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ABSTRACT the system in order to generate a more reliable spectral sens

This article aims to analyze a cooperative spectrum sensiHHg'

scheme using a centralized approach with unreliable riggort 1 1€ Cooperative spectrum sensing can be performed by

channel. The spectrum sensing is applied to a cognitiveradin® €xchange of soft information [10] or quantized hard in-

system, where each cognitive radio performs a simple energ{?rmat'on [9]. Itis often interesting to implement coopera

detection and send the decision to a fusion center through ye cpgnmve radio system applyln_g hard decision in Om‘?r
reporting channel. When the decisions are available atthe f simplify the exchange of information between the cognitive

sion center, a-out-of-K rule is applied. The impact of the radios and the fusion center. Restricting our attentiomi® t
choice of the parameter in the cognitive radio system per- case, a problem that arises is how to merge the decisions pro-

formance is analyzed in the case where the reporting channdped by, the dlffergnt cognitive radios in order to provide a
introduces errors. more reliable sensing.

N ) ) In [9] and [11] is pointed out that the OR decision rule is
Index Terms— cogpnitive radio, cooperation, spectrum mqre syitable in many cases of practical interest. However,

sensing, data fusion. these analysis considered that the reporting channel batwe
the cognitive radio and the fusion center was perfect. Re-
1. INTRODUCTION stricting the decision rule to the OR rulg, [12] investightiee

effect of reporting errors introduced in the system.

The increasing demand for communication resources is lead- |n this article, we will assume the same contextinl [12],
ing to a scarcity in the spectral bands available to transmisut we will investigate the decision rules of the kinebut-
sion. Such scarcity is mainly due to the inflexible spectrunvf- i, observing that, differently from the perfect reporting
utilization regulamentation, where the bands are std§iedd  channel situation, the decision rule which provides the bes
located. As shown in’[1], this statical spectrum allocationsystem performance is not the QR, the 1-out-ofX rule.
leads to an inefficient spectral occupancy. This article is organized as follows. In Sect[dn 2, the sys-

Motivated by the necessity of implementing more effi-tem model utilized throughout this paper is depicted. In-Sec
cient band allocation schemes, several papers have recengjon[3, local and cooperative spectrum sensing are destribe
proposed systems based on cognitive radio (CR) [2], [3]. Isectior# presents theoretical and simulated results.lfina

such systems, secondary users (SU) are allowed to occupy theSectiorib, the conclusions of the paper are stated.
band licensed to primary users (PU), if the PU are not using

the spectral band for that time.

Therefore, the SU must be able to determine whether the 2. SYSTEM MODEL
spectral band is free or not. This task is accomplished by
performing spectral sensing, which can be implemented withn this article, we consider a cooperative cognitive ragis-s
several types of algorithm5I[4].][5].][6], where the simples tem with K’ SU. As depicted in Fig[l1, we assume that the
approach is by the means of an energy detection. The maif* cognitive radio receives the signal transmitted by the PU
advantage of this spectrum sensing scheme is that it does ribrough a channél; and that the signal is corrupted by ad-
require a higha priori knowledge about the PU signal. On ditive white Gaussian noise (AWGN). Each cognitive radio
the other hand, it does not provide a good performance whesenses the spectrum using an energy detector and sends its
compared to other techniques, such as feature and coherafmte-bit quantized decision to the fusion center. The signal
detection[[7]. An alternative to improve the energy detectoreceived by the fusion center sent by each cognitive radio is
performance is applying cooperative algorithinis [7], [8], [ corrupted with AWGN noise with varianes; .
These cooperative algorithms bring the possibility to corab Finally, the spectral sensing is performed in the fusion
the measurements provided by the various cognitive radios icenter, where a-out-of-K rule is applied,i.e., the fusion
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( Primary User > This probability measures the efficiency of the cognitive
- - radio system radio, given that if the system presents allpw
hy hy he it means that the spectrum holes are allowed to be occupied
by the CR more often.
HL NP e The second important parameter in the cognitive radio

‘ CR, ‘ ‘ CR, ‘ CRy¢ system is the miss detection probabilify,(), that is defined
‘ ‘ as the probability of the cognitive radio states that thecspe
trum is free given that the PU is transmitting:

For a single cognitive radio in a fading scenario, these

][] P =Pr{T(r) < \|H1} (5)

<’ Fusion Center N probabilities have been derived [n [13] and can be expressed
/ .
- - as:
Fig. 1. System Model
9%y I (M,3)
center states that the PU is active if the received decision i
sent by at least out of the K cognitive radios.
M—2 (A l 1 M—1
P o—e3 S 2 (17
3. PROBLEM FORMULATION m i 1 ~y
3.1. Local Sensing M—2 (M )l
. . . - . x | e 24:\27 — e_% ﬂ (7)
The received signal in th&" cognitive radio can be expressed I
as one of the following hypothesis: =0
hixz(n) + n;i(n), Ho whereTl'(x) is the gamma functiorl(z, y) is the upper in-
r(n) = ni(n), K, l<snsM (1) complete gamma function ands the average system signal-

to-noise ratio (SNR) per sample undk .
whereh; is the channel coefficient, which is assumed to be a It is important to note that thé’; and P, are parame-
complex Gaussian random variabi€n) is the signal trans-  terized by the threshold. Py is a decreasing function of,
mitted by the PU and);(n) is AWGN signal with variance while P, is an increasing function of. Therefore, in order to
037 specify the threshold, one should analyze the compromise
Each cognitive radio will apply an energy detection rule inbetween lowP; and highP,, .

