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Abstract Ultra wideband (UWB) technology is expected to realize high-speed communication, high-resolution radars,
precise geolocation, and other applications. It is also to expect develop substantially new spectrums resource, if the UWB
devices can share the frequency spectra with the incumbent narrowband wireless systems.  Whereas indoor and short-range
propagation characteristics of UWB signals have been intensively studied, the longer range UWB propagation needed to
investigate the electromagnetic compatibility between the narrowband and UWB systems has not yet been precisely
characterized. This report proposes a new UWB line-of-sight path loss formula based on the conventional narrowband
two-path (direct and ground reflected waves) model, taking into account the bandwidth of signals. The following results are
derived from numerical calculations: (1) UWB signals suffer less interference fading then narrowband signals; (2) UWB path
loss exponents change 2 to 4 around a breakpoint; and (3) the breakpoint distance depends on the transmitting and receiving
antenna heights, the arithmetic average by wavelength of lowest and highest frequency, and bandwidth. Indoor experimental
results verified the validity of this new formula.
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Fig. 1. Two-path model.
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Fig. 2. Path loss vs. distance calculated with the
two-path model and direct wave only. hy=hg=1 m,
frequency=3.1 and 10.6 GHz.
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Table1 Dy and Dy, calculated with the two-path model.
Frequency D¢ Dy
3.1 GHz 41.6 m 64.9 m
10.6 GHz 142 m 222 m
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Fig. 3. Path loss vs. distance calculated with the UWB
two-path model (Eq. (7)), hy=hg=1 m, frequency = 3.1 to

10.6 GHz.
3.2.
(7)
1
4
3.3.
(4)
(4) A
(8]
2
1GHz
4
(4) 4
3.1 GHz
6.0 GHz

FCC

3.1 GHz

=75 MHz

(3)

UWB (3)

3.1 GHz

22.0 GHz

401 — Bandwidth = 75 GHz
----Bandwidth = 7.5 GHz
680k, Bandwidth = 750 MHz
_ - ---Bandwidth = 75 MHz
[a] _—
3. 80 cw
A
S
£ 100
[a
120
140 - !
10 100 1000
Distance [m]
4 UWB 2 )
3.1 GHz UwB
hT:hR:]- m
Fig. 4. Path loss vs. distance for various bandwidths
starting from 3.1 GHz calculated with the UWB
two-path model (Eq. (7)), hy=hg=1 m.
2 Dy,
Table 2 Breakpoint distance and path loss exponents
Bandwidth Breakpoint Path loss exponent
[GHZ] distance [m] d<Dy, d>>Dy,
75 114 1.8 4.0
7.5 97 1.8 4.0
0.75 72 1.9 4.0
0.075 65 2.0 4.0
0.0075 64 2.0 4.0
Ccw 64 2.0 4.0
Lowest frequency = 3.1 GHz.
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Fig. 8. Comparison of the UWB path loss

Fig. 6. breakpoint distance vs. bandwidth. The lowest measurements and the UWB two-path model. (Eg. (7)).
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Table 3 Parameters of UWB path-loss measurements. (1) UWB
Frequency 3.1-10.6 GHz 2 (2)UWB
Polarization Vertical >
Transmitting and receiving Double-ridged waveguide
antennas horn antennas 4
Transmitting and receiving
antenna heights 0.1m
(hyand hg) (3)
4.
7
(VNA) Sn
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