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On the Robustness of Ultra-Wide Bandwidth
Signals in Dense Multipath Environments

Moe Z. Win, Member, IEEEand Robert A. ScholtzFellow, IEEE

Abstract—The results of an ultra-wide bandwidth (UWB) signal

propagation experiment, using bandwidth in excess of 1 GHz, [ i ; ;
performed in a typical modern office building are presented. o ; P},ﬂ‘ sl l"n‘l"'\-“(lﬁ‘L'Aih\rWW
Robustness of the UWB signal in multipath is quantified through : : ;Q “f :
cumulative distribution functions of the signal quality in various o1 X -1 -1 = =L - o =2 4

locations of the building. The results show that an UWB signal
does not suffer multipath fading.

Index Terms—NMultipath, propagation measurements, ultra-
wideband radio.
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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 neces§- 1. Averaged multipath profiles in a 40-ns window measured in an office,
tates knowledge of UWB propagation channels. Slong & notzontalIne of e orid ot ree diferent postions L1t st o

Many propagation measurements have been made over diggal transmission for the “high SNR” environment.

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 surnvey® pulses is 210° pulses per second, |mply|ng that multipath
paper by Hashemi [2]. Some of the work by Rappaport [3]—[@ reads up_to 0.ps can be observed unar_nb|guo_usly.
and a few other papers [6]-[8] are listed here as Selecteo|3ropagat|on measurements were made in 14 different rooms
references. However, these measurements are inadequat i _hallways on one floor_ of a modem laboratory/office
UWB transmission systems, and characterization of U ilding. In each office, multipath measurements over a 300-

signal propagation channels has not been available previod% ,vide Wlndqw were made at 49 dlﬁerept Io.catlo.ns. They are
in the literature. arranged spatially in a levelx77 square grid with 6-in spacing

This letter describes a UWB signal propagation experime?]?Verlng 3 ftx 3 ft. Atotal of 741 d_|fferent mL_JIt|path pro_ﬂle
easurements were made at various locations (12 different

erformed in a typical modern office building, and uantified . ; . )
fhe robustness gfpthe UWB signals in multisath q rooms with 49 locations/room,»49 locations in the lab, 21

locations in the shield room, and 34 locations around the
hallways).
Il. THE UWB PROPAGATION MEASUREMENT Fig. 1 shows the typical multipath profiles measured along

The measurement technique employed here is to proddiorizontal line of the grid at three different positions 1-ft
the channel periodically with a sub-nanosecond pulse andapart. This represents typical UWB signal transmission for
record the response of the channel using a digital sampling 8% “high signal-to-noise ratio (SNR)” environment. Notice
cilloscope (DSO). Path resolution is possible down to aboutthat the direct path response (leading edge of the responses)
ns of differential delay, corresponding to about 1-ft differentisduggests that the location of the receiver for the lower trace is
path length, without special processing. The repetition rate @pser to the transmitter than that of the upper trace. Similar

results are given in Figs. 2 and 3 representing typical UWB
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Fig. 4. The cumulative distribution functions of the signal quality based on
Fig. 2. Averaged multipath profiles representing typical UWB signal trang9 spatial sample points (except 21 spatial points for room R, and 34 spatial
mission for the “low SNR” environment. The transmitter is approximatelpoints for hallways) in each room. A total of 741 measurements were used

10 m away from the receiver. in this plot.
008 . . T TABLE |
: i H SIGNAL QUALITY STATISTICS
o v o Y PR | .Nx Abire s o AW
= FA ST YR aT NGy v v - - = = = = A
: 2 : 2 Office = distance | Minimum | Maximum I Median a 4 of
005 H H H H H _ (meters) (d13) (dB) (dB) (dB) (dB) Samples
w % % ® & 7 ™ & ® « F2 5.5 [ -12.8970 [ -9.64586 [ -11.5241 [ -11.6813 | 0.8161 19
5 oo [ T T T T T N 55 ) -16.0060 | -13.2940 | -14.7260 | -11.7690 | 05802 | 49
% : : : i : P 6.0 | 165253 | -12.2185 | -14.2373 | -14.2820 | 0.8091 19
3 : i Y L 80 | -16.6966 | -12.4310 | -14.4500 | -11.5538 | 0.8342 49
2 “MMM“W Wf W "~ 85| 300157 | -17.0351 | -18.7358 | -18.7425 | 0.7622 19
2 H H FI 0.5 | -14.4064 | -H.79770 | -12.0986 | -12.1407 | 1.0563 19
B = B o A T B —" H 10.0 | 21.0415 | -16.1628 | -18.7141 | -18.8142 | 1.1240 49
005 . . ; . . U 10.0 | -21.1719 | -17.6232 | -19.4275 | -19.4092 | 0.8024 49
: H : : H T 10.5 | 21.9113 | -19.2986 | -20.6100 | “20.5419 | 0.5960 49
0 105 | -23.7221 | -20.8867 | -22.2675 | -22.3851 | 0.8686 21
° M 13.5 | -23.8258 | -20.9277 | -232.25 ()é: 2222064 | 0.6439 49
H : : 2 3 H E 135 | -24.1454 | -20.2000 3| -22.7821 | 1.0332 49
005 i i i i i i A 16.0 | -25.4171 | -20.7822 2233541 | 1.1512 19
50 55 60 65 70 75 80 85 90 _— -
B 17.0 | 2471191 | 212006 -22.9987 | 0.8860 49
Time (nanoseconds) C 175 | -26.4448 | -22.3120 . -24.5777 | 1.0028 49
Hallways 223.8342 | 6.72469 1() 0317 | -17.3286 | 4.5289 34

Fig. 3. Averaged multipath profiles representing typical UWB signal trans-
mission for the “extremely low SNR” environment. The transmitter is approx-
imately 17 m away from the receiver.

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.

point. Mathematically, thaignal qualityat measurement grid
location (¢, j) can be defined as

Qi,j = 1010g10 Ei,j - 1010g10 Eref [dB] (1)

The received energy; ; at location(¢, j) is given by
’ [\VV. CONCLUSION

(2) 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
various locations of the building. The results show that
UWB signal does not suffer multipath fading. Therefore,
véry little fading margin is required to guarantee reliable
communications.

T Extensive UWB propagation measurements were made in
E i ; ()% dt
sJ 2

wherer; ;(t) is the measured multipath profile at locati@n;)
in the grid and!” is the observation time. The reference ener
E..; is chosen to be the energy in the LOS path measured
the receiver located 1 m away from the transmitter.
The signal quality@; ; is calculated for measurements
made at 741 different locations (14 different rooms with
49 locations/room, 21 locations in the shield room, and 34 ACKNOWLEDGMENT
locations in the hallways). The authors wish to thank M. A. Barnes, A. Petroff, and
Table | shows the estimates of the mean and the variance ofFullerton of Time Domain Systems, and P. Withington
the signal strength in each room based on the samples takeofirPulson Communications for several helpful discussions
that area. The cumulative distribution functions of the signabncerning the technology, capabilities, and signal processing
guality for measurements made in these locations are showmfnimpulse signals.
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