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This paper considers the process that forms
an interchannel transient interference in the
structure of the signal created on the basis of
the technology of parallel data transmission and
frequency distribution with multiplexing of the
phase-modulated signal — the OFDM signal.

Based on the analysis of the OFDM signal
structure, it was determined that changes in the
position and parameters of the carrier symbol
from the composition of this OFDM symbol cre-
ate an interchannel transient interference.

A list of OFDM signal parameters that can
affect the appearance of interchannel interfer-
ence and the value of its quantitative value was
summarized and presented. A model for assess-
ing the impact of interchannel interference on
the efficiency of signal transmission in telecom-
munication data transmission systems based on
the OFDM signal has been developed and pro-
posed.

Based on mathematical modeling using
this model, the dependence of the quantitative
assessment of the magnitude of the interchannel
interference on the magnitude of the protective
interoval for different values of the interchannel
value with a different number of signal pre-re-
ception has been established. It is shown that an
increase in the value of the interchannel value
to 96 subchannels makes it possible to achieve
an interchannel transient interference of less
than 3 percent with a protective interval of more
than 2 ms already with one pre-reception. This
is explained by the fact that the increase in the
interchannel value makes it possible to reduce
the value of the protective interval and mini-
mizes the effect of frequency distortions of the
sub-channel of one channel.

The data reported in this work and the rec-
ommendations substantiated on their basis con-
firm the possibility of the proposed model for
assessing the value of the interchannel transient
interference and justifying the recommendations
Jfor reducing its impact on the efficiency of signal
transmission in telecommunication data trans-
mission systems based on the OFDM signal.

The proposed evaluation model can find
practical application in improving existing and
developing new telecommunication data trans-
mission systems based on OFDM technology
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1. Introduction

The method of simultaneous transmission of data flow
over several digital frequency channels, defined as OFDM
technology, is widely used in modern broadband systems for
digital information transmission over multi-beam channels.

The OFDM technology implements a mechanism in
which a usable signal is distributed over subcarrier frequen-
cies as part of a single OFDM symbol. At the same time,

in the case of interference of certain sub-carriers, part of
the data is withdrawn from further processing and does
not affect the further integrity and quality of processing of
incoming information. The basis of this mechanism is the
distribution of the input data stream over individual carrier
frequencies (sub-carriers), increased, relative to the delay
time of the symbol of the duration of channel symbols and
the introduction of a time protective interval between adja-
cent channels [1, 2].




OFDM technology has a number of advantages, which
include high spectral efficiency and data transfer rate, the
ability to influence the signal-to-noise ratio and, as a result,
relative independence from external interference. The posi-
tive side is also simple algorithms for processing data packets
based on Fourier fast transform algorithms and the simplic-
ity of hardware implementation while it is possible to ensure
simultaneous transmission of signals of different spectrum
over one network [3, 4].

At the same time, the disadvantages of this technology
include high sensitivity to the offset of the frequency and
phase of the input signal relative to the reference oscillation
and low energy efficiency [3-5].

Analysis of the spectral density of one elementary OFDM
symbol and the technology and theory of its construction
make it possible to determine that one of the groups of pa-
rameters that can affect its effectiveness is the position and
parameters of each carrier.

The noise immunity of the OFDM signal is ensured by
the number of sub-carriers, which must, first of all, occupy
their position in the frequency distribution of the OFDM
symbol for reliable and complete transmission of usable data.
Carrier parameters should be considered from the point of
view of propagation of a radar wave of a certain frequency
and spectral density of the signal. The specified radio wave
forms one data transmission channel through which a dis-
crete signal is transmitted, which has its own parameters
and structure of construction [2, 5].

Changing the parameters of the radar wave of the data
transmission channel can form a phenomenon that is defined
as an interchannel transient interference. Its essence is the
offset of the carrier from the established position in frequen-
cy in the signal system. This leads to the formation, the effect
of a given offset subcarrier on neighboring ones in the form
of harmful electronic perturbation. Thus, an interchannel
transient interference (ITT) is generated. Its consequence is
the distortion of a certain number of sub-carriers and their
loss of part of the usable signal, which leads to a general dis-
tortion of the input signal and the loss of part of the data in
the telecommunications network.

The appearance of these distortions in the form of ITI
represents a separate scientific task for the evaluation of ITI
and the justification of recommendations for reducing its
impact on the efficiency of signal transmission by the tele-
communications network of data transmission of the OFDM
signal.

