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QUASIORTHOGONAL FREQUENCY ACCESS ON SUBCARRIER FREQUENCIES

Abstract. In the article, it is described the principles of implementing the method based on quasiorthogonal frequency
access on subcarrier frequencies. The key element of quasiorthogonal frequency access on subcarrier frequencies is the
using of the individual distribution of frequency subcarriers in different frequency plans of the ensemble in the general
frequency band, which allows increasing the subscriber capacity of the radio system significantly. It was developed an
algorithm for the formation of the ensemble, taking into account the different values of the width of the subchannels in the
corresponding frequency plans. It was graphically represented the form of frequency plans with different bandwidths and
the dependence of the maximum emissions of the mutual correlation function of frequency plans, taking into account the
number of subcarriers and the width of subchannels. For realization the statistical analysis, it was constructe an imitation
model of the radio channel, it were graphically represented the results of statistical analysis of the interrelationship
properties of frequency plans, and investigated the correlation properties of complex signals based on QOFDM. Using the
quasiorthogonal access on subcarrier frequencies allows increasing the subscriber capacity of the communication system
and the rate of information transmission due to the nonlinear distribution of the subcarrier frequencies.
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Introduction

Formulation of the problem. The possibility of
reusing the frequency resource under the low efficiency
of its exploitation is a major advantage of cognitive
radio systems, unlike current systems [1-3]. This can be
achieved through the using of intelligent algorithms of
training the cognitive radio systems. The introduction
and operation of such systems raises the question of
solving the problem of the implementation of the joint
using of spectral holes by many users of the cognitive
radio network [1, 4]. At simultaneous transmission of
information by secondary users in the same free band of
frequencies, the probability of occurrence of the
phenomenon of so-called frequency collisions appears.
In turn, this phenomenon can lead to the same before
the appearance of a high level of internally systemic
interference [5, 6].

To solve the existing problem, it was proposed to
use the developed method based on quasiorthogonal
frequency-division multiplexing (QOFDM).

Literature analysis. The existing orthogonal
frequency-division multiplexing (OFDM) method can
significantly increase the bandwidth of the wireless
communication system [7]. However, with the dynamic
change in the load in cognitive radio networks, the
phenomenon of frequency collisions is possible, that is,
the simultaneous occupation by different subscribers of
the same frequency band that can cause an increase in
the level of intra-system interference [1, 5].

An analysis of literary sources has shown that the
topic of combating frequency collisions in cognitive
radio systems is not sufficiently researched, therefore,
the need to solve the problem of counteraction and
prevention of such phenomena [8—14].

The aim of the article. The aim of the article is
the detailed development of the method based on
quasiorthogonal frequency access on subcarrier
frequencies, which solves the problem of sharing many
users of the cognitive radio system of the same
frequency band. Solving this problem will significantly

reduce the probability of occurrence of frequency
collisions and will increase the subscriber capacity of
the cognitive radio system.

Also, the aim of the article is to develop an
algorithm for the formation of the ensemble, taking into
account the different values of the width of subchannels
in the corresponding frequency plans, developing a
simulation model of the system of signals based on the
QOFDM method and conducting research on the
interrelation properties of the formed frequency plans
based on quasiorthogonal access on subcarrier
frequencies.

The basic material

It was proposed the method of quasiorthogonal
frequency access on subcarrier frequencies based on the
using of the individual distribution of the subcarriers for
each frequency plan in the common band of
frequencies. This method allows increasing the
subscriber capacity of the cognitive radio system due to
the parallel using of different subscribers of the same
network of different variants of the distribution of high
frequencies.

The ensemble of QOFDM signals consists of K
number of frequency planes transmitted in the same
frequency band AF. In this case, each frequency plan
has an individual set of frequency subcarriers n, the
distance between which Af is equidistant, but each
frequency plan has its own spacing value between the
subcarrier frequencies, different from the spacing values
in other frequency plans of the ensemble.

