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ABSTRACT 

In this paper we analyze the Bit Error Rate (BER) performance 

of Cognitive Radio Physical layer over Rayleigh channel under 

different channel encoding schemes, digital modulation schemes 

and channel conditions. The system outperforms with BPSK 

modulation technique as compared to other digital modulation 

schemes and the system is highly effective to combat inherent 

interferences under Rayleigh fading channel. The system shows 

improved BER on using encoding schemes with error rate 

reduced by 10% using Reed Solomon (RS) encoding, 95% 

reduction on using Convolution encoding and 98% error 

reduction on applying RS with Convolution encoding.  It has 

been anticipated from the simulation study that the performance 

of the communication system degrades with the increasing of 

noise power.   
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1. INTRODUCTION 
Wireless technology is embedded in our daily routine – laptops, 

cell phones, sensors – all are wireless devices and use a finite 

amount of radio spectrum. As the number of devices increase, 

they compete for bandwidth and the service level provided to 

them is degraded. Moreover, traditional fixed spectrum 

allocation policy can no longer meet the needs and services of 

the wireless users. According to Federal Communications 

Commission (FCC), temporal and geographical variations in the 

utilization of the assigned spectrum range from 15% to 85% in 

current spectrum allocation policies [1]. So, we need to find out 

ways to allow wireless devices to efficiently share the airwaves. 

Cognitive Radio (Dynamic Spectrum Access) has been proposed 

as a potential solution for spectrum inefficiency problems [2]. 

Cognitive Radio paradigm shifts the way the spectrum is used 

and this presents many challenges across various layers of 

cognitive radio. Cognitive Radios are quite different from 

traditional wireless radios, so the cognitive radio layers perform 

additional functionality along with functions of the conventional 

wireless radios.  

This paper presents physical layer analysis of BER performance 

over a Rayleigh channel with AWGN noise. We use a Time 

Division Multiple Access (TDMA) system for licensed users 

along with Orthogonal Frequency Division Multiplexing 

(OFDM) and non- persistent Carrier Sense Multiple Access 

(CSMA) system for unlicensed users who opportunistically use 

the idle licensed spectrum. Various digital modulation schemes 

used are 8PAM, BPSK, QPSK, 8PSK, 16PSK and 16QAM. RS 

and Convolution encoding schemes are used with varying values 

of Signal to Noise ratio (SNR) to compute Bit Error Rate (BER). 

The paper is organized as follows: Section 2 describes the 

physical layer of cognitive radio, Section 3 presents the 

simulation results and finally, the paper is concluded in Section 

4. 

2. PHYSICAL LAYER OF CR 
The physical layer in cognitive layer is responsible for: 

1) Spectrum sensing 

2) Reconfiguration 

3) Change of operation parameters 

 

 

 

 

Figure 1. Cognitive Radio Layers 

Spectrum sharing is detecting unused spectrum bands. 

Reconfiguration is done when a licensed user appears while 

unlicensed user is using its frequency band and operation 

parameters (such as frequency, power and modulation) are 

changed to adapt to new operating environment [3]. Figure 1 

shows the various layers of cognitive radio along with physical 

layer functions.  

 

Cognitive radio (CR) promises to increase spectrum usage by 

supporting secondary users to share licensed bands [4]. Licensed 

users of CR are called primary users and the unlicensed users 

are called secondary users. CR supports user access to the 

licensed spectrum as a secondary user when and where channels 

are detected idle [5].  
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2.1 Access Schemes 
Multiple access schemes used in CR are: contention-based non-

persistent carrier sense multiple access (CSMA) for secondary 

users, and contention-free time division multiple access 

(TDMA) for primary users [6]. Orthogonal Frequency Division 

Multiplex (OFDM) is considered the ideal signal structure for 

wideband cognitive radio systems [7]. 

 

In an OFDM system, the data is divided into multiple parallel 

sub streams at a reduced data rate, and each is modulated and 

transmitted on a separate orthogonal subcarrier. This increases 

symbol duration and improves system robustness. 

 

TDMA is used to characterize the primary user who has the 

license to access channel whenever they have information to 

send. TDMA is a contention-free multiple access scheme which 

usually employs a central entity (e.g. base station) to allocate 

capacity to individual users. It allows several users to share the 

same frequency channel by dividing the signal into different 

time slots.  It provides guaranteed reserved capacity and is 

commonly used in packet-based communication systems, 

notably satellites and in the GSM standard. The strict slot 

reservation process makes it a suitable example of a primary 

user system multiple access scheme.  

