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Suppression of IEEE 802.11a Interference in TH-UWB
Systems Using Singular Value Decomposition in Wireless
Multipath Channels

Shaoyi Xu and Kyung Sup Kwak

Abstract: Narrow-band interference (NBI) from the coexisting
narrow-band services affects the performance of ultra wideband
(UWB) systems considerably due to the high power of these
narrow-band signals with respect to the UWB signals. Specifically,
IEEE 802.11a systems which operate around 5 GHz and overlap
the band of UWB signals may interfere with UWB systems signifi-
cantly. In this paper, we suggest a novel NBI suppression technique
based on singular value decomposition (SVD) algorithm in time
hopping UWB (TH-UWB) systems. SVD is used to approximate
the interference which then is subtracted from the received signals.
The algorithm precision and closed-form bit error rate (BER) ex-
pression are derived in the wireless multipath channel. Comparing
with the conventional suppression methods such as a notch filter
and a RAKE receiver, the proposed method is simple and robust
and especially suitable for UWB systems.

Index Terms: Narrow-band interference (NBI), pulse amplitude
modulation (PAM), pulse position modulation (PPM), singular
value decomposition (SVD) and maximal ratio combining partial
RAKE (MRC PRAKE) receiver, time hopping ultra wideband sys-
tem (TH-UWB system).

I. INTRODUCTION

Using trains of sub-nanosecond pulses to convey informa-
tion, ultra wideband (UWB) technology is a strong candidate for
short-rang indoor radio communication systems receiving great
attention. The federal communications commission (FCC) cur-
rently restricts UWB communication devices to operate under
Part 15 rules within the frequency 3.1-10.6 GHz with the emis-
sion limit of 41 dBm/MHz [1]. This specification effectively
reduces the potential of UWB to interfere with other narrow-
band radio technologies making UWB signals cause very little
interference with existing narrow-band systems [2]. Neverthe-
Iess, due to the low energy per pulse, UWB systems are suscep-
tible to these high-level narrow-band interference (NBI) even
though UWB systems may enjoy a high spreading gain due to
the large bandwidth. Specifically, IEEE 802.11a systems op-
erate around 5 GHz, which overlap the band of UWB signals
regulated by the FCC, and will bring significant interference to
UWB systems [3]. If such interference is not suppressed prop-
erly, the UWB receiver will be jammed.
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Some approaches to suppress NBI for UWB systems have
been presented. By modeling NBI as a single carrier BPSK
modulated waveform, in [4], [5], a technique which consists of
selecting the first strongest multipath components and combin-
ing them using a RAKE receiver based on the minimum mean
square error (MMSE) criterion for TH-UWB systems has been
proposed. In [6], the in-band interference is modeled as a cos-
inusoidal tone and a frequency domain processing combined
with a time domain suppression technique for TH-PPM UWB
systems is introduced. In [7], a transversal filter with two-sided
taps which uses future samples as well as previous samples to
reduce the NBI is presented. Additionally, an interference sup-
pression scheme by using multiple receive antennas is examined
in [8] and by carefully designing a special pulse is presented
in [9].

Although these techniques are effective to suppress single
NBI, the NBI suppression technique is still an eminent chal-
lenge since the proposed solutions either have high complexity
requirements of UWB receivers or are ineffective against strong
NBI [10]. Furthermore, surprisingly, the interference suppres-
sion technique on IEEE 802.11a systems has received very lit-
tle attention so far. With the bandwidth as large as several hun-
dred MHz, IEEE 802.11a interference may not be modeled as
a BPSK modulated signal or as a cosinusoidal tone. Hereby,
many proposed methods seem to be infeasible to suppress IEEE
802.11a interference. Recently, both analytically and empiri-
cally, IEEE 802.11a signal was demonstrated to be modeled as
bandlimited additive white Gaussian noise [11], [12].

