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Single Link Performance of UWB Systems Based on
Cognitive Radio in the AWGN UWB Channel

Shuo Lin

Abstract—The single link performance of UWB systems in
the AWGN UWB channel is investigated. Based on Cognitive
Radio(CR) spectrum allocation and the restriction of Federal
Communications Commission (FCC) emission mask, the second
derivative Gaussian pulse with the diverse shaping factors and
the diverse spectral moving factors act as basis functions. The

iterative combination pulse method is put to use to design pulses.

The time domain waveform of iterative combination pulse
based on FCC signed as UWB system 1. The time domain
waveform based on cognitive radio signed as UWB system 2 and
UWB system 3. The single link bit error probability (BER) of
three different pulse (UWB system 1, UWB system 2 and UWB
system 3) for UWB system in Additive White Gaussian Noise
(AWGN) channel are simulated and compared. The better
performance and stability are validated based on cognitive
radio UWB pulse for UWB system.

Index Terms—Ultra wideband communication, cognitive
radio, spectrum allocation, bit error probability.

I. INTRODUCTION

Ultra-wideband (UWB) is a very promising high capacity
wireless communication technology. The energy spectrum of
UWB impulse signal is extended from the direct current to
the gigahertz magnitude. UWB system shares spectrum
resources with other wireless communication applications.
Therefore, the possible interferences with  other
communication systems have to be limited within a certain
range [1]. Currently, this power standard was set by the
Federal Communications Commission (FCC). However,
many studies have shown that [2], spectrum utilization above
3GHz band is very low, 3~4GHz band frequency spectrum
utilization is 0.5%, and 4~5GHz band frequency spectrum
utilization is only 0.3%. In the relatively crowded spectrum
bands (below the 3GHz frequency), there are 70% of the
spectrum is not used. Such authorization allocation strategy
based on spectrum ownership exclusively resulted in
substantial spectrum resources in the idle state. Because
resources are wasted and wireless communication requires
access to a large number of bands, spectrum resources are so
scarce that the cognitive radio came into being.

The basic idea of cognitive radio is the device accesses
system based on a policy without affecting the authorized
user (Premier User) [3]. The cognitive radio has the learning
ability [4], [5], can exchange information with the
surrounding environment, percept and use free spectrum
(spectrum holes) [6].
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Parr [7], Beaulieu [8], Zeng [9] etc. have studied the UWB
pulse design methods, and the spectrum of those UWB pulses
are designed to meet the FCC power limit in certain extent
[10]. However, in fact, the available frequency band for
wireless communication systems is dynamic spectrum. In
certain spatial or time domain, the spectrum may not fully
satisfies the FCC limit. In other words, the restriction of FCC
emission mask for UWB is the minimum requirement. Based
on cognitive radio idea, the impulse pulse are designed
results from the results of cognitive radio identification. The
Single link bit error probability of different pulse for UWB
system in Additive White Gaussian Noise channel are
simulated and compared. The better performance and
stability are validated based on cognitive radio UWB pulse
for UWB system.

Il. SPECTRUM STRUCTURE BASED ON THE RESULTS OF CR
IDENTIFICATION

It is considered that the spectrum occupancy is a random
process within the scope in the UWB. However in the range 0
~ 12GHz, the probability of occupied spectrum is quite
different. Taking into account the structure of FCC emission
mask, 0 ~ 12GHz frequency band can be divided into three
different bands: band I: 0 ~ 1.5GHz, band II: 1.5 ~ 3.1GHz,
band I11: 3.1 ~ 12GHz. Because band 111 spectrum efficiency
is relatively low, bands I and Il were studied on pulse design,
which results are Table 11 and Table Ill. Table I describes
FCC emission mask. Table Il and Table Il describe two
assuming results based on cognitive radio identification.

TABLE I: FCC EMISSION MASK

Frequency
0~0.96  0.96~1.61 1.61~1.99 1.99-31
band (GHz)
PSD 41.3 75.3 53.3 51.3
(dBm/MHz) e hae R

TABLE Il: THE FIRST RESULT OF CR IDENTIFICATION

Frequency

band ( GHz) 0~11 11~161 1.61~1.99 1.99~25 25-3.1
PSD

(dBmM/MHz) -41.3 -75.3 -53.3 -51.3 -41.3

TABLE I1I: THE SECOND RESULT OF CR IDENTIFICATION

Frequency

band (GHz) 0~0.96  0.96~1.61 1.61~1.99 1.99~25 25-31
PSD

(dBM/MHz) -41.3 -75.3 -53.3 -41.3 -51.3

I, UWB COMMUNICATION PULSE PSD BASED ON THE
RESULT OF CR IDENTIFICATION
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In UWB wireless communication, the second derivative of
the Gaussian impulse has been extensively studied as a
receiving pulse [11]. Single Gaussian pulse spectrum can not
well match the emission mask based on cognitive radio.
However, the different Gaussian shape factor & and
spectrum shifting factor f, can change the radiated signal
power spectral density (PSD) and power distribution. By
combination of a plurality of base pulses, the distribution of
power spectral density of the combination pulse may
approximate the UWB system radiated power limit based on
the result of cognitive radio identification.

A. Communication Pulse PSD Based on FCC Emission

Mask

The normalized second order differential Gaussian pulse
with a shape factor « and spectrum shifting factor f. is
expressed as

(4nt)* 4z

(2) t
[ v

af)= 2 .{cos(Zﬂfut){ - (27#0)2} )

2
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o, 42 .sin(zﬂfot)}
o

We chose six functions as the base function system

(PO )@ =a; T, = f,i=1,26] 0

0i !

