	0.28
	0.14

	4.38
	0.03
	0.16
	0.27
	0.15

	4.53
	0.01
	0.19
	0.26
	0.15

	4.69
	0.05
	0.20
	0.24
	0.16

	4.84
	0.08
	0.17
	0.16
	0.13

	5.00
	0.06
	0.14
	0.06
	0.09
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Figure 14. Reference spatial correlation for CDL-A UMi (top) and CDL-C UMa (bottom) for fc = 2.45 GHz
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Figure 15. Reference spatial correlation for CDL-A UMi (top) and CDL-C UMa (bottom) for fc = 4.7 GHz
Table 13. Reference spatial correlation data for CDL-A UMi and CDL-C UMa channel models
	UMi A Beam 1
	
	UMa C Beam 1 (B1) & Beam 2 (B2)

	fc = 2.45 GHz
	fc = 4.7 GHz
	
	fc = 2.45 GHz
	fc = 4.7 GHz

	Azimuth [°]
	||
	Azimuth [°]
	||
	
	Azimuth [°]
	||, B1
	||, B2
	Azimuth [°]
	||, B1
	||, B2

	270
	1.00
	270
	1.00
	
	270
	1.00
	1.00
	270
	1.00
	1.00

	263
	1.00
	266.3
	1.00
	
	263
	1.00
	1.00
	266.3
	1.00
	0.99

	256
	0.99
	262.7
	0.99
	
	256
	0.99
	0.99
	262.7
	0.99
	0.96

	249
	0.98
	259
	0.98
	
	249
	0.98
	0.98
	259
	0.98
	0.92

	242
	0.96
	255.4
	0.97
	
	242
	0.97
	0.97
	255.4
	0.97
	0.88

	234.9
	0.94
	251.7
	0.95
	
	234.9
	0.97
	0.97
	251.7
	0.96
	0.82

	227.9
	0.91
	248.1
	0.94
	
	227.9
	0.96
	0.96
	248.1
	0.96
	0.77

	220.9
	0.88
	244.4
	0.92
	
	220.9
	0.94
	0.94
	244.4
	0.95
	0.72

	213.9
	0.83
	240.8
	0.91
	
	213.9
	0.91
	0.91
	240.8
	0.93
	0.68

	206.9
	0.79
	237.1
	0.88
	
	206.9
	0.87
	0.86
	237.1
	0.92
	0.64

	199.9
	0.74
	233.5
	0.86
	
	199.9
	0.81
	0.80
	233.5
	0.90
	0.60

	192.9
	0.70
	229.8
	0.83
	
	192.9
	0.74
	0.72
	229.8
	0.88
	0.58

	185.9
	0.67
	226.1
	0.80
	
	185.9
	0.66
	0.65
	226.1
	0.85
	0.57

	144.9
	0.71
	222.5
	0.77
	
	144.9
	0.23
	0.27
	222.5
	0.82
	0.57

	109.9
	0.75
	218.8
	0.73
	
	109.9
	0.14
	0.13
	218.8
	0.78
	0.57

	74.8
	0.69
	215.2
	0.71
	
	74.8
	0.19
	0.13
	215.2
	0.74
	0.57

	39.8
	0.71
	211.5
	0.69
	
	39.8
	0.09
	0.06
	211.5
	0.70
	0.57

	4.7
	0.88
	207.9
	0.68
	
	4.7
	0.31
	0.33
	207.9
	0.65
	0.58

	329.7
	0.96
	204.2
	0.68
	
	329.7
	0.69
	0.70
	204.2
	0.59
	0.58

	294.6
	0.98
	200.6
	0.69
	
	294.6
	0.95
	0.95
	200.6
	0.51
	0.58

	 
	 
	196.9
	0.71
	
	 
	 
	 
	196.9
	0.42
	0.58

	 
	 
	193.3
	0.74
	
	 
	 
	 
	193.3
	0.32
	0.58

	 
	 
	189.6
	0.77
	
	 
	 
