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Questions of the Coexistence of the Ultra-Wideband Systems
with the Conventional Radio Communication Systems

Ultra-Wideband Interference on a Non-UWB System
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Abstract – The present article sets forth the effects, caused by
UWB interference upon the conventional receivers.

I. Introducion

Recently we witness an increased interest in the Ultra-
wideband (UWB) communications and especially in the so-
called impulse radio (IR). For carrying information it uses
train of extremely short base-band pulses. The key concept is
through the use of signal with very large bandwidth, respec-
tively very low power spectral density, to reuse the spectrum,
occupied by the already existing users without seriously low-
ering their performance [1,2]. An important area of research
is the exploration of the effects, which will have the UWB-
transmissions upon the non-UWB systems and vice versa,
as well as the ways to avoid and suppress the mutual inter-
ference. Further in this article for the sake of brevity under
“UWB system” we shall understand only UWB Impulse Ra-
dio.

II. UWB Signal Description

One of the general mathematical descriptions of a UWB sig-
nal is the following [3]:
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where ��� � ��� � ��� � �� ��� � and ������ is the ba-
sic transmitted pulse, e.g., a monocycle.� � and �� represent
the data modulation and they are constant in the frames of
the symbol time ��. A symbol is transmitted through � in
number monocycles, where their average repetition time is
�� , and the exact position of each monocycle in its frame is
determined by a pseudo-random time-hopping (dithering) se-
quence � � ���	 ��	 


	 �����. The latter lowers the probabil-
ity for catastrophic collisions of pulses, when operate more
than one UWB transmitters and results in a more smooth
power spectral density (PSD) of the UWB signal. The PSD is
very important when considering the interference issues. The
most important is, PSD to be if possible flat over the occu-
pied bandwidth and what is most important not to have con-
centration of considerable power in discrete spectral lines.
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Many researchers have derived for PSD analytical expres-
sions, proved by computer simulations [3-6]. It is character-
istic that PSD is a sum of continuous component and a dis-
crete component. In general, the shape of ����
� is deter-
mined of PSD of the monocycle. If � , � is the smallest pair
of integers, for which �
� � �
� , the discrete component
of PSD is comprised of discrete spectral lines at frequencies
�������. IF for �� �� �� the expectation ������������� � �,
the discrete part vanishes [3,4]. This is valid in binary pulse-
amplitude modulation (PAM), as well as in its combination
with the pulse position modulation (PPM) (Fig. 1) .

Fig. 1. UWB PSD examples

III. Influence of the UWB Emissions upon the
Non-UWB Systems

This topic has been seriously researched, by both the regula-
tory authorities in respect to the necessity of creating regu-
lations, treating the UWB devices, and the UWB proponents
[7-14, etc.]. The greatest interest is the research of the level
and the nature of the UWB interference at the IF- and the de-
modulator’s output of a victim receiver, their dependence by
the UWB signal parameters and the aggregate effect of multi-
ple UWB emitters, especially in the expected proliferation of
UWB devices. Based on these studies one can find appropri-
ate UWB emission limits, UWB signal parameters and rules
for operating of UWB devices, where the deleterious action
upon the conventional receivers could be acceptable.
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According to some early statements of UWB proponents,
the influence of UWB signal upon a non-UWB receiver is
similar to white gaussian noise. It turns out that this is not
always the case. Generally, the level and the nature of the
UWB interference at the output of a non-UWB receiver de-
pend both by the parameters of the UWB signal, and by the
receiver, especially by its IF bandwidth (IFBW). The most
significant parameters of the UWB signal, affecting UWB
waveform and power level at the receiver’s IF output are the
pulse repetition frequency (PRF = ���� ), the pulse width
��, use of time dithering/and/or gating of the UWB device
and the type of the data modulation [8].

The power of a non dithered signal is concentrated in dis-
crete spectral lines at frequencies divisible by PRF, where its
potential to disturb the operation of the victim receivers is
great, especially if any line of the UWB spectrum align with
the non-UWB carrier. The experimental results [10] confirm
this. And vice versa dithering results in a spectral smooth-
ing, which is a prerequisite for getting at receiver’s IF output
more noise like waveform.

