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Background. Improving the efficiency of modern wireless systems requires the development of new wireless technologies
and the introduction of new paradigms for building wireless networks, one of which is a distributed approach to network
architectures. An important role here is played by the interaction between the wireless terminals or terminals and the base station
through additional relay terminals. An important technology that implements this interaction in order to increase the efficiency of
communication in a cell is cooperative relaying.

Objective. The aim of the paper is to increase the efficiency of cooperative relaying schemes of information by filling all time
phases/slots entering synchronous transmission through the pair number of repeaters.

Methods. We study the structural and functional methods of building a wireless network.

Results. In order to increase the capacity of the traditional cooperative relay scheme, a scheme is proposed with the addition
of another auxiliary relay to the existing one so that each of the relays operates only during one of its data transmissions phases.
Mathematical models of a number of cooperative relay schemes have been developed, which allow us to describe the main radio
technical characteristics of the schemes (SNR, BER and C). It is proposed that a decision regarding the inclusion of traditional
cooperative relaying should occur when a certain distance is reached between the source and the target receiver, when the
capacity with and without cooperative relaying are equal. Connecting a cooperative relay scheme without a direct connection
allows not only increasing the SNR value, but also maintaining its level only with a slight decrease.

Conclusions. A new scheme of cooperative relaying without maintaining a direct connection between the source terminals
and the target receiver is proposed. Compared to the traditional cooperative relay scheme, such a scheme demonstrates more
stable radio link characteristics over a wide range of attenuation changes between the source and target receiver terminals.

Keywords: cooperative relaying; auxiliary repeater; wireless data transmission system; link characteristics; wireless terminal.

I. INTRODUCTION

Improving the efficiency of modern wireless systems
requires the development of new wireless technologies and the
introduction of new paradigms for building wireless networks,
one of which is a distributed approach to network
architectures. The latter led to the emergence of a number of
wireless architectures such as ad hoc and mesh, which in
modern 4th and 5th generation mobile communication systems
made it possible to implement a distributed cellular network
with relay [1] - [4]. An important role here is played by the
interaction between the wireless terminals or terminals and the
base station through additional relay terminals. An important
technology that implements this interaction in order to
increase the communication efficiency in a cell is cooperative
relaying [5].

Using an additional auxiliary relay terminal, the traditional
cooperative relay scheme is designed to improve data transfer
between two terminals that already have a direct connection,
sufficient to transmit at least control information (signaling
protocols) between them. When only one radio link between
the two original terminals functioned, the data transfer was
carried out in only one phase (one time slot). When
cooperative relay is activated, that is, the formation of
additional bypasses of two radio lines through the auxiliary
relay, the entire data transfer will be carried out in two-time

phases, which limits the achievable throughput of the
traditional scheme with cooperative relay [4], [6].

Great potential lies in the optimization of the two-phase
transmission procedure itself during cooperative relaying.
Parallel connection of additional repeaters does not lead to a
noticeable increase in system efficiency. Most of the works [7]
- [11] regarding improving the efficiency of cooperative
relaying are aimed at improving the protocol level of the
system, for example, the protocol NAF (Non-orthogonal AF)
is proposed, which allows transmitting new information from
the source already in the second phase, the adaptive protocol
AdDF (adaptive decode-and-forward protocol), etc. But
increasing the efficiency of cooperative relaying by improving
the scheme structure of the wireless part can give a higher
gain.

Therefore, the main goal of this work is to increase the
efficiency of the cooperative relay scheme by filling out all the
time phases/slots by introducing synchronous transmission
through a pair of repeaters. This is especially important in a
complex heterogeneous subscriber access system, where a
large number of terminals are locally located and the
formation of an effective direct radio path (direct connection)
between two terminals is difficult.

