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EFFECTS OF MULTIPATH FADING ON LOW DATA-RATE
SPACE COMMUNICATIONS

C. H. CHEN
Southeastern Massachusetts University

N. Dartmouth, Mass. 02747

Summary    Studies have shown that there is a severe signal fading at the turbulent
atmosphere of a distant planet such as Venus. The data may be lost during deep fade. It is
the objective of this paper to examine the effects of multipath fading on the performance
of the noncoherent coded system which is used for the low data-rate space
communications especially with the small probes. An exact error probability of the
wideband noncoherent MFSK receiver is derived from using the “Rician” channel
model. While the error performance of the receiver is worse than that of the ideal MFSK
receiver, as expected, it is interesing to note that the performance degradation due to the
multipath fading diminishes as the product of bit duration and IF filter bandwidth
becomes large. Performance of a concatenated code in the presence of multipath fading
is also considered.

Introduction    Reports from the Mariner V S-band measurements [1] [2] and the Soviet
Space Probe Venera 4 have both indicated the severe fading of radio signals at the
turbulent Venus atmosphere. Refraction of the radio beam by the charged particles of the
upper atmosphere and the gases that constitute the lower atmosphere produced changes
in frequency, phase, and amplitude of the signal received at the deep-space tracking
stations on the Earth. In addition, the amplitude of this signal was affected both by
defocusing and absorption in the lower atmosphere. It is necessary to consider the
performance of the noncoherent coded system under various fading conditions. Glenn
[3], Schuchman [4] , and Chadwick [5] have examined the effects of multipath fading on
the low data-rate communications. Their results, however, are inconsistent and limited to
the wideband binary FSK. In this paper the exact error probability of the wideband
noncoherent MFSK receiver is derived from using the “Rician” channel model [6] . The
received signal consists of the specular and the random scatter (diffuse) components. The
results correspond to the situation that the reflected signal has a much larger bandwidth
than the direct signal and that the time delay between the direct and the reflected signals
is much less than the bit duration. This represents the most important kind of multipath
fading. Other multipath fading conditions that may limit the performance more but have
a smaller probability of occurrence are also considered. They are: (1) the reflected signal
amplitude is assumed to be constant over a bit period but varies randomly according to
the Rayleigh distribution from bit to bit, and (2) the delay of the reflected signal exceeds



on bit period. The reflected signal may then be considered as part of the additive noise.
Finally, we consider the effect of multipath fading on the performance of a concatenated
code also useful for low-data rate communication.

Error Probability Computation    Consider a noncoherent MFSK receiver which has
N = 2n parallel channels where n is the number of information bits per word. In the
absence of multipath fading, the probability density of the output of the kth channel
which is matched to the kth signal input, k = 1, 2, ..., N, is [7]

(1)

where E is the signal energy per bit, No is the one-sided noise spectral density, bo is the
IF filter bandwidth, and Tb is the bit duration. For boTb = 1 and with the Rician channel,
the probability density is given by Lindsey [8] as

(2)

The probability density of the output from other channels which are not matched to the
kth signal is

(3)

The parameters D and $ in Eq. (2) are, respectively, n times the energy-to-noise ratio per
bit of the transmitted information produced by the specular component and n times the
energy-to-noise ratio per bit of the transmitted information produced by the scatter
component, i.e.

(4)

where " is a factor proportional to the strength of the specular component and "2 is the
variance of the scatter component. By comparing Eqs. (1) and (2) with boTb = 1, we note
that in going from “without fading” to “with fading”, the following change is made.



* The author would like to thank Dr. Lindsey for calling his attention to the computer program
prepared by W.B. Adams, and Mr. Adams for using his computer program [10].