A. Character of the UWB interference at the victim receiver
IF output

The ratio PRF/IFBW is decisive for the character of the
waveform at receiver’s IF output [8,15,16]. In practice, the
response of the IF filter on each impulse, due to the very lit-
tle Tm is equal to the impulse response of the IF filter. For
��� � �	� , the responses, caused by the separate pulses
remain distinguishable. The waveform at the receiver IF out-
put will be pulse-like. For ��� � �	� the waveform will
be similar to a continuous wave (CW), if the UWB signal
is non-dithered, and noise-like in dithered UWB. The de-
gree, to which receiver output response appears noise like,
depends on the value of �����
��� and the randomness of
the dithering sequence. In [16] it is shown, that in PRF, sev-
eral times bigger than BIF, at the demodulator output of a
victim receiver in practice we receive Gaussian distribution
of the signal, as it could be expected from the central limit
theorem.

For a description of a time-domain characteristics and in
particular for the evaluation of the degree, in which the wave-
form at the IF output is noise-like, is proposed the use of
Amplitude probability distribution (APD) [7,10]. It is mea-
surable, from it can be obtained some statistical values and
can be used in receiver performance prediction. The APD
express the probability that signal amplitude excess a thresh-
old. The APD graph displays amplitude on the y-axis and
probability on the x-axis. The probability is so scaled; that in
gaussian noise APD becomes a straight line [10, Appendix
E].

B. UWB interference levels at the victim receiver IF output

The dependency of the UWB interference level at the IF out-
put is reviewed in several places [8,15]. The level depends
basically on the IF bandwidth, PRF and on the presence or
absence of dithering and/or gating. A simplified dependence
is given in [17,18].

In [16] the same topic is also discussed, but some mo-
ments there are problematic. Probably the best notion about
the problem could be acquired by [8,15], despite the rather
more practical, than strictly scientific character of these two
sources. Two cases are being discussed

Non-dithered signal: Its spectrum is built of discrete
lines at frequencies spaced at 	
 � ��� . When
���� � ��� , in the worst case one single spectral line
will enter the IFBW. Then the average power �	�� at the
IF output would be independent by �	� . In �	� � ��� ,
�	�� will be proportional to the number of UWB spec-
tral lines, entering the IFBW, which is proportional to �	� ,
therefore, �	�� [dB] � ��� � � �� 
����	� ���� �, where
��� � is the power in �	� � ��� . Peak power �	� :
When ���� � ��� , the waveform at the IF output is
CW-like. Then, obviously �	� � �	�� . In wider IFBW,
waveform will be pulse-like. Then the ratio �	� ��	�� in-
creases proportionally to �	� . In the transitional area, when
�	� and PRF are from one and the same order, the depen-
dence is more complex. But as a threshold we can accept
�	� � �
�
��� , e.g. in ���� � �
�
��� �	� [dB] �
��� � � �� 
����	� ���
�
��� ��.

Dithered signal: In this case ����
� is generally flat
within the frames of IFBW of a conventional receiver,
therefore �	�� is proportional to IFBW, i.e. �	�� [dB] �
�	�� ��
�� � � �� 
����	� ��
�� �, �
�� is some IFBW,
from which we know �	�� . The dependence of �	� by
IFBW changes due to the dither percentage �����
��� . In a
reasonable value of 50%, as a boundary value of IFBW one
can accept with quite a good exactness �	� � �
���� :
�	� [dB] � � ��
���� � � �� 
����	� ���
���� �� when
�	� � �
���� and �	� � �	�� when �	� � �
���� .
These dependencies are shown on figure 2.

Fig. 2. UWB power at the receiver’s IF output

They have been used by NTIA for the deriving of the so-
called bandwidth correction factors (BWCF) [8,15], which
allow to estimate average and peak power for various IFBW
of the victim receiver from average power measurements
made in a 1MHz reference bandwidth.

More often the answer to another question is much more:
How the interference power at the IF output of a victim re-
ceiver depends on the UWB PRF (IFBW is fixed). In the lit-
erature I did not come across a thorough answer to this ques-
tion. Let us review two cases:

Non-dithered UWB signal. The power of a non-dithered
UWB signal is concentrated in discrete lines, spaced
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at 	
 � ��� one from another, and their num-
ber will be approximately �� � �������� . Then
the power in each line will be �� � ������� �
���
��������� � ���
����� , where ���� is
the power of the UWB signal, that falls on the input of
the receiver, and ����� � ��������� is average
PSD of the UWB signal. The UWB power at IF output
is proportional to the number of the spectral lines, that
fall in the IFBW and the power of one spectral line, e.g.
�	�� � �
��	� ���� �
���
����� � �
�	� 
�����

in ��� � �	� , where � is a given constant. In ��� �
�	� , in the worst case in IFBW will fall only one spectral
line. Then �	�� � �� � �
���
����� , i.e. increase in
PRF, the UWB signal becomes more deleterious.

