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1. Introduction
In the last RAN#100-e meeting, it is agreed that companies are encouraged to propose the pass/fail limits for channel model validation [1].  This contribution is giving the validation results of FR1 CDL-C UMa channel model, also the consideration and proposal of pass/fail limits are provided. Based on the channel model validation framework mentioned in [2], validation results and pass/fail limits of CDL-C Uma 2.45GHz (n41) and 3.6GHz (n78) are presented as first priority in this paper. The results of spatial correlation, temporal correlation, PDP and polarization ratio (V/H) are provided for each case. Moreover, from the offline email discussion among CE vendors, the beam specific results are given for temporal correlation, PDP and polarization ratio, and the beam combine results are given for spatial correlation. It is noted that PDP and TC validation results in this paper are based on X2V polarization.
2. Details
2.1. PDP
The measured and reference X2V PDP results of CDL-C UMa 2.45GHz beam1 are illustrated in Fig. 1. The VNA setting bandwidth is set according to [3] to observe the PDP results, i.e. 200MHz with 5ns time resolution. Due to the limitation of delay resolution in testing system, the clusters with similar delay values cannot be distinguished clearly, e.g., #cluster 2-5, #cluster 6-9. Thus, compared with the reference results, the peaks of measured results does not match very well. According to the post-processing mothed applied in LTE MIMO OTA [4], we propose that the theoretical powers of clusters with similar delay values that cannot be distinguished clearly by 5ns should be integrated, e.g., #cluster 2-5 and #cluster 6-9. The relative PDP with integrated method for CDL-C UMa 2.45GHz and 3.6GHz beam1 and beam2 are shown in following tables, specially, the relative time is determined by the strongest cluster in #cluser2-5 and #cluster6-9.
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Fig.1 original measured PDP results of CDL C 2.45GHz Beam1 
Table 1 Relative Power of CDL-C UMa Beam1 2.45GHz
	Cluster#
	Time(ns)
	X2V Relative Power(dB)

	1
	0.0
	-34.3

	2
	81.0
	-19.5

	3
	232.4
	0

	4
	289.6
	-33.6

	5
	448.4
	-35.8

	6
	477.5
	-34.0



Table 2 Relative Power of CDL-C UMa Beam2 2.45GHz
	Cluster#
	Time(ns)
	X2V  Relative Power(dB)

	1
	0.0
	-27.9

	2
	81.0
	0

	3
	232.4
	-18.4

	4
	289.6
	-28.1

	5
	448.4
	-27.9

	6
	477.5
	-27.9



Table 3 Relative Power of CDL-C UMa Beam1 3.6GHz
	Cluster#
	Time(ns)
	X2V Relative Power(dB)

	1
	0.0
	-34.3

	2
	81.0
	-19.3

	3
	232.4
	0

	4
	289.6
	-34.7

	5
	448.4
	-35.9

	6
	477.5
	-34.8



Table 4 Relative Power of CDL-C UMa Beam2 3.6GHz
	Cluster#
	Time(ns)
	X2V Relative Power(dB)

	1
	0.0
	-27.8

	2
	81.0
	0

	3
	232.4
	-18.3

	4
	289.6
	-29.1

	5
	448.4
	-28.1

	6
	477.5
	-28.8


Observation 1: 5ns time resolution is not enough to resolve individual taps with similar delay values, i.e. #cluster2-5 and #cluster 6-9.
Proposal 1: #Cluster 2-5 and #Cluster 6-9 should be integrated when comparing the measurement results and reference ones, and adopt Table 1-4 as reference X2V PDP values for CDL-C UMa channel model.
After adopting the integrated clusters as the reference curve, the final measured and reference PDP results of CDL-C UMa 2.45GHz beam1 and beam2 are shown in Fig. 2 and Fig. 3. Similarly, the PDP results of CDL-C UMa 3.6GHz beam1 and beam2 are shown in Fig.4 and Fig.5. 
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Fig.2 CDL-C UMa 2.45GHz Beam1 PDP with integrated clusters
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Fig.3 CDL-C UMa 2.45GHz Beam2 PDP with integrated clusters 
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Fig.4 CDL-C UMa 3.6GHz Beam1 PDP with integrated clusters 

[image: ]
Fig.5 CDL-C UMa 3.6GHz Beam2 PDP with integrated clusters 

Proposal 2: Pass/Fail limits for CDL-C UMa PDP is cluster power ±0.85dB and excess delay ±11ns.

