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Abstract In this paper we propose a fading simulator which can generate Rayleigh fading in the spatial domain.
The conventional fading simulator using ESPAR antenna works well as a fading simulator. However, the ESPAR
antenna has very small angular spread because of proximity coupling between parasitic antennas and an excited
antenna. We introduce an ESPAR-like cavity-fed antenna as a spatial fading emulator which can simulate more
realistic base station environment. The proposed structure uses a radial cavity as a feeding circuit, and the funda-
mental size limitation of an ESPAR antenna can be overcome in the proposed structure. In the proposed structure,
the feed probe is not directly connected to the antenna element, so that the strong radiation from the feed element
is suppressed. We present the basic structure and features of the proposed antenna.
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. tion is stored on the memory [2]. Second is so called “Jakes
1. Introduction o ) ) i o
type” fading simulator in which a steady signal is split into

Field testing of mobile radio transmission techniques is of-
ten time consuming and inconclusive. Laboratory testing
with signals that fairy duplicate the statistical properties of
the signals encountered in the fields is an attractive alter-
native when all the relevant properties can be simulated [1].
Therefore, we need a standard mobile communication envi-
ronment, which provide suitable condition of circumstance
for mobile radio transmission experiment. Of course, there
are several approaches to generate fading signals. First is

a stored channel approach in which actual fading fluctua-

several paths, each of which suffers from different Doppler
shift, and they are combined again to generate the fading [1].
Third is the Gaussian amplitude modulation of the in-phase
and quadrature components of a steady carrier which can
be used to provide uniform phase modulation and Rayleigh
envelop fading [3]. The fading simulators can only work in
the delay and Doppler domains, and the effect of antenna
can not be considered. To overcome this problem, a fading
emulator called a field simulator has been proposed. For the

mobile terminals, a field simulator composed of a phased ar-
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Fig. 1 Structure and Concept to show how to form Rayleigh fad-

ing channel

ray antenna and the shielded box has been proposed [4]. For
the base stations, another field simulator using the moving
metal bars have been proposed to realize the finite angular
spread [5]. Yet another field emulator using ESPAR antenna
ESPAR

field simulator is with a simple structure, but only a small an-

has recently been proposed by the authors [6] [7].

gular spread (AS) can be generated. In this paper we propose
an ESPAR-like cavity-fed antenna array to achieve a wider
AS which can be inspected in more realistic base station en-
vironment in mobile communication systems. We show some
basic characteristics by using a commercial Method of Mo-
ment (MoM) software - FEKO [8] and by experiments using
a prototype.

2. Structure and Concept

Figure 1 shows a radial cavity-fed ESPAR-like antenna ar-
ray. In this example, the array is composed of six inductance-
loaded element arranged concentrically for the structural
symmetry and one feed pin at the center of radial cavity.
In appearance, inductance-loaded elements seem to be para-
sitic elements. But, in this structure, contrary to the ESPAR
antenna, these elements are not the parasitic elements in the
sense that they are fed via the cavity. Namely, radial cavity
may be regarded as a feed circuit and the elements above
cavity are fed by the cavity with pins connected to reac-
tance elements. Each of the fed elements has different phase
due to the varied excitation coefficient by controlling the load
impedance as well as the generation of higher order modes in
the cavity. This quasi-random phase generates the Rayleigh
fading. This structure is advantageous in the sense that the
excitation strength is almost independent of the size of the
cavity, since elements are fed by the radial cavity and not by

the proximity coupling. Therefore, this has a wider AS than

Base station

Antenna: Center conductor extended in SMA
Cavity: Brass

Operation M8 N4
Frequency: 2.45 GHz

Fig. 2 Specification of fabrication

Fig. 3 Prototype model
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Fig. 4 Si1- simulation vs. experiment

that ESPAR antenna can achieve. As a spatial fading sim-
ulator, Rayleigh fading statistics is expected as in the same
manner as an ESPAR antenna, whereas the angular spread
would be easily controlled by selecting the appropriate size

of the cavity and array.



3. Characteristics of the Prototype

A prototype is fabricated to confirm the simulation model
which operates at 2.45 GHz. Figure 2 shows the physical di-
mension of the prototype and Figs. 3 show the photos 50 ohm
dummy load connected instead of varactors. We present the
characteristics of this prototype, although we know that the
dimension of this antenna is not well designed. The 50 ohm
dummy is loaded at every element for Si1 to compare simu-
lation model to experiment and all simulations - FEKO - are
performed at 2.45 GHz. Figure 4 shows a comparison of Si1
between simulator and experiments when 50 ohm dummy is
loaded at every element. Most of the energy is rejected at
the feed of the cavity except in the range between 13 GHz
and 14.8 GHz. In theory, this cavity is resonant at around
6 GHz, but, little energy has gone into cavity at 6 GHz as
figure shows. This may be due to some perturbation from
the radiation elements, but the detailed mechanism shall be
studied further.

4. Characteristics of Radial Cavity fed
Antenna with a wide cavity

The aim of using cavity is to achieve a wider AS than
ESPAR antenna. Figure 5 shows the physical dimension of
simulation model which is designed to resonate at around
2.45 GHz. The capacitance of the varactor has been varied
in the range of 0.5 pF — 9 pF , which corresponds to —130
ohm - —7.2 ohm in reactance domain at 2.45 GHz. Figure 6
shows the current distribution of the antenna element when
all the elements are connected to 4.2 pF varactors. When
reactance values of varactors are varied, we can observe the
phase variation at each of the parasitic antenna elements.
Figures 7 and 8 are examples of the current distributions of
all the antenna elements when 0.5 pF, 9 pF, 4.7 pF, 1 pF,
2.8 pF and 7.3 pF are respectively loaded. We expect that
this variation of the phase at each of the antenna elements
shall generate the spatial Rayleigh fading, although further

simulation is necessary to confirm.
5. Conclusion

An ESPAR-like antenna fed by a cavity as spatial fad-
ing emulator has been proposed and its features based on
simulation by an MoM simulator and on measurements of
a prototype. The proposed antenna is expected to perform
Rayleigh fading channel with wide AS which can simulate
the base station environments. Further investigations about
the fading statistics as well as the shape optimization are

necessary.
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