In general, three kinds of UWB concepts have been proposed,
namely the multiband orthogonal frequency division multiplex-
ing (MB-OFDM) approach, the time-hopping UWB (TH-UWB)
system, and the direct-sequence UWB (DS-UWB) system. The
data modulation schemes most often used in UWB systems are
pulse amplitude modulation (PAM) and pulse position modu-
lation (PPM). In our work, a novel technique based on sin-
gular value decomposition (SVD) algorithm to suppress IEEE
802.11a signals for TH-UWB systems is provided. SVD algo-
rithm is used to estimate NBI which then is subtracted from
the received signals. This work is an extension of our previous
work [13] to deal with wireless multipath channel case in TH-
UWB systems and also includes the conventional notch filter
and the maximal ratio combining partial RAKE (MRC PRAKE)
receiver for comparison. The algorithm precision and calcula-
tion complexity are studied and the closed-form bit error rate
(BER) expression is derived for TH-PAM and TH-PPM in in-
door multipath environments. Simulation results confirm that
our method can suppress NBI effectively and robustly.

The reminder of this paper is organized as follows. In Sec-
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tion 1, TH-PAM, TH-PPM UWB system models and the IEEE
802.11a signals are described. Section III proposes the SVD al-
gorithm and the NBI suppression scheme. The algorithm esti-
mation precision and performance analysis are derived in Sec-
tion IV. In Section V, simulation results and some remarks will
be presented, followed by a conclusion in Section VL

II. SYSTEM MODEL

A. UWB System Model

In this paper, we consider the single-user TH-UWB sys-
tem model modulated by binary pulse amplitude modulation
(BPAM) and binary pulse position modulation (BPPM). A TH-
BPAM UWB signal takes the form

(i+1)N,—1

2

J=iNs

diwtr(t — ]Tf — CjTC) (1)

spam(t) =

and a TH-BPPM UWRB signal can be expressed as

(i+1)N,—1

>

j=iN,

SPPM(t) = Wiy (t - ij — Cch - Jdi). 2)

Where s(t) is the transmitted UWB signal conveying the ith in-
formation bit and w;, is the transmitted signal pulse with a pulse
width 7;,. Ty denotes a frame duration with T >> T, to avoid
introducing intersymbol interference (ISI). C; = Cj1mn,,m =
0,1,2,- .- is the jth code of PN sequence with the period N,,
where 0 < C; < Nj and N}, is an integer. T, represents a time-
shift unit incurred by the PN sequence and N, is the number of
pulses required to transmit a single information bit. d; € {1}
in TH-BPAM systems and d; € {0,1} for TH-BPPM systems
represents the ¢th transmitted information bit. 4 is referred to as
a modulation index which is a time-shift unit incurred by the
data symbol d; in TH-BPPM systems.

B. Channel Model and Received Signal

Let h(t) = S/ L ud(t — ) denote the multipath channel
with L paths where oy and 7; are the channel attenuation and
the channel delay associated with the /th multipath so that the
received signal in these two systems can be expressed as

rpaM(t) = Spam ® h(t)
(i+1)N,—1 [ —1
= Z Zald 'wm ij—Cch—Tl)
j=iNs, =0
+i(t) + n(2t) 3)
and
repMm(t) = sppm ® A(t)

(i+1)N,—1L-1

Z Z g (t — jT§ — CiT,

j=iN, 1=0

+i(t) + n(t)

—dd; —m)

Q)
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where ® denotes the convolution operator and w.,., is the re-
ceived pulse at the output of the antenna. i(¢) is the NBT sig-
nal and n(t) is the additive white Gaussian noise (AWGN)
with two-sided power spectral density (PSD) Ny/2. Defining
a = [ag, a1, ar-1]T and T = [10,71, -, 71T as the
channel attenuation vector and the channel delay vector, respec-
tively and [-]7 denotes transpose. For the purposes of analysis,
we assume that 7; and w,, are known to the receiver. To collect
multipath energy, a RAKE receiver is always adopted in UWB
systems. The template waveforms of the kth frame for the /th
correlator with a time delay 7; for these two UWB systems are
given by

$oam(t) = wra(t — jT5 — CiT. — 1) )
and
$ppm(t) = Wra(t — jTy — CiTe — 1) —
wrw(t—ij—Cch—é—Tl) (6)
producing the output of the [th correlator
N,—1 5Tf
nt) =Y / r(t)g (t)dt )
j=0 J(-1Ty
which can be denoted by a vector as r = [rg, 71, - -, rLﬁl]T.

