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[bookmark: irecnoe]RECOMMENDATION  ITU-R  P.1409-2
Propagation data and prediction methods for systems using high altitude platform stations and other elevated stations in the stratosphere
at frequencies greater than about 0.7 GHz
(1999-2012-2021)
Scope
This Recommendation provides information on the propagation prediction methods appropriate in the consideration of radiocommunication systems or networks involving the use of high-altitude platform stations, or other stations in the stratosphere. The propagation methods are provided separately for two different goals: prediction methods for interference assessment between systems or networks involving the use of high-altitude platform stations and other radiocommunication systems or networks, and prediction methods for the design of radiocommunication systems or networks involving the use of high-altitude platform stations.
Keywords
Basic transmission loss, high-altitude platform stations, interference
The ITU Radiocommunication Assembly,
considering
a)	that the Radio Regulations include provisions designating the use of systems employing high-altitude platform stations in the fixed service at up to 48.2 GHz and in the mobile service at about 2 GHz;
b)	that the frequency bands designated are also allocated for use by other services;
c)	that studies have been made into systems and networks using elevated platforms, which may be at lower heights in the stratosphere,
recommends
that the propagation mechanisms and effects set out in Annex 1 be taken into account in the assessment of interference between systems or networks involving the use of high-altitude platform stations and other radiocommunication systems or networks, and in the design of systems using high-altitude platform stations and other elevated platforms in the stratosphere.


Annex 1
1	Introduction
This Recommendation provides information on the propagation methods appropriate in the consideration of radiocommunication systems or networks involving the use of high-altitude platform stations, or other stations in the stratosphere. For brevity, the phrase “high-altitude station” is used to refer both high-altitude platform stations and other stations in the stratosphere. 
As shown in Fig. 1, three following paths for high-altitude stations should be considered:
–	“high-altitude station – stations on the surface of the Earth”;
–	“high-altitude station – stations in the atmosphere”; 
–	“high-altitude station – stations in space”.
FIGURE 1
Propagation paths for high-altitude station
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For the “high-altitude station – stations on the surface of the Earth” path two different tasks may be considered: 
–	design of systems using high-altitude stations;
–	interference assessment between high-altitude station and station on the surface of the Earth.
For the “high-altitude station – stations in the atmosphere” and “high-altitude station – stations in space” paths only the interference assessment should be considered.
[bookmark: dsgno]2	Propagation prediction methods for frequency sharing and compatibility studies
2.1	Between high-altitude platform stations and other terrestrial stations
For these propagation paths, the following mechanisms and effects should be considered as appropriate:
–	free-space basic transmission loss;
–	atmospheric attenuation due to gaseous absorption in the troposphere;
–	rain attenuation (precipitation, which includes rain, wet snow and clouds, is known to cause attenuation at frequencies above about 5 GHz; however, its presence is highly depending on the time and local location. If no reliable information regarding the precipitation is available for the local location of terrestrial station under the analysis, it is recommended to set the rain attenuation to be zero for the assessment of unwanted path.);
–	rain scatter;
–	tropospheric scintillation;
–	tropospheric scatter;
–	diffraction due to spherical Earth;
–	diffraction due to terrain and/or specific obstruction (if we have additional information regarding geographical information on victim station);
–	clutter loss (The model in § 3.3 of Recommendation ITU-R P.2108-0 is applicable only for the frequency range 10-100 GHz);
–	vegetation loss (If vegetation loss is needed to be considered for frequency sharing and compatibility studies, Recommendation ITU-R P.833 provides relevant information. The applicable areas and types of vegetation are limited to those described in Recommendation ITU-R P.833. If no reliable information regarding the vegetation is available for the local location of terrestrial station under the analysis, it is recommended to set the vegetation loss to be zero for the assessment of unwanted path.);
–	building entry loss (for applicable limits of the model, refer to Recommendation ITU-R P.2109-0);
For the prediction of basic transmission loss, the use of the method described in Recommendation ITU‑R P.619 is recommended if any one of the following conditions is met:
–	When the frequency is above 30 GHz.
–	When the antenna of the high-altitude station is higher than 20 km.
–	When the analysis requires to take into account the diffraction loss due to specific terrain or other surface object. 
–	When the surface reflection multipath at the ground station or the facility has been mitigated using counterpoise.
–	When directional antenna is used to mitigate surface reflection multipath at the ground station or the facility.
If none of the above conditions is met, the use of the method described in Recommendation ITU-R P.528 is recommended, with attention to recommends 2 of the Recommendation.
