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ABSTRACT

This thesis illustrates the effects and suppression of narrowband interference on ultra
wideband communication system. The empirical path loss model is considered for UWB time-
hopping transmission with both pulse position modulation (PPM) and bi-phase modulation
(BPM). Our study demonstrates that significant performance loss increases as the T-R separation
increases. Moreover, the performance of UWB-PPM in the presence of NBI also better than
BPM. Therefore, the BER performance is sensitive to the separation distance between the
transmitter and the receiver. Moreover, it also depends on the separation between the UWB
receiver and the IEEE802.11a interferer. In the interference suppression technique, the use of
modified template waveform on correlation receiver for UWB communication is employed. Our
study demonstrates that the BER performance of modified template waveform is better than the
original one. Therefore, the modified template waveform based correlation receiver is simple and

low complexity technique which can improve the UWB system performance significantly.
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Fig. 4. Average BER vs SINR for UWB correlation receiver with the original
and modified templates waveform. The T-R separation distance was set to be
1, 5, and 10 meter, respectively.

one. In addition, it is found that the BER performances of the
PPM are better than the BPM in the presence of the NBI

for

the entire range of the SINR. Moreover, the NBI can

significantly affect to the UWB correlation receiver depended

on

the probability of signal overlap and the T-R separation

distance of the IEEE 802.11a interferer to the UWB receiver.
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the total received signal for UWB PPM transmitter can be
expressed as

—+oo
TppM(t) = Z p(t — 7”LTf — Tcn — Tpn — Tk)
+ snii(t) + n(t), )
and for UWB BPM transmitter,
“+o0
repm(t) = ap Y p(t —nTy =T, — )

+ snpi(t) + n(t), (10)

where sy p;(t) represents the IEEE 802.11a interference and
n(t) is the additive white Gaussian noise.

The receiver considers the received signal r(¢) and decide
based on an observation of the received signal for the decided
bit, it uses correlation receiver signal with the template signal.
Therefore, the received signal with the PPM transmission may
be expressed as

400 ret ()T
TPPMk = z / repm(t)-
T

k+nTy

v(t —=nTy =T, —T,, — 1)dt, (11)
and for the BPM transmission
too Te+(+1) Ty
TBPMk = z / repMm(t)-
n=—oo ¥ Tk 0T}y
v(t —nTy —Te, — 73)dt, (12)

where v(t) = p(t) — p(t — J) represents the template signal.
Therefore, in the case of the modified template waveform
based correlation receiver, v(t) is replaced by M(t).

III. PERFORMANCE SIMULATION AND RESULTS

The effects of NBI on the UWB time-hopping system,
the IEEE 802.11a wireless LAN physical layer [15] with
the operating frequency bands of 5.15-5.25 GHz, 5.25-5.35
GHz, and 5.725-5.825 GHz were generated by the computer
simulation. The empirical path loss exponent in equation (6),
n equals to 1.73 [16]. Consequently, the UWB transmitted
power (EIRP) was set to be -41.3 dBm/MHz based on the FCC
requirements [1]. The Gaussian doublet pulse width of 0.28
ns was assumed for the transmitting waveform. The pulse rep-
etition time 7T’y = 5 ns, therefore, the transmission rate equals
to 200 Mbps. Antennas are assumed to be omni-directional
radiation pattern. Suppose that the transmitter and the receiver
are perfectly synchronized. Therefore, the correlation receiver
can be obtained for detecting the PPM and BPM symbols. The
UWB and the NBI simulation parameters are listed in Table
L

Referring to the model of the UWB time-hopping in the
presence of the IEEE 802.11a interference as shown in Fig. 1.
The influence of the NBI increases as the T-R separation
distance increases. Therefore, three observation points at 1,
5 and 10 meter are investigated to verify the performance of

TABLE I
UWB AND NBI SIMULATION PARAMETERS.

Quantity Values

UWB data rate 200 Mbps

UWB transmitter power  -41.3 dBm/MHz

UWB bandwidth 7.5 GHz

UWB center frequency 6.85 GHz

T-R separation 1,5,and 10 m

Pulse width 0.28 ns

Pulse repetition time 5 ns

PPM time shift 0.188 ns

NBI frequency bands 5.15-5.25 GHz
5.25-5.35 GHz
5.725-5.825 GHz

NBI data rate 54 Mbps

Path loss exponent 1.73

the modified template waveform for the UWB time-hopping
system. However, the BER performance of the UWB system
depends on the T-R separation distance between UWB trans-
mitter and receiver. Moreover, it also depends on the separation
between UWB receiver and wireless LAN interferer. The
separation distance between the UWB receiver and the NBI
depends on the SINR. Hence, the continuous transmission of
the interferer was assumed for entire simulation time for the
considered UWB system.