order to decide between these two hypothesis. This decision In [8] the system parameters were optimized in order to
rule consists in the comparison of the estimated signalggner minimize the total erroi.e., Py + P,,. Another common ap-

to a given threshold. The estimated received signal energy,proach to determine the system parameters is the following:

i.e. the decision statistic, is given by: for a givenP,,, determine what are the system parameters that
lead to the lowets [7]. This approach provides the highest
spectrum occupancy given the PU is protected under a speci-

Z Ir(n @ fied P,
771 n=1 me
The hypothesis test is them accomplished by:

3.2. Cooperative sensing
T(r) 25, A (3) _ .
Previously, we have analyzed the spectrum sensing pertbrme
This means that th&é” cognitive radio will state that the in each cognitive radio. In this subsection, we deal with the
spectrum is occupied by the PU if the metfi¢r) is greater data processing in the fusion center.
thanA. We will consider that theé!” cognitive radio sends a one-
In the specification of spectrum sensing systems, two pabit decision to the fusion center and that the channel batwee
rameters are extremely relevant. One of them is the falsthe cognitive radio and the fusion center is corrupted by an
alarm probability £;), which is defined as the probability AWGN signal:
of the cognitive radio declares that the spectrum is occlipie S; =d; + 1y (8)

underH,, i.e: : - "
0 whered; = {0,1} is the decision sent by thé" cognitive

Py = Pr{T(r) > A%} (4)  radioand; ~ N (0,07, ).



Furthermore, the error in th&" cognitive radio is given 4., RESULTS
by:
‘ 1 /1 In this section we will describe how to choose the parameter
Pr=Q (5 —2> (9)  n of a cognitive radio system applyingraout-of-K rule in
the fusion center. When the reporting channel is perfeet, th
1-out-of-K rule,i.e., the OR rule, often provides better results

In this article, in order to simplify the analysis, we will [11], [9]. This fact is attested in the receiver operatingreh

consider that the cognitive radio’s reporting channel @nés acterllgtlcs (ROC) C.ltj.rves Zhown I? Fig. éﬁlitzls examdple, we
the same SNRo = o, i = 1... K). considerer a cognitive radio system wih = 4 secondary

users,M = 6 samples and an average SNR= 20dB with
perfect reporting channel. From Figl 2, we can observe the
system performance for different values:ofand conclude
that for this situation the performance of the system deggad

whereQ(z) is the complementary error function.

Applying the n-out-of-K rule, we have that the false
alarm and miss-detection probabilities after the decigian
vided by the fusion center are given by:

Ken with increasingn.
Qs = Z <K> [(1—P;)(1—P.)+ PP, In the following, we will analyze how the errors intro-
i=0 duced by the reporting channel influences the choice of the

[Py (1—P.)+(1—Py) PE]K—z' (10) parametem. We evaluate the same system with ROC de-
' picted in2, but the SNR in the reporting channel is now given
by SN R, = 10log,, (Z) = 10dB.
K K _ From Fig. [3, one can note that decision rule that mini-
Qm = Z ( ) ) [P (1—P.)+(1—Py)P.]" mizes the false alarm probability for a given miss-detectio
i=K—nt1 N probability depends on the miss-detection probabilityisTh
% [(1—Py)(1—P)+ PmPe]K_i (11) is not unexpected since, from eq_{12), one can note that
the asymptotic false alarm probabiligy; is a function ofn.

The results above were obtained from a direct generaIiz%?seée;gﬁﬁfg:odg:gﬁt ;ti;’?jlil;feesr::&the minimum achievable

tion from [11], where a similar expression is derived for the

n = 1 case, and froni [8] where the overall false alarm and I this situation, the optimum decision rule should be

miss-detection probabilities were obtained for the penfec ~ @daptive, depending on the target miss-detection prabgabil

porting channel case. Denoting the target miss-detection proba}bility &y,, we
Analyzing [I0) and{Z1), one can note that if the individ- have that the following rule should be applied:

ual false alarm probability?;, is not significant, the overall

false alarm is given by:

K 1, Qf, <Qr(1)
oy N~ (K I Nopt =4 n+1, QhL(n) <@l <QhL(n+1)  (14)
QF (n)—Pl;glon = ; (z) (1-P) P, (12) K, Qb >Qr(K—1)

In a similar way, if the individual miss-detection probabil where Q*,(n) corresponds to the minimum miss-detection

ity, Pr,, approaches zero, the overall miss-detection probabiprobability that leads t6 ¥ (n), as indicated in Fid.]3.
ity is given by: It is important to emphasize that the optimality criterion
is to minimize the false alarm probability for a given target

oo o _ K\ _, K—i miss-detection probability.
Qe ()= Jim Qn="3_ (z’)Pe (1-P,)
i=K—n+1
(13)
We will refer to these probabilities as asymptotic false 5. CONCLUSIONS

alarm and miss-detection probabilities, which do not depen
on the average SNR received in the cognitive radio and are It was pointed out throughout this paper that the analysis of
completely due to the errors introduced by the report chlannethe cooperative spectrum sensing system, applyingtbet-
These asymptotic probabilities, however, depend on thef-K in the fusion center, should be cautionary when the re-
parametern. Q7 is a decreasing function of, on the other  porting channel introduces errors. It was shown that, when
hand,Q:° is a increasing function af. In the next section, the reporting errors are take into account, the changes-intr
we will analyze the system performance dependence on trdiced in the ROCs are such that the optimal parametier
parameten choice in some specific scenarios. modified.
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Fig. 2. ROC -y = 20dB, K = 4, perfect reporting channel Fig. 3. ROC -y =20dB, K =4, SNR, = 5dB
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