2. Literature review and problem statement

Several studies [2, 3, 6-10] addressed the issues of in-
creasing the efficiency of data transmission against the
background of ensuring high noise immunity under the in-
fluence of various types of interference and disturbances in
telecommunication systems operating on the basis of the use
of OFDM signals [2, 3, 6-10].

General issues of formation of a single symbol based on
OFDM technology, ensuring its stability and noise immu-
nity are covered in papers [2, 3]. Against the background of
consideration of the principles of construction, the main ad-
vantages and disadvantages of OFDM technology, which are
set out in work [2], it generally lacks coverage of the problem
of internal symbolic interference and perturbations.

Consideration of the issues of solving the problem of
using OFDM technology in the 4G mobile network, which
is set out in [3], does not take into account the processes of
occurrence of internally symbolic perturbations, the forma-
tion of internal obstacles of a different nature due to them.
Direct assessment of the impact of these interference on the
operation of telecommunication systems is not considered in
the cited paper.

Work [6] considers the model of joint selection of sub-
carriers and the calculation of their parameters under condi-
tions of non-orthogonal signal multiplexing (NC-OFDM).
This OFDM technology is characterized by the presence of
harmful out-of-band distorted radiation, which significantly
affects the quality of signal processing by a demodulator. Di-
rect interchannel junction interference caused by the offset
of subcarriers under conditions of such distortions and the
issue of assessing the impact of these interchannel interfer-
ences with the operation of the telecommunications system
is not covered in the cited paper.

In [7], the issue of reducing interference in the elemen-
tary data transmission channel of the OFDM signal system
is considered. It is proposed, provided that the power of the
internal channel interference is taken into account, a new
asymmetric window, which provides a reduction in the cyclic
prefix of the signal without reducing the power of the usable
signal. A certain issue of limiting the influence of these
internal obstacles on neighboring channels is considered in
the cited work in the part that states the possibilities of the
chosen method to ensure the limitation of the impact on the
power of the obstacle in the neighboring channel. The issue
of general formation of the methodology for limiting inter-
channel interferences and their possible impact on the qual-
ity of data transmission is not considered in the cited paper.

Work [8] considers the issue of limiting the impact of
non-band radiation in systems with orthogonal frequency
separation (OFDM). In a certain way, such radiation can be
attributed to interchannel interferences, but they are formed
by radio signals that do not carry elements of usable signals
and, in fact, are external interference. To reduce them, pa-
per [9] proposes a frequency spectral pre-encoding and a
new precoder structur, which provides conditions that allow
the input receiver to use the classic OFDM channel evalua-
tor. General approaches to reducing such obstacles and other
obstacles and disturbances and the methodology of their
construction are not covered in works [8, 9].

Certain elements of the methodology for reducing inter-
channel interference in OFDM signals are covered in [10]. It
directly proposes a new approach to reducing block diagonal-
ization of downlink interference and power distribution. This
was done taking into account both the absence and availabil-
ity of information about the status of the channel in multi-us-
er telecommunication networks based on MIMO-OFDM
signals. The results presented in the cited paper in a certain
way relate to one of the manifestations of interchannel inter-
ference, but only in terms of limiting spatial interference. The
direct impact of the deviation of the parameters of one of the
channels and the formation of a negative impact from it on
neighboring channels, as well as methods for assessing and
reducing this impact, were not considered in the work.

Thus, the solution to improve the efficiency of data trans-
mission in telecommunication systems operating on the basis
of the use of OFDM signals under the influence of I'TI is not
fully resolved.



3. The aim and objectives of the study

The aim of our study is to determine the possibility of
reducing the impact of interchannel interference on the
efficiency of signal transmission in telecommunication data
transmission systems. This will increase the efficiency of the
use of telecommunication systems for transmitting digital
data based on the OFDM signal under the influence of in-
terchannel interference.

To accomplish the aim, the following tasks have been set:

— to determine and summarize the list and interrelation
of signal parameters in the scheme of construction of a data
transmission system based on OFDM technology;

— to build mathematical dependences and, on their basis,
a holistic model for assessing the impact of interchannel
interference on the efficiency of signal transmission in
telecommunication data transmission systems based on the
OFDM signal;

— to investigate interchannel transient interference and
establish the possibility of reducing its impact by selecting
the parameters of the OFDM signal.

4. The study materials and methods

For research, the classical structure of the signal, cre-
ated on the basis of the technology of parallel data trans-
mission and frequency distribution with multiplexing of
the phase modulated signal — OFDM signal, was chosen.
The offset of subcarriers in the signal structure and the
deviation of their parameters from the nominal ones are
directly investigated, which forms internal harmful per-
turbations, defined as interchannel transient
interference (ITI). In research, it is assumed
that the OFDM signal subcarriers are orthogo-
nal to each other.