In the present paper, we employ a maximal ratio combining
partial RAKE receiver which uses first L, paths out of L avail-
able diversity paths and combines them according to maximal
ratio combining. PRAKE is not necessarily the best but it can
reduce receiver complexity [14]. A traditional RAKE receiver
employs the weighs vector 8 = a to realize MRC which max-
imizes the receiver output signal to noise ratio (SNR) when no
interference is added to the system [15]. Therefore, the RAKE
output can be expressed as

y(t) = ®)

Ty = Z ,Hm(t

C. IEEE 802.11a Systems Model

As most likely co-exist systems with UWB in the future,
IEEE 802.11a systems operate around 5.2 GHz and overlap the
band of UWB signals regulated by the FCC so that they will
bring significant interference to UWB systems. These systems
employ unlicensed national information infrastructure (U-NII)
frequency bands using orthogonal frequency division multiplex-
ing (OFDM) based transmission. In this spectrum there are three
100 MHz wide frequency bands which are 5.15~5.25 GHz,
5.25~5.35 GHz, and 5.725~5.825 GHz. An IEEE 802.11a sys-
tem has 52 subcarriers each of which has the bandwidth of
16.6 MHz. It has been demonstrated that when the number
of subcarriers is large enough a complex baseband OFDM sig-
nal can be modeled as bandlimited additive white Gaussian
process [11]. With 52 subcarriers, IEEE 802.11a signals satisfy
the condition and can be modeled as bandlimited additive white
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Gaussian noise with PSD Npg. In [12], the author has demon-
strated empirically that under the assumptions of the flat spec-
trum of such interference, to ignore the sidelobes of the spec-
trum, it is valid to model the IEEE 802.11a signals as bandlim-
ited additive white Gaussian noise. In this paper, the worst situ-
ation is considered that means IEEE 802.11a signals occupy the
full 300 MHz bandwidth. This may not be the case in the real
situation but gives the worst performance in UWB systems.

III. NBI SUPPRESSION TECHNIQUE

In this section, we first review the classical singular value
decomposition algorithm then develop our NBI suppression
method.

SVD plays an important role in signal processing because it
can split a signal space into a desired space and an unwanted
one. For a time series r(n) with n = 1,2,---, N, commonly,
we can construct a Hankel matrix with M = N — L + 1 rows
and L columns illustrated as follows

r(1) r(2)
r(2) r(3)

r(L)
ML+ 1)

R = k] (9)

P(N—L+1) f(N-L+2)--- r(N)

then, R is an M x L matrix. Its elements can be found by sub-
stitution of 7(n)

Ru=rim+!l-1)m=1,2,-- Mand [ =1,2,--- L.
(10)
Using SVD, R can be factorized as
R = UZVH (11)
where Uand Vare an M x M and L x L unitary matries. The
columns of U and V are called left and right singular vectors,
respectively. & = diag(oy,02, -+, 0m) is a diagonal matrix
whose nonnegative entries are the square roots of the positive
eigenvalues of RZR or RR¥. These nonnegative entries are
called the singular values of R and they are arranged in a de-
creasing order with the largest one in the upper left-hand corner.
[]¥ denotes the complex transpose of a matrix.

With the characteristic of white noise, the UWB signal has
similar singular values which are all close to zero in the absence
of high-energy NBI. After large NBI is introduced into the UWB
system, there will exist several dominant singular values to rep-
resent such interference. In this case, the data matrix R is the
superposition of the UWB signal space and the noise space and
can be partitioned into two subspaces as follows:

R = UxV”
ER 0 H
=|Ug U VR V 12
[Ur S][OES}[RS] (12)
= UrSRVE + UsZsVE
= Rgr +Rg
where
S g = diag(o1, 02, *,0k) (13)

and

s = diag(ok+1,0k+2, -, Om) (14)

