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Abstract—The correct detection of the presence of licensed user (Primary user) is the most essential requirement of Cognitive Radio Network (CRN). 
Otherwise the PU will face jamming signal from unlicensed user (Secondary User) and therefore will not be able to transmit. At the same time if a PU is 
not in transmitting mode but SU senses the presence of PU in transmitting mode then the SU will stop transmission even though the frequency band is 
free to use. In this situation, different path loss models incorporating with different fading channels have been proposed previously to measure the per-
formance of CRN. Fading is generally a signal loss due to sudden alteration in channel response. In this paper, the aim is to evaluate the performance un-
der different types of fading condition (such as Rayleigh, Nakagami-m, Weibull and Normal) with the incorporation of different types of path loss models 
such as Lee's path loss Model, COST-231 Walfisch Ikagami Model and ECC-33/ Hata Okumura Extended Model along with MRC and Selection com-
bining Scheme under frequency ranges of 1900 MHz and 2100 MHz as this range is well suited for 4G technology. 

 Index Terms—Cognitive radio network, Lee’s model, Cost-231 Walfisch-Ikagami model, ECC-33 model, Fading channel, Selection combining scheme,       
Maximal Ratio Combinig Scheme.   

——————————      —————————— 

1 INTRODUCTION                                                                     
ognitive radio network represents a modern approach in 
wireless engineering where radios are designed with a 
unique level of intelligence and agility. A cognitive radio 

is a radio that employs model based reasoning to achieve a 
specified level of competence in radio-related domains. These 
radios are able to observe, sense, and identify the circumstanc-
es of their operating background, and dynamically reconfigure 
their own features to best match those circumstances. It ena-
bles radio devices to use spectrum in entirely innovative and 
sophisticated ways. The FCC studied that some frequency 
bands are heavily used in particular location and at particular 
time but most of the bands are only partly occupied [1]. For 
different radio frequency bands several spectrum manage-
ment models have been introduced in the paper [2] to improve 
this scenario and among all the proposed models cognitive 
radio network has got highest importance because of its intel-
ligent way of sensing the network and act accordingly. There 
are four main functional parts of CR network [3] spectrum 
sensing, spectrum management, spectrum mobility and spec-
trum sharing. In spectrum sensing the SU detects the presence 
or absence of PU in the sensing region and takes the decision 
of using the spectrum accordingly. There are two binary hy-
potheses in [4] spectrum sensing: H1: the PU is present and in 

transmitting mode, H0: the PU is absent; so that SU can use the 
spectrum. Spectrum management involves capturing the best 
available network among the free networks detected to meet 