Variations in the refractive index caused by atmospheric turbulence can cause spatial and temporal fades and enhancements in signal strength. The physical process consists of alternating focussing and defocusing of a radio wave. The strength of these scintillations correlates well with the wet term of the atmospheric refractive index, which is related to water-vapour density. Calculation of losses due to tropospheric scintillation should be performed using the methodology provided in § 2.5.2 of Recommendation ITU-R Р.619-4.
2.2	Between high-altitude stations and space stations
For these propagation paths, the following mechanisms and effects should be considered:
–	free-space basic transmission loss;
–	cross-polarization discrimination due to Faraday rotation;
–	ionospheric scintillation and absorption;
–	back scatter from the Earth’s surface (back scatter from the top of rain cells or from the melting layer is expected to be less important).
2.2.1	Free-space basic transmission loss
In order to calculate the free-space basic transmission loss, it is necessary to determine the length of an interference path r:
		r = [(R + hant)2 + (R +  hHS)2 – 2(R + hant)( R +  hHS)cos(rgr /R)]0.5         (m)	(1)
where:
	hHS :	height of the high-altitude based station antenna above mean sea level (m)
	hant :	height of the space station antenna above mean sea level (m)
	R :	average Earth radius (6 371 × 103 m)
	rgr :	great-circle path (m) between the projection of a space station on the surface of the Earth and the projection of a high-altitude based station on the surface of the Earth, as shown in Fig. 2.
FIGURE 2
HAPS-satellite path
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Calculation of the basic transmission loss in free space is expressed by the well-known formula:
		Lbfs = 32.4 + 20log(f) + 20log(r)         (dB)	(2)
where:
	f:	frequency (MHz)
	r:	length of the interference path (km), determined by equation (1).
2.2.2	Cross-polarization discrimination due to Faraday rotation
Faraday effect in the Earthʼs ionosphere is due to the fact that a wave with linear polarization can be considered as propagating in the ionosphere as two circular polarized waves each with a different phase velocity. So, between these two circular polarized waves appears a delay causing rotation of a resulting wave with linear polarization. The method to calculate the Faraday rotation is described in Recommendation ITU-R P.531 as follows:

			(3)
where:
	 :	angle of rotation (rad)
	Bav :	average Earth magnetic field (Wb  m–2 or T)
	f :	frequency (GHz)
	NT :	TEC (el  m–2).
If linear polarization is used, additional losses LF caused by Faraday rotation,  (rad), can be calculated by the following equation:
		LF =  20 log[cos ()]         (dB)	(4)
2.2.3	Scintillation and absorption of radiowaves in the ionosphere
According to Recommendation ITU-R Р.531-13 ionospheric scintillation on the path towards a satellite should be taken into account for frequencies lower than 3 GHz. Based on the existing data on absorption in the ionosphere contained in Recommendation ITU-R Р.531-13 and the ITU-R Handbook on the ionosphere and its effects on radiowave propagation, it can be said that for equatorial and mid-latitude regions, radiowaves of frequencies above 70 MHz will assure penetration of the ionosphere without significant absorption. Measurements at middle latitudes indicate that, for a one-way traverse of the ionosphere at vertical incidence, the absorption at 30 MHz under normal conditions is typically 0.2 to 0.5 dB. During a solar flare, the absorption will increase but will be less than 5 dB. According to Table 1 in Recommendation ITU-R P.618, at mid-latitudes the atmospheric absorption of about 30° one-way transversal is less than 0.04 dB at 0.5 GHz, less than 0.01 dB at 1 GHz and 3 GHz and less than 1 × 10−4 dB at 10 GHz.
It can be concluded that on frequencies higher than 70 MHz scintillation and absorption losses are much lower than free-space basic transmission loss and can be neglected.
2.2.4	Back scatter from the Earth’s surface
In addition, propagation paths should be considered which involve ground scatter or ground reflection. Until further information becomes available the following guidance can be given.
In some cases, smooth surfaces with areas greater than 0.6 of the first Fresnel reflection zone may cause glints of good reflection with specular geometry. The signal in such cases may be determined from the e.i.r.p. in the appropriate direction, including the atmospheric attenuation loss due to two traverses of the troposphere for the slant angle involved, and assuming a reflection coefficient of −10 dB (some particular cases may have higher reflection coefficients).
More generally, the Earth’s surface may be considered as rough. In this case, it may be appropriate to assume radiation from the area wholly illuminated by the beam from the platform station into the half-space above the Earth’s surface, again with a typical scatter coefficient of −10 dB, i.e. assume a source on the Earth’s surface radiating isotropically with a power given by: the actual transmitter power, reduced by the atmospheric attenuation loss due to the two traverses of the troposphere for the slant angles involved, further reduced by 10 dB for the reflection coefficient, and then increased by 3 dB since the radiation is only into a half space. (See Recommendation ITU-R P.680-3 for further information on sea reflection.)