with 01 > 09 > -+ > 0% > 01 > Opag > -+ > Oy COITE-
sponding to the singular values in the interference subspace and
the data subspace, and o1,072, - -, 0% are k dominant singular
values. Rg = UpXzVE and Ry = UsE gV are the interfer-
ence subspace and the data subspace, respectively. Note that the
computation of Ry can be realized by Ry = UV where &
is obtained by setting to zero all but the % largest values in 3.
By subtracting R from R, we can get the estimated data matrix
with suppressed NBI.
In summary, the SVD-based suppressing NBI consists of the
following main steps:
1) Pick a number L so that k < L < N — k [16], where
k is the number of dominant singular values and N is the
number of sampling points.
2) Arrange the received signal vector to form a Hankel data
matrix R as (9).
3) Compute the SVD of R then obtain the estimated interfer-
ence subspace Rp.
4) Subtract R from R to get the estimated data matrix as
Rs =R -Rp. (15)
5) Rearrange the estimated matrix Rg into the vector and do
performance detection in the receiver.

IV. NBI ALGORITHM PRECISION AND SYSTEM
PERFORMANCE ANALYSIS

In order to investigate the effectiveness of our method, we
will derive system performance and algorithm precision in this
section.

A. System Performance Analysis

First, we define the UWB signal to NBI power ratio at the
input of the receiver SIR;, as

SIRin = Puws/Pr (16)
and the UWB signal to AWGN power ratio SNR;,, as
SNR;, = Pyws/20> a7

where Pywg, Pr, and 02, are respectively, the power of UWB
signal, the power of NBI at the input of the receiver, and the
variance of AWGN. By modeling IEEE 802.11a signals as ban-
dlimited additive white Gaussian noise with PSD Np, we can
get P = NpW, where W is the bandwidth of the NBI. In
this paper, we consider NBI signal occupies the full 300 MHz
bandwidth, that is to say W = 300 MHz.

Next, we will derive the SIR and SNR at the output of the
receiver for the two UWB systems.

Substituting (3) and (5) into (7) gives

Ne—1 T -1
Tf’AM(t) =d; Z Z qwrs (t — jT5 —
=0 j-p1, ~ =0
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CiTe — m)wpe (t — jTy — C; T — Tl)}dt

No—1 ITr

+ Y () weg (t — §Ty — C3To — 1) dt
I=0 (-1yry
No—1 JTy

n(t)wm(t - ij — CjTC — Tl)dt

G-1)Ty

= zpam(t) + ipan(t) + npan(t) (18)
where
3T¢
zpam(t) = Nodioy / w? (t)dt
(G-1)Tf
= Nsdialea (19)
Ng,—1 JTs
if’AM(t): Z / 'i(t)w’r:r (t - ij-Cch - Tl)dt (20)
j=0 JU~-1Ts
and

noan(t)= Z/ e n(t)wr (t — JTr—C;T, — 7,)dE(21)
(F-1)7y

correspond to the desired UWB signals, NBI, and AWGN
contributions at the output of the {th correlator, respectively.
nbhay(t) is a Gaussian random variable with mean zero and
variance Zufole with F, fJJTfl)T w2, (t)dt.

Therefore we can obtain the output of the MRC PRAKE re-
ceiver with L, fingers as

Lp—1
ypam(t) = Z Bi(zbam(t) + ipan(t) + nban(t)
= ﬂT(ZPAM +ipam + Dpam) (22)
. . . Lp—1
where zpay = Nsd; Ew B, ipam = [12an0 oan - Ligr T

and npan = [0S an, Phant; - - niay | Tare the UWB signal,
NBI, and AWGN components, respectively.
The resulting SIR and SNR can be given by

_ B"zeaml* (N.EL)?|BTA?
SIRpam = E{|BTipam]?} BTR%’AM,B 23)
and
__18Tzpaml* (NSE,)?|BTBI?
A = (B Tnpaul} ~ BTREB P

where Rpany = E{ipamitian}s Riam = E{npamng,y,} are
the correlation matrix of NBI and AWGN, respectively. Denote
signal to interference and noise ratio (SINR) by

(Nsz)2'ﬂT»@f2
BTRA\B + BIRE AW B

SINRpam = 25)
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BER is approximated as [17]

Poaw = Q (VISINR) = @ (\/

2(N.Ew)* |87 B
BTRpaAMB + BT RpamB
(26)
Another, for TH-BPPM UWB systems, substituting (4) and
(6) into (7) and following the similar steps yields

