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The avallable information on
propagation effeets in micro-
wave radio communication sys-
tems is generally insufficient
for eilther satisfactory perfor-
mance estimates or optimum sys-
tem design. There is a current
effort, both experimental and
theoretical, to obtain results
on the fundamental properties of
microwave line-of-sight systems.
A brief review of some of the
recent results will be given
here as based on the work of
several investigators.

ANALYTIC MODEL
FOR MULTIPATH PROPAGATION

Results have been obtained for
the signal received during mul-
tipath fading conditions mod-
eled by a constant vector plus
an interfering random vector,

ved? = 1+Re?®

a) The cumulative amplitude
distribution is given by

P(ng)=ﬂg(l,n)L2+guLu+g6L6+,,,

where g, , B¢, etc., are linear
combinaﬁions of g(l,7) and higher
derivatives of the joint proba-
bility density g(R,6) evaluated
at R=1l, 6=w.

b) The number of fades per

unit time below the signal level
L is given by

N(L)

v
:;:ér'P(V:L)

3+g(1,n)L + o(L3)
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where G+ is the average positive
derivative of the fading signal.

e) The average duration of
fades below the signal level L
is given by

E(L)=El%¥-%)_=LL+,,

+

where n is the exponent of the
dominant term in the amplitude

nv

distribution.

It can be seen from these results
that if g(1l,7) is non-negligible
then the deep fade behavior of
the amplitude distribution and
number of fades willl be propor-

tional to L2 and L  respectively
whereas 1f g(1,m) {s sufficiently

small they will behave as R and

Ln'{ respectively. However, the
average fade duration will go as
L for a much broader range of en-
vironmental conditions since it
is less sensitive to properties

of g(R,0).
EXPERIMENTAL DATA

Experimental data on multipath
propagation are difficult to ob-
tain because long time periods of
continuous coverage are needed to
observe sufficient deep fading
activity. With a considerable
effort fine grain data (0.2 sec
resolution) have been obtained at
two different sites as given in
Table I.

The fade depth distributions for
the entire test period on all but



the shortest path go as L2. The
coefficients are related to the
physical environment which 1s
represented by ng(l,n) in the
analytic model, The amount of
fading increases with length and
smoothness of the path and with
frequency. The incldence of fad-
ing on the 25.4 km path was very
low which can be interpreted as
g(1l,n) being negligible; thus,
the fading was controlled by
higher order effects which re-

sulted in the Lu behavior.

The fade duration distributions
have been obtained from the Ohio
data. When the fade duration at
level L 1s normalized to

the resulting variable is log-
normally distributed for long
fades such that 1% of the fades
are longer than 10 times the
average.

The time derivative (slope) of
the envelope has been estimated
from the fade duration distri-
butions. The results show that
. the probability of high slopes
is significant, e.g., at a 40 dB
fade depth, 10% of the slopes
will exceed 70 dB/sec.

A brief characterization of mul-
tipath fading at 4 GHz on a 50 km
path during the fadin% season
would be roughly one 40 @B fade
every two days with an average
duration of 3.4 seconds (1%
chance of being 34 seconds or
longer) with a 10% change of fad-
ing at a rate of greater than 70
dB/sec.

ADDITIONAL RESULTS

Work 1is in progress on non-
diversity and diversity propa-
gation with particular emphasis

on the detailed structure within
a 30 MHz band., 1In the latter

case considerable amplitude struc-
ture has been observed; some ex-
amples will be given in a movie
which will accompany the oral
presentation of thils paper.
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TABLE I - Microwave Propagation Data

6
, May-Sept, 10,8x10 sec

6sec; 1968, Aug-Oct, 5.2XIO6sec; 1969
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1966, Aug-Sept, 5.3x10

Test Interval:

(l)Path roughness is the standard deviation of terrain height measurements at one-mile intervals.



