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Abstract: A cognitive radio transmitted reference ultra-
wideband (CR-TR-UWB) system is proposed to improve the
performance of TR-UWB systems with
interference (NBI) from primary users (PU). The transmitter
of the CR-TR-UWB system detects the band of PU, and then
sends prolate spheroidal wave functions (PSWF) pulses with
the same limited band as PU’s to reduce interference with PU.

narrowband

The receiver uses a notch filter before autocorrelation to
eliminate NBI from PU. The simulation results show that the
bit error rate (BER) performance of the CR-TR-UWB system
is close to that of TR-UWB systems without NBI when the
system is interfered by single or double NBIs with a signal to
interference ratio ( SIR) of 0 dB, and if the signal to noise
ratio(SNR) is 10 dB and the SIR varies from -20 to 10 dB,
BER performance varies no more than an order of magnitude.
The system has excellent resistance to NBI, strong robustness
BER performance at different SNRs, and smaller interference
with the same frequency band PU.
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WB'" systems can transmit extremely narrow pulses

by employing pulse position modulation (PPM) or
pulse amplitude modulation (PAM). The key motivation
for using UWB systems is their ability to highly resolve
the multipath, as well as the availability of technology to
implement and generate UWB signals with relatively low
complexity™. TR signaling uses the transmission of a
pair of reference and data signals, which are separated in
time domain. Due to its simplicity, there is renewed in-
terest in TR signaling for UWB systems'”', which can ex-
ploit multipath diversity inherent in the environment with-
out the need for channel estimation and stringent acquisi-
tion. The receiver can simply be an autocorrelation re-
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ceiver (AcR).

Due to its large transmission bandwidth, TR-UWB sys-
tems need to coexist and contend with many narrowband
communication systems. AcR front-ends for TR-UWB
systems are more vulnerable to narrowband interference
(NBI), since the reference pulse is also exposed to
NBI'. In order to improve the performance of TR-UWB
systems with NBI, the effect of the NBI on AcR was in-
vestigated in Ref. [5]. The effect of the finite resolution
with NBI was discussed in Ref. [6].
tion schemes for TR-UWB systems were proposed, such
as threshold detection, MMSE"', notch filter®, chip
time differential transmitted reference( Tc-DTR) "', When
interfering with PU, TR-UWB systems also affect the
performance of PU. Cognitive ultra-wideband systems
were proposed in Ref. [10], which use pulse with the
same limited band as PU’s to reduce the interference with
PU. This method is used to improve the performance of
UWB with NBI in Ref. [11]. An improved Parks-Mc-
Clellan method is used to design ultra-wideband impulse
in Ref. [12], which has high spectrum efficiency and a-
voids interference with other systems. Time reversal is
used in the coexistence between TR-UWB systems and
IEEE 802. 11a WLAN in Ref. [13].

In order to improve the performance of TR-UWB sys-
tems with NBI, and to have a better coexistence with nar-
rowband PU, a kind of CR-TR-UWB system based on
the cognitive radio method is proposed in this paper.

1 Design of CR-TR-UWB System
1.1 Model of CR-TR-UWB system

Some NBI mitiga-

As shown in Fig. 1, the transmitter detects the PU
band, and uses PWSF pulse with the same limited band
as PU’s. The receiver uses the notch filter to eliminate
NBI from PU before AcR.

1.2 Spectrum sensing

It is necessary to detect PU band before designing
PSWF pulse with limited band and notch filter. Since the
peak power spectrum of the CR-TR-UWB system is sig-
nificantly lower than PU’s, the PU band can be detected
when the predefined threshold value is compared with the
total power spectrum.

The peak power spectrum of the CR-TR-UWB system
is 20 dB lower than PU’s in Fig. 2 where the SIR is —10
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Fig.1 Diagram of CR-TR-UWB system. (a) Transmitter; (b)
Receiver
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Fig.2 PSD of CR-TR-UWB system with 5 and 7 GHz PU

1.3 Design of PSWF with limited band

[11-12] [10]

Gaussian pulse combination and PSWF pulse

can both be used to design pulses. Gaussian pulse combi-

nation is very complex and not suitable for applications of

low power consumption, so the PWSF pulse is adopted in

this system. To simplify the calculation, the PSWF pulse

can be obtained by the Hermitian matrix decomposition "*:
N/2

> plmlhln —m]

m=-N/2

Apln] = n=-N/2,...,N/?2

(1)

where A is the eigenvalue; h(t) is the sample of the
waveform which meets the need of power spectra; p[n]
is eigenvector which is the sample of PSWF. The greater
the an eigenvalue, the better the power spectrum. There-
fore, only if the eigenvectors correspond to the largest ei-
genvalues, can they be taken as pulse designs and select-
ed for implementation. According to this method, we can
obtain PSWF with double limited bands, which also meet
FCC mask. The PSD of PSWF with 5 and 7 GHz limited
bands is shown in Fig. 3, which is 50 dB lower than the
peak PSD.