ISSN 2312-4121, Information and Telecommunication Sciences, 2019, Volume 10, Number 2
© 2019, National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”



6 INFORMATION AND TELECOMMUNICATION SCIENCES VOLUME 10 NUMBER 2 JULY-DECEMBER 2019

II. SYSTEM MODEL FOR TRADITIONAL COOPERATIVE
RELAYING

The traditional scheme of cooperative relaying is shown in
Fig. 1. The principle of operation of such a scheme can be
represented as follows. A working radio link between two
wireless terminals designated as source S (source) and target
receiver D (destination), at some point in time deteriorates so
much that the bit error rate of the transmitted data reaches its
maximum allowable value. In a traditional relay system, with
high-quality information transmission from S to D, a bypass
radio line is formed through the additional relay terminal R
(relay). In this case, the basic direct S-D radio link is
disconnected, and the entire load on bandwidth falls on R,
which in most cases is difficult for a complex wireless system
with many terminals that perform their individual functions. In
cooperative relaying, an additional terminal R is also used.
Due to the fact that the basic direct radio link is not
disconnected, but is used in conjunction with the formed radio
link through the relay R, an improvement in the signal-to-
noise ratio is obtained at the target receiver D as in the case of
diversity reception. However, data transmission in the
cooperative relay scheme requires the development of two
phases of data transmission: 1) from S to R and D; 2) from S
and R to D. That is, to transmit one message requires the
development of two transmissions. Due to the presence of two
phases of transmitting the same information in cooperative
relaying, the capacity will be two times lower than the
capacity of a direct radio link between S and D without
additional relaying. But this does not mean that a particular
instantaneous value of the capacity at the cooperative relay
will be less than the capacity of a direct radio link, as the bit
error rate of the latter will be greater than when the
cooperative relay mechanism is turned on.
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Fig. 1. The traditional scheme of cooperative relaying

Consider a wireless system with cooperative relaying, where
it is possible to form radio channels with additive white
Gaussian noise (AWGN) between the terminals using a simple
AF (Amplify-and-Forward) protocol [5]. All nodes are half
duplex, so they cannot transmit and receive at the same time.
Physical connections between terminals subject to block
fading are modeled as independent, cyclically symmetric
complex Gaussian random variables with zero mean with unit
dispersion. A classical quasistatic channel is assumed here,
which remains constant during the transmission of one-time
interval, but changes independently of one slot to another.
Such an approximation corresponds to a system in which the
coherence time is less than the frame interval. In traditional
cooperative relaying, a frame consists of 2 slots of / symbols,

denoted by x;, where i = 1, 2. We focus on two consecutive
time intervals that correspond to the basic cooperative frame.
Using the results of [1] for such a system, the transmitted and
received signals can be written in the following form:
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The signal-to-noise ratio (SNR) for a traditional scheme can
be obtained from the system of equations (1). We will use
ready-made solutions, for example, according to [12], [13] the
end-to-end SNR of the indirect line S-R-D can be written as

SNRy¢ = (SNR,SNR,4)/(SNRy, + SNR,4 + 1),

SNR,,. = 4 SNR

El)
where | /N

- signal-to-nmse ratio at the mput of the repeater receiver and
the target receiver, respectively; Ny is the intrinsic noise power
in the passband of the receiver.

Assuming that the maximum ratio combining (MRC)
method is used in the node of the target receiver, the total SNR
in the target receiver can be written as

SNRoop = SNRyy + (SNRy,-SNR,)/(SNRg, + SNR,4 + 1).

In the case of using multiple relay terminals R; (where i = 1,
., N) connected in parallel to each other, the total signal-to-
noise ratio can be defined as follows [4], [5]:

SNRgoop = SNRgy +
+ /L, [(SNRy SNR,; 0)/(SNRy 1 + SNR,; ¢ + 1)].

