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Abstract-- In this paper, we evaluate the performance of WiMAX
downlink system in vicinity of UWB system. The study is achieved
via simulating a scenario of an office building which utilizes from
both WiMAX and UWB appliances. From the simulation results,
we found that WiMAX system is largely affected by the UWB
interference. However, in order to overcome the interference
problem and achieve reasonable BER (Bit Error Rate) of 1077, we
found that it is very necessary to raise the WiMAX transmitted
power in relative to that of UWB interferer. So, the minimum
requirements for WiMAX system to overcome UWRB interference
are stated here in this work.

I. INTRODUCTION

Ultra Wide Band (UWB) systems will aim to dominate the
short-range wireless communications sector facilitating
wireless data transmission at rates as high as 110 Mbits/sec [1,
2]. According to the Federal Communication Committee rules,
any signal that occupies more than 500 MHz of bandwidth can
be considered UWB. Such signals have been allocated in a
large frequency band (3.1 to 10.6 GHz) for unlicensed use [3],
with maximum effective isotropic radiated power (EIRP) of
-41.3 dBm/Mhz, in order to avoid interfering with existing
narrowband or wideband devices [1]. Although this PSD
(Power Spectral Density) mask can effectively suppress UWB
interference to most existing systems operating at frequencies
lower than 3 GHz (GPRS, GSM 900, GPS, WCDMA and
bluetooth), there still exist devices, which operate in the ultra-
wide spectrum allocated for UWB communications, resulting
in mutual interference to both systems.

One of the systems, whose operation could be harmed by
UWB interference, is WiMAX system, which is defined by
IEEE-802.16 standard. This standard aims to deliver high data
rates over large geographical areas to a large number of users
[4]. This means that WiMAX will be looking to provide
wireless last-mile broadband access with performance
comparable to Cable and DSL connections [5]. The operation
of WIMAX systems has been restricted in the licensed
2.5GHz, 3.5GHz and license-exempt 5.8GHz. This means that
they will share the bands used by UWB systems. So, if UWB
technology is to be successful, it is vital for UWB developers

to ensure that these devices pose no threat to the operation of
WiMAX receivers [6].

However, the effect of UWB interference on WiMAX
receivers is studied by many researchers, in [7] (2007), the
authors evaluated the impact of UWB transmissions on the
performance of a WiMAX receiver. They presented a non-
cooperative detect and avoid (DAA) procedure to mitigate the
UWRB interference to WIMAX.

In [8] (2008), the effect of local oscillator (LO) phase
noise of an UWB receiver on the detection of a nearby
WIiMAX receiver was investigated. An expression for the
spectrum broadening effect due to the phase noise was
derived, and a practical method is presented to estimate the in-
band interference due to the phase noise interaction with an
interfering adjacent channel signal.

In [6] (2009), the coexistence issue between the UWB
systems and WiMAX systems has been investigated. The aim
was to evaluate the impact that the interference resulting from
a realistic UWB hot spot scenario may have on the
performance of a WiMAX receiver. The researchers
developed a mathematical model through which the
performance of the interference power produced by the UWB
hot spot can be calculated. Several simulations have been
done to both validate the analytical results and calculate the
UWB interference.

In [9] (2009), an approach for analyzing the UWB
interference effects on the WiMAX downlink has been
provided. The maximum permissible interference level, as
well as the signal-to-interference level that allows the Ultra
Wideband interference effects to be considered as negligible,
have been computed by means of analytical, numerical and
experimental approaches.

In [10] (2009), the authors experimentally studied the
radio coexistence between a WiMAX 802.16e transmission
and a WiMedia-defined UWB short-range transmission in a
wireless personal area network scenario. The coexistence has
been studied evaluating the interference in both directions:
First, considering an 802.16e WiMAX system as a victim of
UWB communication and, second, considering the WiMedia-
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defined UWB link as a victim of the WiMAX 802.16e
transmission. The experimental results indicated that a victim
WiIiMAX (with 5 MHz bandwidth) exhibit proper operation up
to 5 metre transmission in presence of UWB interference if a
protection margin of 2.5 m is met.

In this paper, we study the effect of UWB interference on
WiMAX downlink system. In our work we state the minimum
requirements for WIMAX to perform well and overcome the
UWB interference.

However, this paper is organized as follows: section II
presents the WiIMAX simulator, also the UWB simulator is
introduced in section III. In section IV, we introduce the
interference scenario between UWB and WiMAX, while the
simulation results are discussed in section V. Finally, the
conclusions are drawn in section VI.

II. WIMAX PHYSICAL LAYER SIMULATOR

The simulator is based on fixed WiMAX system which
differs from mobile WiMAX by its very wide coverage area,
in which one base station can cover a small city. While for
mobile WIMAX, one base station can cover only about 600 m
cell range.

However, the fixed WiMAX physical layer is based on
various communication techniques including coding,
interleaving, QPSK modulation, and OFDM transmission. In
this section, we elaborate the physical layer of WiMAX
downlink system throughout exploring the WiMAX simulator.

Fig. 1 shows the WiMAX simulator which represents a
downlink baseband model of the physical layer of a wireless
metropolitan area network (WMAN) according to the IEEE
802.16 standard. More specifically, it models the OFDM-
based physical layer called Wireless MAN-OFDM, supporting
all of the mandatory coding and modulation options.

