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ABSTRACT 

 

The paper presents results of the studies aimed at development of new method for formation of signals for 

cognitive radio communication systems, which would allow to increase spectral efficiency of systems for 

data transmission as compared to the existing approaches. Signals which are used in cognitive radio 

communication systems nowadays (signals with Orthogonal Frequency Division Multiplex (OFDM)) have 

a number of disadvantages, one of which is high level of side lobe of some subcarrier, and that fact doesn't 

allow to provide potential spectral efficiency of cognitive radio communication system. The developed 

method is based on implementation of special forming functions, which provide good level of energy 

localization in frequency part and rapid decrease of side lobes in spectrum of formed signal for a specified 

duration of signal. Implementation of that method allows to generate signal not only with holes of signal 

spectrum with specified width for adaptation in complicated electromagnetic environment, but also with 

low level of interference in that domains, which is impossible to achieve using OFDM channels. The paper 

presents studies on evaluation of possibility of signal formation with minimally acceptable holes in 

spectrum and provision of a specified level of interference in that interval; also, the study demonstrates 

advantages of the developed method as compared to OFDM. In addition, feature of rapid decrease of side 

lobes in spectrum allows to use a part of protective intervals in spectrum between adjacent channels for data 

transmission, and, thus, increase spectral efficiency of the system by 20% as compared to systems operating 

on traditional methods of signal processing.  

Keywords: Cognitive Radio Communication System, OFDM, Spectral Efficiency, Spectral Mask, Dynamic 

Spectrum, Subcarrier, Forming Function, Orthogonality. 

 

1. INTRODUCTION  

 

Intensive development of wireless information 

access technologies nowadays led to the situation, 

when radio frequency spectrum resources for them 

is almost depleted. That's why the further increase 

of wireless information access speed in 

communication networks is a quite complicated 

problem, even though demand for high-speed 

access to modern communication services from 

users of mobile platforms is continuously 

increasing. In this regard, a topical problems 

appears, which is related with increase of spectral 

efficiency of modern wireless communication 

technologies for high-speed access to information 

and media services. That problem is of system 

nature, because, from one point of view, it is related 

with a need for increase of spectral efficiency of 

wireless data transmission systems, but from 

another point of view, it requires provision of a 

certain level of reliability of transfered information 

[1]. 

The problem of efficient use of radio frequency 

spectrum can be in part solved by technology of 

cognitive radio communication, which provides 

dynamic access to spectrum for users of that system 

[2]. Features of such systems are ability to extract 

and analyze information from surrounding space, 

predict change of communication of channel and 

optimally adjust their internal parameters adapting 

to changes of transmission media [3].  

There are the following requirements for 

cognitive radio communication system:  

- system must be able to scan spectrum and 

measures various characteristics of a channel, such 

as: coherence band, noise level and fading 
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parameters [4]. Also, the system must be capable to 

identify signals of various users in spectrum and 

detect the following characteristics: whether they 

worked in licensed or unlicensed range;  

- subscriber units must be capable to flexibly 

form transferred spectrum of signal. At that it must 

be capable to control signal parameters, such as: 

range of occupied frequencies, level of power, band 

center and, first of all, dynamic spectral mask; 

- adaptivity of a system is one of requirements 

for cognitive radio technology [5].  By combining 

measured information with knowledge of current 

capabilities and limitations of a system, cognitive 

radio systems can adjust forms of signals for 

interaction with other telecommunication systems, 

select the most suitable communication channel or 

network for transmission, specify corresponding 

frequency for transmission in open part of spectrum 

adjust signal form for compensation of instability of 

channel and minimization of interference [3]; 

- compatibility of telecommunication systems of 

different standards (IEEE 802.11a/b/g/n/ac, IEEE 

802.16g/e/m, IEEE 802.15.3a, IEEE 802.22, etc.) is 

also one of the main properties of cognitive radio. 

Compatibility is capability of two or more systems 

and components of data exchange to transfer 

information to each other independently from 

technology and standard, which are they based on 

[2]. 

At the present time, meeting of the 

aforementioned requirements for cognitive radio 

communication system is provided by means of 

implementation of spectrum-efficient channels on 

basis of OFDM, which are practically applied in 

modern wireless systems of data transmission, such 

as Wi-Fi, WiMAX, LTE [16].  

