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Abstract:

This paper deals with the cognitive radio network (CRN) in which cooperative spectrum
sensing technique is used between cooperative nodes (CNs). Additionally, power ratio and
secondary user (SU) average throughput expressions were taken into account to obtain the idea
about quality of service (QoS) improvement at the SU. However, total transmitted power (py)
and interference power are taken as constraints to find the relationship between normalized
effective capacity and QoS exponent 6. Moreover, power ratio and SU average throughput are
calculated in the presence of mean channel gains. Simulation results show that in direct
transmission, smaller the value of 6, larger is the effective capacity between secondary source
(SS) and secondary destination (SD).

Keywords—Cognitive radio, cooperative spectrum sensing, secondary user average
throughput and QoS exponent.

I. INTRODUCTION

The main aim of CRN is that the under-utilized licensed spectrum of the primary user
(PU) should be used by SU to avoid the problem of spectrum scarcity [1]. Accessing the unused
licensed spectrum is a very crucial task of spectrum sensing. While accessing the spectrum,
probability of false alarm p; and probability of miss detection pmg play an important role. In
cognitive radio network (CRN), hidden terminal problem is one of the critical problems in
sensing the spectrum. In wireless communication, consider three terminals A, B and C as shown
in Fig. 1. When A and C terminals simultaneously send packets to B without sensing the
channel, collision will occur and corrupted data will be received at terminal B. This type of
problem is known as hidden terminal problem. To eliminate this problem, Cooperative spectrum
sensing scheme will be used [2], [3].
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Fig. 1. Hidden terminal problem

Cooperative spectrum sensing is a scheme where group of CNs share their mutual
information to achieve better performance [3]. In this paper, power allocation algorithm [4] is
used to provide power to CNs in CRN. Power is allocated to CNs in such a way that SU average
throughput is maximized. Additionally, power ratio expression is also calculated [4]. The authors
examined on maximizing the SU average throughput, not on QoS at SU [4]. Concept related to
QoS between SS and SD is explained for both direct and relay transmission cases [5].

In CRN, SU average throughput should be maximum as well as QoS must be
guaranteed. This paper includes an algorithm to improve QoS at SU maximizing the SU average
throughput and is developed between SS and SD for direct transmission method. This algorithm
requires the concepts related to delay bound violation probability, effective bandwidth Eg 6) and
effective capacity Ec(6).

This paper provides these concepts and relationship between normalized effective
capacity and . Maximum average transmit power p,y,, maximum average interference power Qay
and maximum peak interference power Qp were chosen as constraints in deriving the
normalized effective capacity. The remaining paper will be organized as follows. Il deals with
system model and its algorithm. 111 includes the discussion with respect to simulation results and
IV provides the conclusion.

Il. SYSTEM MODEL

A CRN is to be considered where cooperative spectrum sensing is used between
CNs. It should have one secondary link and one primary link. Secondary link has secondary
transmitter (ST) and secondary receiver (SR). Similarly, Primary link has primary transmitter
(PT) and primary receiver (PR). The channel scenario between ST and CNs is non-identically
distributed and independent. The system model is presented in Fig. 2. In CRN, each CN has
power p; and it must be in the range of 0 < p; < p, where pyis the maximum individual
transmission power of CN. CNs will sense the spectrum and send it’s results as beacon signal to
ST. If ST will detects beacon signal, it will assume that channel will be available for
transmission otherwise ST assumes that channel is busy with PU. The instantaneous power gain
of channel between ST and CN;is h;. It will be an exponential random variable having mean m;.
When ST detects the channel, received SNR y at ST is given by [4]

Y = Z?,:l pihi .................................... (1)

n is assumed as the detection threshold at ST. If the received SNR is less than #, miss detection
will occur. Hence, the expression for pmg has been derived by applying some characteristic
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functions and partial fraction methods as follows [6], [7]:
Pma = pr{Z{V lplh < 77}
=1- XL exp(— ) v —mr i ,p,) )

mip;j

The equation (2) | of the form pmg=1-pg, Where pqis the probability of detection. If
pq replaced with ﬁz:ZieNl%"l and pi=pp;/|N|. Then power ratio p expression will be calculated

as follows:
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The expression for secondary average throughput R was calculated from pg. R was given as
following [4]:

10g2(1+ )Z 1eXp(_ )H];tl (,p,) ...(4)
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Fig. 2. Cognitive Radio Network [4]

Where ps is the transmitting power, h is the power gain of the channel between ST and SR. p¢
and pmg are very important parameters in wireless communication. Pf occurs, when SU wrongly
assumes that channel is ideal, but actually channel is busy with PU. Similarly pmg occurs, when
SU wrongly assumes that the channel is busy with PU, but actually the channel is ideal. The
authors discussed about p and maximizing the SU average throughput [4]. In this paper, their
work has been extended to increase QoS at SU. SU average throughput was affected by pmq only,
not with pr. QoS depends on interference which will be affected due to pr . So, constraints on Qg
and Qpk were taken into account to increase QoS.

