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validation examples for prediction methods in
recommendation itu-r p.530
The example values presented in the following tables can be used to verify the correct software implementation of the prediction methods of Recommendation ITU-R P.530 concerning the statistics of:

•
fading due to multipath;

•
rain attenuation;

•
XPD outage due to clear sky;

•
XPD outage due precipitation attenuation;

•
distortion due to selective fading;

•
space diversity outage;

•
total outage.

For each case shown, the intermediate and final results listed should be obtained if the given input values are used.

It should be noted that the examples do not represent any particular measurement programme, system, terrestrial microwave link, or frequency allocation, but are provided to demonstrate the range of computational capability of the prediction method.

It should be also noted that the intermediate and final values are shown with more precision than required for the appropriate implementation of the prediction method to assist users in tracing possible problems with the implementation.

Table 1

Validation examples of the fading due to multipath model – all percentages of time (§ 2.3.1 and § 2.3.2 of Recommendation ITU-R P.530 using Recommendations ITU-R P.453 for the point refractivity gradient)

	
	Input values
	Intermediate values
	Final results

	No
	Latitude
(°N)
	Longitude (°E)
	Path length d (km)
	Antenna height he (m)
	Antenna height hr (m)
	Frequency f (GHz)
	dN1 (N‑unit/km)
	Geoclimatic factor K
	Multipath occurrence factor p0 (%)
	Transition fade depth At (dB)
	pW for A = 2 dB (%)
	pW for A = 5 dB (%)
	pW for A = 10 dB (%)
	pW for A = 30 dB (%)

	1
	39.55
	116.25
	80
	100
	55
	2
	–333.54
	5.85E-4
	179.87
	27.71
	27.193
	12.035
	5.844
	0.180

	2
	38
	23.4
	60
	45
	30
	6
	–594.75
	0.00335
	814.57
	28.49
	36.054
	23.246
	16.986
	0.815

	3
	29.46
	264.78
	45
	500
	610
	8
	–324.14
	5.50E-4
	6.59
	25.983
	14.000
	2.628
	0.519
	0.007


Table 2

Validation examples of the long-term rain attenuation model (§ 2.4.1 of Recommendation ITU-R P.530
using Recommendations ITU-R P.837 for rain rate and ITU-R P.838 for specific attenuation)

	Input values
	Intermediate values
	Final results

	No
	Latitude
(°N)
	Longitude
(°E)
	Frequency f (GHz)
	Path length d (km)
	Pol
	Polarization tilt angle τ (°)
	R001 (mm/h)
	γr (dB/km)
	d0 (km)
	r
	deff (km)
	A0.001 (dB)
	A0.01 (dB)
	A0.1 (dB)
	A1 
(dB)

	1
	–22.5
	317
	13
	20
	L
	90
	59.67
	2.82
	14.3
	0.42
	8.34
	33.9
	23.4
	8.5
	1.6

	2
	1.17
	103.51
	18
	10
	L
	0
	112.67
	11.74
	7.8
	0.44
	4.39
	74.2
	51.4
	18.7
	3.6

	3
	48.52
	2.2
	30
	8
	L
	90
	25.23
	4.36
	24.0
	0.75
	6.0
	56.0
	26.1
	10.0
	3.1


Table 3

Validation examples of XPD outage due to clear-air effects (§ 4.1 of Recommendation ITU-R P.530)

	
	Input values
	Intermediate values
	Final results

	No
	Multipath occurrence factor p0 (%)
	P0 = p0/100
	XPDg (dB)
	Vertical antenna separation st (m)
	Wavelength λ (m)
	C0/I (dB)
	XPIF (dB)
	XPD0 (dB)
	Multipath activity η
	kXP
	Q
	C
	XPD margin MXPD (dB)
	Outage probability PXP 

	1
	179.87
	1.7987
	40
	0
	0.15
	15
	0
	40
	0.267
	0.700
	9.833
	49.833
	34.833
	5.911E-4

	2
	814.57
	8.1457
	30
	1
	0.05
	20
	0
	35
	0.619
	0.7004
	12.740
	47.740
	27.740
	1.371E-2

	3
	6.59
	0.0659
	42
	2
	0.0375
	25
	20
	40
	0.026
	0.7033
	5.622
	45.622
	40.622
	5.71E-6


Table 4

Validation examples for predicting XPD outage due to precipitation effects (§ 4.2.2 of Recommendation ITU-R P.530)

	Input values
	Intermediate values
	Final results

	No
	Latitude 
(°N)
	Longitude 
(°E)
	Frequency f (GHz)
	Path length d (km)
	Pol τ (°)
	C0/I (dB)
	U0
	XPIF (dB)
	A0.01 (dB)
	U
	V
	Ap (dB)
	m
	n
	Outage probability PXPR

