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Propagation Effects Due to Cross
Polarization, Gain, and Space
Diversity

6.1 Background

Three questions are broached in this chapter, namely:

1. During conditions under which fading occurs, are LMSS systems employing simulta-
neous transmissions at two polarizations (right hand circular and left hand circular)
viable?

2. What are the relative fading effects for low and high gain antennas?

3. Do space diversity systems employing spaced dual antennas on a vehicle provide an
advantage in reducing the likelihood of fading?

The above questions have been addressed by the authors through the analysis LMSS

measurements at 1.5 GHz in Australia [Vogel et al., 1991).
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.2 Frequency Re-Use

By making repeated measurements at co- and cross-polarizations for selected runs during the
Australian campaign, equi-probability “cross-polar isolation levels, CPI” were determined.
These are given by

s-polarization signal levels at
(in dB) was found to follow the

— B

the equi-probability level of fade exceedance, P. The CF

linear relation

22eel Jlel’O =3

VPI = —1.

where A is the co-polarization fade (in dB).

5A + 18.94 (6.2)
5A + 18.9 (6.2)

The rms deviation between the “best fit linear” relation (6.2) and the data points for
the corresponding runs was 0.4 dB. We note from the plot in Figure 6.1 that the isolation
severely degrades as a function of fade level. For example, an approximate 11 dB isolation
at a 5 dB fade is observed. This result suggests that the simultaneous employment of co-
and cross-polarized transmissions in a “frequency re-use” system is implausible because of
the poor isolation due to multipath scattering into the cross-polarized channel.

6.3 Distributions from Low and High Gain Receiving
A
LA

» 8
5B

[}
Q
:l
o
-8
=
-
2.
@

+
.C)
o
b

L)
(-2
(7Y

[N g

[
L
g
L.
[
4

1

1



53

6.2 Frequency Re-Use

I b L o4

1 1 i 1 | i 1 1 L | 1 N\ 1 [ i I 1 Ve

I T T T T T T T T T TR T TR R N SN B —
T-LJ_LJ_LJd_LJ_tLJd_bJdobLJdobLd_tJd_L L
I T T 1 T T T SO T T TR N S I R

_LJ_LJdoLJ_LJd_bLJd_Ld_Ld_bLdolJd_vL L
i [ T T O T T T T TR O TR TN N B _ o
S [ Y |y T U | |y Ty R ) Wy e

I T O T T T T (Y TR T TR TN T _ 1o
1|r.._|,_|.._--r.._|r|_|,r-_|r.._-.rLi_.|_ J r\.%
S I T T O T T T T R T T R T \

|rL|rL.-r|_|r|_|,rL|rL!r.._ r._ - r-inu
o I T T O T T T T T T T T T I M
Lo Lao_wa_rL rL!rLir\aan_nri

N N TR TN TR T N N S N B I _\\. o
4|r-._|,_..|_--ra_nr|_|,_|L|rL!r\\irLlrLT.r-?
T T T T T R O T T (N T T B B
..r.._..rL--r._|r|_L_|L|_...._\\.rLir.._nrl_,lr---
o [ T T T R TR T R T T B T T N TR TR B
d-vLa_ rL--rLlr _r- P\._u.r._ianrL,lr---

[ T T T T .\_ (TR T T T T T T
-|r-._|r.._--rL|r-L\_\_ Ld_obLdobLdolJd_L .l
5 [ T T T T (T T Y T T B B

..r.._lr._--r._lr\“ Ld_LJdobL JdoL d_Lo_vL_}
i O T T | _\ [ T T T A T e B R B
-|_|-._|rL--r |r _Ld_bLJd_vLJa_LJd_Lag-_vr.l

[ _\_\ R T N N HY TR TR R T B
llr-._l \ |_.- —_LJd_LJd_obLJd-Ld_La_vu. ]
i R T T S T T T T TR Y NN T N

..rL L--rl_|r —Ld_LJ_bJd-LJd_LJd_vL_L
7 \_ N T Y Y O O T TR T T N B |

v “ “ “ t——t+—+—+—+—+—+—4—+——to
o 0 o Te) )
(3V] weed

AmE ToIye[oS] UOI)eZIIe[o sso1)

Fade Level (dB)

i-
k3

ation fade at equ

iz

olar

co-p

P

on

isolat

ion

1zat

Cross-polar

bability levels.

Figure 6.1

D
r




54

L iy

6.3 Distributions from Low and High Gain Receiving Antennas
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Questions which have been broached are:

e What is the improvement in terms of reduced fading (enhanced signal) for a given
“signal access distance” as a function of antenna spacing?

The first question is addressed employing the concept of “diversity improvement factor,
DIF” and the second “diversity gain, DG,” both of which are characterized in the following
paragraphs.

In Figure 6.3 are shown a family of cumulative fade distribution functions derived from
the above mentioned simulation. The curve labeled d = 0 represents the single terminal
cumulative fade distribution corresponding to data acquired from over 400 km of driving
in Australia. The curves labeled d = 1 40 10 m represent the individual joint probability
cumulative fade distribution for the indicated antenna separations (in the direction of vehicle
motion). Such a distribution represents “the joint probability that two antennas spaced a
distance d mutually exceed the abscissa value of fade.” We note that the joint probabilities

us Vi 1o r-

tend to coalesce with increasing antenna separation. That is, the fade distriby

ASGIL 41 1iiitad? &2 = es S22 2285 39y AT &L

tions for 8

and 10 m senarations show insignificant differences.

Qi 2V 242 -'vr-A‘--lv nsg snNov Samazsaaie.

6.4.2 Diversity Improvement Factor, DIF

(6.4)

where P,(A) represents the single terminal probability distiribution at the fade depth A, and
P4(A) represents the joint probability distribution for an antenna spacing d assuming the
same attenuation A is exceeded. These probabilities may be obtained from Figure 6.3. We

note, for example, that DIF(8,1) ~ 3 implies that when the antennas are separated 1 m,

P
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the distance over which the signal is received above noise is three times greater for diversity
operation relative to the single terminal case assuming an 8 dB fade margin.
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scenarios. The diversity gain is defined as the fade reduction experienced while operating in

1 eye,

the diversity mode at a given probability. It is equal to the difference in fades between the
single terminal and joint probability distributions at a fixed probability level. For example,
for 1% of the time (Figure 6.3) a fade depth of 12 dB will be encountered with no diversity
(d = 0) and 8 dB with diversity assuming a 1 m separation (d = 1). Hence, operation in the
diversity mode with a 1 m separation yields a diversity gain of 4 dB.

In Figure 6.5 are plotted the diversity gains versus antenna separations for a family of
single terminal fade levels. Each single terminal fade uniquely defines a probability level.
For example, an & dB fade occurs at a probability level of 3% as is noted from Figure 6.3
(for d = 0). Figure 6.5 shows that the effect of the antenna separation is dramatic the
first 2 meters, whereas at larger spacings, relatively little additional fade reduction ensues.
It might be suggested that at antenna spacings greater than the canopy width (e.g., 8 to
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