	 
	189.6
	0.22
	0.60

	 
	 
	185.9
	0.79
	
	 
	 
	 
	185.9
	0.12
	0.63

	 
	 
	182.3
	0.82
	
	 
	 
	 
	182.3
	0.09
	0.65

	 
	 
	161.7
	0.97
	
	 
	 
	 
	161.7
	0.50
	0.71

	 
	 
	143.5
	0.96
	
	 
	 
	 
	143.5
	0.73
	0.69

	 
	 
	125.2
	0.94
	
	 
	 
	 
	125.2
	0.91
	0.53

	 
	 
	106.9
	0.92
	
	 
	 
	 
	106.9
	0.76
	0.35

	 
	 
	88.6
	0.93
	
	 
	 
	 
	88.6
	0.68
	0.68

	 
	 
	70.4
	0.94
	
	 
	 
	 
	70.4
	0.67
	0.68

	 
	 
	52.1
	0.89
	
	 
	 
	 
	52.1
	0.81
	0.73

	 
	 
	33.8
	0.79
	
	 
	 
	 
	33.8
	0.93
	0.75

	 
	 
	15.5
	0.74
	
	 
	 
	 
	15.5
	0.83
	0.79

	 
	 
	357.3
	0.83
	
	 
	 
	 
	357.3
	0.45
	0.72

	 
	 
	339
	0.89
	
	 
	 
	 
	339
	0.18
	0.44

	 
	 
	320.7
	0.96
	
	 
	 
	 
	320.7
	0.46
	0.13

	 
	 
	302.4
	0.97
	
	 
	 
	 
	302.4
	0.69
	0.23

	 
	 
	284.2
	0.97
	
	 
	 
	 
	284.2
	0.94
	0.80



Offline discussions with another CE vendor are ongoing for alignment purposes. 
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Figure 16. Reference PDP figure for strongest beam of CDL-A InO channel model for fc = 28 GHz

Table 14. Reference PDP data for strongest beam of CDL-A InO channel model for fc = 28 GHz.
	Delay [ns]
	Power [dB]

	
	nonPol
	H11
	H21
	H12
	H22

	0.0
	-93.9
	-93.8
	-104.2
	-104.4
	-94.2

	11.5
	0.0
	0.0
	-10.0
	-10.0
	0.0

	12.1
	-6.0
	-6.0
	-16.0
	-16.0
	-6.0

	13.8
	-59.8
	-59.9
	-69.9
	-69.9
	-59.9

	16.1
	-58.2
	-58.2
	-68.2
	-68.3
	-58.3

	17.3
	-72.1
	-72.1
	-82.1
	-82.1
	-72.2

	17.6
	-5.0
	-5.1
	-15.1
	-15.1
	-5.1

	20.1
	-63.7
	-63.7
	-73.7
	-73.7
	-63.7

	22.9
	-58.2
	-58.2
	-68.3
	-68.3
	-58.2

	46.1
	-94.1
	-94.2
	-104.1
	-103.9
	-93.5

	56.9
	-60.9
	-60.9
	-71.0
	-71.0
	-60.9

	65.2
	-76.9
	-76.9
	-86.8
	-86.9
	-76.9

	66.7
	-79.4
	-79.4
	-89.5
	-89.4
	-79.4

	74.8
	-94.6
	-94.5
	-104.1
	-105.0
	-93.2

	75.4
	-72.0
	-71.9
	-82.3
	-82.2
	-72.2

	91.8
	-72.9
	-73.0
	-83.1
	-82.7
	-73.1

	122.4
	-77.3
	-77.2
	-87.5
	-87.8
	-77.6

	133.7
	-94.9
	-94.8
	-105.4
	-105.4
	-96.1

	137.1
	-83.7
	-83.8
	-93.7
	-93.8
	-83.7

	143.9
	-90.0
	-90.0
	-99.9
	-100.0
	-90.0

	150.2
	-84.6
	-84.5
	-94.6
	-94.9
	-84.5

	159.1
	-80.8
	-80.8
	-90.8
	-90.8
	-80.8

	289.8
	-70.4
	-70.4
	-80.4
	-80.1
	-70.2
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Figure 17. Reference autocorrelation figure for strongest beam of CDL-A InO channel model for fc = 28 GHz