The corresponding parameters of basis functions can be
set:

.
a=(o,a,,05,0,,05 a)

] ©)
=(2,0.2,0.5,0.3,0.2,0.2)"ns
fo :(f017 f027 foS’ f047 1:05’ foe)T
=(0.001,2,4,6,7,13)" GHz “)
The base vector is represented as
p=(p; (1), p; (1), P3 (1), Py (1), P (1), PE (D))" (5)
The weight vector is
W = (W, Wy, Wy, W, , Wy, We )" (6)

In general, the UWB communication pulse is represented
as
p.()=w"-p @)
The same method to references [11] is put to use. The
weight vector is
=(0.2,1,10, 95, 20,10)"

W, (8)

UWB system 1

The time domain waveform of iterative combination pulse
signed as UWB system 1. The approximation between power

spectral density of UWB system 1 and FCC emission mask is
shown in Fig. 1.
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Fig. 1. The approximation between power spectral density of UWB system 1
and FCC emission mask.
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B. The PSD of UWB Pulse Based on CR ldentification

For a UWB system with cognitive radio function, it is
assumed that the available spectrum holes which are shown
in Table 2 have been identified. As with Section Il A, the
parameteres for every base function about « and f, can be set:

a= (0‘110‘2’0‘3’0‘4'0‘510‘6)T

9)
=(2.3,3,3,0.50.3,0.2)"ns
fo = (fol’ f02’ fo3' fo4' foS' foﬁ)T (10)
=(0.001, 2.05, 2.05, 4, 6,10)" GHz
The weight vector is
Wows system2 = (4 0.02, 0.1, 30, 100, 15)7 (11)

The time domain waveform based on cognitive radio
signed as UWB system 2. The approximation between power
spectral density of UWB system 2 and FCC emission mask is
shown in Fig. 2.
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Fig. 2. The approximation between power spectral density of UWB system 2
and FCC emission mask.

It is a random process that the spectrum hole can be
recognized and uesd in certain temporal and spatial. So we
can again assume another recognition result which is shown
in Table I11. As with Section 111-B, the parameteres for every
base function about a and f, can be set

.
a=(a,,a,,0;,a,,05,0)

=(2,30.50.30.2,0.1)"ns

(12)
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fo :(fol' foZ' fo3' 1:04' foS' foe)T

(13)
=(0.001,2.21,4,6,10,11) ' GHz
The weight vector is
WuwB systems = (1.3,0.5,0.1, 25,100, 15)" (14)

The time domain waveform based on cognitive radio
signed as UWB system 3 the approximation between power
spectral density of UWB system 3 and FCC emission mask is
shown in Fig. 3.
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Fig. 3. The approximation between power spectral density of UWB system 3
and FCC emission mask.

IV. SIMULATION AND COMPARE ON UWB
BER BASED ON CR

According to the spectrum identification results based on
cognitive radio are listed in Table Il and Table 111, the UWB
bit error probability are simulated and compared among
UWB system 1, UWB system 2 and UWB system 3 in
Additive White Gaussian Noise (AWGN) channel.

A. Communication Pulse PSD Based on FCC Emission

Mask

A typical time-hopping format of the simple impulse radio
transmitter output signal S(t) is given by [12]

[NaE)
(15)

s(t) = E,, z p(t— jT, —c,T,—d
j=—0
= Ebs z p(t_wj)
j=—0

where t is time, p(t) represents the Gaussian pulse which
is normalized to satisfy J'OO p?(t)dt =1

Ns is the number of pulses used to transmit a single
information bit in time-hopping UWB systems, called the
length of the repetition code. In time-hopping systems, the bit
duration T,=N;Ts;

+ Eis \/W is normalization factors that make

system has the energy in the information bit, Ey;

T; is the time duration of a frame;

T. is the hopping width in pulse position modulation
time-hopping UWB systems satisfying T=N;T,;

The hopping sequences c=(c;) are pseudorandom with
period, with each element an integer in the range

0< C; < N, , where Ny is the number of hops;
d.

i
source ;

represents the ith binary data bit transmitted by the

O is the offset of pulse position in a time clip T..
Single link correlation reception is given by

z = ["rym(t)dt (16)
corresponding receiver masking is
N, -1
m(t) = D v(t— jT, —c{“T,) 17)

j=0

where, v(t) = p(t) - p(t—¢), p(t) is UWB System 1,
UWB System 2 or UWB System 3, respectively.

B. Single Link Performance of UWB Systems Based on
Cognitive Radio in the AWGN UWB Channel

Simulation conditions:
Pulse average transmitted power p, =-30dBm;

Sources of information bits N, =10;
T, =60ns;
N, =1;
N, =5;
N 0 = 10
Pulse width T ) = 0.5ns;
e =0.5ns.

4 —B— UWB System 2

e o UWB Sysm3

UWB System 1 E

BER
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Fig. 4. Single link BER in AWGN channel.

The bit error probability simulation results are shown in
Fig. 4. Fig. 4 gives an illustration which UWB system 2 and
UWAB system 3 have a lower bit error rate than UWB system
1, and the advantage is 11.2dB, where the SNR is 8dB.

Assuming the cognitive spectrum allocation is random
process, Fig. 4 gives us a good example that the bit error
probability of UWB system 2 and UWB system 3 are very
approximate in spite of their being different. So we can
conclude that the performance of UWB based on cognitive
radio is stabilized and easy to implement.
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V. CONCLUSION

UWB system meeting to FCC emission mask shares
spectrum resource with other wireless communication system.
However, cognitive radio provides another method for
abundantly taking advantage of wireless spectrum resource.
According to cognitive radio spectrum allocation, taking into
account FCC emission mask, the bit error probability of pulse
position modulation time-hopping UWB system which
transmits different UWB pulse was studied. Simulation
results show that the performance of UWB based on
cognitive radio is better, and the system performance is
stable.
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