Fig. 4 shows the UWB performance of the original template
waveform and the modified template waveform on the influ-
ence of the IEEE 802.11a wireless LAN interferer. The BER
performance of the UWB-PPM without modified template
(PPM), the UWB-BPM without modified template (BPM),
the UWB-PPM modified template waveform (mPPM) and the
UWB-BPM modified template waveform (mBPM) are illus-
trated by the cycle solid line, the square solid line, the cycle dot
line and the square dot line, respectively, for the transmission
rate of 200 Mbps at the three different observation points.

Fig. 4(a)-(c) show the comparison of BER performances
for the observation points at 1, 5, and 10 meter, respectively.
As predicted, it can be seen that the UWB correlation receiver
with the modified template waveform (mBPM, mPPM) always
outperform the UWB-PPM and UWB-BPM that without the
modified template (BPM, PPM).

From these results, it is found that the modified template
waveform performs better than the original template wave-
form. Therefore, this NBI suppression technique can improve
the performance of UWB system. In addition, it is clearly
observed that the involvement of the T-R separation distance
with the average BER performance are direct variation.

IV. CONCLUSION

In this paper, the narrowband interference suppression
technique for UWB-TH system based on modified template
waveform is investigated. The system performance was char-
acterized in term of the bit error rate. Simulation results show
that the modified template waveform outperforms the original
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Fig. 1. Model of UWB transmission in the presence of the IEEE 802.11a
interference.

Modify Signal Modulation NBI + AWGN + Path

b SS
PPM / BPM Loss
Channel

UWB Detection

BER -
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Decision <t

Fig. 2. The block diagram of the NBI suppression technique based on
modified template waveform.

given by
“+o0
sppM(t) = ax Z p(t —nTy —Te, — ), (3)

where o, represents the modulation symbol sequence for BPM

([717 1])
B. IEEE 802.11a NBI and Path Loss Model
The NBI transmitted signal can be represented as [9]

SNBI (t) =wTr (t) .

k=Ngsr/2—1
R § Cke]Qﬂ'kAF(t—Tg)e]Qﬂ'fct , 4)
k=—Ngr/2

where Ngr is the total number of subcarrier, ¢y, is the set of co-
efficients transmitted, T is the guard time and A F' represents
the subcarrier frequency spacing, wr(t) is a time-windowing
function that defines the boundaries of the subframe which
assume a rectangular wr(¢) with unit amplitude.

In order to calculate the SINR of the UWB system in the
presence of the IEEE 802.11a interference, the empirical path
loss model is employed. Therefore, the SINR at the UWB
receiver is given by

SINRUWB = PR(d) — lOlog(Nstozna + NUWB), (5)

where NBlgps.11« and Nywp are interference and noise
power at the UWB receiver, respectively. The propagation path
loss model may be expressed as

PL(d) = PL(dy) + 10nlogy, (di> s d>dy,  (6)
0

where n is the path loss exponent which indicates the rate of
the path loss increases with distance and d represents the T-R
separation distance. Fig. 1 illustrates the UWB time-hopping
system in the presence of IEEE 802.11a interference.

C. The Modified Template Waveform

Due to the UWB transmitted signal occupies an ultrawide
bandwidth which cover the IEEE802.11a wireless LAN system
operation. From [14], the IEEE802.11a wireless LAN can
affect the performance of the UWB time-hopping system.
Therefore, the interference suppression technique is required.
We propose the modified template waveform technique which
is simple and low complexity structure. This suppression
technique involves the filtered UWB transmitted signal p(t) by
using the notch filter for reject bandwidth of the IEEE802.11a
wireless LAN. Moreover, we consider the modified template
waveform use to transmit and detect signal in the UWB system
as shown in Fig. 2. The modified transmitted waveform is
given by

+W

> awp(t —wT). (7

w=—W

u(t) =

Therefore, the modified template waveform is given by

M(t) = u(t) —u(t = 9), ®)

where T, is one sample per bin period, the coefficients of the
filter are {cv,, } for w = [-W,..., W] and the number of taps
on each side of the notch filter is W.