Dithered UWB signal. In this case PSD is relatively even.
Therefore �	�� � �
�	� 
����� . For peak power could
be expected �	� � �	�� when ��� � �	� and increase
in �	� caused by the lowering of PRF in the transition area
around ��� � �	� due to two factors: transition from
noise/CW-like waveform to pulse-like and increased energy
in one pulse, proportionally to ����� . When ��� � �	�

the impulses are completely separated and only the latter
factor is valid, therefore �	� will increase proportionally to
����� .

In [8], Appendix D, the dependence is shown from PRF of
a peak UWB power in a 50MHz bandwidth related to the av-
erage UWB power in a reference bandwidth of 1 MHz. It has
been established to the considering of how to regulate the al-
lowed peak power. A bandwidth of 50 MHz has been chosen,
since it is comparable to the widest victim receiver IFBW. It
can be determined that the setting of a limit for the maximum
allowed �	� ��	�� , on behalf of the regulatory authorities,
leads to the necessity to use PRF beyond a set limit. For ex-
ample, if �	� ��	�� is limited to 20 dB, PRF � �� MHz for
non-dithered UWB signal, and for dithered signal there is no
value of PRF, that could satisfy the preset condition.

In [16] something more is done: analytical expression for
the power caused by UWB interference has been given at
the detector output of a victim receiver, but still in the article
there are some dubious moments.

C. Victim receiver performance degradation

The victim receiver performance degradation is difficult to be
foreseen exactly, because to a great extent it is dependent on
the specific signal processing, used in the receiver. Many of
the receivers are optimized to give the best performance, as-
suming that they work in conditions of white gaussian noise.
Then in some cases, serious performance degradation can be
expected, when UWB interference appear pulse-like at the IF
output.

In [17,18] there is derived a simple expression for the sig-
nal/noise ratio and its use for determining of BER of the
victim receiver is proposed. However, about the latter, it is
necessary to know also the statistical properties of the UWB
signal after its transition through the receiver’s front-end. In
[14] analysis is made about the influence of the UWB inter-
ference on a NB receiver and expression for BER has been
found, which however, is difficult to apply. In [8], Appendix.

E, is shown how easily from APD could predict bit error rate
in non-coherent binary FSK.

Especially useful could be the gathered multiple re-
sults from simulations and measurements of the interfer-
ence, caused by the UWB signals upon non-UWB receivers.
[19,20,8,9,10]. In [19,20] mainly simulation results are pre-
sented. More interesting however are the given results from
experiments conducted with GPS receivers [10]. In this ar-
ticle I have tried to summarize some of the more important
results from [10]. Most informative appear to be the depen-
dence of Reacquisition time (RQT) and pseudo-range (PSR)
accuracy by the UWB power and the interference power at
the break lock point (BL), measured in various UWB signal
parameters. For a comparison measurements have been made
with AWGN too. An interesting fact has been found out, that
the deleterious influence of UWB interference is growing up
with the increase of PRF. In the highest used PRF (20 MHz)
the values for BL and RQT are almost the same as in AWGN,
when the UWB signal is dithered, and considerably worse
in non-dithered signal, as it was expected. It also interesting
that in difference to the AWGN case, the PSR error does not
change significantly in case of a change in UWB interference
level and is about 2-3 times bigger than the error measured
without additionally injected noise or UWB signal. Here also
the non-dithered UWB signal is more deleterious especially
in high PRF.

It is not exactly clear why the influence from the UWB
signal gets bigger by the increase of PRF. The above de-
scribed statements for the interference power at the IF output
give partial explanation, since this phenomenon is witnessed
in a dithered signal too. An explanation can be found in the
presence of the non zero discrete component in the used in
experiments UWB signals. In [16] an explanation is given,
but with problematic correctness. Interesting is the article of
[21], where based on the careful insight in the experimental
data, one comes to the idea that significant role could have
the participation of the nonlinearities in the victim receiver.
Namely, a compressed receiver stage acts as a bandpass lim-
iter, which is well known to help reduce the effects of pulsed
interference. A lower PRF results in a higher peak power,
which would be compressed in an earlier receiver stage and
thus would produce less output interference. In general the
question for the participation of the receiver’s nonlinearities
in the presence of UWB interference is interesting and poorly
investigated.