An  analytical expression that describes
quasiorthogonal frequency multiplexing of channels on
subcarrier frequencies represents an improved OFDM
signal formation equation and looks like this [15]:

S; (M) =

—Re {e.i‘lﬁ‘foﬁﬁ T2 e.i@w:f(Aﬁ—Ts)}’ (1

where Af; — spacing interval frequency plan, Re — real
part of a complex number; f; — zero sublime frequencies;
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AF — band of frequencies; C; — comprehensive
presentation symbol QAM; T, — the period of the signal.

Forming an ensemble algorithm [15] that is shown
in Fig. 1 that consists of a sequence of such operations:

1. Determination of baseline data: the distance
between subcarrier frequencies, frequency band; the
number of subcarrier frequencies on the adjusted
frequency band AF .

2. Formation. of all frequency plans in the
ensemble with the adjusted parameters.

The distance between subcarrier frequencies for
subcarrier frequencies for each frequency plan is
calculated as the ratio of the frequency band AF, which
takes the linear signal to the number of subcarrier
frequencies in each frequency plan. The interval
between subcarrier frequencies is calculated by the
equation (2):

Af; = AF/n; , Hz )

The distance between subcarrier frequencies for
each frequency plan will be individual and will depend
on the number of subcarrier frequencies in a specific
frequency plan. The main difference between OFDM
and QOFDM signals is that each QOFDM frequency
plan is separately formed by the OFDM technology.
That is, the interval between subcarrier frequencies is
the same within this frequency plan. But in QOFDM
there is a whole ensemble of signals, that is, a set of
OFDM frequency planes that differ in different intervals
distance between subcarrier frequencies. Herewith, the
frequency band AF will be the same for the entire
ensemble of signals.

3. Pairwise comparison of frequency plans for
finding the positions that coincide.

4. Determination of the number of subcarrier
frequency positions that coincide in each frequency
plan.

By pairwise comparison of frequency plans with
each other, the number of positions of frequency
subcarriers that coincide in each frequency plan of the
ensemble is determined. In this case, by comparing two
frequency plans with each other, there will be no more
than one frequency position that coincides.

K — the number of frequency plans in the
ensemble, dj; - the number of subcarrier frequency
positions that coincided when comparing i-th frequency
plan with j-th frequency plan.

5. Provided that if the number of positions of the
subcarrier frequencies that coincided when the
comparison of the i-th frequency plan with the j-th
frequency plan will be more than or equal to the number
of frequency plans in the ensemble (d; > K), there will
be removal from the ensemble the i-th frequency plane.
This will be the same frequency plan when compared
with which there were most of the coincidences. After
that again there is a pairwise comparison of frequency
plans.

6. Provided that if the number of the subcarrier
frequencies positions that coincided when compared the
i-th frequency plan with the j-th frequency plan will be
less than the number of frequency plans in the ensemble
(dy <K), the i-th frequency plan will be added to the
ensemble.

7. Frequency plan is added to the ensemble.

8. The ensemble is accepted for further synthesis
of signals.

Selected frequency plans form an ensemble that is
accepted for further synthesis of signals.

Formation of all frequency Pairwise comparison of frequency
Start Determination of output data /—> plans with given »1 plans for finding the frequences
1 parameters % that coincided 3

& - the mumber of positions of the subcarrier frequencies that
coincided with the comparison of the i-th frequency plan
with -th frequency.

K - the numbert of frequency plans in the enzemble.

A

Deleting the frequency plan
from ensemble 3

The ensemble is Frequency planis
accepted for synthesis [+ added to the
of signals ensemble.  §

Fig. 1. The algorithm of forming the ensemble of signals

For illustrating the robustness of the proposed
method, an example is presented in which four
frequency plans with different amounts of subcarrier
frequencies are presented, that is:

m =23, my =101, ny =187, ng =259.

All frequency plans are transmitted in the same
frequency band
AF =20 MHz .

Based on the given parameters, it can be possible
to calculate the intervals between the positions of the
subcarrier frequencies in the frequency domain for each
plan, using the equation (2).