By using the transformation                                  and multiplying E/No by á2/1+â),
Eq. (2) becomes

(5)

At the output of the kth channel, the sample average of M = boTb samples is denoted as u.
The characteristic function of u is

(6a)

Similary, the sample average v of M samples in other channels has the characteristic
function

(6b)

The probability densities p(u) and p(v) can be determined from Eqs. (6a) (6b)
respectively. The exact word error probability is

Eq. (7) is consistent with Lindsey’s result [8] for M = 1 and Chen’s result [7] for no
fading case ($ = 0). Eq. (7) is also similar to an error probability expression derived by
Lindsey ( [9] , Eq. (37) and (33)). Accurate computation of the integral in the Lindsey’s
expression has recently been made by Adams [10] which is adapted to the computation*

of Eq. (7). For M = 5, 10, and 100 with N = 4 and 64, the error probabilities are plotted
in Figs. 1, 2, 3, respectively, versus the total average received signal energy per bit to
noise density ratio.



(8)

for (2 = 0, 1, 10, and 105 (4). For (2 = 4 (1 + (2 $/No. it is very interesting to note that for
communication channels which are largely scatter in nature, i.e. (2 < 2, the error
performance improves as M increases for large E/No. Also the performance degradation
due to multipath fading decreases as M becomes large. This is probably due to the fact
that the MFSK receiver is a noncoherent energy detector and the reflected signal tends to
increase the total signal energy.

Other Multipath Fading Conditions    The above results are based on two
assumptions: (1) the reflected signal is purely random and the direct signal contributes
the nonrandom (specular) component of the received data, and (2) the reflected signal
has a negligible time delay from the direct signal. The second assumption is clearly
justified in view of the vast communication distance involved. The first assumption
holds when the altitude of the space probe is large enough that the Venus atmosphere has
little effect on the direct signal.

If the second assumption is not satisfied, the reflected signal may not be received at the
same bit duration as the direct signal. Consider the worst case that the reflected signal
provides no information and can be included in the additive noise. Then the total average
received energy-to-noise ratio per information bit is

(9)

That is the total received energy-to-noise ratio per bit is reduced by a factor

(10)

The error probability expression Eq. (7) is still valid if the increase in the energy-to-noise
ratio given by Eq. (1) is taken into account in plotting the error probability. For (2  = 0,
then the receiver does not receive any useful information and the probability of error is
1 - 1/N. As $ increases, Eq.(10) indicates that the required increase in the energy-to-
noise ratio is almost a linear function of $.

Next we consider the case that the first assumption is not valid. The reflected signal is
now assumed to be constant over a bit period but varies randomly according to the
Rayleigh distribution from bit to bit. Furthermore, the time dealy of the reflected signal
is assumed to be negligible. The error probability can be derived as follows. First obtain
the error probability without fading by setting $ = 0 and " = 1 in Eq. (7). Consider now



S = E/Tb as a random variable with Rician distribution,

(11)

where Sb is the power of the direct signal component. The error probability without
fading is then multiplied by Eq. (11) and integrated with respect to S from 0 to 4.

Performance of A Concatenated Code    Consider a concatenated code with inner code
a convolutional code and outer code a block orthogonal code using noncoherent
detection, i.e. the Code II in [11]. Even without fading, the exact error probability of the
concatenated code is not available analytically. The presence of multipath fading further
complicates the analysis of error performance. It is noted, however, that the increase in
the required signal energy-to-noise density ratio to combat the multipath fading in the
noncoherent MFSK receiver should also be provided in the concatenated code. In other
words, the increase in the required signal energy-to-noise density ratio should be added
(in dB) to the error probability curves of Code II in Fig. 4 of Ref. 11 to obtain the
corresponsing lower bound of the concatenated code error performance with multipath
fading. The effect of multipath fading on the convolutional code performance has not
been considered here, even though such effect may be less significant. A tight error
bound of the concatenated code in the presence of multipath fading remains to be
examined.

Comments and Conclusions    Multipath fading is an important consideration in the
forthcoming deep space missions. An accurate evaluation of the multipath fading effect
requires a realistic channel model which usually has to be derived from the experimental
results. For the “Rician” channel model assumed in this paper, it is noted that for a given
average error probability, the required increase in the energy-to-noise density ratio to
combat the multipath fading is reasonably small. This is particularly true when the bit
duration - IF filter bandwidth product is large. Severe fading occurs only for only a short
period of the entire mission. It is necessary to compute the percentile error probability
also.

This work was supported by the National Aeronautics and Space Administration under
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