IV. Aggregation Of Multiple UWB Signals

The issue has been discussed in many places [8,10,14,16,22].
Not until its answer the interference potential of the UWB
systems will be fully and completely revealed. It is possible
in urban areas hundreds, thousands or even more of UWB
devices per square kilometer to be employed. The main ques-
tions are: how the power is accumulated from multiple UWB
emitters and what is the nature of the resultant signal, and at
the same time to have in mind the peculiarities of the radio-
propagation. There are 2 opposite opinions: that decisive is
the effect of the single nearest UWB-emitter and that there is
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no aggregate effect and vice versa.
In general for stationary, stochastic processes, average

power from multiple sources do add linearly. It could be ex-
pected that the RMS UWB power also aids linearly. For the
peak power things are more complex. Then amplitude statis-
tics could be useful. In [8] experimental data are given, from
combining of two UWB signals under various signal parame-
ters. In practice upon turning on the second transmitter (hav-
ing the same PAV), PAVaggr approximately doubles in size.
Different are the results in [22], where a radiated measure-
ment is carried out with measurement of SNR loss in a GPS
receiver. Unfortunately not enough details are given about
the conditions of the measurement. One can presume that the
differences are caused by the effects in the radio propagation.
Generally, the numerous experiments show that the average
(RMS) power emitted by UWB devices is linearly additive in
a receiver.

For evaluation of the possible interference, caused by the
operation of a great number of UWB devices different mod-
els have been worked out: analytical and statistical. In [8] a
comparison is made between the results, obtained using dif-
ferent models. More or less the results agree closely within
2 dB.

In NTIA is developed the “UWBrings” model, with which
a number of experiments have been carried out [8]. The re-
sults can prove that:

Under given conditions some UWB emitter density exists,
and above which aggregate interference begins significantly
to exceed that from a single UWB emitter. Under different
conditions, this emitter density is of few active emitters per
square kilometer to greater than 1000.

The summation of numerous independent UWB signals
must lead to a noise-like signal at the output of a narrow-band
receiver. In [16] it is shown under what conditions aggregate
UWB interference lead to Gaussian process at receiver’s out-
put.

As far as the aggregate UWB signal at receiver’s input is
concerned, in [14] is established analytically that the aggre-
gate received signal is heavy-tailed.

The peculiarities of the radio propagation have a signifi-
cant role for the aggregate interference. Factors such as ob-
structions due to terrain irregularities, foliage, buildings and
UWB antenna directivity have also a very powerful influence
[8]. It comes out that in urban environment; UWB emitters
in a radius of 1 kilometer are decisive for the aggregate effect
upon terrestrial victim receiver. In the experiment, described
in [22] interesting effects have been witnessed, related prob-
ably to the reflections of near to the victim receiver objects.
These effects could significantly increase the harmful effect
of the UWB interference.

A great number of results from experiments and computa-
tions are given in [8,10]. In [10] the effect of various inter-
ference scenarios upon GPS receivers is given. In brief, the
results presented, show that the influence of the aggregate
UWB interference does not lead to results significantly worse
than those in AWGN, except the case with the non-dithered
signals. By increasing the number of the UWB emitters to
more than 2, in fixed aggregate power, in practice the results

cease to change with the number of the emitters and converge
on these, received in AWGN, which agree with [16].

V. Conclusions

The mechanisms of influence of UWB signals on a non-
UWB receiver were above exposed as well as some of the
more important experimental results. It is obvious that it is a
vast area for a research. For now on it has been studied as far
as, it could give the right to accept the existence of the UWB
technology, to find out appropriate UWB parameters, modu-
lation schemes and regulations, so that the existing nowadays
non-UWB systems could be adequately protected. Probably
in future development of non-UWB receivers, when the pro-
liferation of UWB transmitters will be a fact, methods for
signal processing will be searched for purposeful suppres-
sion/mitigation of the UWB-interference. For that purpose a
more serious clarification of the mechanisms of UWB sig-
nal’s influence upon the non-UWB receivers will be needed.
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