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Abstract

Reduction of rain-induced crosspolarization is vital if system designers are to fully exploit frequency reuse.
In this paper, a new method is developed for determining the expected crosspolarization level as a function of the
polarization directions. It is also shown that we can reduce the crosspolarization by rotating the polarization
angles between two fixed angles according to the wind directions.

Introduction

Due to an expected rapid growth in demand for
communications capacity, substantial efforts are being
made to reuse the same channel frequency with dual {a)
orthogonal polarizations. However, rain-induced cross-
polarization severely 1limits the use of this technique,
particularly in regions with frequent heavy rainfalls.

The rain-crosspolarization effect is due primarily
to the nonspherical nature of the raindrops. The
differential attenuation and differential phase shift
of the drops were investigated in great detail by
Oguchi [1-3], Morrison, Cross, Chu [4-6] and others. e
Theoretical analysis and experimental data of this
effect were developed and measured, for example, by
Saunders [7], Thomas [8], Watson, Arbabi, Eng [9, 10],
Taur [11, 12], Chu [13], Semplak [14-17], Lin [18].

A1l of them consistently suggested the necessity of
eliminating the crosspolarization if the frequency is
to be reused by orthogonal polarizations.

In this paper we derive an expression for the
Tevel of crosspolarization as a function of the polari-
zation directions, and then show how the crosspolariza-
tion levels can be reduced. The first step starts with
a definition of the basic model for crosspolarization.

(b}

Basic Model Fig. 1. The geometry in rain-induced cross-
polarization effect.

In analyzing the crosspolarization effect, Chu [13]

chose the following model: @ Ytz s () Y= u

Let the axis of symmetry of the oblate
raindrop be oriented with respect to the hori- Chu [13] also showed that the above model also
zontal direction at an angle 6, called the . holds, in general, even when v # n/2 if T;, T, are
“canting" angle, and with respect to the slightly modified to reflect the effect of v.
propagation directioq at angle y. Let x;, X» However, in fact, the canting angle, 6, has a wide
be the transmitted signals, y;, y, be the range of statistical distribution. Chu solved this
received signals propagated through the rain- problem [13] by introducing two parameters, e and Beff,
drops in the horizontal and vertical directions. to take into account this variation. Both the parameters
A typical situation is indicated in Fig. 1. represent to some extent the "average effect" of the
If all raindrops are aligned in the same various canting angles and can be obtained by comparing
angle 6, and v = /2, then y,, y, will be the measured data and the calculated results. The final
[13] model is then

Y1 A 6') (x, ) [)’1} _ [A 85] {Xl] )

= 1 =

Y2 §' B! X2 Yo e§ B X2
where A' = T,co0s26 + T,sin2e (2)  where A= Tocos6ers + Tasin®Gers (8)

B' = T,cos26 + T,sin%e (3) B = TiC0S%Beff + T,8in%0err (9)

§ = (T, - lesin 0 cos o (4) e§ = e(T, - T1)sin Berr cOS Oarr (10)

T, = e'(OL1 gL (5) Chu [13] reported that the value of Oerr and e are two

T, = e—(u2 + 3B, )L (6) random variables with small variance. Most of the time

they 1ie in the range

and where oy, 0y, Bi. By are the attenuation
and phase shift constants for the fields in the
directions of the axes of the drops, and L is
the Tength of the path.

0.12 < |e| < 0.18

20° < Gefr < 30°
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and he estimated the median to be

R

le| = 0.14

Qerf = 25°
The sign of € will depend on the wind component normal
to the propagation path [13, 17, 19, 20].

Crosspolarization as a Function of

Polarization Directions

Suppose we rotate the polarization directions of
the signals x;, X2 both by an angle, ¢, and let u, v
be the actual transmitted signals in horizontal and

vertical directions. Then,
u cos ¢ sin ¢ (x:
= (11)
v ~-sin ¢  coS ¢j Xz

If u', v' represent the arriving horizontal and vertical
signals in the receiving end, from Eq. (7),

WY

Suppose the polarizations of the receiving antenna are
also rotated by the same angle, ¢. The received signals

Y1, Y2, Will be
Y1 -sin ¢|{u'
Ya cos ¢ tv'

These are shown in Fig. 2.

(12)

(13)
sin ¢

[cos ¢

RAIN-
DROP

Fig. 2. The rotation of the polarization directions.

