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1	Introduction
The FR1 MIMO OTA lab alignment activity has started, and channel mode validation is an important step [1,2]. 
CAICT has shared some initial FR1 channel model validation results in 2019 and 2020 [3,4]. In this paper, we present some new FR1 channel model validation results based on the latest adopted FR1 CDL-C UMa channel model. Specifically, measurement results of Temporal correlation and Spatial correlation are shown. Other channel model validation measurement results will be shared later. 
2	Discussion
2.1	General 
[bookmark: OLE_LINK2]Based on the parameters in TS 38.151 V0.5.0, we did some FR1 channel model validation measurements in a 16-probe MIMO OTA chamber. The key equipment utilized in the test system are shown as below:
· ETS-Lindgren 16-probe MIMO OTA chamber
· Spirent Vertex channel emulator
The detailed configuration is aligned with TS 38.151 V0.5.0. General parameters of the measurements are listed in Table 1. 
Table 1. General parameters
	Channel model
	CDL-C UMa

	NR FR1 band (Test frequency)
	n41 (2450MHz), n78 (3600MHz)

	Measurement
	Doppler/Temporal correlation
Spatial correlation

	Beam
	Beam 1, Beam 2, Combined beams

	Polarization
	X2V, H11, H12


[bookmark: OLE_LINK3]The reference curves in the following figures are adopted from [5,6].
2.2  FR1 channel model validation results
[bookmark: OLE_LINK18]2.2.1	Doppler/Temporal correlation
Measurement results:
[image: ][image: ]
(a) Beam 1, H11                                  (b) Beam 2, H11

[image: ][image: ]
(c) Beam 1, H12                                 (d) Beam 2, H12


[image: ] [image: ]
[bookmark: OLE_LINK11](e) Beam 1, X2V                                  (f) Beam 2, X2V
[bookmark: OLE_LINK12][bookmark: OLE_LINK1][bookmark: _Hlk85035284]Figure 1. Temporal correlation measurement results and simulated reference for CDL-C UMa, fc ≤ 2.5 GHz.

[bookmark: OLE_LINK9]Table 2(a). Temporal correlation verification results for CDL-C UMa with Beam 1 and ≤ 2.5 GHz
	CDL-C UMa, Beam 1, X2V, 2450 MHz

	lambdas
	Reference TCF
	Measured TCF
	delta 

	0
	1
	1
	0

	0.1
	0.986
	0.9858
	0.0002

	0.2
	0.945
	0.9447
	0.0003

	0.3
	0.882
	0.8808
	0.0012

	0.4
	0.801
	0.7997
	0.0013

	0.5
	0.709
	0.7083
	0.0007

	0.6
	0.613
	0.6131
	-0.0001

	0.7
	0.518
	0.52
	-0.002

	0.8
	0.43
	0.4339
	-0.0039

	0.9
	0.353
	0.3581
	-0.0051

	1
	0.289
	0.2947
	-0.0057

	1.1
	0.24
	0.2446
	-0.0046

	1.2
	0.204
	0.2074
	-0.0034

	1.3
	0.181
	0.1817
	-0.0007

	1.4
	0.167
	0.1654
	0.0016

	1.5
	0.159
	0.1557
	0.0033

	1.6
	0.155
	0.1501
	0.0049

	1.7
	0.153
	0.1459
	0.0071

	1.8
	0.15
	0.1413
	0.0087

	1.9
	0.144
	0.1347
	0.0093

	2
	0.135
	0.1256
	0.0094

	2.1
	0.121
	0.1138
	0.0072

	2.2
	0.105
	0.0998
	0.0052

	2.3
	0.085
	0.0844
	0.0006

	2.4
	0.065
	0.0689
	-0.0039

	2.5
	0.048
	0.0545
	-0.0065

	2.6
	0.039
	0.0429
	-0.0039

	2.7
	0.038
	0.0349
	0.0031

	2.8
	0.042
	0.0306
	0.0114

	2.9
	0.043
	0.0297
	0.0133

	3
	0.041
	0.0327
	0.0083

	3.1
	0.037
	0.0403
	-0.0033

	3.2
	0.036
	0.0515
	-0.0155

	3.3
	0.044
	0.0642
	-0.0202

	3.4
	0.056
	0.0758
	-0.0198

	3.5
	0.068
	0.084
	-0.016

	3.6
	0.075
	0.087
	-0.012

	3.7
	0.076
	0.0837
	-0.0077

	3.8
	0.068
	0.0734
	-0.0054

	3.9
	0.051
	0.0567
	-0.0057

	4
	0.027
	0.0352
	-0.0082

	4.1
	0.007
	0.0167
	-0.0097

	4.2
	0.036
	0.029
	0.007

	4.3
	0.067
	0.0537
	0.0133

	4.4
	0.093
	0.076
	0.017

	4.5
	0.111
	0.0926
	0.0184

	4.6
	0.119
	0.1019
	0.0171

	4.7
	0.116
	0.1039
	0.0121

	4.8
	0.101
	0.0996
	0.0014

	4.9
	0.078
	0.0909
	-0.0129

	5
	0.051
	0.0809
	-0.0299



Table 2(b). Temporal correlation verification results for CDL-C UMa with Beam 2 and ≤ 2.5 GHz
	CDL-C UMa, Beam 2, X2V, 2450 MHz