 

CSMA is used to describe the behavior of a CR secondary user 

that has the ability to sense and access a free channel. CSMA is 

a contention-based multiple access scheme where individual 

users make their own decisions on how and when to access a 

channel. The carrier frequency is sensed by each of multiple 

stations, or nodes, to determine network availability before 

accessing the medium to transmit data. Each station must 

monitor the network to determine if a collision has occurred and 

the data require retransmission. In a non- persistent CSMA, a 

node transmits, if the medium is idle. If the medium is busy, the 

node waits a random amount of time before again sensing the 

medium. CSMA is naturally suited to distributed networks and 

is currently employed in the IEEE 802.11 WLAN standard. The 

ability to avoid ongoing transmissions through sensing makes it 

a suitable example of a secondary user system multiple access 

scheme [8]. 

 

3. SIMULATION RESULTS 
The modulation schemes used for simulation are 8PAM, BPSK, 

QPSK, 8PSK, 16PSK and16QAM. Forward error correction 

(FEC) encoding schemes used are convolutional encoding and 

RS encoding. MATLAB 7.10.0 is used for simulation. The 

system is observed by separately using convolutional and RS 

encoding and then using them in combination using inter 

leavers. Simulation results are shown for TDMA, CSMA and 

overall channel. Overall channel shows the results for TDMA 

and CSMA system combined together. In all the cases, the 

system provides degraded performance in 16 PSK and 

satisfactory performance in BPSK modulations. Figure 2 

through 5 show the BER performance of data through CR 

physical layer under six types of digital modulation schemes on 

Rayleigh fading channel with AWGN noise.   
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Figure2. BER simulations for CR over Rayleigh channel (a) 

for overall channel (b) for TDMA system (c) for CSMA 

system 
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Figure 2 above shows the BER obtained at SNR values ranging 

from 2 to 16 dB. Figure 2 (a) gives the BER of overall channel 

and 16QAM and BPSK perform better among all the modulation 

schemes with BER value 6.8755 x 10-2 and 10.1041 x 10-2 

respectively. Figure 2 (b) gives the BER values of TDMA 

system. BER of 16QAM at SNR 6 dB is 3.5552 x 10-2 and for 

BPSK is 5.091 x 10-2 for BPSK. Figure 2 (c) shows the values of 

BER for a CSMA system and value of BER at SNR 6 dB for 

better performing 16QAM is 3.3203 x 10-2 and for BPSK is 

22.5466 x 10-2.  
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Figure 3. BER simulations for CR using RS encoded system 

over Rayleigh channel (a) (a) for overall channel (b) for 

TDMA system (c) for CSMA system 

Figure 3 above shows the BER obtained at SNR values ranging 

from 2 to 16 dB for RS encoded Rayleigh channel. Figure 3 (a) 

gives the BER of overall channel and BPSK perform better 

among all the modulation schemes with BER value 9.068 x 10-2. 

Figure 2 (b) gives the BER values of TDMA system. BER of 

BPSK at SNR 6 dB is 4.832 x 10-2 for BPSK. Figure 2 (c) shows 

the values of BER for a CSMA system and value of BER at 

SNR 6 dB for best performing BPSK is 4.7852 x 10-2. BPSK 

perform better among all modulation schemes. The system 

shows 10% improvement using RS encoding. BER values for 

BPSK over Rayleigh channel is 10.1041 x 10-2 and improved 

BER using RS encoding is 9.0684 x 10-2. 
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Figure 4. BER simulations for CR using 1/3 convolutional 

encoded system over Rayleigh channel (a) for overall 

channel (b) for TDMA system (c) for CSMA system 

 

The simulation results for convolution encoded Rayleigh 

channel are shown in figure 4. Figure 4 (a) shows the improved 

results for overall channel with the improved value of BER as 

4.742 x 10-3. Improved value for TDMA system at SNR 6 dB is 

4.742 x 10-3 and for CSMA system is 0 as shown in figure 4(b) 

and (c) respectively. The BER values for BPSK modulation 

scheme show improvement with value for Rayleigh channel as 

10.1041 x 10-2 and for convolution encoded system as 4.742 x 

10-3. Convolution encoding removes bit errors and the system 

shows 95% improvement. 