the SUs communication requirement. As spectrum sensing is 
the major challenge in CRN, a fully distributed and scalable 
cooperative spectrum sensing scheme is proposed in [5] based 
on recent advances in consensus algorithm; where the SUs can 
maintain coordination based on only local information ex-
change without a centralized common receiver.  
Recently, spatial false alarm (SFA) problem has become a ma-
jor point of attention. To solve the SFA problem, in [6] the au-
thors shows the cause of this sensing problem using both sto-
chastic geometry and the statistical signal processing principle 
and proposed a reliable performance evaluation method to 
improve its negative impact. 
Medium Access Probability (MAP) is the probability that no 
busy PU inside the sensing region is detected by a SU. To find 
the expression for the medium access probability by including 
the effect of the conventional false alarm (CFA) probability 
and the SFA probability a theory has been developed in [6]. In 
this paper the authors explicitly discusses the probability of 
correct decision only for the case of received signal under 
Normal distribution of the fading channel. The work of [7] has 
been enhanced in [8] for three small scale fading channels: 
Rayleigh, Rician and Nakagami-m fading channels to get the 
real scenario of CR network in an urban area. The work of [8] 
is further enhanced in [9], where the fading channels are con-
sidered under two popular path loss models (Lee’s and Oku-
mura-Hata path loss model) and two dimensional traffic mod-
els are used to evaluate the performance of CR network. The 
medium access probability of CRN in 1900 and 2100 MHz is 
measured for only Lee’s model in [10]. In [11] the role of CR 
network in fourth generation wireless communication is re-
viewed. In this paper, the authors discuss the benefit of using 
CR network over 4G technology based in 802.16 standards 
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(WiMAX). In [12] the experimental framework for cognitive 
radio enabled LTE is introduced. The secondary CR-enabled 
system has large influence on the primary Long Term Evolu-
tion OFDM that has been studied in [13]. 
Wireless access network has becoming vital tools in maintain-
ing communications especially at home and workplaces due to 
communication models. Propagation models can be classified 
mainly into two extremes, i.e. fully empirical models and De-
terministic models. There are some models which have the 
characteristics of both types. Those are known as Semi-
empirical models. Empirical models are based on practically 
measured data. Since few parameters are used, these models 
are simple but not very accurate. The models are categorized 
as empirical model for macro cellular environment which in-
clude Hata model, Okumura model, COST-231 Hata model. 
On the other hand, deterministic models are very accurate. 
Some of the examples include Ray Tracing and Ikegami mod-
el. As mentioned earlier, semi-empirical models are based on 
both empirical data and deterministic aspects. Cost-231 Wal-
fisch-Ikegami model is categorized as a semi empirical model. 
All these models estimate the mean path loss based on param-
eters such as antenna heights of the transmitter and Receiver, 
distance between them, etc. These models have been exten-
sively validated for mobile networks. Most of these models are 
based on a systematic interpretation of measurement data ob-
tained in the service area [14], [15], [16], [17], [18], [19], [20], 
[21], [22]. Hata-Okumura Extended model or ECC-33 model is 
one of the most widely used empirical models [23]. 
In this paper, we have enhance the work of [8], [9], [10] for the 
following fading channels: Nakagami-m, Rayleigh, Normal, 
Weibull, Rayleigh with Maximal Ratio Combining Scheme 
(MRC) and Rayleigh with Selection Combining Scheme con-
sidering  Lee’s path loss model under the frequency of 1900 
and 2100 MHz and the work of [22], [23], [24] by considering 
COST 231 Walfisch-Ikagami model and ECC-33/Extended 
Okumura Hata model using the same frequency range as 
these frequency ranges are suitable for 4G wireless communi-
cation and finally their result will be compared to obtain the 
best performances amongst them. 
2. System Model 
2.1 Lee’s Model 
There are two predictions for Lee’s model to determine the 
area-to-area path loss [10]. These are: 

 A specific set of conditions for Path loss prediction 

 Adjustment factors for a set of conditions different 
from the specified one 

The parameters under specified condition are: 
Carrier frequency, fc = 900MHz 
BS antenna height, hBS = 100 m  
MS power at the antenna =50W 
BS antenna gain, g1 = 0 dB above dipole gain 
MS antenna gain, g2 = 12 dB above dipole gain 

MS antenna height, hMS = 5 m  
The model requires two parameters: 
Power at 1 mile interception, Pro in dB 
Path loss exponent γ 
In this model, received power: 
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Here n is a constant whose value can be in the ranges of 2 to 3 
depends on the geographical location and operational fre-
quency. 

0α  i\s the adjustment factor for different set of conditions 
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Incorporating all the parameters the final expression of 0α be-
comes,  
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2.2 Cost-231 Walfisch-Ikagami Model 
With the consideration of a number of parameters, Cost-231 
Walfisch–Ikagami model allows an excellent path loss model 
to explain the characters of an urban area such as average 
height of buildings, widths of roads, building separation and 
road orientation with respect to the straight radio path. This 
model differentiated between line-of-sight (LOS) and non-line-
of-sight (NLOS) circumstances. This model is appropriate for 
frequencies 800MHz to 2000 MHz and above where distance 
can be very small like 200m [22]. 
For the LOS case the prediction need only two parameters. 

pl  = 42.6+20log(d) + 20log(f)                                            (3)                                                                     

This LOS equation is similar to the free space loss equation, 
where d= distance in Km and f= frequency in MHz. 

As NLOS equation is the sum of free space loss l0, the multiple 
screen diffraction loss lmsd and the rooftop-to-street diffraction 
loss lrts, so it is more problematical to calculate.  

                                             0 rts msd rts msd

0 rts msd

l +l +l       l +l >0
lp=

l l +l <=0


         (4)                                              

(4) Free space loss is 
 0 cl = 32.4 + 20log(d) + 20log (f ); d 20m≥                     (5) 

Roof top-to-street diffraction and scatter loss is 

rts c m

ori
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hm= Mobile antenna height 

hroof = Average roof height 

w = street width 

Lori is the street orientation loss: 
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Where  = road orientation with respect to the direction of 
radio propagation in degrees incident angle relative to the 

street.  