	1
	–22.5
	317
	13
	20
	90
	15
	15
	12
	23.4
	48.42
	20.84
	151.21
	40.27
	–6.10
	7.96E-09

	2
	1.17
	103.51
	18
	10
	0
	20
	15
	0
	51.4
	52.66
	22.17
	29.73
	15.89
	–1.36
	4.38E-04

	3
	48.52
	2.2
	30
	8
	90
	25
	15
	0
	26.1
	59.31
	22.6
	32.98
	23.70
	–2.23
	5.82E-05


Table 5

Validation examples of the distortion due to selective fading model (§ 5.1 of Recommendation ITU-R P.530 using Recommendations ITU-R F.1093 for the signature parameters)

	
	Input values
	Intermediate
	Final results

	No
	Latitude
(°N)
	Longitude
(°E)
	Path length d (km)
	Frequency f (GHz)
	Multipath activity η
	Baud period T (ns)
	Modulation
	Normalized system parameter Kn,M
	Normalized system parameter Kn,NM
	Mean delay τm (ns)
	Selective outage probability Ps

	1
	39.55
	116.25
	80
	2
	0.267
	105
	8-PSK
	7.0
	7.0
	1.290
	1.212E-3

	2
	38
	23.4
	60
	6
	0.619
	77
	16-QAM
	5.5
	5.5
	0.887
	1.943E-3

	3
	29.46
	264.78
	45
	8
	0.026
	35.5
	64-QAM
	15.4
	15.4
	0.610
	5.03E-4


Table 6

Validation examples of the non-selective space diversity improvement model (§ 6.2.4 of Recommendation ITU-R P.530)

	
	Input values
	Final results

	No
	Path length d 
(km)
	Frequency f 
(GHz)
	Multipath occurrence factor p0 (%)
	Antenna vertical separation S (m)
	Absolute difference in antenna gains V (dB)
	Fade depth A (dB)
	Diversity improvement Ins

	1
	80
	2
	179.87
	15
	4
	30
	5.680

	2
	60
	6
	814.57
	10
	1
	30
	1.272

	3
	45
	8
	6.59
	5
	6
	30
	26.30


Table 7

Validation examples of the space diversity outage probability model (§ 6.2.5.1 of Recommendation ITU-R P.530)

	
	Input values
	Intermediate values
	Final results

	No
	Non-selective outage probability Pns = pw/100 (A = 30 dB)
	Selective outage probability Ps
	Diversity improvement Ins
	Multipath activity η
	Non-selective correlation coef. kns
	Correlation coefficient rw
	Selective correlation coef. ks
	Non-selective diversity outage probability Pdns
	Selective diversity outage probability Pds
	Total diversity outage probability Pd

	1
	0.0018
	0.0012123
	5.680
	0.267
	0.98067
	0.97628
	0.97061
	3.1690E-4
	9.982E-05
	5.060E-04

	2
	0.0082
	0.0019436
	1.272
	0.619
	0.99154
	0.98985
	0.98110
	6.447E-3
	1.710E-04
	7.018E-03

	3
	0.00066
	5.03E-4
	26.30
	0.026
	0.57019
	0.58107
	0.91108
	2.5060E-5
	5.791E-05
	1.024E-04


Table 8

Prediction of total outage due to clear-air effects (§ 7 of Recommendation ITU-R P.530)

	
	Input values
	Final results

	No
	Non-selective outage probability Pns = pw/100 (A = 30 dB)
	Selective outage probability Ps
	XPD outage probability PXP 
	Diversity outage probability Pd
	Total outage probability without diversity Pt
	Total outage probability with diversity Pt

	1
	0.0018
	1.212E-3
	5.911E-4
	5.060E-04
	3.603E-03
	1.097E-03

	2
	0.0082
	1.944E-3
	1.371E-2
	7.018E-03
	2.385E-02
	2.072E-02

	3
	0.00066
	5.03E-4
	5.71E-6
	1.024E-04
	1.168E-03
	1.081E-04


NOTE 1 ( In Table 1, the point refractivity gradient in the lowest 65 m of the atmosphere not exceeded for 1% of an average year, dN1, is calculated using Recommendation ITU-R P.453. For the calculation of the geoclimatic factor K and the percentage of time p0 that the fade depth A = 0 dB is exceeded, the corresponding quick calculation equations (5) and (8) – which is the same as equation. (11) – are employed, respectively.

NOTE 2 ( In Table 2, the ( and k parameters of the specific rain attenuation are computed using the sum-formula recommended in Recommendation ITU-R P.838, while for rain rate statistics the maps in Recommendation ITU-R P.837 are used.

NOTE 3 – The example in the first row of Table 4 (where an XPIC device is used) yields a value for n less than –3. In this case, the outage BER < 
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NOTE 4 ( In Table 5, equation (68), which is a more compact version of equation. (67) is used. The normalized system parameter for each modulation is obtained from Recommendation ITU-R F.1093.

NOTE 5 – The total outage probability due to rain is calculated from taking the larger between Prain and PXPR.

______________
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