The simulation results for RS and convolution encoded Rayleigh 

channel are shown in figure 5. Figure 5 (a) ,(b) and (c) show the 

improved results for overall channel , TDMA and CSMA system 

with the improved value of BER as 0.53 x 10-3, 0.537 x 10-3 and 

0 at SNR 6 dB respectively. RS encoding eliminates block errors 

and convolution encoding removes bit errors and the system 

shows 98% improvement. 
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Figure 5. BER simulations for CR using RS and 1/3 

convolutional encoded system over Rayleigh channel (a) for 

overall channel (b) for TDMA system (c) for CSMA system 

Table 1 below shows the BER values obtained using various 

modulation and encoding schemes. The lowest values of BER 

obtained are highlighted. 
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Table 1. BER values for different modulation schemes for CR using Rayleigh Channel 

BER 

values 

Rayleigh Channel RS Encoding Convolution Encoding RS with Convolution 

Encoding 

SNR = 

6 dB 

Overall 

Channe

l 

TDM

A 

CSMA Overall 

Channe

l 

TDM

A 

CSMA Overall 

Channe

l 

TDM

A 

CSMA Overall 

Channe

l 

TDM

A 

CSMA 

8PAM 12.1176 

x 10-2 

5.2605  

x 10-2 

5.957  

x 10-2 

15.8975 

x 10-2 

9.3545 

x 10-2 

6.543 x 

10-2 

15.4208 

x 10-2 

8.1208 

x 10-2 

7.3362 x 

10-2 

13.7275 

x 10-2 

7.8146 

x 10-2 

6.543 x 

10-2 

BPSK 10.1041 

x 10-2 

5.091 x 

10-2 

22.546

6 x 10-

2 

9.0684 

x 10-2 

4.2832 

x 10-2 

4.7852 

x 10-2 

4.742 x 

10-3 

4.742 x 

10-3 

0.895 x 

10-3 

0.537 x 

10-3 

0.537 x 

10-3 

0 

QPSK 18.4182 

x 10-2  

9.2385 

x 10-2 

9.1797 

x 10-2 

22.4355 

x 10-2 

11.791 

x 10-2 

10.644

5 x 10-

2 

34.9618 

x 10-2 

20.261

8 x 10-

2 

47.9216 

x 10-2 

39.71 x 

10-2 

21.448

2 x 10-

2 

18.261

7 x 10-

2 

8PSK 32.1043 

x 10-2 

15.698 

x 10-2 

16.406

3 x 10-

2 

55.2451 

x 10-2 

26.534

2 x 10-

2 

28.710

9 x 10-

2 

96.5518 

x 10-2 

49.451

8 x 10-

2 

114.319

5 x 10-2 

97.1855 

x 10-2 

49.529

3 x 10-

2 

47.656

3 x 10-

2 

16PSK 44.5681 

x 10-2 

22.546

6 x 10-

2 

22.021

5 x 10-

2 

80.625 

x 10-2 

41.269

5 x 10-

2 

39.355 

x 10-2 

99.717 

x 10-2 

50.017 

x 10-2 

117.530

9 x 10-2 

101.104

5 x 10-2 

50.127

9 x 10-

2 

50.976

6 x 10-

2 

16QA

M 

6.8755 

x 10-2 

3.5552 

x 10-2 

3.3203 

x 10-2 

13.5752 

x 10-2 

6.9346 

x 10-2 

6.6406 

x 10-2 

4.1542 

x 10-2 

2.0542 

x 10-2 

4.4808 x 

10-2 

3.626 x 

10-2 

2.0635 

x 10-2 

1.5625 

x 10-2 

4. CONCLUSION 
In this paper, the BER performance of data through CR physical 

layer is shown using RS, Convolutional channel coding and 

different digital modulation schemes. A range of system 

performance highlights the impact of digital modulations under 

RS and Convolution coding under Rayleigh fading channel with 

AWGN noise. The system shows improved performance on 

using encoding schemes. The enhanced BER is 10% for RS 

encoding, 95% for convolution encoding and 98% for RS 

combined with convolution encoding scheme. In the context of 

system performance, it can thus be concluded that the 

implementation of BPSK modulation with RS and convolution 

channel coding technique together provides satisfactory result 

among the digital modulation schemes with limited SNR. 
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