 

Multi-screen diffraction loss is  

  

msd bsh a d f cl  = l  + k  + k log(d) + k log(f )
         - 9log(b)            (7)                                                                                

(7)
 

Where b = the mean value for building separation. 

And  

( )BTS roof BTS roof
bsh

BTS roof

-18log(11)+ h -h ; h >h
L =

0 ; h <h




 

BTS roof

d BTS roof
BTS roof

roof MS

18 ; h <h
K = h -h18-15 ; h >h

h -h







 

 

hBTS = Height of base station 

hroof = Height of roof-top 

f

f0.7 -1 ; medium city & suburban centers
925

K =4+
f1.5 -1 ; urban centers

925

  
   


     

 

 

BTS roof

a BTS roof BTS roof

BTS roof BTS roof

54 ; h >h
K = 54-0.8( h -h ); d 0.5Km and h h

54-1.6( h -h )d; d<0.5Km and h h


 ≥ ≤
 ≤

 

 

BTS BTS roofΔh  = h  - h  

The parameter Ka increases the path loss in case the BTS is 
below the rooftop. The parameters Kd and Kf are for adjusting 
the correction between the distance and frequency with multi-
screen diffraction.  
 
 
2.3 ECC-33/Hata Okumura Extended Model 
ECC-33/Hata-Okumura Extended Model is one of the most 
widely used empirical propagation model which is founded 
on the Okumura Model. In this model data speed doesn’t ex-
ceed 3GHz. International Telecommunication Union (ITU) 
expanded this model up to 3.5GHz. This model is largely used 
for urban environment particularly in large and medium size 
cities. This model is developed by Electronic Communication 
Committee (ECC). The path loss of this model is defined by 
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[24],            
            
Where, 
Afs = Free space 
Abm  = Basic median path loss  
Gb = Transmitter antenna height gain factor 
Gr = Receiver antenna height gain factor  
  
They are individually defined as:  
 
Afs = 92.4 + 20log10 (d) + 20log10 (f) 
 
Abm  = 20.41 + 9.83log10 (d) + 7.894log10 (f) + 9.56[log10 (f)]2 

 
Gb = log10 (hb÷200)[13.958 + 8(log10(d))2] 
 
For medium cities, Gr will be expressed in: 
 
Gr = [42.57 + 13.7log10 (f)][log10(hr) – 0.585] 
 
For large cities, Gr = 0.759hr – 1.862 
2.4 Medium Access Probability of Cognitive Radio 

To correct the functions of CRN we have to find correct ex-
pression for the medium access probability by including the 
effect of the conventional false alarm (CFA) probability and 
the spatial false alarm (SFA) probability in the case of different 
fading channel. SU senses no busy PU inside the sensing re-
gion using MAP. In cognitive radio network the objective of 
conventional senescing is to determine the real on-off status of 
a PU inside the SU’s sensing range. Therefore there are two 
hypotheses: PU in off state that determines access opportunity 
is available for SU or PU in on state that determines access 
opportunity is unavailable is obtained by analyzing the re-
ceived signal. There can be three possible states for a SU [10]: 

P(H0¯)→Probability of a primary user only at “on” sate  within 
the sensing region. 

P(H0+)→At the transmitting state, the  probability of a primary 
user outside the sensing region. 

P(H1)→Probability of a primary user at transmitting mode 
inside the sensing region. 

For these three possible states we have to maintain two correct 
decisions: 

{ })|(1)( 0101
−− −= HHPHPPC                                  (8) 

And )}|(1){( 0102
++ −= HHPHPPC                          (9) 

The sum of above two correct decisions is called the MAP 
(medium access probability) expressed as: 

21 CCC PPP +=  

For Nakagami-m fading case Pc1 and Pc2 can be expressed 
as: 
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Where the average SNR avg depends on distance, rs is the ra-
dius of sensing zone and ε is the threshold of detection. SNR 