That approach essentially consists of resulting 

signal being, in fact, sum of harmonic oscillation of 

the same length (T), which frequency differs for 

value multiple to certain frequency step (Δω), 

which, in turn, directly connected with duration of 

harmonic oscillation and resulting signal in a whole 

[14]: 

( ) ( )( )[ ]∑
−

=

+=
1

0

0cos
N

k

kk ttAts ϕω  , (1) 

where 0ω  – circular frequency of carrier, 

( ) kk ktt ϕωϕ +∆= , kA  – amplitude of k 

harmonics, 1...,,1,0 −= Nk  – number of 

harmonics, which are called sub-carrier, 

T/2πω =∆ .  

The equation (1) can be formulated as follows by 

using trigonometric identities: 
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and kϕ  phase of each subcarrier are connected 

with information symbols via expressions: 
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One of the advantages of such method of signal 

formation is that every subcarrier is orthogonal with 

others, and the resulting signal is easily realized via 

inverse Fourier transform [13]. 
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As it known [16] method of formation of OFDM 

signals is one of the most widely used approaches 

in modern systems of wireless communication and 

has potential for meeting the aforementioned 

requirement for cognitive radio systems. Due to 

possibility of divide spectrum into subranges, which 

are modulated by orthogonal subcarriers (Figure 1), 

a possibility exists for adjust for complicated radio 

frequency situation in channel by means of zeroing 

of corresponding components kX
, and application 

of pilot subcarriers allows to evaluate transfer 

function of communication channel, which provides 

coherent adjustment of receiver and independent 

frequency components, which, in turn, allows to use 

equalizers and, thus, make receiver less 

complicated and decrease its cost [19]. 
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Fig. 1. Analysis And Formation Of Spectrum By Means 

Of OFDM Signals 

 
2. REVIEW OF PREVIOUS STUDIES 

AND PROBLEM STATEMENT 

 

However, as it known from many previous 

works, one of the major disadvantage of OFDM 

signals is high level of side lobes of an independent 

subcarrier due to use of rectangular envelope of 

forming pulse [16],  [9]. It can be said that envelope 

of every subcarrier 
)(thk  is of rectangular form: 

( ) ( ) ( )( )kkk tktAth ϕωω +∆+= 0cos  , (9) 

where ( )tAk  – envelope of k subcarrier, at that: 
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Energy spectrum of subcarrier 
)(thk  will have 

the following form (Figure 2): 

 

 
 

Fig. 2. Frequency Spectrum Of Subcarrier In OFDM 

Channel 

 

That feature leads to occurrence of high mutual 

interference between adjacent subcarriers and leak 

of power from a range, where data is being 

transferred [12]. That disadvantage significantly 

decrease spectrum efficiency of a system, and for 

compensation of that disadvantage in frequency 

range, where digital data is being transferred, 

protective intervals are implemented, which are 

several subcarriers with zero components kX
, on 

which data is not transferred; they are situated from 

both sides of a main spectrum [20]. That approach 

allows to decrease level of out-of-band emissions 

and, thus, minimize influence of interference on 

adjacent channels; however, it leads to 25% 

decrease of use of a specified frequency resource 

and possible speed of data transfer [6]. 

High level of out-of-band emissions of OFDM 

signal also significantly limits formation of 

dynamic spectrum with comparatively narrow holes 

in spectrum domain [3], [4]. Need for formation of 

such narrow can appear in a case of operation of 

some third party data transfer systems in that 

narrow frequency interval; cognitive radio 

communication system will need to maximally 

avoid influence on that part of spectrum, which is 

possible to be licensed. Those holes in spectrum can 

be easily formed by zeroing of corresponding 

subcarriers, which are related with corresponding 

domain, and in that case they will inevitably cause 

interference from adjacent not zeroed subcarriers in 

a form of energy leak and high noise level, which 

will cause decrease of signal to noise ratio (SNR), 

and operation of a transmission system in a narrow 

frequency range will be violated, which is 

unacceptable [10]. Figure 3 shows an example of 

frequency spectrum of OFDM signal formed in 

Matlab software with two holes in spectrum, in 

which information is transferred with width of 780 

KHz and 3125 KHz. Parameters of the studied 

OFDM signal: band width – 20 MHz, duration – 

12.8 µs, number of subcarrier frequencies – 256, 

modulation at subcarrier frequencies – QAM-16. 
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Fig. 3. Power Spectrum Density Of OFDM Signal With 

Holes In Spectrum. 

