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OF AMPLITUDE-FREQUENCY RESPONSE OF A RAYLEIGH RADIO
CHANNEL UNDER SELECTIVE FADING CONDITIONS
I. A. Gepko
Scientific Center of Military Air Forces of the Armed Forces of Ukraine, Kiev

The upper estimate of the error of smooth approximation of amplitude-frequency response of a
fading Rayleigh-type signal is obtained.
The signals of cellular networks of mobile communication undergo considerable distortion because of selective
fading caused by multibeamness of radio wave propagation. The time scattering may be regarded as the result of signal
filtering in the radio channel, which distorts the signal if the duration of the latter exceeds the coherence time TC (i.e., the
interval in which the fading in the channel retain correlation no lower than some threshold level r). Particularly, at r ³ 0.5
the duration TC » 9/(16pfD), where fD is the maximum Doppler shift of frequency [1]. In the range of 900 MHz, when the
motion speed of a subscriber is 90 km/hr, the correlation time is below 2.4 ms. Because of this, in the present-day cellular
communication systems this effect is hardly noticeable (the duration of GMSK-signal in the GSM standard equals
3.693 ms).
Of more importance is the reverse effect consisting in scattering of signal energy in the time domain because of its
selective fading in frequency. The fading occurs when the bandwidth of the system is large compared with the bandwidth
of channel coherency (the frequency domain in which the channel passes all the components of the signal spectrum with
roughly the same attenuation and linear variation of phases). The frequency-selective fading of a signal is physically
equivalent to its filtering with a nonuniform amplitude-frequency response of the channel filter (Fig. 1).
While distorting the spectrum of signals, the fading changes their shape (the time dilatation of the latter leads to
intersymbol interference between the transmitted symbols). In addition, the difference between frequencies of the forward
and backward channel in modern cellular communication systems exceeds their coherency band considerably, which in
turn results in the channels’ asymmetry complicating the procedure of transmission power control in the communication
system.
One of the prerequisites of successful design and technical implementation of countermeasures [1] to such distortion
is the precise mathematical description of the communication channel. In theoretical inquiries we usually resort to the
so-called “smooth” approximation of amplitude-frequency response of the channel [2, 3] (under the assumption that the
system bandwidth does not exceed the coherency band of the channel). Then there arises a question of the error of such
approximation and of the domain of its applicability.
Let the mathematical representation of the received signal in the main band of system’s frequencies, having the width
W, for a channel with fading have the form [4]
L

r( t ) = å a l e - jjl s( t - t l )
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© 2005 by Allerton Press, Inc.
Authorization to photocopy individual items for internal or personal use, or the internal or personal use of specific clients, is granted by Allerton Press, Inc. for libraries and other users
registered with the Copyright Clearance Center (CCC) Transactional Reporting Service, provided that the base fee of $50.00 per copy is paid directly to CCC, 222 Rosewood Drive,
Danvers, MA 01923.

7

Radioelectronics and Communications Systems
Vol. 47, No. 12, 2004

REFERENCES
1. V. K. Orlov, I. M. Samoilov, and V. N. Smirnov, Systems of Mobile Communication [in Russian, ed. by
V. P. Ipatov], Goryachaya Liniya — Telecom, Moscow, 2003.
2. B. Sklar, IEEE Communications Magazine, Vol. 35, No. 7, pp. 90–100, 1997.
3. B. Sklar, IEEE Communications Magazine, Vol. 35, No. 7, pp. 102–109, 1997.
4. S. W. Kim and W. Stark, IEEE Trans. on Commun., pp. 1125–1134, Sept. 1998.
5. I. N. Bronshtein and K. A. Semendyayev, Hondbook of Mathematics for Engineers and Higher-School Students [in
Russian], Nauka, Moscow, 1986.
6. Yu. A. Gromakov, Standards and Systems of Mobile Radio Communications [in Russian], Echo-Trends, Moscow,
1998.
20 March 2004

10