1.4 Design of notch filter

Because IIR controls notch bands better than FIR does
with the same order, we use a Sth-order Butterworth stop
band filter to obtain single and double notch filters. The

amplitude frequency responses in 5 and 7 GHz are 60 and
70 dB lower than the peak in Fig. 4.
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Fig.4 Amplitude-frequency response of double notch filters

2 BER Performance with NBI

One transmission signal can be denoted as

N,-1 N1

s() = Y gt =jT,) + Y bg(t =jT, = T,) (2)

J=0 Jj=0

where g(t) is the PWSF pulse with limited bands; T; is
the frame length; T, is the delay to reference; N, is the
repeated frame number. Channel impulse response is as-
sumed as i(t), and then the receiver signal through the
channel is

N-1 N,-1

(1) = th(z -jT,) + prh(t -jT, - T,) (3)

where p, (1) =g(1) * h(?).
The NBI signal is assumed as

i(f) = /2P, cos(2mfit +0) (€))

where f; is the central frequency; 6 is a random phase
which is distributed uniformly between[0, 27); P, is the
power of NBI.

The received signal is

r(t) = th(t _ij) + prh(t —JjT; _Td) +
i(1) +n(1) ’ (5)

where i(?) is the NBI signal; n(t) is the zero-mean white
Gaussian noise with two-sided power spectral density N,/2.
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Through notch filter 4, (7), the NBI i(¢) is eliminated.
The power of signal and noise loses a little through the
filter.

N-1 N1

r'(t) = thn(t -jTy) + prhn(t -jT; = T,) +n,(1)
(6)

where

Pu(t) =p, (1) * h,(1) =p, (1)
n,(t) =n(t) * h (1) =n(t)

After autocorrelation receiver in T, (T,, is shorter
than half of T;), the soft decision output is

Nl jma,,

AT,y = Y,

j=0 7 JjT;

r'(t +T,)r'(6)dt (7

The BER formula of CR-TR-UWB with NBI is

1
2N,/(N,E,) +2T,, B(N,/E,)*/N,)

P, =Q( (8)

where E| is the energy of a received frame.
3 Simulations and Analysis

3.1 Single NBI(5 GHz)

T.=20 ns, T,=10 ns, N, =8, g(t) is the 2nd-Gaussi-
an pulse and the PWSF pulse with a 5 GHz limited band.
From Fig. 5(a), if the notch filter is used before the au-
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Fig.5 BER comparison with single NBI. (a) BER comparison
with different SNRs when SIR =0 dB; (b) BER comparison with differ-
ent SIRs when E;/N, =10 dB

tocorrelation receiver with single NBI, the BER decreases
from 0.25 down to 2 x 10 *when the SNR is 10 dB. If
we use the PSWF pulse to replace the Gaussian pulse, the
BER decreases down to 1 x 10, close to the perform-
ance without NBI. From Fig. 5(b), if the SNR is high
and the SIR varies from -20 to 10 dB, the BER varies
from 5 x 10 to 2 x 10 . And four curves are closer to
each other when the SNR is 10 dB.

3.2 Double NBIs(5 and 7 GHz)

T.=20ns, T,=10 ns, N, =8, g(t) is the 2nd-Gaussi-
an pulse and the PWSF pulse with 5 and 7 GHz limited
bands. From Figs. 6(a) and (b), the system performance

characteristics with double NBIs are similar to those with
single NBI.
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Fig.6 BER comparison with double NBIs. (a) BER comparison
with different SNRs when SIR =0 dB; (b) BER comparison with differ-
ent SIRs when E;/N, =10 dB

4 Conclusion

Based on the cognitive radio method, a CR-TR-UWB
system is proposed in this paper. The simulations and
analysis show that the transmitter pulses with limited
bands can obviously reduce interference with PU, im-

! and have lit-

prove BER performance in UWB systems'"
tle influence on BER performance in TR-UWB systems.
With the help of the notch filter, the pulse with limited
bands further improves the BER performance which is

very close to the performance without NBI. This CR-TR-
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UWB system has good resistance to NBI ability and good
coexisting characteristics when working with other wire-
less systems. The performance of the system is better than
that of traditional TR-UWB systems, especially in high
SNR and low SIR, and has robustness in high SNR when
SIR varies.