When using the method of choosing the best repeater that
reaches the highest SNR, we have
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SNReoop = SNRgy +
+ max[(SNRs riSNRri d)/(SNRs ri T SNRTi at 1)]
i

The capacity of the scheme with cooperative relaying during
its operation for two time slots (phases) will be respectively
two times less than the bandwidth of the direct base radio link
S-D. However, it should be borne in mind that the cooperative
relay mechanism is only started when the bit error rate on the
base S-D radio link becomes critically large, which does not
allow the transmission of the required information stream
(data rate) to continue with a given quality level. That is, in
spite of the lower value of the possible maximum transmission
rate during cooperative relaying, due to a decrease in the
probability of bit errors, the overall data transfer rate will be
greater than only in the basic S-D radio link. Capacity in
cooperative relaying can be expressed as follows [1], [14]:

Ccoop = AflOgZ(l + SNRcoop )/Zr (2)

where Af'— pass-through frequency band of the receiver.

Increase the capacity of cooperative relaying schemes can be
almost doubled (in Equation (2) is removed denominator)
complicating the scheme by adding one more auxiliary
repeater R, to the existing R, (Fig. 2). But in this case, the
auxiliary relay R, works in antiphase to R;, providing
information transfer during those phases (time slots) when R,
does not transmit information to D (phase 1). Thus, the signal
from § and from one of the repeaters alternately will be
continuously received at the target receiver during any phase.
Here, data transfer occurs during each of two phases: 1) from
S to Ry, from S to D, from R, to D; 2) from S to R», from S to
D, from R; to D. Each of the repeaters should work only
during one of its phases of data transfer, which is not always
possible to implement.
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Fig. 2. Cooperative relay scheme with two relays operating
synchronously

III. A MODEL OF A COOPERATIVE RELAY SYSTEM
WITHOUT MAINTAINING A DIRECT CONNECTION BETWEEN
THE SOURCE AND THE TARGET RECEIVER

A cooperative relay scheme for a wireless system in which
there is no direct connection between the terminals with the
source and the target receiver is shown in Fig. 3. Here, the
working radio link between § and D cannot be formed
directly, since there is either no direct line of sight between
them, or there is not enough energy to form an indirect
channel. Therefore, the basic connected radio link between S
and D is formed through an additional relay terminal Ry. Thus,

data transmission from the source to the target receiver will
occur in two phases: S-Ry and Ro-D. If the signal quality drops
to its critical value on the Ro-D radio line, then the cooperative
relay technique can be applied by using one more additional
relay R;. Then, by analogy with the system of equations (1) for
a system without line of sight between S and D, the
transmitted and received signals can be written in the
following form:
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The general power limit for such a cooperative relay
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The signal-to-noise ratio SNR for this scheme can be
obtained from the system of equations (3). Assuming that the
MRC method is used at the destination receiver node, the total
SNR can be written as

SNRcoop = (SNRerSNRrOd)/(SNRer + SNRrOd + 1) +
+(SNR1SNR;14)/(SNRg;1 + SNR; 4 + 1),

where the signal-to-noise ratios for different spans can be
written as
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Fig. 3. Cooperative relay scheme for a wireless system in which there is
no direct connection between the terminals with the source and the target
receiver

When the proposed scheme works with cooperative
relaying, its capacity will not be twice as small (as in the case
of the traditional scheme) than the capacity of the direct base
radio line, which is determined by the signal-to-noise ratio in
the Ro-D section. This is due to the fact that in this case at least
two phases are required to transfer data between S and D, but
for each of them both the source and the repeaters carry out
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the transmission of new data packets each time. Thus, the
capacity of the cooperative relay scheme under consideration

can be expressed as Ccoop = Aflog, (1 + SNRcogp )-

Further parallel build-up of additional relay nodes, for
example, R, in Fig. 3, gives a similar effect, as in the case of
the traditional scheme of cooperative relaying. The expression
for the signal-to-noise ratio in this case can be written as

SNRcoop = (SNRerSNRrOd)/(SNRer + SNRyq + 1) +
+ Z?I:l[(SNRs riSNRri d)/(SNRs ri T SNRn’ at 1)]