2.2. Temporal Correlation
The measured and reference temporal correlation results of CDL-C UMa 2.45GHz beam1 and beam2 are illustrated in Fig.6 and Fig.7. Although the measured results match very well with the reference at the high-correlation region, some deviations occurs at the low-correlation region. Similarly, the measured and reference temporal correlation results of CDL C UMa 3.6GHz beam1 and beam2 are illustrated in Fig.8 and Fig.9. 
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Fig.6 CDL-C UMa 2.45GHz Beam1 Temporal Correlation [image: ]
Fig.7 CDL-C UMa 2.45GHz Beam2 Temporal Correlation
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Fig.8 CDL-C UMa 3.6GHz Beam1 Temporal Correlation
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Fig.9 CDL-C UMa 3.6GHz Beam2 Temporal Correlation



Proposal 3: Pass/Fail limits for CDL-C UMa Temporal Correlation:
0.25λ, [+/- 0.05, capped at 1]
0.5λ, [ +/- 0.05]
1 λ, [ +/- 0.075]
1.5λ, [ +/- 0.1]
2λ, [ +/- 0.1]
2.5λ and greater, [ +/- 0.2]

2.3. Spatial Correlation
The beam combine results of circular spatial correlation are provided for CDL C UMa 2.45GHz and 3.6GHz, which are illustrated in Fig.10 and Fig.11. Similar with temporal correlation, the deviations between measured and theoretical results become large when the spatial correlation get higher. Considering that the low-correlation region has little impact on the device under test. Moreover, the aligned spatial correlation values are the average results of three companies. Thus, we think it seems more appropriate to set different thresholds for different regions. More intuitively, a strict threshold should be set for high-correlation region, and a loose threshold should be set for low-correlation region. Proposed pass/fail limits of 2.45GHz and 3.6GHz are presented in Table5 and Table6.
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Fig.10 CDL-C UMa 2.45GHz beamCombine Spatial Correlation

[image: ]
Fig.11 CDL-C UMa 3.6GHz beamCombine Spatial Correlation

Table 5 Pass/fail limits for 2.45GHz CDL-C UMa beamCombine spatial correlation

	Angle[°]
	Reference ρ combine
	Lower Limit
	Upper Limit

	270.0
	1.00
	0.99
	1.00

	263.0
	0.99
	0.965
	1.00

	256.0
	0.95
	0.925
	0.975

	249.0
	0.91
	0.885
	0.935

	242.0
	0.87
	0.82
	0.92

	234.9
	0.85
	0.80
	0.90

	227.9
	0.83
	0.78
	0.88

	220.9
	0.82
	0.77
	0.87

	213.9
	0.82
	0.77
	0.87

	206.9
	0.80
	0.75
	0.85

	199.9
	0.77
	0.72
	0.82

	192.9
	0.73
	0.68
	0.78

	185.9
	0.66
	0.61
	0.71

	144.9
	0.26
	0.16
	0.36

	109.9
	0.23
	0.13
	0.33

	74.8
	0.19
	0.09
	0.29

	39.8
	0.13
	0.03
	0.23

	4.7
	0.15
	0.05
	0.25

	329.7
	0.38
	0.28
	0.48

	294.6
	0.74
	0.69
	0.79



 


