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Estimation of Propagation Properties at a Remote Location Using MUSIC

Method in a 3-Dimensional Space

Shunsuke ABE", Hisato IWAI" and Hideichi SASAOKA™

(Received March 16, 2018)

In a wireless communication environment, radio waves are reflected, diffracted and scattered by buildings and obstacles. Because
radio waves propagate through the environment, mutual interference of the radio waves occurs and radio propagation properties, such
as the amplitude and the phase of the received signal, vary significantly. It is called multipath fading. In addition, radio propagation
properties fluctuate widely and spatially. In other words, the propagation properties are local information which can be obtained only
at a certain location. In general, we cannot estimate the propagation properties at a remote location over the locality range of the
multipath fading. Therefore we study a method to estimate the radio propagation properties at a remote location from a receiving point.
An estimation method for such purpose has been studied. In the method, the multipath environment is analyzed by estimating the
directions of arrival (DOAs) by the Multiple Signal Classification (MUSIC) method and the complex amplitudes by the least square
method, respectively. Using the estimated DOAs and the complex amplitudes of the arriving waves, the propagation properties at the
target point are estimated based on the plane wave assumption for each arriving wave. The estimation method has so far been studied
assuming a 2-dimensional space. However, an estimation method of a 3-dimensional space has not been yet established. This paper

discusses a new estimation method for adapting the method to a 3-dimensional space by using a planar array antenna.
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Fig. 2. Arriving wave model and estimation system in a

3-dimensional space.
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Table 1. Condition of arriving waves and specifications

of estimation system.

Multipath environment

Number of
. L =5 (Correlated waves)
arriving waves

Direction of (01, 91) = (30°,310°),(10°,10°),

arrival (55°,50°),(45°,170°),(20°,210°)

Amplitude of

. Rayleigh distributed
arriving waves

oh ¢ arrivi
ase of arriving Random (0°~360°)
waves

SNR 40dB

Estimation system

Antenna separation d = Half wavelength

f ant
Number of antenna N (N, X N,) =36 (6x6)
elements

Number of sub-array 16 (4x4)
antenna elements
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