As a generalized model of the description of

the OFDM signal, it is accepted in this paper  a{"alV.._
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that the specified signal is the sum of the carriers
of harmonic oscillations (Fig. 1, b), each of which
is modulated by its own substream of transmit-
ted bits using phase modulation (PM) or quadra-
ture amplitude modulation (QAM).

The input signal, for research, is taken as an
OFDM-symbol, including N; subcarriers, each
of which is represented as a complex number d;
with amplitude |d;| and the initial phase arg(d;),
which contains a packet of i=0, 1, 2,.., Ngq
QAM- symbols.

The complex envelope of one OFDM symbol at time ¢ is
represented by the expression:

Ny .
i(t)=3d, exp{jZn%(t—tk)}, )
i=0
where T is the duration of the OFDM symbol.

(1) describes the limiting video equivalent of an OFDM
radio signal.

Outside the time interval ¢;, the OFDM symbol with the
number % is zero.

The generalized model of the data transmission chan-
nel based on OFDM technology, which is accepted in
this work, is represented in the form of a block diagram
in Fig. 2.
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Fig. 1. Spectral structure: @ — elementary radio signal at one
carrier frequency; b — one OFDM-symbol with N; subcarriers
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Fig. 2. Block diagram of a discrete-continuous data transmission channel

based on OFDM technology

The OFDM signal consists of N orthogonal subcarriers
(@, aP,...a), modulated by N parallel data streams. The
frequency independence of the subchannels formed in this way
is ensured by the mutual orthogonality of the subcarriers. On
the presented model of the block diagram, there is no reflection
of the appearance of ITI, other interference and perturbations.

5. Model for assessing the impact of interchannel
interference on the efficiency of signal transmission using
OFDM technology

5. 1. Generalization of signal parameters built using
OFDM technology

To form OFDM-symbol of rectangular shape, the whole
and imaginary parts of the carrier envelope with a frequency



of fo, determined from (1), are multiplied by cos(2xfyt) and
sin(2nfot) and the obtained oscillations are added to the
signal [2, 5].

From (1) it follows that for an OFDM signal, A(w)

symbols may be impaired due to interference generated by the
multi-beam nature of the signal [5, 11].

the interval between the frequencies of neighbor-
ing carriers is Af=1/7, and the frequencies of all 1
carriers are multiples of this interval. This pro-

vides a condition under which the duration of the g
OFDM symbol is formed by an integer number of
periods of carrier frequencies.

For any adjacent periods, the number of each
carrier differs by one.

The initial phase and amplitude of each carrier
are determined by the value of the transmitted
QAM symbol of this carrier. In addition, each 0.2
carrier has its natural amplitude and phase values.
This makes it necessary at the interval t,<t<t,+T to
carry out coherent demodulation of the input signal
with mutual orthogonality of all carriers [2, 5, 11].

In general, the complex bypass OFDM sig-
nal adopted by the input device is multiplied

0,6

04

by the oscillation component of the carrier -6
exp{—jZ%n(t—tS) and is integrated over the

time interval ¢,<t<t;+T, which, according to the
theory of noise immunity, provides an estimate of
the QAM symbol d; of the signal, with the number
i from the composition of the complex envelope of
the input signal [5, 11]:

tk+1 l
| u(t)exp{—ﬂn—(t—tk)}dt:
t T

. o1
tkﬂu(t)exp{—ﬂn?(t—tk )}x
| . =dT. 2)
Lixy'd, exp{an%(t ~t, )}dt

i=1

The interrelated relationship of parameters and vari-
ables (2) allows for the actual calculation of the value of the
spectral density of the amplitudes of the OFDM symbol at a
frequency F/=IAf of the carrier oscillation i provides demod-
ulation of the specified OFDM symbol [5, 11].

Analysis of those presented in Fig. 3 spectra of different
carriers of the same OFDM-symbol showed that relative to
one carrier at a certain oscillation frequency, the spectrum of
other carriers at this frequency is zero [2, 5].

The absence of mutual influence in the spectrum of the
carrier signal on each other is ensured by a certain choice
of frequencies of subcarrier oscillations and the interval
between adjacent subcarriers, which is associated with the
duration of the OFDM-symbol (T) [5, 11, 12].

The property to insensitivity in the delay of a multi-beam
signal in OFDM technology is ensured by an increase in the
duration of the OFDM-symbol relative to the QAM symbol
by the number of subcarriers in the symbol (Ns), that is, by
Ns times. And the relative time of the increase in delay in the
channel will be less by the same time.