	lambdas
	Reference TCF
	Measured TCF
	delta 

	0
	1
	1
	0

	0.1
	0.974
	0.9763
	-0.0023

	0.2
	0.907
	0.9165
	-0.0095

	0.3
	0.832
	0.8464
	-0.0144

	0.4
	0.776
	0.7892
	-0.0132

	0.5
	0.738
	0.7461
	-0.0081

	0.6
	0.695
	0.6982
	-0.0032

	0.7
	0.623
	0.6283
	-0.0053

	0.8
	0.525
	0.5373
	-0.0123

	0.9
	0.426
	0.4457
	-0.0197

	1
	0.36
	0.38
	-0.02

	1.1
	0.335
	0.3476
	-0.0126

	1.2
	0.32
	0.3272
	-0.0072

	1.3
	0.287
	0.2956
	-0.0086

	1.4
	0.233
	0.2478
	-0.0148

	1.5
	0.176
	0.1958
	-0.0198

	1.6
	0.141
	0.159
	-0.018

	1.7
	0.135
	0.1465
	-0.0115

	1.8
	0.137
	0.1459
	-0.0089

	1.9
	0.132
	0.1422
	-0.0102

	2
	0.117
	0.1296
	-0.0126

	2.1
	0.097
	0.1091
	-0.0121

	2.2
	0.076
	0.086
	-0.01

	2.3
	0.062
	0.0721
	-0.0101

	2.4
	0.071
	0.0775
	-0.0065

	2.5
	0.09
	0.091
	-0.001

	2.6
	0.099
	0.095
	0.004

	2.7
	0.088
	0.0819
	0.0061

	2.8
	0.058
	0.057
	0.001

	2.9
	0.037
	0.0481
	-0.0111

	3
	0.067
	0.074
	-0.007

	3.1
	0.103
	0.102
	0.001

	3.2
	0.12
	0.1141
	0.0059

	3.3
	0.115
	0.1079
	0.0071

	3.4
	0.097
	0.0908
	0.0062

	3.5
	0.082
	0.0764
	0.0056

	3.6
	0.083
	0.0737
	0.0093

	3.7
	0.09
	0.075
	0.015

	3.8
	0.089
	0.07
	0.019

	3.9
	0.079
	0.0582
	0.0208

	4
	0.068
	0.0482
	0.0198

	4.1
	0.063
	0.0482
	0.0148

	4.2
	0.062
	0.0522
	0.0098

	4.3
	0.057
	0.0527
	0.0043

	4.4
	0.052
	0.0512
	0.0008

	4.5
	0.055
	0.0545
	0.0005

	4.6
	0.063
	0.0632
	-0.0002

	4.7
	0.066
	0.0699
	-0.0039

	4.8
	0.058
	0.0684
	-0.0104

	4.9
	0.047
	0.0574
	-0.0104

	5
	0.048
	0.0393
	0.0087




[image: ][image: ]
(a) Beam 1, H11                                  (b) Beam 2, H11

[image: ] [image: ]
(c) Beam 1, X2V                                  (d) Beam 2, X2V
[bookmark: _Hlk85036268]Figure 2. Temporal correlation measurement results and simulated reference for CDL-C UMa, fc > 2.5 GHz.

Table 3(a). Temporal correlation verification results for CDL-C UMa with Beam 1 and > 2.5 GHz
	CDL-C UMa, Beam 1, X2V, 3600 MHz

