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A Generalized Doppler Power Spectrum
for Wireless Environments

Ravi Narasimhan and Donald C. Coxellow, IEEE

Abstract—We provide a direct derivation of a generalized
Doppler power spectrum of the signal received by a mobile station
traveling at a constant velocity. The derivation uses the three-
dimensional (3-D) incident radiation intensity and the receiving
antenna pattern to obtain an expression for the generalized
power spectrum which is useful in environments where the 3-D
propagation characteristics of wireless signals must be taken into
consideration. A special case of radiation confined to a plane is
considered to obtain the power spectrum givenin the book written
by Jakes.

) Fig. 1. Spherical coordinate system.
Index Terms—Boppler spectrum, power spectrum, mobile com-

munications, wireless communications. . .
where2 denotes solid angle. The average power received by

the mobile station is [4]
I. INTRODUCTION

v 27
E consider a mobile station traveling at a velocity W, = / / PE(8,9) G(0, ¢) sin Odgds. (3)
along thez-axis (Fig. 1). The received signal consists _ #=079=0 . .
of many waves with different angles of arrival. Due to thd¥Ve defineh(6) as the integral with respect pin (3)
velocity of the mobile station, each incoming wave will expe- 2
rience a frequency change (Doppler shift) which depends on h(6) = K1(0, $)G(0, ¢)dp. (4)
the angle of arrival of the wave. A previous analysis of three- ) 0_ . .
dimensional (3-D) propagation is given in [2] where the powérrhe functionh(6) contains the var!atlon of_ bpth t_he receiving
spectrum is derived by first determining the autocorrelation gptenna pattern and the incoming radiation intensity with
the received signal. Reference [3] applies the analysis of [rﬁspect to the polar anglé
to a specific form of the incident radiation intensity. Here,
we present a direct derivation of a generalized Doppler power
spectrum as a function of the 3-D incident radiation intensity The generalized power spectrum is obtained by relating the
and the receiving antenna pattern. Doppler frequency with the polar angle A given Doppler
frequency defines a cone at anglaith the axis of symmetry
in the direction of motion(z-axis). The relation between

II. NOTATION frequency f and anglef is

Ill. GENERALIZED POWER SPECTRUM

We denotep to be the average power received by an f(0) = fe+ fimcos (5)
isotropic antenna. Using the coordinate system defined in . . .
Fig. 1, we letpK(8, ¢) represent the incoming radiationinten-Where fe is the carrier frequencyf, = fev:/c is the
sity, i.e., power per unit solid angle. The gain of the receivin

antenna is represented B¥6, ¢). From these definitions, we

aximum Doppler frequency, anrds the speed of light. After
change of variable from angeto frequencyf, (3) becomes

have p [Fethn
r = (60
| W= o [ et ©
/Kt(97¢)d921 (1) where §(f) = cos™((f = f.)/fm). The one-sided power

spectrumS(f) is defined such that
wo= [ st ™)
0
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The generalized power spectrum given by (8) is useful in 25
environments such as the business centers of large cities where =
tall buildings demand consideration of the three-dimensional =  ,,
radiation intensity. By substituting an appropriate expression é .
for h(6), one can obtain a specific power spectrum for a % s
particular environment and a given set of system parameters. § = 15
= =10- | 1
IV. SPECIAL CASE = | J
We now consider a special case with radiation confined to <'§t' 5 ‘ j
the zz-plane, as is done in [1]. Thus, we have z :
g N 7
Ki(6,¢) = K1(8,0)6(¢) + Ka(6,m)6(¢p — ) (9) o 05 0 0.5 1
NORMALIZED FREQUENCY
where §(-) denotes the Dirac delta function. Substituting (9) (F-f /8

into (4), we obtain . N -
Fig. 2. Power spectrum for an omnidirectional antenna and for radiation
intensity uniformly distributed in a plane.

h(8) = G(6,0)K1(6,0) + G(6, 7)K(6, 7). (10)

Since the incoming radiation is restricted to theplane, we POWer spectrum now simplifies to

defineps(#) to be the radiation intensity per unit angle in the 1 e
zz-plane. Thus, s — . <t
wGlwm VYT < ) (14)
s(6) = K1(#,0)sin 6 (11) DG Wi T
s(—6) =K-(0,7)siné (12) 0, otherwise

wherew,, = 2« f,,. The power spectrum of (14) is plotted
where0 < ¢ < 7. Using this definition and (5), (8), and (10),in Fig. 2.

we obtain the power spectrum for this problem:

plG(0()), 0)s(8(f)) + G(O(]), m)s(=0(/))]

V. CONCLUSION

) The letter describes a generalized Doppler power spectrum

2
S(f) — Ft]1— <f - fc) which can be applied to environments where the 3-D prop-
()= " Im agation characteristics of wireless signals must be taken into
|f = fel<fm account. The power spectrum given in [1] is shown to be a
0, otherwise. special case of the generalized power spectrum derived here.
(13)
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