Intersymvolous interference between OFDM symbols is
provided by a protective time interval of the duration of the
carrier oscillation for each signal beam (T) within which the
OFDM signal is placed. This ensures the integrity of the mu-
tual orthogonality of symbols. The mutual orthogonality of

Fig. 3. Spectral density of the sum of five carriers with the same

amplitudes and initial phases

The delay of one of the rays does not lead to a violation
of the orthogonality between the carriers of this and the pre-
vious beam due to the fact that an integer number of carrier
periods will be placed on the period of the duration of the
symbol T, regardless of the beginning of this interval. This
condition will be provided for each beam only at the values of
signal delay At caused by multi-beaming, not more than the
duration of the protective interval Ty [11, 12].

The magnitude of the protective interval T, directly deter-
mines the duration of the OFDM symbol T.. Accordingly, the
smaller the share of 7, in the value of T, the lower the energy
costs of radiation power, directed to ensure the desired signal-to-
noise ratio in the input device of the telecommunications system.

The duration of the symbol T is limited by the number of
sub-carriers involved, which also cannot be quite a lot due to
the decrease in the frequency interval between them. In turn,
a decrease in the frequency interval gives rise to an increase in
the sensitivity of the system to deviations of carrier frequen-
cies from the nominal values, an increase in the peak factor
of the OFDM signal and an increase in phase fluctuation. All
this affects the operating modes of the input signal amplifica-
tion devices in terms of ensuring a linear mode of operation.

The duration of the T, symbol is usually chosen pro-
vided that the permissible energy costs are not more than
1 dB when T, is exceeded over the protective interval five
times [5, 11, 12].

Based on this, the integration of the OFDM symbol
in the receiving device must be carried out at the interval
T=T-T,, and the frequency interval between the carriers is
defined as Af=1/T.

The number of carriers in one character (Ns) can be deter-
mined by the ratio of the frequency interval Ns=F/Af or through
the data transfer rate as the ratio of the total data transfer rate
over channel R to the transmission rate through one carrier R.

It is known that the data transfer rate also depends on the
type of modulation (for example, QAM-16), the speed of the code
involved, the speed of characters passing through the channel,
which, in turn, determine the number of bits of a discrete signal.



The number of carriers is one of the most important
parameters of OFDM systems. It forms the number of sub-
channels (W) in the signal structure. It is the number of
subchannels W that largely forms and ensures the invariance
of the OFDM data transmission system.

In turn, an increase in the number of subchannels (W)
causes an increase in the clock interval and a decrease in the
efficiency of using the band of frequencies involved. This can
lead to a decrease in the effect of the imperfection of the am-
plitude-phase-frequency characteristic (APFC) of the chan-
nel but increases the number of modulation/demodulation
operations and leads to an increase in frequency disassembly
and phase jerking in the channel.

The analysis of signal construction using OFDM tech-
nology has made it possible to establish the interrelation-
ships and mutual influence of the parameters of the specified
signal and the joint interaction of neighboring data trans-
mission channels in the structure of one signal. This provid-
ed the definition and generalization of the following list of
important and critical parameters that form the signal itself
and, obviously, may be related to interchannel interference.

These include:

— frequency interval of carrier oscillations of the OFDM
signal;

— frequency uncertainty of the input signal (forms the
deviation of the APFC and is minimized by the construction
of the input signal reception channel);

— the number of carriers in one OFDM signal;

— the initial phase and amplitude of each carrier;

— a frequency interval between adjacent carriers;

— the time interval of coherent demodulation of the OFDM
signal, subject to mutual orthogonality of all carrier signals;

— the time interval of the duration of the OF DM-symbol;

— a protective time interval that provides intersymbol
interference when receiving multi-beam signals and is part
of the time interval of the OFDM symbol.

As noted earlier, an increase in the number of carriers in
the OFDM signal leads to an increase in the number of mod-
ulation/demodulation operations of the signal and changes in
the clock interval. The associated increase in the number of
sub-carriers of the clock interval decreases and causes an in-
crease in frequency disposition and phase shaking of the chan-
nel [11-13]. Because of these effects, the carrier shifts from the
established frequency position and acts on neighboring carriers
in the form of harmful radio technical perturbation. That is,
an interchannel interference is formed, the impact of which, as
aradio technical perturbation, can be estimated by its power.

5. 2. Model of formation of interchannel interference in
the data transmission system based on the OFDM signal

When developing a model for the formation of interchannel
interference in a data transmission system based on the OFDM
signal, it was determined that the source of ITT in the OFDM
signal system is the imperfection of the AFCS channel [3-5].