Table 15. Reference autocorrelation data for strongest beam of CDL-A InO channel model for fc = 28 GHz
	Distance [l]
	H11
	H21
	H12
	H22

	0.00
	1.00
	1.00
	1.00
	1.00

	0.16
	0.99
	0.99
	0.99
	0.99

	0.31
	0.98
	0.98
	0.98
	0.98

	0.47
	0.95
	0.95
	0.95
	0.95

	0.63
	0.91
	0.91
	0.91
	0.91

	0.78
	0.87
	0.86
	0.87
	0.87

	0.94
	0.81
	0.81
	0.81
	0.81

	1.09
	0.75
	0.75
	0.75
	0.75

	1.25
	0.69
	0.69
	0.69
	0.69

	1.41
	0.62
	0.62
	0.62
	0.62

	1.56
	0.56
	0.56
	0.56
	0.56

	1.72
	0.50
	0.50
	0.50
	0.50

	1.88
	0.44
	0.44
	0.44
	0.44

	2.03
	0.38
	0.38
	0.38
	0.38

	2.19
	0.33
	0.33
	0.33
	0.33

	2.34
	0.29
	0.29
	0.29
	0.29

	2.50
	0.26
	0.26
	0.26
	0.26

	2.66
	0.23
	0.23
	0.23
	0.23

	2.81
	0.21
	0.21
	0.21
	0.21

	2.97
	0.20
	0.20
	0.20
	0.20

	3.13
	0.19
	0.19
	0.19
	0.19

	3.28
	0.19
	0.18
	0.18
	0.18

	3.44
	0.18
	0.18
	0.18
	0.18

	3.59
	0.17
	0.17
	0.17
	0.17

	3.75
	0.16
	0.16
	0.16
	0.16

	3.91
	0.15
	0.15
	0.15
	0.15

	4.06
	0.13
	0.13
	0.13
	0.13

	4.22
	0.11
	0.11
	0.11
	0.11

	4.38
	0.09
	0.09
	0.09
	0.09

	4.53
	0.07
	0.07
	0.07
	0.07

	4.69
	0.05
	0.05
	0.05
	0.05

	4.84
	0.03
	0.03
	0.03
	0.03

	5.00
	0.03
	0.03
	0.03
	0.03
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Figure 18. Reference PDP figure for strongest beam of CDL-C UMi channel model for fc = 28 GHz

Table 16. Reference PDP data for strongest beam of CDL-C UMi channel model for fc = 28 GHz
	Delay [ns]
	Power [dB]