IV. MODEL OF A COOPERATIVE RELAY SYSTEM WITH
MULTIPLE SERIAL RELAYS

The cooperative relay scheme for a wireless system that
uses several repeaters arranged in series is shown in Fig. 4.
Here, when another relay R, is introduced into the additional
radio relay path, sequentially to the first R;, a more energy-
efficient connection is created (provided that the
characteristics of R, are not worse than the characteristics of
R1). However, the data transfer is already carried out in three
phases, which limits the capacity of such a connection. For the
cooperative relay scheme under consideration, the transmitted
and received signals can be written in the following form:
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Fig. 4. A cooperative relay scheme for a wireless system that uses
multiple repeaters arranged in series

Assuming that the MRC method is used in node D, the
total SNR can be written as
SNRcoop = (SNRSTOSNRTOd)/(SNRSTO + SNR; o4 + 1)+

+(SNR;1,25NR;24)/(SNR; 1,2 + SNR;24 + 1).

The capacity of the proposed scheme with cooperative
relaying during its operation in three phases will be two times
less (as in the case of the traditional circuit) than the
bandwidth of the direct base radio line, which is determined
by the signal-to-noise ratio in the Ro-D section. To determine
the capacity of the cooperative relay scheme under
consideration, expression (2) can be used.

V. SIMULATION RESULTS AND THEIR ANALYSIS

Numerical simulation of cooperative relay schemes was
carried out in the Matlab software package. We used the
standard model of attenuation from the logarithm of distance
(Log-distance path loss) for a wireless radio link in a
microcellular system (cell radius does not exceed 500 m), as
well as a model of a flat Earth’s surface under standard
atmospheric conditions. The calculations were carried out for
radio links with the following characteristics: central operating
frequency of 5 GHz; end-to-end frequency band for S and D -
10 MHz, for all repeaters - 5 MHz; used type of modulation -
QAM; maximum instantaneous transmitter powers for S - 100
mW, for repeaters - 50 mW; antenna gain for S - 20 dBi, for
repeaters - 16 ... 20 dBi; the noise figure of the receivers is 5
... 6.dB.

The perpendicular distance to the location of the repeaters
from the line of sight between S and D is 300 m; for any
length of the radio link between S and D, the point of
intersection with the perpendicular to the location of the
auxiliary repeater is in the middle of the S-D radio link.
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Fig. 5. The dependence of the signal-to-noise ratio SNR on the distance
between S and D dsp for different radio links: / - traditional cooperative
relaying; 2 - only the radio link between S and D; 3 - a radio link between an
additional relay R, and D for the case of cooperative relaying without a direct
connection between S and D; 4 - cooperative relaying without a direct
relationship between S and D; 5 - radio link between R and D; 6 - radio link
between S and R

The simulation results are presented in the form of the
dependences of the main characteristics of the SNR, BER, and
C radio links on the distance between S and D dsp (Fig. 5, 6
and 7), an increase in which simulates the deterioration of the
quality of the radio link between S and D.

All figures show the characteristics of the radio link
between S and D in the absence of cooperative relaying. As
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the distance between S and D increases, the losses on the radio
path increase and the SNR on the receiving side D decreases
(curve 2 in Fig. 5), which leads to an increase in the
probability of a bit error BER (curves 2, 4 in Fig. 6) and a
decrease in channel capacity C (curve 1 in Fig. 7).
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Fig. 6. Dependence of BER on the distance between S and D dsp, for two
types of modulations QAM 4 (curves 4, 5 and 6) and QAM 16 (curves 1, 2
and 3) using different cooperative relay schemes: /, 5 - cooperative relay
without direct the relationship between S and D; 2, 4 - lack of cooperative
relaying; 3, 6 - traditional cooperative relaying