No—1 ITs

rhewl®) = 3 / {mem<m

Z(t) X Appm(dd;)dt
I=0 (-1
Ty

n(t) X APPM((Sdi)dt

5 —

+ >
3=0 -nyr,
= Zbpm(t) + ibpm(t) + nhpu(t) (27)

where

+00
%wwuwwm% e (1) [tra(£)

—Wre(t — 8)]dt = (1 — 2d;)Nsaymy,, (28)
N

il /ij
~-1)Ty

J=0

ippm(t) = i(t) Appm (6d;), (29)

and

nbpy(t) = Z / o n(t) Appm(dd;). (30)
f

Where APPM((Sdi) = wm(t - JjTf — CjTC - Tl) —
Wy (t — §Ty — CjT. ~ 6d; — ) and nbhpy(t) is a Gaussian
random variable with mean zero and variance F,,NgN,; with
JTy
Eu = [ g, wha ()t
Thus, we can obtaln SIR, SNR, and approximate BER at the
output of the MRC PRAKE receiver as [17]

_ |:3TZPPM‘2 _ (Nsmp)zllgTﬁP
SIRppMm = E{|BTippum|?} = BTR%PMQ ) 31
__1BTzepm* (N.m,)?BT B
e BB AT RGBT
and
Pt — O(VSINE) = (Nsmy)?187 8|2
brne = G ) Q(\/ﬁ TRopi 1 T Ripry’

(33)
where zppy = (1 — 2d;) NompB3, ippm = [18py tbpan -
Lp—1y7 d _ -7
ippm ] and mppy = [nPPM»”PPMa Mppp | corre-

spond to the desired UWB signal, NBI, and AWGN compo-
nents, respectively. RPPM = E{lpleppM} and Rppyy =
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E{nppun{p)} are the correlation matrix of NBI and AWGN,
respectively.

B. SVD Algorithm Performance

In this section, SVD algorithm performance will be derived.
Let Rg = USESVg be the SVD of the received data matrix

in the absence of NBI and Rg = 6525\75 be the SVD of the
received data matrix with NBI suppressed by using our method.
We can observe that 25 is obtained by substituting zeros for the
k dominant singular values in the diagonal matrix in (12). So
the mean-squared error (MSE) in this approximation is

6%yp = |IRs — Rg||*= trace [(Rs —Rg)(Rs — lis)H]-(34)

Simple calculation yields the estimation precision which has the
form as

§2up = trace]UsS2UY — UsSeVIVE UL

~UsSsVg VsEsU? + UsE204).  (35)
On the assumption that Ug =~ fJS and Vg = \~75, the perfor-
mance of SVD can be approximated by

k
8vp = > 07 < koo (36)

i=1

where o; is the singular value of the signal matrix Rg when no
NBI is added into the system and o,.x is the maximum one
among them. With the small oy,,, (close to zero), we can ob-
serve that the the maximum variance 83y, is trivial so that good
suppression effectiveness can be obtained by using SVD algo-
rithm. Also, from the above analysis we can observe that the es-
timated data matrix Ry is the best least squares approximation
of lower rank to the given data matrix Rg.

C. Calculation Complexity Analysis

In this part, we will compare the calculation complexity of the
proposed SVD-based approach and the traditional multi-fingers
RAKE receiver. For the proposed approach the complexity de-
pends on the SVD algorithm. Only thinking about the complex
multiplication and by using the sliding window adaptive SVD
technique [18], the calculation complexity can be obtained by

Complexitygyp = 8Lk + 8Nk + 10N + 4k* + 24k°

+8Nk* + LME + Mk (37)
while by ignoring the channel estimation complexity, the com-
plexity of the multi-fingers RAKE receiver can be expressed by

Complexitygaxg = Lao(N +4) (38)
where IV is the number of sampling points and L, is the number
of RAKE fingers. Usually, L and M have a linear relationship
with IV, so we can observe from (37) that the complexity of the
proposed SVD-based method has the quadric relationship with
N. However, we can not say the proposed method has a higher
complexity. Actually, when the NBI is strong, the required L, is

very high (usually several hundred) to obtain the target perfor-
mance [14]. In the extreme case, for a very strong NBI, the tra-
ditional method will be completely infeasible to suppress such
NBI while the proposed method can still work very well. Fur-
thermore, a several-hundred fingers RAKE receiver is limited to
be utilized by the current channel estimation techniques [14].