Combining Egs. (11), (12), (13),

Y1 cos ¢ -sin ¢J[(A e6|[ cos¢ sin¢}ix; (8
= 14
Yo sin ¢ cos ¢)ieS BJ{-sin¢ cos ¢){xz
or
Y1 Tu T |(x:
= (15)
Yy Ta Tz )Xz
where T = A cos?p + Bsin?¢ - €85in{20) (16)
Ter = B c0S%¢ + Asin®¢+ €851n(2¢) (17)
Te (9) = Ta (9)

%(A-B)sin(2¢) + escos(2¢)

Equation (18) shows the crosspolarization as a function
of the polarization directions when both the transmit-
ting and receiving antennas are rotated by the same
angle, ¢. We can normalize Eq. (18) with respect to the
original crosspolarization of the conventional horizon-

tal and vertical scheme, €§. Defining,
2
r(¢) = lli&iﬁl_ (]9)
les|?
we have ,
2
r(o) = LTaz(®)® _ [(A - B]sin(2¢)+cos(2¢) (20)
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From Eqs. (8)-(10),
Asd = Lcot(20esr) (21)
which is a real number; thus we can define
A8 - —cot(2s,) (22)
where
-1
¢o = -ktan [e tan(26g¢f)] (23)
The meaning of ¢, will be clear very soon. Substituting

Eq. (22) into Eq. (20), we can obtain a simple expres-
sion:

sin(2¢o - 2¢)°

sin(2¢, (24)

r(¢) =

r(¢) is the normalized crosspolarization level, and is
plotted in Fig. 3 for some values of ¢,. We find that
r{¢) has actually a sinusoidal variation and a null

point at ¢ = ¢o. Therefore, ¢, indicates the optimal
directions in which the orthogonal polarizations trans-
mitted will not have any crosspolarized components and
these components will be small, in the vicinity of ¢,.
Note also that since the two signals are at right angles,
r(¢) will repeat itself every 90°.

¢ (degrees}

Fig, 3. The normalized crosspolarization level as a

function of polarization directions.

Reduction of the Crosspolarization

Equation (23) shows that the optimal angle, ¢,
depends on € and 6gfrs, both of which are random.
Hence ¢o will also be random. Chu's [13] data shows
that most of the time ¢ and 6eorf lie in the range,

0.12 < |e] < 0.18

20° < Bopr < 30°



where € will change sign accofding to the wind direc-
tion. We thus calculated the corresponding variation
of ¢y, including the zero-crossing of e, |e| < 0.12.
The result is plotted in Fig. 4. We find that ¢, will
also change sign according to the wind direction, just
as ¢ does, and has a variation from about -9° to +9°.
By Chu's median value, || = 0.14 and 6grr = 25°, we
have the median value of ¢q,

¢o, median = £4.736° for e = 20.14
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Fig. 4. The variation of the optimal direction,
¢p, with respect to the variation of
€ and GBgrf.

Because of the random variation of ¢,, it will be
difficult to set the polarization directions to the
exact optimal values to obtain excellent isolation.
However, it is possible to switch the polarizations
between the two medians, ¢o, mean = *4,736°, according
to the wind direction. Defining,

§(e = 0.14, berr = 25°)|2
S(e, Bersr) = 10 log e 2
c |Tio (§=-4.736°, €, Berr)|?

(25)

We have the power ratio of the crosspolarization for
the conventional horizontal and vertical scheme with
positive median € and Oers set to that for ¢ = -4.736°,
but with various e and 6or¢. Positive value of S
means a reduction of crosspolarization and negative

S means an increase of crosspolarization compared to
the median case. After simplification, it can be

shown that

S(e, Beff) = 20 log -

g0 Sin(20erfs o)
€0S(20ar£)SIN(2¢) + € 51N(20,££)C0S(26)

(26)
where g = 0.14
8erfs o = 25°
¢ = -4.736°

Equation (26) is plotted in Fig. 5. Attractively, Fig.
5 indicates that we can always have satisfactory reduc-
tion in crosspolarization so long as € is positive.

“Similarly, if we do the same thing for ¢ = 4.736°, we
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will find that we can have reduction so long as ¢ is
negative. Therefore, we can reduce this cross-coupling
simply by a rotation of the polarization (or the antenna)
between two fixed angles according to the wind direction.
However, if a wrong choice is made, the crosspolariza-
tion will be increased. This is also clear by inspec-
tion of Fig. 3.
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Fig. 5. Reduction and increase of crosspolarization
compared to horizontal and vertical scheme
when fixed, ¢p = ~4.736°.

Conclusion

The rain-crosspolarization level is determined as
a function of polarization directions. It is found
from this function that we can reduce the crosspolariza-
tion by simply rotating the antennas between two fixed
angles according to the wind directions. However, all
the results are expressed in terms of the random param=
eters, ¢ and ferr. We would be able to make further
improvement if more knowledge about the behavior of ¢
and 6err were available.
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