 

From the figure it can be seen that in holes of 

frequency spectrum, in which information is not 

transferred , interference level significantly exceed 

minimally permitted level of interference, which is 

-35 dB. That fact indicates that implementation of 

OFDM signal in order to form narrow holes in 

spectrum for cognitive radio systems is impossible, 

because in that case operation of a third party radio 

system in that narrow spectral ranges will become 

impossible [21]. 

In the previous works in the topic various other 

methods had been proposed for solution of the 

problem of high level of side lobes in spectrum, 

and, in general, they are based on use of special 

smoothed functions [15], [11], [16]. However, these 

kinds of functions haven't been widely applied, 

because in that case orthogonality between 

subcarriers of OFDM signal is decreasing or 

duration Т of signal is increasing and level of 

intersymbol interference is increasing [17]. 

The mentioned disadvantages of OFDM signals 

during its application in cognitive radio 

communication system don't allow to provide 

satisfactory solution to the problem of effective use 

of available frequency resource by radio 

communication systems for provision of 

information and communication services with high 

speed and required quality to customers. 

That's why the presented work proposes the new 

method of formation of signals for information 

transmission with high spectral efficiency and 

capability of dynamic change of frequency band 

width, in which data transmission is carried out 

depending on electromagnetic environment in 

airwaves. The developed method will allow to 

provide high speed anti-interference information 

transmission with high spectral efficiency for 

cognitive wireless communication systems with 

software-configured core. 

 

 

3. METHODOLOGY  

3.1 Mathematical Basis Of The Methodology 

The proposed methodology is based on use of 

subcarriers with low levels of out-of-band 

emissions, i.e. their energy is localized in narrow 

range of frequencies. One of types of that kind of 

signals are following signals: 

( ) ( ) ( )kkkk tttgAtv ϕωω ++= 0cos  , 

where ( )tg  – envelope of form: 
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and kk ωω ∆=  – analogous to subcarriers of 

OFDM signal, t  – time, T – duration of main pulse 

of the function (12). 

However, signals from envelope of form (12) 

have features, which consist in provision of full 

localization of their energy in a specified frequency 

domain, and duration of such signals must be 

infinite 
( )∞∞−∈ ,t

, which is impossible from 

engineering point of view. In this regard, signals of 

form (11) are necessary to be limited by time via 

special window function 
( )tr
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where a  – coefficient adjusting duration of 

envelope, and b  – coefficient providing 

elimination of side lobes of the function (12). Thus, 

signal of form (11) will take the following form: 

( ) ( ) ( ) ( )kkkk tttgtrAtv ϕωω ++= 0cos  . 

Window function (13) allows to reduce values of 

signal (14) to zero, for 2/aTt ±= , which, in turn, 

reduces drops of amplitudes between independent 

signals during their serial transmission. 



Journal of Theoretical and Applied Information Technology 
 31

st
 October 2015. Vol.80. No.3 

© 2005 - 2015 JATIT & LLS. All rights reserved.  

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
413 

 

Figure 4 shows comparison of subcarrier energy 

spectra of OFDM signal and subcarriers of the form 

(14). 

 

 
 

Fig. 4. Type Of Subcarrier Energy Spectra Of OFDM 

And Of Type (14) 

 

In sum, it can be concluded that subcarriers of 

the form (14) has higher energy concentration in 

frequency domain as compared to subcarriers used 

in OFDM signals. 

By analogy with OFDM subcarriers signals of 

the form (14) can be presented in a form of sum of 

quadrature and in-phase components: 

( ) ( ) ( ) ( ) ( )ttQttQtv i

k

r

kk 00 sincos ωω −=  , (15) 

( ) ( ) ( ) ( ) ( ) ttgtrCttgtrCtQ k

i
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r

k

r

k ωω sincos −=
 , (16) 

( ) ( ) ( ) ( ) ( ) ttgtrCttgtrCtQ k

r
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i

k

i

k ωω sincos +=
 . (17) 

Let's presume that complex function 
( )tqk  has 

the following form: 

( ) ( ) ( )( )tittgtrtq kkk ωω sincos +=  , (18) 

Then, the expression (15) can be formulated as 

follows: 