Fig. 3 shows the template waveform for the UWB corre-
lation receiver. A left side pulse in the figure is the original
template waveform, while the modified template waveform is
shown in the right figure.

D. The UWB Receiver Model

A transmitted signal passes through the wireless channel
including the transmitter and receiver antennas. Therefore,

Template Waveform Template Waveform

8 I 8 I
Original Modified
6 Waveform 6 Waveform|
S 4 1< 9 -
E E
o 2~ -1 o 2 -
k-] k-]
=] =]
Zo0 Zo0
=3 =3
£ £
< -2~ -1 <=2~ —
-4 - 4 —
| |
-6 -6
0 1 2 0 1 2
Time(ns) Time(ns)

Fig. 3. The template signal waveform based correlation receiver. The left
figure is the original template waveform and the right figure is the modified
template waveform.
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Abstract— The narrowband interference can affect the per-
formance of the UWB time hopping (TH) system. Therefore,
interference suppression technique is important for UWB com-
munication to operate over spectrum with established narrow-
band system. In this paper, the interference suppression technique
based on modified template waveform for correlation receiver
is employed, where the modulation techniques and path loss
model are considered. Our study demonstrates that the BER
performance of the modified template waveform is better than the
original one. Therefore, the modified template waveform based
correlation receiver is simple and low complexity technique which
can improve the system performance significantly.

I. INTRODUCTION

Ultra wideband (UWB) radio technology has a great interest
in wireless networking. UWB offers many advantages which
can be described as the potential for low cost, low power
transmission, high data rates and immunity to multipath.
Instead of using a narrow carrier frequency, UWB transmits
pulses of power spectral density (PSD) in the range of the
ultra wide frequency spectrum. The Federal Communications
Commission (FCC) defines UWB as any signal that occupies
more than 500 MHz in the frequency range of 3.1-10.6 GHz
with the maximum emission power of -41.3 dBm/MHz [1].
Because of the transmission at low power, the UWB signal
is considered to be noise for other communication systems.
Therefore, UWB radio technology can coexist with other
RF technologies without interference. Unfortunately, at close
proximity, UWB radio can induce interference and degrade
the throughput of the other system.

Numerous literatures study on UWB interference to other
existence narrowband system [2]-[8]. On the other hand, there
are few research study on the influence of narrowband in-
terference (NBI) to UWB communication system. Especially,
the IEEE 802.11a wireless LAN system operates at 5 GHz
bands which overlaps the UWB spectrum [9]. This system uses
orthogonal frequency division multiplexing (OFDM) based
transmission. In [10], the coexistence of UWB system and
wireless LANs is investigated for LOS and NLOS propagation
scenarios. The results show that wireless LAN interference
can greatly impact the performance of the UWB receiver.
Similarly, the interference from a nearby NBI will affect
UWB performance also provides in [11]. While the analytical
approach of the IEEE 802.11a interference on UWB systems

is given in [12]. Therefore, the interference suppression tech-
nique is required for UWB communication.

In this paper, we propose the modified template waveform
based correlation receiver for interference suppression. The
proposed waveform is the filtered Gaussian doublet pulse
by using notch-filter to reject the narrowband interference
(IEEE802.11a WLAN). Our simulation illustrates that the
modified template waveform based correlation receiver allows
significant performance improvement in the presence of the
narrowband interference.

The organization of the paper is as follows. In Section II, the
models of UWB time-hopping transmission and IEEE 802.11a
interference are provided. The performance simulation and
results will be given in Section III and the conclusion is given
in Section IV.

II. SYSTEM MODELS
A. The UWB Transmitter Model

A common method for implementing the UWB signal is
widely referred to as Impulse Radio (IR) [13]. Therefore,
Gaussian doublet pulse shape is considered as a transmitted
waveform and is given by

2

p(6) = A1 = ) exp [(¢/6)7] (1)
where A is the maximum amplitude, £ is the 1/e characteristic
delay time. This waveform is the second derivative of the
Gaussian pulse.

Modulation method for UWB time-hopping in the transmis-
sion are considered. The most common method of time-based
techniques modulation is pulse position modulation (PPM)
which may be expressed as

400
sppm(t) = Z p(t—nTy -1, —T,,

n=—oo

- 1), (2

where Ty represents the time duration of the frame, p(¢) is the
Gaussian doublet pulse, T denotes the pulse repetition time,
T, is the time shift related to the PN code sequence, T},
represents the time shift from the pulse position modulation
scheme and 7, is the time delay.