	lambdas
	Reference TCF
	Measured TCF
	delta 

	0
	1
	1
	0

	0.1
	0.985
	0.9833
	0.0017

	0.2
	0.942
	0.9355
	0.0065

	0.3
	0.874
	0.8612
	0.0128

	0.4
	0.787
	0.7675
	0.0195

	0.5
	0.689
	0.6622
	0.0268

	0.6
	0.586
	0.5535
	0.0325

	0.7
	0.486
	0.4482
	0.0378

	0.8
	0.394
	0.3519
	0.0421

	0.9
	0.315
	0.2686
	0.0464

	1
	0.252
	0.2008
	0.0512

	1.1
	0.206
	0.1497
	0.0563

	1.2
	0.174
	0.115
	0.059

	1.3
	0.154
	0.0957
	0.0583

	1.4
	0.143
	0.0895
	0.0535

	1.5
	0.137
	0.0926
	0.0444

	1.6
	0.135
	0.1002
	0.0348

	1.7
	0.134
	0.1077
	0.0263

	1.8
	0.134
	0.1116
	0.0224

	1.9
	0.13
	0.1096
	0.0204

	2
	0.122
	0.1008
	0.0212

	2.1
	0.109
	0.0853
	0.0237

	2.2
	0.09
	0.0644
	0.0256

	2.3
	0.069
	0.0406
	0.0284

	2.4
	0.047
	0.0211
	0.0259

	2.5
	0.031
	0.0277
	0.0033

	2.6
	0.033
	0.0483
	-0.0153

	2.7
	0.046
	0.0664
	-0.0204

	2.8
	0.057
	0.078
	-0.021

	2.9
	0.062
	0.0816
	-0.0196

	3
	0.06
	0.0773
	-0.0173

	3.1
	0.05
	0.0664
	-0.0164

	3.2
	0.036
	0.0519
	-0.0159

	3.3
	0.019
	0.0384
	-0.0194

	3.4
	0.01
	0.0315
	-0.0215

	3.5
	0.019
	0.0328
	-0.0138

	3.6
	0.029
	0.0365
	-0.0075

	3.7
	0.034
	0.0393
	-0.0053

	3.8
	0.036
	0.044
	-0.008

	3.9
	0.044
	0.0573
	-0.0133

	4
	0.062
	0.0817
	-0.0197

	4.1
	0.09
	0.114
	-0.024

	4.2
	0.123
	0.1498
	-0.0268

	4.3
	0.155
	0.1846
	-0.0296

	4.4
	0.182
	0.2142
	-0.0322

	4.5
	0.2
	0.2353
	-0.0353

	4.6
	0.207
	0.2455
	-0.0385

	4.7
	0.2
	0.244
	-0.044

	4.8
	0.18
	0.2311
	-0.0511

	4.9
	0.149
	0.2082
	-0.0592

	5
	0.11
	0.1775
	-0.0675



Table 3(b). Temporal correlation verification results for CDL-C UMa with Beam 2 and > 2.5 GHz
	CDL-C UMa, Beam 2, X2V, 3600 MHz

	lambdas
	Reference TCF
	Measured TCF
	delta 

	[bookmark: _Hlk86845196]0
	1
	1
	0

	0.1
	0.973
	0.9745
	-0.0015

	0.2
	0.904
	0.9096
	-0.0056

	0.3
	0.825
	0.8308
	-0.0058

	0.4
	0.765
	0.7617
	0.0033

	0.5
	0.723
	0.7056
	0.0174

	0.6
	0.675
	0.6462
	0.0288

	0.7
	0.599
	0.5681
	0.0309

	0.8
	0.496
	0.473
	0.023

	0.9
	0.391
	0.3813
	0.0097

	1
	0.319
	0.3178
	0.0012

	1.1
	0.29
	0.2858
	0.0042

	1.2
	0.273
	0.2617
	0.0113

	1.3
	0.239
	0.225
	0.014

	1.4
	0.185
	0.1749
	0.0101

	1.5
	0.129
	0.1257
	0.0033

	1.6
	0.096
	0.0942
	0.0018

	1.7
	0.092
	0.0823
	0.0097

	1.8
	0.095
	0.0785
	0.0165

	1.9
	0.093
	0.0797
	0.0133

	2
	0.089
	0.0869
	0.0021

	2.1
	0.086
	0.0925
	-0.0065

	2.2
	0.076
	0.089
	-0.013

	2.3
	0.064
	0.08
	-0.016

	2.4
	0.067
	0.0793
	-0.0123

	2.5
	0.088
	0.0907
	-0.0027

	2.6
	0.103
	0.099
	0.004

	2.7
	0.099
	0.0911
	0.0079

	2.8
	0.073
	0.0653
	0.0077

	2.9
	0.038
	0.0358
	0.0022

	3
	0.045
	0.0446
	0.0004

	3.1
	0.08
	0.0725
	0.0075

	3.2
	0.1
	0.0873
	0.0127

	3.3
	0.099
	0.0841
	0.0149

	3.4
	0.081
	0.0686
	0.0124

	3.5
	0.061
	0.052
	0.009

	3.6
	0.053
	0.0445
	0.0085

	3.7
	0.06
	0.0459
	0.0141

	3.8
	0.073
	0.0546
	0.0184

	3.9
	0.091
	0.073
	0.018

	4
	0.111
	0.0965
	0.0145

	4.1
	0.127
	0.116
	0.011

	4.2
	0.133
	0.1257
	0.0073

	4.3
	0.129
	0.1266
	0.0024

	4.4
	0.126
	0.1254
	0.0006

	4.5
	0.131
	0.1277
	0.0033

	4.6
	0.139
	0.1306
	0.0084

	4.7
	0.138
	0.1264
	0.0116

	4.8
	0.117
	0.1103
	0.0067

	4.9
	0.079
	0.0832
	-0.0042

	5
	0.034
	0.0518
	-0.0178



Observation 1: The measured temporal correlation of FR1 CDL-C UMa channel model matches well with the simulated reference values. 
 