( ) ( )( ) ( ) ( )( ) ( )ttqXttqXtv kkkkk 00 sinImcosRe ωω −=  . (19) 

The resulting signal based on subcarriers (15) is 

as follows: 
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The methodology proposed in the presented 

paper allows to easily form signal with specified 

frequency characteristics for adjustment with a 

specified spectral mask by means of assignment of 

zero values to complex symbols kX
 corresponding 

to specified subcarrier frequencies. That approach 

allows formation of holes in spectrum of 

transmitted signal for adjustment to complicated 

electromagnetic environment. Figure 5 presents 

comparison of energy spectra of OFDM signal and 

signal 
( )tsv  formed using the developed method. 

As it can be seen from the figure, value of energy of 

frequency components of signal 
( )tsv  in specified 

holes is by far lower as compared to signals based 

on OFDM. Signals were simulated in Matlab 

software in frequency band of 20 MHz width and 

duration of 12.8 µs. Modulation at subcarriers 

QAM-16. 

 

 
 

Fig. 5. Energy Spectra Of OFDM Signals And Signals Of 

Form (20) With Holes In Frequency Domain 

 

It is worth noting that signal 
( )tsv  has such 

features as time localization and duration. As 

compared to OFDM signals for same values of 

width of occupied frequency band and number of 

subcarrier frequencies, duration of signal of form 

(20) for coefficient 1>a  exceeds duration of 

OFDM signal, which directly influences speed of 

data transmission and energy efficiency in a whole 

by decreasing it. However, that effect can be 

compensated by applying signals on each other 

along time axis in a process of transmission. 

Discussion of autocorrelation function 

independently from taken subcarrier 
( )tvk  shows 

that parameters of function 
( )tr

 46.2=a , 1=b  

autocorrelation function for shift 2/T=τ  is zero 

(Figure 6). 
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Fig. 6. Autocorrelation Function Of Signal Of Form (20) 

 

That fact allows to provide transfer of 

information by signals of form (20) with the same 

speed as in communication systems based on 

OFDM with the same values of width of frequency 

band occupied by signal and number of used 

subcarrier frequencies. 

 

3.2 Formation Of Orthogonal Set Of Signal 

Components 

Another important feature of signals based on 

subcarriers 
( )tvk  is that adjacent subcarriers 

( )tvk  

are not orthogonal and values of autocorrelation 

functions for adjacent subcarriers with k, k+1 and 

k+2 indexes are significantly large and are from 

0.1÷0.2. 

For provision of a specified level of interference 

immunity of data transfer and process of 

demodulation at a receiver's side, it is necessary to 

carry out procedure of orthogonalization of 

complex functions 
( )tqk  using the following 

procedure [18]: 
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where mα  coefficient is calculated using the 

equation: 
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However, orthogonalization is necessary to carry 

out not for all 
( )tqk . It is related with the fact that 

subcarriers, which will correspond to domains of 

spectrum, in which it is necessary to form hole , 

will not be used during transmission of information. 

Thus, in a process of signal formation in a certain 

range of frequencies 
[ ] [ ]ωωωωω ∆+⊂ N0021 ,,

 

there must be no spectral components of signal, but 

in 
[ ]21,ωω

 subcarriers 
( )tvk  are concentrated 

with numbers k with 1n
 by 2n

, at that 

10 21 −<<< Nnn
, then orthogonalization 

process is carried out for 
( )tqk  with k indexes 

equal to 0 from 1n
 and from 2n

 to 1−N . 

The obtained set of complex functions will be 

used for signal formation: 
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Figure 7 presents comparison of energy spectra 

of OFDM signal and signal 
( )tso

v  formed after 

orthogonalization procedure. From the figure it can 

be seen that after orthogonalization procedure level 

of interference in holes of spectrum is higher than, 

approximately, 30 dB, however, that level is still 

lower than in OFDM signals and difference is about 

40 dB. Spectra are obtained as a result of simulation 

in Matlab software in frequency band of 20 MHz 

width and duration of 12.8 µs. Modulation at 

subcarriers QAM-16. 

 

 
 

Fig. 7. Comparison Of Energy Spectra Of Signals After 

Orthogonalization Procedure 
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As it was mentioned before cognitive radio 

communication system must be capable to form 

transferred signal with a specified frequency 

spectrum. It is necessary to control the following 

parameters of signal: frequency band in which 

signal is formed, power level, band center and, first 

of all, flexible spectral mask [1-4, 22]. Method of 

formation proposed in the presented study can 

provide that kind of flexibility due to structure, 

which consists of subcarrier of a special form (15). 