The positions of the subcarrier frequencies that
coincided with the comparison of the first and second,
first and third, first and fourth signals are indicated by
violet rectangles, as shown in Fig. 2.

Fig. 2. Subcarrier frequencies distribution scheme
for QOFDM
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Fig. 3 shows the subcarrier frequencies positions
that coincided when compared the frequency plans
pairwise with each other. The positions that coincide are
marked by yellow rectangles.

c
Fig. 3. The subcarrier frequencies positions
that coincided when compared pairwise with each other:
a— 1- st and 2-nd frequency plans, b — 1- st and 3-rd
frequency plans, ¢ — 1- st and 4-th frequency plans

Results of simulation of four frequency plans are
listed in Table 1.

Table 1 —The results of the subcarrier frequencies
distribution in the ensemble from the four frequency plans

Amount
Parameter Value X, X, @ X,
The width of the 1506 | 0106 | 20%10¢ |20%10°
frequency band, Hz
The number of sub- | 3 101 | 187 | 259
carrier frequencies 7;
The interval )
between Min | 859570 | 188020 | 96950 | 67220
subcarrier
frequencies, Hz| Max | 869470 | 192790 | 106850 | 77120
The subchannel| Min 100 100 100 100
width, Hz
Max | 15000 | 15000 | 15000 | 15000

In order to evaluate the possibilities of using the
frequency resource under the condition of using
quasiorthogonal access on subcarrier frequencies, it is
necessary to research the degree of influence of
systemic interferences when changing the bandwidth of
subchannels between different frequency plans. A
model of the channel was constructed, in which for the
4 values of the number of subchannels the degree of
mutual correlation between them changed. The degree
of similarity of frequency plans was estimated by
calculating the function of mutual correlation [9-14].
The mathematical mechanism is implemented on the
basis of correlation analysis.

The dependence of the maximum emissions of side
lobes of the mutual correlation function of frequency
plans at different values of the width of the subchannel
bands and the number of subcarrier frequencies in
frequency plans is shown in Fig. 4.

Fig. 4 shows with the changing of the subchannel
width and the number of subcarrier frequencies in the
frequency plan Ki, the value of the level of mutual
correlation between frequency plans increases, but does
not exceed the permissible value for the two compared
processes By, = 5/ Ki. [5].
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Fig. 4. The dependence of the maximum emissions
of the mutual correlation function of frequency plans
at different values of the width of the subchannel
bands and the number of subcarrier frequencies

In order to optimize the frequency plan formation
mechanism, it is necessary to evaluate the statistical
characteristics of the signal parameters on the basis of
QOFDM. It was performed a statistical analysis of the
correlation properties of the complex signals generated
on the basis of quasiorthogonal access on subcarrier
frequencies. The research results of the properties of
such signals allow optimizing the process of selecting
the signal parameters that increase the volume of
ensemble signals at low interaction in the frequency
domain.

It was used a classical method for evaluating
statistical characteristics, described in [4] in order to
evaluate the statistical characteristics of the correlation
properties of the ensemble of the complex signals
formed on the basis of QOFDM.

Calculation of the mathematical expectation (ME)
of maximum emission of side lobes of the mutual
correlation functions [max R;] of two comparable
frequency plans i and j [15-17]:

m[max B; | = Z:’:]‘max Bij (k)‘/N,

where N — the number of interacting signals pairs;
max B;; — the maximum emissions of side lobes of the

€)

mutual correlation function.

Calculation of mean-square deviations (MSD) of
maximum emissions of side lobes of the mutual
correlation function o6,,, of two comparable frequency
plans i andj [15-17]:

maXB \/Zk 4 |maxB | maxB /N “4)

The research results are presented in Fig. 5.