When calculating the ITI, the following OFDM signal
parameters were taken in fixed values:

— frequency band passed through the channel (Af);

— the speed of passing digital data (V);

— the multiplicity of signal modulation (K), (K=V/Af).

The amplitude-frequency characteristic (AFC) and the
phase-frequency characteristic (PFC) of the channel are
given by normalized fixed dependences for each number of
pre-reception (Fig. 1).

Usually, when determining the requirements for the OFDM
signal for the established number of pre-reception, the norms of
permissible unevenness of the AFC are assigned [5, 7].

It is known that an increase in the number of pre-recep-
tion causes the effect of increasing the unevenness of the
frequency response [5, 7].

Approximation of the pre-reception area during the tran-
sition to the PFC is carried out by the functional dependence
of the following type [3, 6]:

sin ZRM +
((’Ov_(’on)
_38(0-1900-27) |
(w,-1900-2rm)

y(w)=1.57 3)

For a certain number of pre-reception areas (L), the ratio
y(w)=Ly is used, where:

— current frequency (®);

— the upper value of the frequency (®,), for calculations
it is accepted — 3,400 Hz;

— the lower value of the frequency (w,), for calculations
it is taken — 300 Hz.

The duration of the clock interval (t) is related to the
value (W) via the expression:

=KW /V. @)

The introduction of a protective interval (At,) ensures
the extraction in the demodulator of transients arising at
the boundaries of clock intervals. This, to a certain extent,
leads to a decrease in intersymbol interference (ISI) and, as
a result, increases the noise immunity of the signal.

The protective interval is defined as:

At,=1-T=1-1/AF, )

where the signal processing time interval (T) is defined
as T=1/Af.

When calculating it, the distance between the sub-carri-
ers in the frequency calculation of their groups in the struc-
ture of the OFDM signal is used.

The range of effective use of the frequency band of signal
formation (F,y) is represented as:

F, ~(W+1)AF. (6)
When the value of Fis limited to the condition F,<A¢,
functional inequalities that determine the boundaries of the

region of the most likely indicators of the parameters of the
OFDM signal system are represented in the form:

k-Af -V
OSAII,S[WWJ—%](,

YV ocarc M RW
RW W+1 vV

RAf-VY (V
(B a0

In this case, the frequency protective interval (Afy) is
given in the form Af,=Af=Afes.

W+1
Af

T=

)




Analysis of functional dependences (7) shows that un-
der other conditions, an increase in protective intervals in
time (At,) andfrequency (Af,) can be achieved by increasing
the number of sub-channels (W).

At the same time, it is significant that the growth of
Aty at the fixed value of W does not lead to a monotonous
decrease in ITI. This is explained by the fact that with an
increase in Art,, the AF,s increases and brings the extreme
subcarriers of the channel closer to the signal boundaries,
that is, it reduces Af,. Accordingly, the minimum power of
ITI will be achieved at the optimal interval for it Az, for each
value of the number of subchannels W3, 5, 6].

For a specific (L-th) clock interval, the group signal fed
to the modulator input will be determined by the ratio:

= ian‘l cosl:(n+n% )211:AFI?+(])”,, ], (8)

n-1

l-t<i<in+l,
2 2

where ¢, ; and a,, ; are, respectively, the initial phase and the
constant of a signal amplitude;

no — the constant that determines the location of the subcar-
rier in the bandwidth Selected when the requirements are met:

F= (m + "% JAF >300 Hz, )

F = (n2 + ”% )AF > 3400 Hz,

where n;=1, n,=W.

The transition to the spectral method of calculating the
power of ITI is ensured by the multifrequency of OFDM
technology, the use of AFC patterns, and group time de-
lay (GTD). Carrying out the necessary automated machine
calculations using a computer ensures that the group signal
is brought to a periodic form, the period of which should be
selected more than the duration of transients [7, 9].

Modeling of quantitative values of ITI and obtaining
actual calculations of their values under different condi-
tions for the group signal OFDM was carried out under
the following condition. The signal is received in the form
of rectangular single pulses, the period of which is defined
as T,>>1,,, where 1,, is the clock interval. To simplify the
calculations, the condition /=0 is accepted; the index /in the
following expressions will not be applied.