	
	nonPol
	H11
	H21
	H12
	H22

	0.0
	-19.0
	-25.0
	-32.0
	-20.3
	-13.3

	12.6
	-17.4
	-18.0
	-25.0
	-26.6
	-19.6

	13.1
	-17.6
	-29.5
	-36.6
	-17.9
	-10.9

	13.3
	-19.8
	-21.1
	-28.1
	-25.9
	-18.9

	14.0
	-22.8
	-24.9
	-31.9
	-27.1
	-20.3

	38.2
	0.0
	0.0
	-7.0
	-26.3
	-19.3

	38.7
	-2.6
	-2.6
	-9.6
	-27.8
	-20.8

	39.4
	-4.1
	-4.1
	-11.1
	-33.7
	-26.7

	39.5
	-37.4
	-38.9
	-45.8
	-42.8
	-35.7

	47.6
	-34.7
	-35.6
	-42.3
	-42.1
	-35.1

	49.3
	-34.5
	-34.5
	-41.4
	-62.2
	-55.1

	56.0
	-38.3
	-40.3
	-47.3
	-42.6
	-35.4

	73.7
	-24.8
	-29.2
	-36.2
	-26.7
	-19.6

	78.5
	-34.8
	-36.0
	-42.7
	-41.0
	-34.1

	130.2
	-38.0
	-38.2
	-45.2
	-50.3
	-43.3

	162.6
	-37.5
	-38.2
	-46.0
	-45.8
	-38.3

	255.5
	-39.5
	-40.5
	-47.4
	-46.3
	-39.3

	276.0
	-42.0
	-42.1
	-49.1
	-56.9
	-50.0

	329.4
	-44.5
	-46.7
	-53.6
	-48.6
	-41.6

	336.5
	-49.4
	-50.3
	-57.9
	-56.5
	-49.2

	378.4
	-48.1
	-50.4
	-57.4
	-52.1
	-45.1

	398.2
	-42.3
	-43.5
	-50.3
	-48.4
	-42.1

	422.6
	-51.5
	-51.6
	-58.6
	-71.4
	-64.4

	519.1
	-59.3
	-59.4
	-65.8
	-77.9
	-70.9
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Figure 19. Reference autocorrelation figure for strongest beam of CDL-C UMi channel model for fc = 28 GHz

Table 17. Reference autocorrelation data for strongest beam of CDL-C UMi channel model for fc = 28 GHz
	Distance [l]
	H11
	H21
	H12
	H22

	0.00
	1.00
	1.00
	1.00
	1.00

	0.16
	0.98
	0.98
	0.85
	0.85

	0.31
	0.94
	0.94
	0.51
	0.51

	0.47
	0.86
	0.86
	0.39
	0.39

	0.63
	0.78
	0.78
	0.52
	0.52

	0.78
	0.68
	0.68
	0.51
	0.51

	0.94
	0.58
	0.58
	0.41
	0.41

	1.09
	0.49
	0.49
	0.37
	0.37

	1.25
	0.40
	0.40
	0.35
	0.35

	1.41
	0.32
	0.32
	0.28
	0.28

	1.56
	0.26
	0.26
	0.20
	0.20

	1.72
	0.20
	0.20
	0.15
	0.14

	1.88
	0.17
	0.17
	0.07
	0.07

	2.03
	0.15
	0.15
	0.03
	0.03

	2.19
	0.13
	0.13
	0.09
	0.09

	2.34
	0.13
	0.13
	0.07
	0.07

	2.50
	0.13
	0.13
	0.04
	0.04

	2.66
	0.13
	0.13
	0.08
	0.08

	2.81
	0.13
	0.13
	0.08
	0.08

	2.97
	0.13
	0.13
	0.07
	0.07

	3.13
	0.12
	0.12
	0.12
	0.12

	3.28
	0.10
	0.10
	0.14
	0.15

	3.44
	0.08
	0.08
	0.12
	0.12

	3.59
	0.06
	0.06
	0.08
	0.09

	3.75
	0.04
	0.04
	0.07
	0.07

	3.91
	0.02
	0.02
	0.04
	0.04

	4.06
	0.01
	0.01
	0.05
	0.05

	4.22
	0.00
	0.00
	0.10
	0.11

	4.38
	0.01
	0.00
	0.12
	0.13

	4.53
	0.02
	0.01
	0.12
	0.13

	4.69
	0.03
	0.03
	0.11
	0.10

	4.84
	0.05
	0.05
	0.06
	0.05

	5.00
	0.07
	0.07
	0.01
	0.02






Conclusion
The following observations and proposals were made in this contribution.
Observation 1: Definition of BS antenna element polarization is currently missing in TR 38.827
Proposal 1: Apply Ò polarized antenna model with 45˚ slant angle for FR1 MIMO OTA and Ë polarized antenna model for FR2 MIMO OTA
Proposal 2: Use polarization model-2 of section 7.3.2 of TR 38.901 for implementing the +/-45˚ slant angle for FR1 antenna model and 0˚/90˚ slant angle for FR2 antenna model
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