Table 6 Pass/fail limits for 3.6GHz CDL-C UMa beamCombine spatial correlation

	Angle[°]
	Reference ρ combine
	Lower Limit
	Upper Limit

	270.0
	1.00
	0.99
	1

	265.2
	0.98
	0.955
	1

	260.5
	0.95
	0.925
	0.975

	255.7
	0.90
	0.875
	0.925

	250.9
	0.84
	0.79
	0.89

	246.1
	0.80
	0.75
	0.85

	241.4
	0.77
	0.72
	0.82

	236.6
	0.75
	0.70
	0.80

	231.8
	0.73
	0.68
	0.78

	227.1
	0.72
	0.67
	0.77

	222.3
	0.71
	0.66
	0.76

	217.5
	0.70
	0.65
	0.75

	212.7
	0.69
	0.64
	0.74

	208.0
	0.67
	0.62
	0.72

	203.2
	0.64
	0.59
	0.69

	198.4
	0.61
	0.56
	0.66

	193.7
	0.56
	0.51
	0.61

	188.9
	0.49
	0.39
	0.59

	184.1
	0.41
	0.31
	0.51

	156.1
	0.42
	0.32
	0.52

	132.3
	0.19
	0.09
	0.29

	108.4
	0.64
	0.59
	0.69

	84.6
	0.47
	0.37
	0.57

	60.7
	0.44
	0.34
	0.54

	36.9
	0.28
	0.18
	0.38

	13.0
	0.16
	0.06
	0.26

	349.1
	0.16
	0.06
	0.26

	325.3
	0.41
	0.31
	0.51

	301.4
	0.40
	0.30
	0.50

	277.6
	0.95
	0.925
	0.975



Proposal 4: Adopt Table5 and Table6 as the pass/fail limits for CDL-C UMa 2.45GHz and 3.6GHz, respectively.
2.4. V/H ratio
The measured and reference V/H ratio is as follows:
	Freq
	Beam
	Reference
	Measured

	UMa C, fc ≤ 2.5 GHz
	Beam 1
	Input 1:  V/H = -0.5 dB
Input 2:  V/H = 0.6 dB
	Input 1:  V/H = -0.96 dB
Input 2:  V/H = 0.94 dB

	
	Beam 2
	Input 1:  V/H = -0.6 dB
Input 2:  V/H = 0.7 dB
	Input 1:  V/H = -0.11 dB
Input 2:  V/H = 0.71 dB

	UMa C, fc > 2.5 GHz
	Beam 1
	Input 1:  V/H = -0.6 dB
Input 2:  V/H = 0.7 dB
	Input 1:  V/H = -0.51 dB
Input 2:  V/H = 1.19 dB

	
	Beam 2
	Input 1:  V/H = -0.7 dB
Input 2:  V/H = 0.8 dB
	Input 1:  V/H = -0.41 dB
Input 2:  V/H = 0.47 dB


Proposal 5: V/H ratio pass/fail limits: 
Pass/ fail limits for V/H ratio: +/- 0.9 dB
3	Conclusions
In this contribution, validation results and pass/fail limits for CDL-C UMa are proposed. are proposed.
Observation 1: 5ns time resolution is not enough to resolve individual taps with similar delay values, i.e. #cluster2-5 and #cluster 6-9.
Proposal 1: #Cluster 2-5 and #Cluster 6-9 should be integrated when comparing the measurement results and theoretical ones, and adopt Table 1-4 as reference X2V PDP values for CDL-C UMa channel model.
Proposal 2: Pass/Fail limits for CDL-C UMa PDP is cluster power ±0.85dB and excess delay ±11ns.
Proposal 3: Pass/Fail limits for CDL-C UMa Temporal Correlation:
0.25λ, [+/- 0.05, capped at 1]
0.5λ, [ +/- 0.05]
1 λ, [ +/- 0.075]
1.5λ, [ +/- 0.1]
2λ, [ +/- 0.1]
2.5λ and greater, [ +/- 0.2]

Proposal 4: Adopt Table5 and Table6 as the pass/fail limits for CDL-C UMa 2.45GHz and 3.6GHz, respectively.
Proposal 5: Pass/ fail limits for V/H ratio: +/- 0.9 dB
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