Using the function of decomposition of the sequence of
rectangular video pulses with the period 7,=21/Q and the
duration T in the form of [3, 6], we get:

Ot 2S(sinKQt/2
t)=—+—) | ———— |cos KQxt.
f( ) 2 TCk_1( k )

(10)
Signals of the form S, (£) decompose into a functional

series: S, ©)=f(t)cos(o.t+¢,) and F, ;=¢(¢)sino,t in a Fou-

rier series under the condition AF,=2p, where p is an integer.
In this case, the resulting signal decomposition S, (¢) is

represented as a linear combination F, ((¢) and F, .(¢):
S, (¢)=cos0,F, (t)-sin¢,F, (¢),

nonce nons

an

Expression (11) is given as:

_sin(Q1n /2)

S, (t) -~ cosq)ﬁ+ganvk COS[th+¢n.k]'

The implementation of correlation processing of the
input signal provides in multichannel demodulators the dis-
tribution of subchannels, which is carried out under the con-
dition of 1<m<N through the calculation using the following
functional dependence [3, 5, 14]:

to+T

Z,= [ S(t)e"de=2,,+jz,,, (12)

m
ty

where ¢ is the start time of the calculation relative to the
[-th clock interval, which is set in the system by the clock
synchronization device;
Zem and Z,, — corresponding counts on the cosine and
sinus outpuAt/s of the correlator obtained after integration;
S(t)=" S,(t) — output group signal.

Receptrligﬁ by the input device and transmission to
the correlator with an internal reference frequency mQ
(m=p(2m+my)) of one of the spectral components S, (¢) of the
input signal in the form:

S, =a,, ~k(kQ)cos[th+q)mk +\|;(k£2)], (13)

provides its processing and formation at the output of the
correlator of signals of the following form:

LUW(k)cx,m(k) ]X
xcos[(i)n,k +\l’(kQ)]_

_[Ud,m<k)sd,m<k)+]x |

+U,,, (k)S,,. (k)
xsin[ 6, +y(kQ)]

Z,,(nk)=a,,-k(kQ) (14)

Z,,(nk)=a,, k(kQ) (15)

xsin[ 9, , +w(kQ)]

_sin[(k-m)QT /2]

where U, (k)= ,kzm, U, (k)=T/2,

(k—m)Q
k=m,
_sin[(k+m)*QT /2
Ui (k)= (k+m)*Q ' {16

S, (k)=sin[ (k—m)*Q(t, +T / 2)],
S, (k) =sin[ (k+m)*Q(z,+T /2)],

C,,. (k)= cos[ (k—m)*Q(t,+T / 2)],

m
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s,m

(k)=cos[ (k+m)*Q(t,+T /2)]

The expressions given in the form of (14) and (15) can be
simplified by accepting ty=—7/2 and applying the frequency
conversion at the demodulator input under the condition
k+m>>k—m, (conversion “upwards”). This makes it possible
to exclude from the calculations the terms containing a set of
total frequencies in the numerators.

The components of the interchannel interference gener-
ated by the signal S,(¢) in a certain frequency subchannel
(m-subchannel) are calculated by summing according to the
following dependences [14]:

Z., (n)= kzz (), a7
Z., (n) = iZm (n,k).

~
I

1

The quantitative value of ITI, which can be used to
assess its impact, is calculated by the following expression:

(18)

a,”:;oﬁo(z,m (m)+ 22, (),

n=1

where n=1,N.

In the calculations, terms with indices n=m are with-
drawn from the amount.

That is:

Z,=\Z (m)+Z2, (m).

3. 3. Investigation of interchannel interference in the
data transmission system based on the OFDM signal

The results of calculating the quantitative values
of ITI (§,,) as a function of the values of the protective interval
A, for different values of the number of pre-reception areas, ob-
tained by using the developed model based on expressions (12)
to (19), are shown on the dependences in Fig. 4—11.

In the calculations, the information transfer rate (V)
of 9600 bits/s, the frequency interval A/=3100 Hz, and the
modulation multiplicity equal to 4 units [5, 14] were selected.

(19)
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Fig. 4. Plots of change in &,=f(A1,) for different Wvalues at one pre-reception
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The beginning of calculations ¢y was selected under the
condition of a simplified procedure in which ¢y=-T7/2. This
ensures that the results are obtained with a symmetrical
arrangement of the signal processing interval in the demodu-
lator relative to the start time and end of the incoming signal
pulse reception. The initial phases of the signal (¢;,) were
assumed to be equal to 0. In the calculations, the require-
ment of invariance of the obtained values of quantitative
assessment of ITI (&,) to the choice of the initial phases of
the carriers was maintained.

Fig.9 shows the plots of changes in the minimum
achievable values of &, at different values of the number of
subchannels in the OFDM system for different number of
pre-reception.

The possibility of transmitting information at a speed of
12 kbit/s with fourfold amplitude-phase-level modulation in
a standard telephone channel can be evaluated.