It is seen from Figure 5 with increasing the width
of the band of subchannels in each frequency plan the
level of mutual correlation of frequency plans
deteriorates, however, the values of maximum emission
of side lobes of the mutual correlation function remain
within the confidence interval and slightly different
from the condition of the minimum similarity of the
frequency plans [5]:
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Fig. 5. Results of statistical analysis
of intercorrelation properties of frequency plans

By =(1+5)/\[N:N;. ©)

Thus, even with increasing bandwidth to the limit
value inherent in the IEEE 802.20 protocol, i.e. 15 kHz,
the degree of mutual correlation of frequency plans will
be satisfactory. In the future, it is necessary to evaluate
the characteristics on the basis of QOFDM when using

different modulation formats in difficult obstacle

conditions.
Conclusions

In the article, it was developed in details a method
based on quasiorthogonal frequency access on
subcarrier frequencies that solves the problem of
common using by many users of cognitive radio
systems of the same frequency band. Solving this
problem can significantly reduce the number of
frequency collisions and increase the subscriber
capacity of the cognitive radio system.

It was developed an algorithm for the formation of
the ensemble, taking into account the different values of
the width of the subchannels in the corresponding
frequency plans.

It was developed the simulation model of the
signal system based on the QOFDM method.

It was performed the research of the correlation
properties of the generated frequency plans based on
quasiorthogonal access on subcarrier frequencies. Due
to the nonlinear distribution of subcarrier frequencies in
different frequency plans of one ensemble of signals,
the subscriber capacity significantly increases, while
there is a probability of a slight deterioration in the
quality of the information transmission.
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KBaziopToronainsHuii YaCTOTHHI JOCTYII HA MiIHECHUX YaCTOTAX
1O. O. CgeprynoBa, M. A. llltomnens, B. I1. JIuceuko, 1. B. KoBryH

B crarti npezcraBieHo NPUMHIMIIY pealtizalii MeToly Ha OCHOBI KBa310pTOrOHAJIBHOI'O YaCTOTHOI'O IOCTYITY Ha ITiJIHECHUX
gacroraX. KIIFOYOBHM €IIEMEHTOM KBa3iOpTOrOHAJIBLHOIO YaCTOTHOrO JOCTYIy Ha IiJHECHMX YacTOTaX € BHKOPUCTAHHS
IHIMBIAYaJIbHOTO PO3MOUIY YaCTOTHHMX IIiIHECHMX B Pi3HMX YaCTOTHHUX IUIaHAaX aHCaMOJIIO B 3arajbHii CMy3i 4acTor, ske
JI03BOJISIE 3HAUHO 30UIBIIMTH aOOHEHTCHKY €MHICTh pajiocucTeMH. byno pospobieHo anroputm (opMyBaHHS aHcamOmo i3
BpaxyBaHHAM pI3HOTO 3HA4YEHHS IMIMPUHM IiJIKAHAIIB Yy BIIMOBIAHMX YacTOTHHUX IUIaHaX. I'padivuHO NpencTaBIeHO BUIIIAL
YaCTOTHUX IUIAHIB IPH Pi3HIH MIMPHUHI CMyrd 4acTOT Ta 3aJEXHOCTI MAaKCUMaJIbHUX BUKHAIB (YHKIUIi B3a€MHOI KOpeJsuil
YaCTOTHUX IUIaHIB i3 BpaXyBaHHSAM KUIBKOCTI IiJHECHUX Ta LIMPUHM MHiJKaHaiB. [ 31iliCHEHHs CTaTUCTUYHOTO aHali3y Oyio
noOynoBaHo  imirauifiHy Mogjens  pajiokaHanmy, rpadidHO mpexacTaBieHI  pe3yNbTaTH  CTATHCTUYHOIO  aHai3y
B3a€MOKOpEIISIIHHUX BIACTHMBOCTEH YaCTOTHHX IUIAHIB, JOCIIDKEHO KOPENALiiHI BIACTHBOCTI CKIaHUX CHI'HAIIB Ha OCHOBI
QOFDM. Ilpu 3acrocyBaHHiI KBa3iOpTOrOHAJBHOI'O IOCTYINY Ha IHiJHECHHX YacTOTaX 30UIBIINTHCS aOOHEHTChKA EMHICTH
CHCTEMH 3B'SI3KY Ta MIBUIKICTb Nepeayi iHpopMallil 3aBASKH HeJiHIHHOMY PO3IOJUTY MiTHECHUX YacCTOT.