As it was mentioned before, switching off of 

corresponding subcarriers allows to adjust form of 

spectra of transmitted signal in order to conform to 

a required spectral mask [19].  

Also, it is worth mentioning that during 

formation of OFDM signal with narrow domains, in 

which there are no frequency components, principle 

of zeroing of adjacent subcarriers is used for 

provision of a specified level of interference. That 

approach significantly decrease spectral efficiency 

of a system, because subcarriers, which could 

transfer useful information are not used. The 

proposed methodology of signal formation doesn't 

have that kind of disadvantage and for formation of 

narrow domains of spectrum, in which there are no 

frequency components, there is no need for zeroing 

of adjacent and neighboring subcarriers, because 

energy of each subcarrier of (15) type is completely 

localized in a specified frequency domain and 

doesn't have any influence on other ranges, which 

allows to increase spectral efficiency of system for 

a given level of interference immunity. 

 

3.3 Adaptation Of The Methodology For 

Implementation In Elements Of 

Microprocessor Technology 

For realization of signal of (23) type at software-

configured communication devices it's necessary to 

present a set of complex functions (18) in a form of 

matrix 
QQ

, in which each element will be discreet 

sample: 

( )tlqq klk ∆=,  , (24) 

where t∆  – sampling period, 

LLLl ...,,1, −−= , L  in turn is integer part of 

ratio )2/( taT ∆ . The expression (24) can be 

formulated in discreet form as follows: 








 +









































































=
L

kla
i

L

kla

L

la

L

la

L

l

L

l

q

b

lk

ππ
π

π

π

π

sincos

sinsin

,

 . 

In further, it is necessary to define, which of 

subcarriers 
( )tvk  will not be used for formation of 

resulting signals and carry out orthogonalization 

procedure for rows of matrix 
QQ

, which 

according to the equation (21) will take the 

following form: 

o
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where 
o

lkq ,  – elements of matrix 
oQQ , which will 

be stored in a device's memory during data 

transmission on a condition of unchanging 

electromagnetic environment and coefficient mα  

will be equal: 
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Thus, procedure of formation of discreet complex 

envelope will take the following form: 

oQQXS ⋅=  . 

At that, vector of complex symbols X  is formed 

basing on information bit sequence depending on 

selected modulation (QPSK, QAM-16 etc.). 

Operations (24-28) can be easily used for digital 

signal processor or programmable logic integrated 

circuit. The final stage of formation of signal of 

form (23), the same as in a case of OFDM signal, is 

digital-to-analog transformation of real and 

imaginary part of complex vector S  in a form of 

quadrature and in-phase components with 

consequent processing of them in quadrature 

modulator, which is implemented in front-end of 

transmitter. 

 

4. RESULTS OF COMPUTER SIMULATION 

 

For evaluation of efficiency of the developed 

method we carried out series of experiments using 

computer simulation.  
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For evaluation of spectral efficiency γ the 

following equation was used: 

,
F

R

∆
=γ

  (29) 

where: R – speed of data transfer; ΔF – width of 

frequency band occupied by signal (20 MHz). 

Formation of signals was carried out in Matlab 

software: The simulation was carried out as 

follows: 

Binary random sequence was generated, which 

was source data. From the obtained binary sequence 

modulation symbols kX
 of QAM-16 type were 

formed. In further signals for two adjacent channels 

with bandwidth of 20 MHz and durations of 12,8 µs 

were formed using classical OFDM and signal of 

(23) type. Values of carrier frequencies were as 

follows: channel 1 – 2.48 GHz; channel 2 – 2.5 

GHz.  

Figure 8 shows average values of spectral density 

of OFDM (#1) signals and spectral densities of 

signals of (23) (#2) type obtained as a result of 

computer simulation. 

Value of drop of frequency spectra beyond a 

specified frequency range defines level of 

interchannel interference. Because value of drop of 

spectral density of signal of (23) type is 

significantly higher than in OFDM, taking into 

account that width of channels window is fixed (in 

the discussed case 20 MHz), there is possibility to 

decrease value of introduced protective intervals 

between adjacent communication channels, which, 

in turn, will allow to increase spectral efficiency γ 

because of it (Fig. 8), at that level of interference 

will remain lesser than in OFDM signal. 