V. SIMULATION RESULTS AND DISCUSSION

A. Simulation Parameters

At the transmitter, the second-derivative Gaussian pulse is
used as the transmitted UWB monocycle [19] and the transmit-
ted signal is modulated as N, = 24, T, = 1 ns, Tc = 2 ns,
Ty = 50 ns, and 6 = 1 ns for TH-BPAM and TH-BPPM UWB
signals. The adopted channel model is the IEEE UWB multipath
channel model according to [20]. In order to avoid introducing
much multipath interference, the CM1 model with parameters
(A, \T,v) = (0.0233ns71,2.5ns71, 7.1 ns, 4.3 ns) for an in-
door channel with line of sight (LOS) is used. According to
the analysis in Section II, IEEE 802.11a signals are modeled
as bandlimited additive white Gaussian noise with bandwidth
300 MHz. Note that in the rest of the paper, when SVD algo-
rithm is used, the receiver is a 3-fingers MRC PRAKE receiver
and we pick L = N/5 to satisfy k < L < N — k. We consider
the SIR;, = —20 dB and —30 dB. Thinking of the high PSD of
[EEE 802.11a signals with respect to that of UWB signals, we
think this interference level feasible.

It has been shown in [16], [21] that when the column number
L in a Hankel matrix satisfies the inequality £ < L < N —k,
we can obtain the correct or approximately correct estimation
result. However, to the best of our knowledge, it has not been
seen that the optimal L theoretically, moreover, the optimal L is
different in different cases. Some researchers gave suggestions
in several applications by simulations and experience [21]-[24].
In [22], the optimal value of L is proposed as

[ (N+1)/2, N=1,3,5,--,
L_{N/2, N =246, 2
In [21], L is recommended to be approximately L = N/3 for a
best frequency estimation.

In our work, the simulation results show that L decides the
size of the Hankel matrix so that it determines the computation
complexity and the number of dominant singular values. Satis-
fying k < L < N — k, different L has no significant impact on
the system performance. On the other hand, with more compu-
tational complexity and worse performance, L = N/2 is not an
optimal choice. Therefore, considering running efficiency and
better performance, the suggested L is normally between N/5
and N/3.

B. Simulation Results

We assume that the receiver synchronizes to the desired sig-
nal, in this section the simulation results will be presented.
Fig. 1 shows the BER performance versus SNR;, for a MRC
PRAKE receiver with 3, 8, and 10 fingers in TH-BPAM UWB
systems. From this figure, we can observe that a MRC PRAKE
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| % SIR = -20 dB with 3-finger MRC PRAKE
s[| # SIR=-30dB with 8-finger MRC PRAKE
10" El —— SIR = -20 dB with 8-finger MRC PRAKE

¢ SIR = -30 dB with 10-finger MRC PRAKE |
B~ SIR = -20 dB with 10-finger MRC PRAKE

" | — AWGN only |
10 -4 ‘2 (') é 4 6 8 10
SNRindB
Fig. 1. NBI suppressing using MRC PRAKE with different fingers in

TH-BPAM UWB systems.

O SIR =-30 dB with 3-finger MRC PRAKE
—#— SIR = -20 dB with 3-finger MRC PRAKE
+ SIR = .30 dB with 8-finger MRC PRAKE
—+— SIR = -20 dB with 8-finger MRC PRAKE
—©— SIR = -30 dB with SVD E
—— SIR = -20 dB with SVD i
—— AWGN only [
T T T
-4 -2 0 2 4 6 8 10
SNR in dB

Fig. 2. NBI suppressing using SVD and multi-fingers MRC PRAKE re-
ceiver in TH-BPAM UWB systems.

is jammed even when the number of fingers is 10. This proves
the importance of suppressing NBI, and thus, combating this
performance degradation. Figs. 2 and 3 present the effectiveness
of our approach to suppress IEEE 802.11a interference both in
TH-BPAM and TH-BPPM UWB systems. By comparing with a
3-fingers MRC PRAKE and an 8-fingers MRC PRAKE, we can
conclude that the NBI is mitigated greatly by using our tech-
nique and system performance is improved very effectively. For
instance, in a TH-BPAM system, for the desired BER of 1073
and when SIR;,, = —20 dB, the SVD-based method can get over
4 dB improvement than an 8-fingers MRC PRAKE receiver.
From this figure, we can observe that by using the proposed
method only a 3-fingers RAKE receiver is enough to suppress
such strong NBI. Since the hardware complexity of the RAKE
receiver depends on the number of RAKE fingers, our approach
can reduce the hardware complexity of the receiver greatly.

