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1. INTROOUCTION

In the recent past a number of papers have been presented [1], (21, (3], (4], (5], deating with
interference due to rain between earth to space and terrestrial links sharing the same frequency
band,

In these works, the scattering volume, defined by the intersection of the rain cel!l with the
beams of the antennas, Is usually computed for some particular geometrical configurations,
Moreover, according to the mean value theorem for definite Integrals, a constant value Is con-
sidered for the integrating function, evaluated at a suitable point within the volume, The goal
of this paper Is to present a more genera! and accurate method for computing the Interference
contributions, as a function of the intervening geometrical parameters (i.,e., position and orien-
tation of the antennas, position of the rain cells) and meteorological parameters (i,e., rainfall
intensity, cell sizes), Without any loss of generality, sample computations have been performed
within the 19 GHz band, allocated to both terrestrial and satellite services,

2, GEGMETRY OF THE PROBLEM

The integration volume used is defined, as in Fig, 1, by the Intersection of a cylindrical raln
cell with the beam of the transmitting ground station antenna T, for which operating elevation
angles above about 30° are considered, typical of mid-latitude ground stations,

In these conditions It |s easy to prove, in the hypothesls of a IImit cel! height of about 5 km
161, at the frequency under consideration and for the usual antenna gains, that the whole rain
cell lies within the "near field" zone of the antenna, In fact, for an antenna T diameter vaiue
above about 14 m (used In our interference computations) the "near fleld" zone ranges up to about
6 km trom the aperture, In this case the transmitting antenna beam (the T beam) may be repre-~
sented as a cylinder, and the scattering volume Is given by the intersection of two c¢ylinders,
Furthermore, If we suppose a recelving antenna R (see Fig., 1) with a main lobe (R-beam) embedded
in a cone of small aperture (< 3°) and if the cone intersects the scattering volume V in the
receiving antenna far-fleld zone, we shall have to restrict V to the Inner-cone zone, As a
conclusion, the effective scattering volume will be defined by the Intersection of three solids:
the cylindrical rain cell, the cylindrical T-beam and the conicai R-main lobe,

3. ANALYTICAL FORMULATION

The average normalized power scattered contribution §PR received by R Is given, for general
polarizations of the two antennas, by [71}:

(8PR/PT) = g {f cr lpg (RR) 1+ (Ap(Rg, 2g)Ig® IFs(Rg,Rp) e [Ap(Ry, gp) 1y# IStIT (pp) P} (1)

A

where:
- Py Is the T-transmitted power;
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- rr(P) Is the distance between a generical point P in the scattering volume and the antenna R
(see Fig, 2);

- R‘R(F’), RT(P) are the unit vectors along scatter and incidence directions (see Fig., 2);

- [Stly (py) Is the radiation function of the antenna T expressed according to Stokes formallsm
{71 (In order to retaln polarization informations);

- lpR (R’R)l is a 4 column vector representing the normalized receive pattern of the antenna R;

- [Ap (Kg, 2R)Ig., !Ap (Ry, R&7)Iy are coherent fieid propagation 4 x 4 matrices for the scattered
and incident waves, referred to point P;

- [Fs (ﬁR, (’T)l is the unlt volume average scattering matrix at P;

- 4g and g7 are the rain lengths along the scattered and the incident rays.

cr and cy are radiation factors for the two antennas glven respectively, by:

et = (WZ/81) * (GT/AGT)

(2)

e = (A2/41) * Gy

where GT and Gg are the maximum gains, )\ is the wavelength and AgT the T antenna equlivalent area,

4, SAMPLE COMPUTATIONS

In this paragraph some results of the expected interference contribution at 18,5 GHz are shown.
The geometrical configuration considered Is the same as the actual configuration adopted for the
interference measurements carried out at Fuclno 2], using the SIRIO | satelllte,

With reference to Fig, 2, the elevation angle Is 9y, = 56.5°, the relative helght is zpy = -1t m
and the rain-cell size R. was related to the rain rate R by means of the Misme formula (6], An
unl form Iliumination for the T aperture has been considered, with an aperture radius (the radius
of the equivalent antenna T area) ar = 7 m. As far as the recelve antenna pattern is considered,
the CCIR sidelobe envelope was assumed (B]), for an antenna of 0,81 m diameter, Moreover,
raindrops have been supposed equi-oriented, with canting angle (see Fig. 2) B,, = 0%

The remaining parameters (both geometrical and meteorological) were allowed to vary, in order to
obtain parametric curves of the received normalized scattered power §Pgp/(Py cg crle

In Fig, 3 plots of the normallzed recelved scattered power versus raln-cell position co-ordinate
Yo (Fige 1) are shown for 5 different azimuth orientation angles ¢p, of R antenna (Fig., 2),
covering the 0°-180° range with a 45° step. A constant rain-cell co-ordinate x. = 0 (Fig, 1) has
been taken, so the cell axis moves through the T beam vertical symmetry plane yz, The other para-
meters, namely R antenna position and elevation, and rain rate, were given fixed values: dgy =
6,614 km, pp = -33,975°, Og, = B6.3° (see Figs. 1, 2), R = 40 mm/h, This rain rate has been cho-
sen because It has been found to correspond to the maximum scattering "efficiency” for the rain-
cell co-ordinate x. = 0. Finally, both antennas were supposed operating In linear vertical
polarizations,

In Fig. 4 two examples of §PR/Py curves versus R (mm/h) are shown: in the former both antennas
ware considered vertically polarized; in the latter the polarization of the T antenna is horizon-
tal, while the R antenna polarization Is still vertical. In the same fligure the curve
corresponding to the T antenna in circutar polarization and the R antenna in linear vertical
polarization Is also presented., The curve is about 3 dB below the curve corresponding to the case
of both antennas vertically polarized,

The values used for the other intervening parameters are the same as Fig. 3, except for YRz» Yeo
In this case the recelving antenna R has been supposed oriented towards the scattering volume, In
order to maximize [ts sensitivity, with an azimuth angle YRz = 143°, corresponding to a rain cel|l
position Xe = 0 km, Ye = «98 km,

Moreover, in Fig, 4 experimental data collected during interference measurements carried out at
Fucino (2] (with the T antenna in circular polarization and the R antenna in linear vertical
polarization) are reported, allowing a quick comparison with computed values (dashed curve),
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5. CONCLUS | ONS

Bearing In mind the previous assumptions, some conclusions can be pointed out., As Fig, 3 shows,
interference variation with y. position co-ordinate (representing the interference pattern for a
raln cell moving through the T antenna beam) Is stronger when the R antenna is oriented towards
the scattering volume (gg, > 120°:130°). This shows that the directivity pattern of the R antenna
Is by far the most important factor in determining the interference power recelved in these con-
ditions, while the scattering volume directivity pattern plays only 2 secondary role,

On the other hand, the Interference variation with x. position co-ordinate depends strongly on
raln attenuation contribution on the scattered rays, which depends essentiaily on the path length
within the rain cell, From this point of view, the assumption of a co-ordinate x. = 0 causes

c
scattered rays to cover an average rain length, giving rise to an average attenuation contribu-

tion,

Looking at Fig, 4, a comparison between the computed curve (dashed line) and the experimental
results shows that the predicted interference, using such average value for the attenuation
contribution, overestimates measured data at any rain rate,

As already pointed out in [2], this could indicate that multiple cells, here ignored, may play an
important role on incident and scattered rays attenuation, In the same figure the noticeabie
improvement due to polarization decoupling can be noted; the configuration corresponding to the
situation of cross-polarized antennas gives rise to much lower Interference values than the co-
polarization case,
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