 

 
 

Fig. 8. Spectral Densities Of Signals. 

 

1) OFDM signal; 2) Signal of (23) type 

There is a need to evaluate capability of the 

proposed approach to form signals with specified 

characteristics for various combinations of ΔF and 

Тс. In order to do that we carried out an 

experiment, in which we changed values of width 

of frequency range ΔF for various levels of signal's 

duration and calculated number of possible 

subcarriers for information transfer. Table 1 

presents results of experiments for comparative 

evaluation of number of subcarriers in specified 

frequency and time resources of communication 

channel for use of OFDM signal and signal of (23) 

type. In cells of the table there are ratios of number 

of signal subcarriers of (23) type acceptable for use 

and number of OFDM signal subcarriers. 

 
Table 1. Relative Number Of Formed Subcarriers  
 

Тс, µs 
Bandwidth, MHz 

1.25 2.5 5 10 20 

25.6 1.24 1.24 1.24 1.23 1.23 

12.8 1.25 1.24 1.24 1.24 1.23 

6.4 1.16 1.25 1.24 1.24 1.24 

3.2 1 1.16 1.25 1.24 1.24 

1.6 1 1 1.16 1.25 1.24 

 

From the results presented in Table 1 it can be 

concluded that there is clear advantage (about 20%) 

of the proposed approach of signal formation of 

(23) type as compared to classical OFDM, from the 

point of view of used basis functions with specified 

characteristics is observed with Тс·ΔF ≥8. The 

results of evaluation of spectral efficiency γ of the 

studied signals are presented in Table 2. 

 
Table 2.  Spectral Efficiency Of The Studied Signals 

 

Type of modulation 
OFDM 

signal 

Signal of 

(23) type 

QAM-4 1.57 1.96 

QAM-16 3.14 3.9 

QAM-64 6.28 7.78 

 

Thus, the carried out experiment shows that the 

proposed method of signal formation allows to 

provide spectral efficiency, which is 20% higher 

than that of OFDM method for the same specified 

frequency and time resources of communication 

channel and speed of data transmission. 
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The following experiment was carried out to 

evaluate capability of the proposed method to form 

minimally acceptable holes in signal spectrum and 

to provide specified level of interference in it 

Evaluation of level of interference was carried out 

in holes of spectrum for OFDM signal and signal of 

(23) form, and obtained results are presented in 

Table 3.  

 
Table 3. Characteristic Of Level Of Interference In Holes 

Of Spectrum 

 

f∆ , 

MHz 

Level of 

interference of 

signal of (23) 

type, dB 

Level of 

interference of 

OFDM signal, 

dB 

0.3 -60 -20 

0.5 -60 -21 

1 -66 -22 

1.5 -69 -26 

2 -69 -27 

3 -70 -29 

 

The experiment shows that the proposed method 

allows to form signals with narrower holes during 

provision of a specified levels of interference and, 

thus, provide higher spectral efficiency as compared 

to OFDM signals.  

 

5. CONCLUSION  

 

As the result of the carried out studies the new 

methodology of signal formation was developed for 

cognitive radio communication system, in which it 

is required to provide dynamic access to radio 

frequency spectrum to users of such systems. The 

methodology proposed in the paper is compared 

with the known OFDM method, which nowadays is 

actively applied in modern systems of wireless data 

transfer. The results of comparison show that the 

new method for signal formation has 20% higher 

spectral efficiency, because it uses for data transfer 

part of additionally introduced protective intervals 

for data transfer together with main spectrum. 

Moreover, the proposed approach allows to form 

narrow domains of spectrum, in which it is 

necessary to provide absence of any frequency 

components, while maintaining a specified level of 

interference, which is impossible to do in a case of 

OFDM signals. Those facts allows to state that 

application of that kind of signals in high-speed 

broadband systems of cognitive communication 

will allow to increase spectral efficiency of 

operation of communication systems, as well as to 

provide higher speed of data transfer between users. 

In the further studies we plan to develop effective 

method of processing and demodulation of signals 

proposed in the presented paper, comparative 

evaluation of peak-facto and stability to fading in 

communication channel, as well as immunity to 

interference of Gauss noise type. 
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