The tasks performed in the communication system model
include [11, 12]:
1) Generation of random bit data that models a

4) Modulation, using one of the BPSK, QPSK, 16-
QAM or 64-QAM constellations specified.

5) Orthogonal Frequency Division Multiplexed
(OFDM) transmission using 192 sub-carriers, 8
pilots, 256-point FFTs, and a variable cyclic
prefix length.

6) A choice of non-fading, flat-fading or selective
multipath fading channel.

7) OFDM receiver that includes channel estimation
using the inserted preambles.

8) Gain and phase compensation.

9) Data carrier extraction.

10) Hard-decision demodulation followed by de-
interleaving and Viterbi decoding.

The model also uses an adaptive-rate control scheme based
on SNR estimates at the receiver to vary the data rate
dynamically based on the channel conditions.

III. UWB PHYSICAL LAYER SIMULATOR

Fig. 2 illustrates a simulator for a physical layer of a single
user baseband UWB system. The simulator has the following
characteristics [13]:

1) Based on IEEE 802.15.3a proposal.

2) Highest mandatory data rate (200 Mb/s).

3) Rate-5/8 forward error correction
(convolutional+ puncturing).

4) Data interleaving.

5) QPSK modulation.

6) OFDM transmission: 122 subcarriers, 22 pilots,
128-point FFTs.

7) Frequency hopping and filtering.

8) UWB channel.

9) The receiver including: dehopping and filtering,
OFDM receiver, demodulation, deinterleaving,

coding

downlink burst consisting of an integer number of and Viterbi decoding.
OFDM symbols.
2) Forward Error Correction coding (FEC).
3) Data interleaving.
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Figure 1. The fixed WiMAX simulator.
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Figure 2. The UWB simulator based on IEEE 802.15.3a proposal.

IV. THE INTERFERENCE SCENARIO

In this work, we simulate a scenario of UWB system
which affects WiMAX receiver fixed on the roof of office
building. We suppose that the building utilizes from certain
UWB system which is an UWB transmitter which transmits
visual data to certain displays in a conferencing environment.

The fixed WiMAX system consists of a base station which
transmits data to client receiver fixed on the roof of the
building. Also, as stated earlier, we assume that the WiMAX
base station has the capability to cover small city with internet
and other multimedia services. The distance between the
WIMAX base station and the client receiver is denoted as R
which is of maximum of 6 km, the city radius. While the
distance between the UWB transmitter and the WiMAX client
receiver is denoted as d.

It is worth to mention that the path loss models used in our
simulation are: the vehicular test model for downlink
WiMAX, and the free space model for the effect of UWB on
WiMAX. Also, for proper operation we assume that the
WiMAX base station transmits power above that of UWB by
18 dB.

V. RESULTS AND DISCUSSION

Fig. 3 shows the effect of UWB transmission on the BER
(Bit Error Rate) of the WiMAX receiver which uses BPSK
modulation. It is obvious that in general and for certain
distance R, the BER decreases as the distance d between the
UWB transmitter and the WiMAX receiver increases. This is
because as d increases; the UWB interference decreases which
leads to improvement in BER of the WiMAX receiver. Also,
for certain d, the BER increases as R increases. This can be
interpreted as follows: as R increases; the WiMAX signal
power decreases due to path loss which in turn reduces the
WiMAX signal in relative to UWB interference and hence
increasing BER. Furthermore, in order to get a good BER of
10™, the distance d must not be less than 8 m and 16 m for
R=500m and R=1000m respectively. While for maximum
reasonable distance d=25 m, the 10™ target BER cannot be

TN
SN
NS

—+—R=500 m
=8-R=1000 m
-¥-R=2000 m
-6-R=4000 m
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Figure 3. Effect of d on the BER of WiMAX receiver for different values of
R.
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achieved for moderate to large city distances (i.e. R=2000 to
6000 m).

However, in order to achieve the target BER for moderate
to large city distances, we need to raise the WiMAX base
station transmitted power in relative to that of UWB to more
than 18 dB. For convenient we define K as the relative
increment in dB.

Fig. 4 illustrates that for average d of 10 m, and in order to
achieve the target BER (10™), we need to raise the WiMAX
transmitted power above that of UWB by K= 18 dB for
R=500, and by K= 24, 30, 36, and 38 dB for distances R=
1000, 2000, 4000, and 6000 m respectively.
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Also, in order to study the possibility of increasing
WiMAX spectral efficiency, we use QPSK, 16 QAM, and 64 \ \
QAM modulation schemes. It is worth to mention that all the \ \
following figures are plotted for average d of 10 m. 10°
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interference ratio; and hence increasing K. Also, we can note

that to achieve the target BER (10) for QPSK, 16 QAM, and

64 QAM, we need to increase K to 22, 27, and 38 dB
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Figure 6. Effect of K on the BER of WiMAX receiver for R=1000m and

d=10m and for different modulation indexes.
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Figure 7. Effect of K on the BER of WiMAX receiver for R=2000m and
d=10m and for different modulation indexes.

Figure 5. Effect of K on the BER of WiMAX receiver for R=500m and

d=10m and for different modulation indexes.
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VI. CONCLUSIONS

From the simulation results, we can conclude that in order
to achieve a reasonable BER at WiMAX receiver and

overcome UWB interference, we need to raise the WiMAX
transmitted power above that of UWB

interferer by
considerable amount. The raising amount is essentially
depending on the distance between WiMAX receiver and base
station, as well as that between WiMAX receiver and UWB
transmitter.
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