)(ravg  depends on distance and large scale fading parame-
ters. Medium Access Probability of Nakagami-m, Rayleigh, 
Normal and Weibull fading environment including MRC and 
Selection Combining schemes will be calculated here. Then we 
will compare the performance of these different fading envi-
ronments for three different models at the frequency range 
1900 MHz and 2100MHz. 
3. Result and discussion 
To determine the average SNR, we have considered three path 
loss models at the receiver end where γav is a function of path 
loss parameters. First of all for Lee’s model we have observed 
that the profile of medium access probability PMA against the 
probability of the access opportunity P(H0) for Nakagami-m, 
Rayleigh, Normal and Weibull fading environment for both 
the case of carrier frequencies of 1900MHz and 2100MHz. In 
Lee’s path loss model the parameters are: n = 2.7, r0 = 1.609 Km, 
fc = 900 MHz, hBS =100 m, hMS = 5m, g1 = 0 dB, g2 = 12dB and Pt = 
45 W. The other parameters for different fading environment 
are: Normal distribution, σ = 0.42 and mean signal strength μ 
is function of path loss parameters; Weibull fading channel, β = 
0.25 and α is function of path loss parameters; Nakagami-m 
fading case m = 2 and γav is a function of path loss parameters. 
The Probability of Medium Access is greater at 1900MHz than 
to 2100MHz for the corresponding fading cases. We can de-
termine the visible comparison of the fading channels and 
combining scheme to analyze their performance.  
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Fig1: Rayleigh and Nakagami channel performance 

In case of Cost-231 Walfisch-Ikagami model we have chosen 
same parameter as we have considered in Lee's model. Here 

fs bm b rPL A A G G= + − −

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 7, Issue 6, June-2016                                                                                                     1148 
ISSN 2229-5518 

IJSER © 2016 
http://www.ijser.org  

the graph remain different result from Lee's model under all 
distribution which indicate that the PMA increases exponen-
tially and different fading are very close to each other and also 
follow linear distribution. Therefore Cost-231 Walfisch-
Ikagami model provide better result in the urban area that 
compromise different types of environment and the receive 
signal is better for Weibull than other fading channels. 
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           Fig2:Nornal and Weibull channel performance 

In ECC-33/ Hata-Okumura Extended path loss model we have 
considered f=1900 and 2100 MHz, r= 1000km, hr=5m, hb=100m. 
All the other channel parameters are same as above. Here the 
fading 
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                    Fig3: MRC Rayleigh and Selection Combining 
Rayleigh performance 
channels are increased exponentially and equally in 1900 MHz 
and 2100 MHz. PMA is found larger at 1900 MHz than the 
case of 2100 MHz because of larger path loss at higher fre-
quency hence combining scheme is more appropriate at higher 
frequency. It is theoretically found that ECC-33/Hata-
Okumura Extended model can work on 2100 MHz but practi-
cally the performance is degraded. 
Fig.1 displays the comparison for Rayleigh and Nakagami 
fading at a particular carrier frequency for the mentioned 
three models. Here ECC-33 model shows the best performance 
for both Rayleigh and Nalagami fading channel at the fre-

quency range 1900 MHz. In Fig.2 Normal and Weibull fading 
channel’s performance are compared where we get that cost-
231 Walfisch-Ikagami model shows the best performance for 
these two fading channels at the frequency 1900 MHz. The 
impact of combining schemes (MRC and selection combining 
scheme) at receiver is shown in the Fig.3 where PMA is found 
larger with incorporation of any type of combining scheme 
and ECC-33 shows the highest performance. For all the fig.1, 
fig.2 and fig.3 PMA is found larger at 1900MHz than the case 
of 2100MHz because of larger path loss at higher frequency 
hence combining scheme is more appropriate at higher fre-
quency and among three models ECC-33 performs better than 
lee’s and cost-231 Walfisch-Ikagami model.  
4. Conclusion 

In this paper, we have evaluated the performance of cognitive 
radio network based on medium access probability under 
Nakagami-m, Raileigh, Normal, Weibull fading environment. 
The impact of the number of antenna at receiving end and 
combining scheme (MRC) is also depicted explicitly. We 
worked specially in the frequency range of 1900 and 2100MHz 
since this range of frequency is destined for 4G network. We 
have extended the work incorporating three path loss models 
under different fading channels through the MATHCAD sim-
ulation and can also apply the concept of 2-hop wireless link 
for micro cell instead of femto or pico cell in future. The result 
of the simulation shows which fading channel will perform 
better under the path loss models in the specified frequency 
range. It will also be helpful for providing more accurate sig-
nal coverage of modern wireless networks. 
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