2.2.2 Spatial correlation
Measurement results:
[image: ] [image: ]
(a) Beam 1                                   (b) Beam 2

[image: ]
(c) Combined beams
Figure 3. Spatial correlation measurement results and simulated reference for CDL-C UMa, fc ≤ 2.5 GHz.

[bookmark: OLE_LINK15]Table 4. Spatial correlation verification results for CDL-C UMa with Combined beams and ≤ 2.5 GHz
	CDL-C UMa, Combined beams, 2450 MHz

	Azimuth [o]
	[bookmark: OLE_LINK16]Reference SCF
	Measured SCF
	delta

	270
	1
	1
	0

	263
	0.99
	0.983
	0.007

	256
	0.95
	0.9545
	-0.0045

	249
	0.91
	0.9225
	-0.0125

	242
	0.87
	0.8688
	0.0012

	234.9
	0.85
	0.8399
	0.0101

	227.9
	0.83
	0.8297
	0.0003

	220.9
	0.82
	0.8261
	-0.0061

	213.9
	0.82
	0.8116
	0.0084

	206.9
	0.8
	0.7994
	0.0006

	199.9
	0.77
	0.7711
	-0.0011

	192.9
	0.73
	0.7227
	0.0073

	185.9
	0.66
	0.6449
	0.0151

	144.9
	0.26
	0.2689
	-0.0089

	109.9
	0.23
	0.2459
	-0.0159

	74.8
	0.19
	0.1798
	0.0102

	39.8
	0.13
	0.11
	0.02

	4.7
	0.15
	0.1585
	-0.0085

	329.7
	0.38
	0.3513
	0.0287

	294.6
	0.74
	0.7559
	-0.0159




[image: ]
Figure 4. Spatial correlation measurement results and simulated reference for CDL-C UMa, fc > 2.5 GHz.

Table 5. Spatial correlation verification results for CDL-C UMa with Combined beams and > 2.5 GHz
	CDL-C UMa, Combined beams, 3600 MHz

	Azimuth [o]
	Reference SCF
	Measured result
	delta

	270
	1
	1
	0

	265.2
	0.98
	0.99
	-0.01

	260.5
	0.95
	0.9633
	-0.0133

	255.7
	0.9
	0.8989
	0.0011

	250.9
	0.84
	0.8607
	-0.0207

	246.1
	0.8
	0.7943
	0.0057

	241.4
	0.77
	0.7778
	-0.0078

	236.6
	0.75
	0.7457
	0.0043

	231.8
	0.73
	0.7362
	-0.0062

	227.1
	0.72
	0.7185
	0.0015

	222.3
	0.71
	0.7018
	0.0082

	217.5
	0.7
	0.7078
	-0.0078

	212.7
	0.69
	0.693
	-0.003

	208
	0.67
	0.6759
	-0.0059

	203.2
	0.64
	0.6524
	-0.0124

	198.4
	0.61
	0.6168
	-0.0068

	193.7
	0.56
	0.5655
	-0.0055

	188.9
	0.49
	0.4875
	0.0025

	184.1
	0.41
	0.4055
	0.0045

	156.1
	0.42
	0.3893
	0.0307

	132.3
	0.19
	0.2919
	-0.1019

	108.4
	0.64
	0.6766
	-0.0366

	84.6
	0.47
	0.5184
	-0.0484

	60.7
	0.44
	0.4908
	-0.0508

	36.9
	0.28
	0.3259
	-0.0459

	13
	0.16
	0.2143
	-0.0543

	349.1
	0.16
	0.1409
	0.0191

	325.3
	0.41
	0.4387
	-0.0287

	301.4
	0.4
	0.4464
	-0.0464

	277.6
	0.95
	0.9562
	-0.0062



Observation 2: The measured spatial correlation of FR1 CDL-C UMa channel model matches well with the simulated reference values. 

3	Conclusion
Observation 1: The measured temporal correlation of FR1 CDL-C UMa channel model matches well with the simulated reference values. 
Observation 2: The measured spatial correlation of FR1 CDL-C UMa channel model matches well with the simulated reference values. 
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