Another common method of modulation is to invert the
pulse. This is known as bi-phase modulation (BPM) and is
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Therefore, if the victim UWDR receiver was located far
away from the UWDB transminter, especially ford = 10 m,
the BER performance does not improve as the SINR
increases. In addition, it is found that the BER
performance of the PPM performs better than the BPM for
the entire mange of the SINR which the interferer
significantly effects to the UWB system. However, as the
SINR increase, the BPM performs come better than the
PPM, similar to the performance of the syslem under the
additive white Gaussian noise channel. Although the NBI
can affect the performance of the UWB time-hopping
system and the interference suppression techniques are
required, however, the suitable modulation should be
considered.
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Fig. 4. Average BER versus SNR for the case of IEEE 802.11a
iterference, The T-R separation distance was sel fo be 1, 5, and
10 meter, respectively, for the iransmission rate a1 200 Mbps,
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1. PERFORMANCE SIMULATION AND RESLILTS

In order to investigate the effects of NBI on the UWB time
hopping svstem, the IEEE 802.11a wireless LAN physical
laver [15] with the operating frequency bands of 5.15-5.25
GHz, 5.25-5.35 GHz, and 5.725-5.825 GHz was pencrated
by the compoter simulation. The empirical path loss
expanent in equation (&), # equals 1.73 [16]. Consequently,
the UWB transmitted power [EIRP) was set to be -41.3
dBmMHz based on the FCC reguirements [1]. The
Ciaussian doublet pulse width of 0.28 ns was assumed for
the transmitting waveform. The pulse repetition time Tr =
o ns, therefore, the fransmission rate equals 200 Mbps.
Antenna are assumed to be omni-directional radiation
pattern. Suppose that the transmitter and the receiver is
perfectly synchronized. Therefore, the correlation receiver
can be obtained for detecting the PPM and BPM symbols.
Fig. 2 shows the UWB time-hopping signal for PPM and
BPM at SINRE=20 dB on the additive white Gaussian noise
channel and the [EEE 802.11a interference, respectively,
The UWB and NBI simulation parameters are listed in
Table 1. Referring 1o the mode] of the UWB time-hopping
in the presence of the IEEE 802.1 1a interference as shown
in Fig, 1. The influence of the NBI increases as the T-R
separation distance increases. Therefore, three observation
paints at 1, 5 and |0 meter are investigated to verify the
performance of PPM and BPM for the UWB time-hopping
gystemn. The separation distance between the UWR
receiver and the NBI depends on the SINR. Fig. 3 shows
the performance of the UWD time-hopping system on the
additive white (aussian noise channel. The bit error rate
(BER) performance of PPM and BPM are illustrated by
the solid line and the dot line, respectively, for the
transmission rate of 200 Mbps. It is found that BPM
performs better than PPM, This results are similar to the
work in [13]. Under the influence of the JTEEE 302.11a
wireless L AN interferer, however, the BER performance
of the UWEB system depends on the T-R separation
distarice between UWB transmitter and receiver. Moreover,
it also depends on the separation between UWB receiver
and wireless LAM inmterferer. Hence, the continuous
transmission of the interferer was assumed tor

entire simulation time for the considered UWB system. Fig.
4 illustrates the impact of the [EEER(2.11a interference on
the BER performance of the UWE time-hopping swstem at
the three different observation points. Fig, 4(a)-{c) show
the BER performance for the observation points at |, 5,
and 10 meter, respectively. As predicted, the IEEES02.11a
imerferer induces a significant increase of BER for both
the BPM and the PPM. From

these results, it i3 clearly observe that the dependence of
the separation distance and the average BER performance.
Moreover, it is found that the PPM performs better than
the BPM for the entire range of the 3INRE which the
interferer significantly effects to the UWB system.

3 £ I = I — PP
| R o BRI
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o
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Fig. 3. Average BER versus SNE for the UWB time-hopping system

on the additrve white Gaussian soise channel. The mformation were

moclulated by PPM and BPM loc tbe dals rate of 200 Mbps.
However, as the SINR increase for the transmission rate at
200 Mhps, the BPM performs come better than the PPM,
gimilar to the performance of the svstem under the additive
white Gaussian noise channel. Therefore, the BER
performance of the UWB time-hopping with the bi-phase
madulation will be atfected by the [EEE 802.11a wireless
LAN interfierer larger than those with the PPM.

