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1. Introduction

In accordance with the expansion of mobile communications, various types of new
services involving the transmission of facsimiles, data, and images will be demanded. To realize
these services, mobile communication will have to change from narrow-band analog transmission to
high-grade wide-band digital transmission. According to studies on mobile propagation, though,
received signal-level variation in wide-band transmission is entirely different from that of narrow-
band transmission[1].

Therefore, we have examined the autocorrelation dependence on the received bandwidth
and the angle spread of arriving waves, theoretically and by computer simulation.

2. Model and Derivation of the Autocorrelation Equation
a) Propagation model
Figure 1 shows the propagation mode! in wide-band transmission. It assumes that
multipath waves arrive at a receiving point under the following conditions.
i) The arriving waves have amplitude A: and path length L:. These are distributed uniformly within
a fixed range, and are independent of each other.
ii) The number of arriving waves is N . The amiving angle & of the waves is distributed uniformly
in a horizontal plane over an angle of 2.
iify The amplitude of each wave is constant over the received bandwidth.
For the transmitted and received power,
iv) Transmitied power spectrums are constant over the frequency band fc = AF.
v) The received bandwidth is 2Af and is centered at fe, where Af < AF.
b) Derivation of the autocorrelation equation
For the propagation model shown in Fig.1, the received power P and the autocorrelation
of the received signal-level p{z) are given by (1) and (2), respectively[1].
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c is the velocity of light, z is the distance that a receiving point moves,
and < > denotes an ensemble average.
Assuming that ALy > Aly and fe 2> 2Af , Eq.(2) can be expressed as

p(z)=<2'2'c0561). (3)
These assumptions mean that the distance moved is much smaller than the difference in path length,

and the received bandwidth is much smaller than the radio frequency. We then substituted &1 into
Eq.(3) and modificd it to get
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Using a mathematic formula, Eq.(4) becomes[2]

olz) = 1 (k) = 1 (272 ) Ac), 5)
where Jo(x) is the Bessel function of the first kind and k = Kfc. Equation (5) shows the
autocorrelation of the received signal-level for wide-band transmission. Therefore, the

autocorrelation coefficient equation in wide-band transmission is the same as that in narrow-band
transmission[3].

3. Simulation and Results
a) Simulation method

To clarify the autocorrelation characteristics, a2 computer simulation based on Eq.(2) was
carried out. The autocorrelation was examined for i) dependence on the receiving bandwidth and the
difference in path length, and ii) dependence on the spread of the arriving angles. Table 1 shows the
simulation parameters. The main conditions are the center frequency fc is 1500 MHz, the number of
arriving waves N =10, |AL.-;|<30,500m, and the receiving bandwidth 2Af = 0.015, 3MHz.To
evaluate the dependence on the receiving bandwidth or difference in path length, the spread of the
arriving angles were distributed uniformly over an angle of 2. On the other hand, 10 evaluate the
dependence on the spread of arriving angles, as shown in Fig.2, the arriving waves were set within a
spread angle =S, centered on a moving direction Go. First, a simulation was carried out, when

f6o=0" and S =180". Then simulations with S =60°,30°, and 15° at 6o =0" were carried out by
using data from the first set of simulations with the spread angles S multiplied by 1/3, 1/6, and 1/12,
respectively. The other data such as A; and L:i were unchanged.
b) Autocorrelation dependence on received bandwidth and difference in path length

Figure 3(a) shows the simulation results for p(z) on the basis of Eq.(2) when the received
bandwidths 2Af were 0.015 and 3MHz. The results for both the narrow-band and wide-band show
the independence of the received bandwidth, The Bl symbols in Fig.3(a) are values of Jo*(272/ Ac),
and the simulation results agree well with these values. Figure 3(b) shows simulation results p(z)
when the difference in path length |AL;| is less than 30 and 500m, and both simulations produce
similar results, Therefore, p(z) is also independent of the difference in path length.
¢) Autocorrelation dependence on the spread of arriving angles

Figure 4 shows an example of the received signal-level variation as a parameter of § when
direction of arriving waves is 6o = 0" and 90°. As shown in Fig.4, fading pitch becomes large when
S is small. Furthermore, the fading pitch for 6o =90° is smaller than that for 60=0" when S is

small. Therefore, it seems that the autocorrelation depends on both 6o and S .
Figure 5 shows simulation results p{z), corresponding to those in Fig.4. In this case, p(z)

decreases as S increases, especially when 6o is large.

4. Conclusion
Autocorrelation characteristics in wide-band transmission were examined theoretically and
by computer simulation. The results show that i) the autocorrelation coefficient p(z) is independent

of the received bandwidth and the difference in path length, and is expressed by Jo*(2z/ Ac), ii)
p(z) depends on the spread angle S and direction G of the amriving waves, and decreases as §

increases, especially when 6o is around 90°.
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Table 1 Simulation Parameters

Dependence on 2Af and Dependence on S
[ALs]

Center Frequency fc(MHz) 1500 1500
Number of Arriving Waves N 10 10
Difference in path length IALqI (m) < 30. 500 <500
Received Bandwidth 2Af (MHz) 0.015, 3 0.00125
Direction of Arriving Waves Bo(degree) 0, 45, 90, 135, 180
Spread of Arriving Angles S (degree) I 180, 60, 30, 15
el fetAF Moving DirectionA
f.+AF N Waves
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Received Point

Fig.2 Direction of Arriving Waves 8¢

Fig.1 Propagation Model and Spread of Arriving Angles §
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(a) Dependence on Received Bandwidth (b)  Dependence on Difference in Path Length

Fig.3 Autocorrelation Characteristics
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Fig.5 Dependence on Spread of Arriving Angles

- 1084 -