2.3	Between high-altitude stations and stations in atmosphere
For these propagation paths, the following mechanisms and effects should be considered:
–	free-space basic transmission loss;
–	diffraction;
–	tropospheric scintillation;
–	attenuation by atmospheric gases.
For the prediction of basic transmission loss in the frequency range 100 MHz to 30 GHz, the method of Recommendation ITU-R P.528 should be used, with attention to recommends 2 of the Recommendation.
Variations in refractive index caused by atmospheric turbulence can cause spatial and temporal fades and enhancements in signal strength. The physical process consists of alternating focussing and defocusing of a radio wave. The strength of these scintillations correlates well with the wet term of the atmospheric refractive index, which is related to water-vapour density. Calculation of losses due to tropospheric scintillation should be performed using the methodology provided in § 2.5.2 of Recommendation ITU-R Р.619-4.
3	The propagation prediction methods for the design of systems using high-altitude stations
The method of Recommendation ITU-R P.618 should be used, noting that effects due to the ionosphere will not apply.
If terrestrial stations are in environments where vegetation loss is present, the method described in Recommendation ITU-R P.833 should be used. The applicable areas and types of vegetation are limited to those described in Recommendation ITU-R P.833.
If terrestrial stations are in environments where human shielding loss is present, the following method should be used to calculate the human shielding loss. Note that the human shielding loss includes the contribution of multi-paths, such as reflection(s) and/or diffraction(s), caused by surrounding environments. 
The human shielding loss model is provided for the following four cases:
i)	Human shielding loss at LOS or rural environments when the antenna is at head height,
ii)	Human shielding loss at urban or suburban environments when the antenna is at head height,
iii)	Human shielding loss at LOS or rural environments when the antenna is at chest height,
iv)	Human shielding loss at urban or suburban environments when the antenna is at chest height.
The relevant parameters for each situation are given as follows:
	f: 	Frequency (GHz)
	φ: 	Azimuth angle (the acute angle between the direction of the HAPS and the direction of the road) (degree)
	a: 	Elevation angle of arrival path direction (degree)
	hS: 	Average building heights (m)
	P: 	Percentage of angles at which the human shielding loss does not exceed Lhsl when the human body is rotated 360 degrees (%).
Here, this model is valid for the following:
	f: 	0.7 to 3.35 GHz
	φ: 	0 to 90 degrees
	a: 	0 to 75 degrees
	hS: 	5 to 30 m
	P: 	0 to 100%.
The human shielding loss for the four cases is given by:
		Lhsl = bexp(aP) – 2                 (dB)	(5)
where:
	Case i)
	a = (0.75 + 0.125f )(0.0366 – 0.0129 log10(a + 1))
	b = 1.20 + 2.71 log10(a + 1)
	Case ii)
	a = (0.75 + 0.125f )(0.0255 – 0.0124 log10(a + 1) + Ea + Eahs)
	b = 0.55 + 2.76 log10(a + 1) + Ebφ + Ebhs
	Eaφ = 0.0013 – 0.0009 log10(φ + 1)
	Eahs = −0.0039 + 0.0032 log10(hs)
	Ebφ = 1.41 – 0.96 log10(+ 1)
	Ebhs = −1.01 + 0.80 log10(hs)
	Case iii)
	a = (0.875 + 0.0625f )(0.0420 – 0.0106 log10(a + 1))
	b = 1.07 + 1.72 log10(a + 1)
	Case iv)
	a = (0.875 + 0.0625f )(0.0245 – 0.0098 log10(a+ 1) + Eaφ + Eahs)
	b = 0.58 + 1.94 1log10(a + 1) + Ebhs
	Eaφ = 0.0076 – 0.0052 log10(φ+ 1)
	Eahs = −0.0090 + 0.0073 log10(hs)
	Ebhs = −0.35 + 0.28 log10(hs)
If a is less than 0, set a to 0.0001, and if b is less than 0, set b to 0.001 for Case ii) and iv). If Lhsl exceeds 25 dB for Case i) and ii), Lhsl = 25 dB is used as the upper limit. On the other hand, if Lhsl exceeds 40 dB for Case iii) and iv), Lhsl = 40 dB is used. 
Figure 3 shows an example of the human head shielding loss at varying elevation angles for 2 GHz.
Figure 3
Cumulative distribution of the human shielding loss when antenna is at head height at f = 2 GHz
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