IV, ConNCLUSIONS

Ir this paper, the effects of the IEEE 802.11a wireless
LAN interferer on the UWE time-hopping system are
investigated. The system performance was characterized in
term of the bit error rate. Simulation results of our consider
show that, depending on the probability of signal overlap
and the separation distance of the IEEE 802.11a interferer
to the UWB receiver, the NBI can significantly affect to
the L'WB reception based on the correlation receiver.

Table [
UUWB and NBI simulation parameters.

(musnlity Value

LUWH data rate 2l hlbgps.

W iransmilier power -41.3 dBmMHz

U'WH bandwidth 1.5 GHz

U'WH center frequency GBS GHz

T-R separation (d) 1, % and 10 m

Pulse wadth .28 n3

Pulse sepetition tine Sms

PTM time shift 188 ns

NBI frequency bands 5.15-5.25 GHz
525535 GHe
5.725.5.825 GH=

NI3] data rate 54 Mbps

Ptk lrwe sveevment 177 1T
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modulation is pulse position modulation (PPM) which may
be expressed as

L p-nT, -1, -T, -7,) ()

& ppni (1) 2

where frrepresents the time duration of the frame, p(f) is
the Gaussian doublet pulse, Frdenotes the pulse repetition
lime, Tois the time shifl related to the PN code sequence,
Te represents the time shift from the pulse position
modulation scheme and ;i is the time decay.

Another commaon tethed of modulation is to invert the
pulse. This is known as bi-phase modulation (BPM)

"".'.'I-_J..r{” =¥ "__E.h plr- ”T; O ]rl-_'. N TE::I (3)

where &, represents the modulation symbol sequence
for BEM.

B IEEERO2 Ia NBI Model and Park Loss Mode!

For interference of the IEEES02.1 1a signal incorporating
Orthogonal Frequency Division Multiplexing ({OFDM), the
NBI transmined signal can be represented as [%]

k=N 2

"!l-'-"*-'(f}zwf'{”-m{ 3 J f'ﬂ‘-"r:'*w“ "If’f— } (4
E-Naf

~M e id

where NiTis the total number of subcarrier, ck 15 the set of
coefficients transmitted, T, is the guard time and eF

represents the subcarrier frequency spacing, we.(f) is a
time-windowing function that defines the boundaries of
the subframe which assume a rectangular W () with unit

amplitude.

In order to calculate the SINR of the UWB system in the
presence of the IEEE 8621 1a interference, the empirical
path loss model is emploved. Therefore, the SINR at the
LI'WB receiver is given by

SINR 4z

where NBT.

noise power at the UWB receiver, respectively. The
propagation path loss model may be expressad as

P (d)~10l0g(NBL,,, + Ny (5)

and Ny are the interference and

11

P&d1=f’£.{d,,}d[h1n;{§] . d>d, (@)
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Fig. L. Madel of T'WB transmussion in the presence of the [EEE
02,11 merference.

where n is the path loss exponent which indicates the rate
at which the path logs increases with distance and &
represents the T-R separation distance. Fig. | illustrates the
UWE time hopping system in the presence of TEEE
802.11a interference.

. The UWE Recetver Model

A transmutted signal passes through the wireless channel
including the transmitter and receiver antennas. Therefore,
the total received signal for UWE PPM transmitter can be
expressed as

:FF.,,U}— E p{-‘—ﬂT o [
and for E.'WE BPM transmitter,

Fapu(T) =2, ‘?bﬁ’”‘

—1, }+ S0 +0(0) (T)

nT, =T, -7, )+8,t0)+n) (8)

where ... () represents the [EEE 802,114 interference

and n () is the additive white Ganssian noise

The receiver considers the received signal r( and
decide
based on an observation of received signal for the decided
bit, it uses correlation receiver signal with the template
signaf, therefore, the received signal with the PPM
transmission may be expressed as

ey Tp =Ty
Fopur s = z j’.l'ru[” wWir— H‘T T _r‘ \dr (%)
N g inly
and for the BPM transmission
v Ta LT
Taenta E jxw(?] vit—nT, =T, —t,)dr (10)