To study the robustness of our algorithm, we compare the re-
sults of the SVD-based method under different L in TH-BPAM
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- SIR = -20 dB with 3-finger MRC PRAKE
# SIR =-30 dB with 8-finger MRC PRAKE
10°H —— SIR =-20 dB with 8-finger MRC PRAKE
-6~ SIR = -30 dB with SVD |
—~ SIR =-20 dB with SVD i
-— AWGN only |
T I T
-4 -2 0 2 4 6 8 10 12
SNRin dB

Fig. 3. NBI suppressing using SVD and multi-fingers MRC PRAKE re-
ceiver in TH-BPPM UWB systems.

-== SVD,L=08N; |
&[] SvD,L=05N;

10 H 4~ 8VD, L =0.33N; kx
—»— SVD, L =0.25N;

—— SVD,L=0.2N;

o —— AWGN only \
-4 -2 0 2 4 6 8 10
SNRin dB

Fig. 4. NBI suppressing using SVD with different L in TH-BPAM UWB
systems.

systems when SIR;, = —30 dB. Fig. 4 plots the simulation re-
sults when L = N/5, N/4,N/3, N/2, and 4N/5, respectively.
In this case, although we take different L, our algorithm can
still mitigate the NBI effectively with slight difference. Actu-
ally, satisfying k < L < N — k, L decides the number of
dominant singular values representing the NBI and computation
amount of the suppression technique and has no significant im-
pact on system performance. So, considering running efficiency
and system performance, the optimal L is recommended by be-
tween L = N/5 and L = N/3. From the figure, we can observe
that as the decrease of L, better system performance can be at-
tained. This is because that L decides the number of the dom-
inant singular values k, when L is reduced, k is also reduced
correspondingly. According to (36), we know the system per-
formance is improved. However, it is not to say the less the L is,
the better the results are. In fact, when L is too small, replacing
the dominant singular values by zeros introduces much error so
that the approximation (36) is not feasible.
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Fig. 5. NBI suppressing using SVD and notch filter in TH-BPAM UWB
systems.

To investigate the effectiveness of our method, we compare
the performance of our method with the conventional methods,
such as a notch filter in Figs. 5 and 6 in both TH-BPAM and
TH-BPPM UWB systems. The notch filter is a Chebyshev II-
based IIR bandstop filter with passband ripple 1 dB and stop-
band attenuation 40 dB. Chebyshev Il type filter presents better
performance than other conventional filters when it is used to
be a prototype filter in designing a notch filter [25]. From the
two figures we can observe clearly that by using our method, we
can obtain better performance than by using a notch filter. For
example, in TH-BPPM systems, when SIR;;, = —30 dB and at
the target BER of 10~4, our algorithm can obtain over 2 dB im-
provement than the conventional method. Unlike our method,
the center frequency of the narrow-band interference need to be
estimated and the center frequency of the notch filter need to be
adjustable to meet the specific NBI. Furthermore, such in-band
notches may impair the performance of UWB signals simulta-
neously [15]. Hence, as the increase of NBI bandwidth, our
method can achieve better performance than a notch filter.

VI. CONCLUSION

A novel SVD-based algorithm to suppress IEEE 802.11a in-
terference in TH-UWB systems is proposed. The analysis and
simulation results show that singular value decomposition of the
data matrix is very useful in finding the dominant singular values
corresponding to the narrow-band interference and to obtain the
estimated data matrix. By comparing with the other traditional
NBI suppression methods, it is concluded that our algorithm is
very effective to suppress IEEE 802.11a signals in TH-UWB
systems and the complexity of the receiver can be reduced dra-
matically. Our method is simple and robust and especially suit-
able for UWB systems.
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