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On the Robustness of Ultra-Wide Bandwidth
Signals in Dense Multipath Environments
Moe Z. Win, Member, IEEE and Robert A. Scholtz, Fellow, IEEE

Abstract—The results of an ultra-wide bandwidth (UWB) signal
propagation experiment, using bandwidth in excess of 1 GHz,
performed in a typical modern office building are presented.
Robustness of the UWB signal in multipath is quantified through
cumulative distribution functions of the signal quality in various
locations of the building. The results show that an UWB signal
does not suffer multipath fading.
Index Terms— Multipath, propagation measurements, ultrawideband radio.

I. INTRODUCTION

R

ECENT work in the area of ultra-wide bandwidth (UWB)
communications has indicated that it may be attractive
for multiple access communications [1]. Accurate performance
prediction of such systems in a realistic environment necessitates knowledge of UWB propagation channels.
Many propagation measurements have been made over the
years on indoor channels with much “narrower bandwidths.” A
comprehensive reference on the indoor propagation channels
(a total of 281 references) can be found in the tutorial survey
paper by Hashemi [2]. Some of the work by Rappaport [3]–[5]
and a few other papers [6]–[8] are listed here as selected
references. However, these measurements are inadequate for
UWB transmission systems, and characterization of UWB
signal propagation channels has not been available previously
in the literature.
This letter describes a UWB signal propagation experiment
performed in a typical modern office building, and quantifies
the robustness of the UWB signals in multipath.
II. THE UWB PROPAGATION MEASUREMENT

The measurement technique employed here is to probe
the channel periodically with a sub-nanosecond pulse and to
record the response of the channel using a digital sampling oscilloscope (DSO). Path resolution is possible down to about 1
ns of differential delay, corresponding to about 1-ft differential
path length, without special processing. The repetition rate of
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Fig. 1. Averaged multipath profiles in a 40-ns window measured in an office,
along a horizontal line of the grid at three different positions 1 ft apart. The
transmitter is approximately 6 m from the receiver, representing typical UWB
signal transmission for the “high SNR” environment.

the pulses is 2 10 pulses per second, implying that multipath
spreads up to 0.5 s can be observed unambiguously.
Propagation measurements were made in 14 different rooms
and hallways on one floor of a modern laboratory/office
building. In each office, multipath measurements over a 300ns-wide window were made at 49 different locations. They are
arranged spatially in a level 7 7 square grid with 6-in spacing
covering 3 ft 3 ft. A total of 741 different multipath profile
measurements were made at various locations (12 different
rooms with 49 locations/room, 2 49 locations in the lab, 21
locations in the shield room, and 34 locations around the
hallways).
Fig. 1 shows the typical multipath profiles measured along
a horizontal line of the grid at three different positions 1-ft
apart. This represents typical UWB signal transmission for
the “high signal-to-noise ratio (SNR)” environment. Notice
that the direct path response (leading edge of the responses)
suggests that the location of the receiver for the lower trace is
closer to the transmitter than that of the upper trace. Similar
results are given in Figs. 2 and 3 representing typical UWB
signal transmissions for the “low SNR” and “extremely low
SNR” environments. Note that the first arriving path is not
always the strongest path.
III. ROBUSTNESS

IN

MULTIPATH

Robustness of the UWB signals in multipath can be assessed
by measuring the received energy in various locations of
the building relative to the received energy at a reference
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Fig. 2. Averaged multipath profiles representing typical UWB signal transmission for the “low SNR” environment. The transmitter is approximately
10 m away from the receiver.

Fig. 4. The cumulative distribution functions of the signal quality based on
49 spatial sample points (except 21 spatial points for room R, and 34 spatial
points for hallways) in each room. A total of 741 measurements were used
in this plot.
TABLE I
SIGNAL QUALITY STATISTICS

Fig. 3. Averaged multipath profiles representing typical UWB signal transmission for the “extremely low SNR” environment. The transmitter is approximately 17 m away from the receiver.

point. Mathematically, the signal quality at measurement grid
can be defined as
location
(1)
The received energy

at location

is given by

Fig. 4. These data indicate that the signal energy per received
multipath waveform varies by at most 5 dB as the receiver
position varies over the measurement grid within a room. This
is considerably less than the fading margin in narrow-band
systems, and indicates the potential of UWB radios for robust
indoor operation at low transmitted power levels.
IV. CONCLUSION

(2)
is the measured multipath profile at location
where
in the grid and is the observation time. The reference energy
is chosen to be the energy in the LOS path measured by
the receiver located 1 m away from the transmitter.
is calculated for measurements
The signal quality
made at 741 different locations (14 different rooms with
49 locations/room, 21 locations in the shield room, and 34
locations in the hallways).
Table I shows the estimates of the mean and the variance of
the signal strength in each room based on the samples taken in
that area. The cumulative distribution functions of the signal
quality for measurements made in these locations are shown in

Extensive UWB propagation measurements were made in
14 different rooms and hallways of a modern office building.
Robustness of the UWB signal in multipaths is quantified
through cumulative distribution functions of the signal quality
in various locations of the building. The results show that
the UWB signal does not suffer multipath fading. Therefore,
very little fading margin is required to guarantee reliable
communications.
ACKNOWLEDGMENT
The authors wish to thank M. A. Barnes, A. Petroff, and
L. Fullerton of Time Domain Systems, and P. Withington
of Pulson Communications for several helpful discussions
concerning the technology, capabilities, and signal processing
of impulse signals.

WIN AND SCHOLTZ: ULTRA-WIDE BANDWIDTH SIGNALS IN MULTIPATH ENVIRONMENTS

REFERENCES
[1] M. Z. Win and R. A. Scholtz, “Comparisons of analog and digital
impulse radio for multiple-access communications,” in Proc. IEEE Int.
Conf. on Communications, Montreal, PQ, Canada, June 1997, pp. 91–95.
[2] H. Hashemi, “The indoor radio propagation channel,” Proc. IEEE, vol.
81, pp. 943–968, July 1993.
[3] J. B. Andersen, T. S. Rappaport, and S. Yoshida, “Propagation measurements and models for wireless communications channels,” IEEE
Commun. Mag., vol. 33, pp. 42–49, Jan. 1995.
[4] T. S. Rappaport, “Characterization of UHF multipath radio channels
in factory buildings,” IEEE Trans. Antennas Propagat., vol. 37, pp.
1058–1069, Aug. 1989.

53

[5] T. S. Rappaport, S. Y. Seidel, and K. Takamizawa, “Statistical channel
impulse response models for factory an open plan building radio
communication system design,” IEEE Trans. Commun., vol. 39, pp.
794–807, May 1991.
[6] D. M. J. Devasirvatham, “Multipath time delay jitter measured at
850 MHz in the portable radio environment,” IEEE J. Select. Areas
Commun., vol. SAC-5, pp. 855–861, June 1987.
[7] A. A. Saleh and R. A. Valenzuela, “A statistical model for indoor
multipath propagation,” IEEE J. Select. Areas Commun., vol. SAC-5,
pp. 128–137, Feb. 1987.
[8] R. J. Bultitude, S. A. Mahmoud, and W. A. Sullivan, “A comparison
of indoor radio propagation characteristics at 910 MHz and 1.75 GHz,”
IEEE J. Select. Areas Commun., vol. 7, pp. 20–30, Jan. 1989.