L 1

where v(t) = pl(t)— plf — &) represents the lemplate
signal,
(K107UWE TH-PPM x 10" UWB TH-8PM
Y
=
:
£
U S—
‘I1ﬂ I :
=
£
a7
ad 1 1 1
o 1w 20 W 4

Times (na)
Fig. 2. An example of the LA time-hopping, sigaal for PP and BPM
on the additive white (Gaussiae noise channel and the [EEE #)2.11a
interference, respectively. The T-R separation distance o = | m, the
transmmission rate of 200 Mbps and SINE=20 d8.
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Abstract— This paper illustrate the effects of IEEE 802.11a
narrowband interference (NBI) on ultra-wideband (UWB)
system. The empirical path loss model is considered for UWB
time-hopping transmission with both pulse position
modulation (PPM) and bi-phase meodulation (BPM). Our
study demonstrates that significant performance loss
increases as the T-R separation increases. Moreover, the
performance of UWB-PPM in the presence of NBI also better
than BPM. Therefore, the BER performance is sensitive to
the separation distance between the transmitter and the
receiver. Moreover, it also depends on the separation between
the UWB receiver and the IEEE 802.11a interferer.

Keywords: Ultra wideband (UWB), Wireless LAN, Time-
Hopping, PPM, BPM

L INTRODUCTION

Recently, ultra wideband (UWB) radio technology has
become an important topic for wireless networking. UWB
offers the potential for low cost, low power transmission,
high data rates and immunity to multipath. In addition,
UWB is different from other radio frequency (RF)
technologies. Instead of using a narrow carrier frequency,
UWRB transmits pulses of power spectral density (PSD) in
the range of the ultra wide frequency spectrum. The
Federal Commumications commissiocn (FCC) defines UWB
as any signal that occupies more than 500 MHz in the
frequency range of 3.1-10.6 GHz with the maximum
emission power of -41.3 dBnmyMHz [1] which below the
part 15 noise limit. Because of the transmission at low
power, the UWB signal is considered to be noise for other
communication systems. Therefore, UWB radio
technology can coexist with other RF technologies without
interference. Unfortunately, at close proximity, UWB
radio can induce interference and degrade the throughput
of the other system. Numerous studies on UWB
interference to other existence narrowband system are
investigated [2]-[8]. On the other hand, there are few
research study on the influence of NBI to UWB
communication system. Especially, the TEEE 80.211a
wireless LAN systems operate at 5 GHz bands which
overlaps the UWB spectrum [9]. These system using

orthogonal frequency division multiplexing (OFDM)
based transmission. In [10], the coexistence of UWB

0-7803-9538-7/05/$20.00©2005 IEEE

system and wireless LANs is investigated for LOS and
NLOS propagation scenarios. The results show that
wireless LAN interference can greatly impact the
performance of the UWB receiver. Similarly, the
interference from a nearby NBI will affect UWB
performance also provides in [11]. While the analytical
approach of the IEEE 802.11a interference on UWB
systems is given in [12]. Therefore, the interference
suppression  technique is required for UWB
communication. In this paper, the different modulation
techniques, namely, pulse position modulation (PPM) and
bi-phase modulation (BPM), are used to investigate the
impacts of the NBI interference to the victim UWB time-
hopping system. Our simulation illustrate that the BER
performance of BPM for UWB system is better than PPM
in the absence of NBI, similar to the work given in [13].
However, when NBI is close proximity to the UWB
receiver, the results indicate that the UWB performance
decreases as the T-R separation distance increases. The
organization of the paper is as follows. In Section II, the
models of UWB time-hopping transmission and IEEE
802.11a interference are provided. The performance
simulation and results will be given in Section III and a
brief conclusion is given in Section IV.

II. UWB TIME-HOPPING SYSTEM MODEL

A The UWB Transmitter Model

A common method for implementing the UWB signal
is widely referred to as Impulse Radio (IR) [14]. IR uses a
train of short duration doublet pulses to produce a
aveform with very low duty cycle. In this study we
consider using a Gaussian doublet pulse shape and is given
by

(1
where 4 is the maximum amplitude, » is the 1=e
characteristic delay time. This waveform is the the second
derivative of the Gaussian pulse.

In this paper, two basis types of modulation method for
UWB time-hopping in the transmission are considered.
There are time-based techniques and polarity techniques.
The most common method of time-based techniques

p(6) = A1 - %)e%”z
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