Fig. 10, 11 show the plots of change &,=(At,) for the
transfer rate of 12 kbit/s and 14.4 Kbit/s when using ampli-
tude-phase modulation of different multiplicities.

In the course of modeling the quantitative values of ITT for
the efficiency of data transmission in the OFDM signal system,
it was found that the channels located near the boundaries of the
bandwidth of the tract are the most sensitive to the power of ITL.

The reason for the occurrence of these distortions is
the peculiarity of frequency distortions at the border of the
bandwidth, the nonlinearity of the phase-frequency and am-
plitude-frequency characteristics increases sharply.

At the same time, if the duration of the transient process
is exceeded, the value of the protective interval and the pro-
cessing of the input signal by the demodulator occurs during
the transition process, then there is a violation of the orthog-
onality of the channel signals. This causes the appearance of
an additional transient interference [13, 14].
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Fig. 9. Plot of change in the minimum achievable &, values for different number of low frequency pre-reception
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6. Discussion of results of the assessment of the impact of
interchannel transient interference on the effectiveness of
OFDM signal transmission

During the simulation, the influence of the value of
the interchannel quantity (W) on the quantitative value of
ITI (€,) as a function of (At,) at different values of pre-re-
ception was investigated. The obtained dependences at the
values of the interchannel value (W), which was selected in
values 24, 48, 60, 96, and 192 for the number of pre-reception
from 1 to 5, are shown in Fig. 4-11.

Their analysis, taking into account the clarifications of
the calculated data reported in [14], has made it possible to
substantiate the conclusion regarding the possibility, when
fixing the values of W, to achieve the minimum ITI by se-
lecting a value of At,, (or T'). At the same time, an increase in
W allows you to reduce the influence of frequency distortion
of the channel.

It should be taken into account that when choosing the
value of W, it is necessary to comply with the requirement to
minimize the intersymbol interference on its impact on the
noise immunity of the system [15-17].

For example, if we accept the condition in which
the group signal level at the signal output =10 dB, the
permissible noise level reaches =40 dB and, at &, in the
value of 3 %, ITT is practically not displayed against the
background of noise and, for these condition,s reaches a
value of =3 dB.

It is determined that when applying quadruple ampli-
tude—phase-difference modulation (APDM), the value of 42,
at which P;<1076, reaches =25 dB [15, 16].

That is, by taking &, in the value of 3 % of ITT into the
assumptions, it can be achieved without phase adjustment
of AFCS at W in a value of 24 by performing one signal
pre-reception.

It is possible to achieve the same property of the OFDM
signal system at W in the value of 96 by making 5 signal
pre-receptions in the channel.

One of the ways to reduce the number of subchannels
in the OFDM signal system is to use a constant phase cor-
rector [13, 14].

Analysis of the dependences in Fig. 10 shows that the
norm for the value of ,, is already provided at W48. This
can be explained by the fact that the corrector used in the
signal reception system provides a reduction in the residual
unevenness of the frequency response and the characteristics
of GTD at the channel level with two changes.

Based on the data obtained earlier on the ITI assess-
ment (Fig. 4—11) and recommendations for justifying the
parameters of the OFDM system, it is possible to propose a
set of parameters for the OFDM system for a speed of 9600
bit/s and four times APDM.

According to the above model (12) to (19), for a speed of
12 kbit/s and a modulation multiplicity of 4, we calculated
the power of ITI (&, %) in the extreme in the spectrum, the
most affected channels. The plots in Fig. 11 demonstrate that
for one pre-reception area on LF for 192 channels — &,<3 %.

The minimum value &, obtained for one pre-reception
area with the above number of channels confirms the pos-
sibilities of the model proposed in this work to assess the
impact of interchannel interference on the efficiency of
signal transmission in telecommunication data transmission
systems based on the OFDM signal [13, 14].

The results of our calculations showed that the choice
of W=192 fundamentally solves the problem under consid-
eration and makes it possible in the AFCS, characteristic of
one pre-reception area for LF, to transmit information at a
speed of 12 kbit/s at #2=22 dB with P,,,=107°. When work-
ing in the HF channel with two or more pre-reception areas,
it is necessary to use a constant phase corrector, correcting
the AFCS to one pre-reception region for LF [12, 15, 16].

The results of the signal construction using OFDM
technology reported in this work and the results of I'TI eval-
uation obtained with the help of the model proposed in this
paper allow us to form the following method for selecting the
parameters of the OFDM signal:

1. The permissible value of the quantitative value
of ITI (§,) is justified. It is appropriate to associate its
justification with the magnitude of the signal-to-noise ratio
defined as the ratio (1/&,,), the boundaries of the unevenness
of the frequency and the characteristics of GTD, calculated
relative to the number of residual pre-reception [13, 14].