The relationship between normalized effective capacity and 6 has been analyzed
with Q. and Qpk as constraints. The proposed algorithm verifies the above relationship by
assuming the condition i.e., directs transmission path exists between SS and SD. The theory
concept which helped in proposing the algorithm is explained as follows. In CRN, CN has SS
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and SD and network gain vector (NGV) is given by:

G={gtr, gty 95, g} (5)
Where gf7, g%, 955, g2h represents the channel power gains from primary source (PS) to
primary destination (PD) , PS to secondary destination (SD), SS to SD and SS to PD. These
channel gains will not change within each frame, but change independently from frame to frame
and follow nakagami-m model. Each frame duration is denoted by Tf . We split each frame into
two slots. In the first slot, SS transmits its signal to SD and relays. In second slot, relays transmit
to SD. In this paper, direct transmission is assumed. Hence, second slot will not be needed. SS
transmits only half of its frame duration. Therefore, it uses 2Ps in first slot itself. Additionally,
delay bound violation probability can be given as [5]:
Pr{D>D} <Pthy.eevreerreenn... (6)

where D, Dy, and Py, represents delay, predefined delay bound and probability of maximum
violation. The Eg(0) and Ec(8) can be given as [8], [9]:

Ep(0) = 2log(E[e®M]), ............ @)
Ec(6) = —log(E[e™®RU]), ... (8)
Where C[t] and R[t] represents time uncorrelated processes and E{.} represents the expectation

operator. Effective capacity is the maximum available throughput under given QoS requirement
[10] and can be mathematically calculated as [5]:

maxps — %log(E[e‘eRCN]), .............. 9)

Where Rey is the service arrival rate of CN=(T;B/2)log(1 + 2y, P). (9) can be equivalent to
the following equation [5]:

B
ming,soE[1+ 2y, P] 2. (10)

Where g = ?ZTff is normalized QoS exponent. The effective capacity (8) is calculated only if (8)

satisfies the following equations.

R (11)
el Ps S Qupeeevevvvvnnniiiiinnns (12)
gelPs < Qpice-venrnrnarnaenaennnn. (13)
Where y,; =effective channel power gain between SS and SD-gg,[;;d+1 , 955 = channel power

gain between SS and SD, g£7= Channel power gain between PS and SD.

The following parameters i.e., T, m, B, constant transmit power primary node pp
Qav, Pav, and Qpi were chosen to obtain the normalized effective capacity by using the following
algorithm.

Algorithm:
Input : Ty, B, m, Pp, Pay, Qav, Qpk, Ps, r=0 and F is null matrix
Output : normalized_effective_capacity

1: for i=0 to 1000 do
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9oy
2: = —p5>
Y1 et

3:  if B <Py, && g;hP < Qup && goh P < Qpy then

4: rr+1

5: for & = 10° to 10° do

6: capacity « minpsoE[1 + 2]/1PS]_§
7: end for

8: Fli]« capacity

9: end if

10: end for

11: normalized_effective_capacity« sum|F]

12: plot figure between 8 and normalized_effective_capacity.

IHlI. SIMULATION RESULTS AND DISCUSSION

This section gives the idea about input parameters and corresponding numerical
results. The input parameters set to obtain the required numerical results are : Effective channel
gain between ST and SR is 10dB, mean channel gain between CNs and ST are [0.1, 2, 0.3, 4, 0.5,
6, 0.7, 8, 0.9, 9], N=10, 0< #< 1, pmg=0.1, po=0.3p;/n , Tr=2ms, B=10°Hz , m=2, p,~=10dB,
P,=20dB, Q. =5dB and Qp=10dB.

Power Ratio versus pt/n
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Fig. 3. Power ratio Vs pd n
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The SU average Throughput versus pt/ny
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Fig. 4. SU average throughput Vs pd/ n

Y

o
©

o
@

e
~
1

e
»

e o
w =

S
[N}

Normalized effective capacity (bits/sec/Hz)
o
(S}

0.1

107° 10 10° 107
QoS exponent (1/bit)

Fig. 5. Normalized effective capacity Vs QoS exponent

V. CONCLUSION

In this paper, QoS was analyzed between SS and SD with direct transmission (no
relays) between SS and SD by considering pt, Qay and Qpk as constraints. It can be concluded that
when @ is less, normalized effective capacity between SS and SD should be high in direct and
relay transmissions. QoS analysis with respect to relay transmission will be analyzed as future
work.
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