References

[1] Win M Z, Scholtz R A. Impulse radio: How it works
[J]. Communications Letters, 1998, 2(2): 36 —38.

[2] Wang Shuyi, Chen Yunfei,
ceivers for generalized UWB transmitted reference systems
with improved performances [J]. IEEE Transactions on
Wireless Communications, 2010, 9(6): 1837 —1842.

[3] Chao Y L, Scholtz R A. Ultra-wideband transmitted ref-
erence systems[J]. IEEE Transactions on Vehicular Tech-
nology, 2005, 54(5): 1556 —1569.

[4] Rabbachin A, Quek T Q S, Pinto P C, et al. Non-coher-
ent UWB communication in the presence of multiple nar-

IEEE
Transactions on Wireless Communications, 2010, 9(11):
3365 —3379.

[5] Alemseged Y D, Witrisal K. Modeling and mitigation of
narrowband interference for transmitted-reference UWB
systems [J]. IEEE Journal of Selected Topics in Signal
Processing, 2007, 1(3): 456 —469.

[6] Zhang Chao, Yin Huarui, Ren Pinyi. The effects of nar-
rowband interference on finite-resolution IR-UWB digital
receivers [J]. IEEE Communications Letters, 2011, 15
(5): 536 —538.

[7] Alemseged Y D, Witrisal K. Detection of delay-hopped
transmitted-reference UWB signals under narrowband in-

Leeson M, et al. New re-

rowband interferers wireless communications [ J].

terference[ C]//Signal Processing Advances in Wireless
Communications. Cannes, France, 2006: 1 -5.

[8] Cui S, Teh K C, Li K H, et al. Performance analysis of
transmitted-reference UWB systems with narrowband in-
terference suppression [J]. Wireless Communications and
Mobile Computing, 2009, 9(8): 1081 —1088.

[9] Di Renzo M, De Leonardis D, Graziosi F, et al. Per-
formance analysis and optimization of Tc-DTR IR-UWB
receivers over multipath fading channels with tone interfer-
ence[J]. IEEE Transactions on Vehicular Technology,
2011, 60(7): 3076 —3095.

[10] Zhang Honggang, Kohno R. SSA realization in UWB
multiple access systems based on prolate spheroidal wave
functions[ C]// Wireless Communications and Networking
Conference. Atlanta, USA, 2004: 1794 —1799.

[11] Zhou Liulei, Zhu Hongbo, Zhang Naitong. Narrowband
interference suppression in UWB system based on cogni-
tive radio theory[J]. Journal on Communications, 2008,
29(3): 135 —-140. (in Chinese)

[12] Mauro B, Valentina P. Ultrawide band cognitive pulse
shaping under physical-layer QoS constraints [J]. IEEE
Transactions on Communications, 2011, 59(11): 3167 —
3176.

[13] Liu Jia, Zhao Deshuang, Wang Bingzhong. Time-rever-
sal method for coexistence between ultrawideband radios
and IEEE 802. 11a systems [J]. IEEE Transactions on
Electromagnetic Compatibility, 2011, 53 (4): 1065 —
1071.

[ 14] Parr B, Cho B, Wallace K, et al. A novel ultra-wideband
pulse design algorithm [J]. [EEE Communications Let-

ters, 2003, 7(5): 219 —221.

ETINNLTE&ENEHSEEEFTREET THINFHEAR

RO BE

(ARFERFNEMFHEHA SR,

WE A THRELRA P EFRTFRTHEHALRE
#"’H}‘#ﬁﬁ%ijuw %
Xﬂ'i}ﬂ P o T MO AR R B /L P AT R

GESZTAOdB W EAR2 ANEF TR

7{7 10 dB HAZ F I -20 ~10 dB JE B A RALE iR A A TR T — AN E

A T X3

7 210046)

G kgl F0R T —Mikde i A F AT R 4. A

09 K AL A R P J’J’Fé’] EBG , RETZ IR TG 0k 84 *Fﬁﬁii}ii%}lﬂwiﬁ’ VA AR,
T TGk ek R AR R P ke E
Sl T IR AR IE T R E B TH T 69 A Gtk gt 4270t

T A5 A RAN 3

B.ZRAREABAENGIRE

T ARAE Ay, R AL M AR A R RS R T AR AR SR 0y 4 i,,\ﬁﬁ’ﬂ%ﬁx}_)ﬂf'il a9 F .

KR AL R
RE 55 ES . TNI2

A INER LA 5 F Al T BRI R 2L

Y TR EY