Karo4doBi ciaoBa: KBa3iopTOroHaJbHMH YaCTOTHMH IOCTYNl Ha IiJHECHUX YacTOTAX; CIEKTPaJbHI AipH; 4acTOTHI
KOJIi3i1; cMyra 4acTOT; 9YaCTOTHHH IUIaH; aHCcaMOib; a0OHEHTChKa €MHICTb.

KBa3nopToroHa/IbHbIi 4YaCTOTHBIN AOCTYNI HA MOJHECYIHX YACTOThI
IO. A. CgeprynoBa, H. A. Illtomnens, B. I1. JIsiceuko, U. B. KoBTyH

B cratee mpencraBieHbl NPUHIMIBI peaju3allid METOJa Ha OCHOBE KBa3HOPTOI'OHAJIBHBIX YaCTOTHOI'O AOCTYyNA Ha
MOJHECYIIHX YacToTax. KiltoueBbIM 3JIEMEHTOM KBa3UOPTOrOHAJIBHBIX YACTOTHOI'O JOCTYIA HA MOJHECYLIMX YacTOTax SIBJIAETCS
WCITOJIb30BaHNE HMHAWBHUIYaJIbHOIO PACIPENENICHUs] YaCTOTHBIX MMOJHECYIIMX B Pa3IMYHBIX YaCTOTHBIX IUIAHAX aHcaMOns B
00IIell IoJIoce YacTOT, KOTOPOE MO3BOJISIET 3HAYMTENBHO YBEJINYUTH ADOHEHTCKYI0O €MKOCTh PauocHcTeMBbl. Beul paszpaboran
anroput™M (OPMHUPOBAHUSI aHCAMOJNSI C yY4eTOM pPa3HOrO0 3HAUSHWSI LIMPHHBI ITOJKAHAJIIOB B COOTBETCTBYIOIIMX YaCTOTHBIX
wiaHax. ['paduyeckn mnpencraBieHsl BHZI YaCTOTHBIX IUIAHOB HPH PA3IMYHON NIMPUHE IOJOCHI YacTOT M 3aBUCHMOCTH
MaKCUMAJIBHBIX BEIOPOCOB (DYHKIMH B3aMMHOH KOPPENSIMN YaCTOTHBIX IIAHOB C YIE€TOM KOJIMYECTBA MOJHECYIIHX U ITUPHHBI
nmojkaHaioB. [l OCYIIECTBJIEHHS CTAaTHCTUYECKOrO aHajM3a ObUIO IIOCTPOSHO WMHTALMOHHYIO MOJENb paJfoKaHaja,
rpagU9IecKy MPeNCTaBICHBl Pe3yAbTaThl CTATHCTHYECKOTO aHaJIM3a B3aUMHOKOPPEISIIMOHHBIX CBOMCTB YaCTOTHBIX IUIAHOB,
HCCIIEI0BAHbl KOPPEISILIMOHHbBIE CBOMCTBA CIOXHBIX CUrHajoB Ha ocHoBe QOFDM. Ilpu npuMeHeHHH KBa3UOPTOTrOHAJIBHBIX
JIOCTYyTIa Ha TOJHECYIIMX YacTOTaX yBEIUYUTCS aOOHEHTCKas €MKOCTh CHCTEMBI CBS3M M CKOPOCTH Iepeladd HHPOpMAaIliH,
Onaromapst HeJIMHEWHOW pacIipeesieHNs! OAHECYIINX YacTOT.

KamwoueBble cjoBa: KBaSHOpTOFOHaJ'[BHBIﬁ YaCTOTHBIN JOCTYIl Ha IIOAHECYIIHX 4YacCcTOTaX; CIICKTPAJIbHBIC IbIPBI;
YaCTOTHBIC KOJUIM3WH, I10JI0Ca YaCTOT, YaCTOTHBIN TIJIaH; aHC&M6J’IB; a0OHEHTCKAsi EMKOCTb.
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