2. According to the plots of the dependences in Fig. 10,
we determine the required value of W.

3. According to the plots of dependences in Fig. 4-9, the
value of the time protective interval Aty,, which provides a
higher reasonable value of ITT (§,,) is found.

4. The values of the signal parameters OFDM t, T, AF,
{0;}, at i=1, 2, ..., Ware determined and calculated.

Thus, the current work establishes and substantiates
the interrelationships and interactions of the parameters of
OFDM and ITTI signal, which may arise in it when the sub-
carriers are offset.

To establish these relationships and assess the impact of ITT
on the effectiveness of OFDM signal transmission, an appropri-
ate assessment model has been developed and presented in our
work. The use of this model has made it possible to substantiate
the method of selecting the parameters of the OFDM signal
according to a given level of quantitative value of ITI.

The limitations inherent in the above studies include
the fact that the presented evaluation model is designed for
signals that use phase or quadrature-amplitude modulation.

A certain disadvantage of the model proposed in our work
is the lack of mechanisms for substantiating the permissible
level of quantitative values of ITI. The solution of this issue
gives rise to another scientific task and requires appropriate
research. Also, a detailed consideration of the possibilities for
applying the proposed model for assessing the impact of ITI in
relation to OFDM signal systems using binary phase manip-
ulation (BPSK) and quadrature-phase (QPSK) modulation
was not carried out. Especially when it is important when
developing telecommunications systems based on OFDM
technology, which are designed to work under conditions of
high noise and with multi-beam application.

The proposed model allows you to determine, justify, and
propose the parameters of the OFDM signal, provided that
the interchannel transient interference is minimized. This
ensures an increase in the efficiency of the use of telecom-
munication data transmission systems based on the OFDM
signal.

The results of the assessment of quantitative values
of ITI obtained in the present work confirm the high ap-
plicability of the model proposed in the work for assessing
the impact of interchannel interference and developing
recommendations for reducing its impact on the efficiency of
signal transmission in telecommunication data transmission
systems based on the OFDM signal.

This evaluation model can be used in the practical
improvement of existing and the development of new tele-
communication data transmission systems based on OFDM
technology.

As further promising research and development in the
direction of reducing ITI, further research is proposed to
improve the proposed model for assessing the impact of ITIL.
This improvement should be carried out taking into account
the peculiarities of the implementation of other types of
modulation and noise-resistant manipulation for modern
and promising forms of OFDM signal. Such as OFDM sys-
tems with non-orthogonal carriers (N-OFDM) or OFDM
systems with internal encoding (COFDM).

7. Conclusions

1. We report the results of the analysis of the signal
construction system using OFDM technology; the mutual

influences of the parameters of the specified signal and the
nature of the joint interaction of neighboring data trans-
mission channels in the structure of one OFDM signal were
established. It is determined that changes in the position and
parameters of the subcarrier symbol from the composition of
this OFDM symbol create an interchannel transient inter-
ference. It was established that the values of the interchan-
nel value, the protective interval and the number of signal
pre-receptions directly affect the quantitative value of the
interchannel transient interference.

2. A model for assessing the impact of interchannel inter-
ference on the efficiency of signal transmission in telecom-
munication data transmission systems based on the OFDM
signal has been developed and proposed. This model allows
you to set the quantitative values of the interchannel tran-
sient interference depending on the interchannel value, the
protective interval, and the number of signal pre-receptions.

3. It was established that the channels that are located
near the boundaries of the bandwidth of the tract in the
structure of one OFDM symbol are the most sensitive to
the power of ITI. The reason for the occurrence of this
sensitivity is frequency distortions at the limit of the signal
bandwidth, due to which the nonlinearity of the phase-fre-
quency and amplitude-frequency characteristics of the sig-
nal spectrum increases dramatically. With a fixed value of
the interchannel value, it is possible to minimize the power of
the interchannel transient interference by choosing the val-
ue of the protective interval for a different number of input
signal pre-receptions. For example, if &,=3 % is considered
permissible, then, at W=24, the accepted and permissible
level of ITI without adjusting APFC can be achieved when
implementing no more than 1 pre-reception in the channel.
For a data transfer rate of 12 kbit/s and a modulation multi-
plicity of 4, the ITI power in the extremes in the spectrum,
the most affected channels for one pre-reception area at a low
frequency for 192 channels can reach values of less than 3 %.
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