When the traditional cooperative relaying scheme is
switched on (Fig. 1), an increase in SNR is observed (curve 1
in Fig. 5) from a corresponding decrease in BER (curves 3, 6
in Fig. 6), which makes it possible to increase the value of C
(curve 2 in Fig. 7). From the SNR analysis (curves 1 and 2 in
Fig. 5) it is seen that the cooperative relay mechanism allows
increasing the SNR value by D, and the greater the
deterioration (attenuation) on the line of sight between S and
D, the greater the gain from switching on the cooperation
scheme. In this case, for connected auxiliary relays, the
change in the values of SNRy; and SNR,¢ will change slightly
(curves 5 and 6 in Fig. 5, respectively). For example, with dsp
=100 m we have a gain in SNR of 3 dB, and with dsp =300 m
we have a gain in SNR of 14 dB. But in both cases, a
sufficiently low BER value is provided for a given type of
modulation (Fig. 6). This raises the logical question: at what
values of dsp will it be rational to decide on the inclusion of
the mechanism of traditional cooperative relaying? The
answer, perhaps, will be the result of bandwidth modeling. For
small dsp values, when the SNR is still sufficiently high (this
SNR is not less than its threshold for a given type of
modulation) on the line of sight between S and D, the
throughput of such a line of sight will also be sufficient to
transmit data of the required transmission rate (BER the
channel also does not exceed its allowable level). The
introduction of a cooperative relay mechanism here is not only
a premature and redundant (inefficient solution), but can also
lead to a drop in the scheme capacity due to the presence of 2
phases of data transmission in it (curve 2 in Fig. 7). For
example, with dsp = 150 m, there is already a gain in SNR of
5.6 dB and a corresponding decrease in BER, but the
capacity for cooperative relaying will still be less (by 20

9

Mbps) than without it. Therefore, we proposed that the point
of decision-making on the inclusion of traditional cooperative
relaying will be dsp = 225 m, when capacity with and without
cooperative relaying will be practically equal.

Engaging the cooperative relay scheme with two repeaters
that operate synchronously (Fig. 2) allows you to immediately
begin to increase the capacity (curve 4 in Fig. 7), since here
the data transfer process, although it occurs in two phases, is
performed in parallel and not sequentially. Therefore, the
decision to include such a cooperative scheme can be made
much earlier, when the drop-in capacity on the radio line
without cooperative relaying decreases by 20...40% (without
reaching its boundary value), for example, with dsp = 90...100
m.
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Fig. 7. The dependence of the capacity C on the distance between S and D
dsp for different cooperative relay schemes: / - only the radio link between S
and D, there is no cooperative relay; 2 - traditional cooperative relaying; 3 -
cooperative relay without the direct connection between S and D; 4 -
cooperative relay with two relays operating synchronously

When you turn on the cooperative relay scheme for a
wireless system, where there is no direct connection between
the terminals with the source and the target receiver (Fig. 3),
the initial working radio link, the degradation of which leads
to the need to turn on the cooperative relay, is the S-Ro-D relay
chain. In this case, connecting the auxiliary relay R; leads to
smaller fluctuations in the characteristics of the radio links of
the circuit than in the case of traditional cooperative relaying.
So, the inclusion of a cooperative relay scheme without a
direct connection allows not only increasing the SNR value
(curve 4 in Fig. 5), but also maintaining its level only with a
slight decrease. Note that for small dsp values (up to 200 m),
the SNR of the considered circuit is lower than the SNR of the
traditional scheme (curve 1 in Fig. 5). But at higher dsp SNRs,
all cooperative relay schemes become almost the same. The
SNR ratio for the radio link between the additional repeater R;
and D for the case of cooperative relay without the presence of
a direct connection is shown as curve 3 in Fig. 5. In this case,
for small dsp values, when the SNR does not increase
significantly, the BER characteristic is better than for the case
without cooperative relaying and worse than for the case of
traditional cooperative relaying (curves 1 and 5 in Fig. 6). But
with a further increase in dsp, the BER characteristic becomes



10 INFORMATION AND TELECOMMUNICATION SCIENCES VOLUME 10 NUMBER 2 JULY-DECEMBER 2019

almost equal to BER for the case of traditional cooperative
relaying. Hence, the capacity characteristic of a circuit without
a direct connection is fully consistent with the BER
characteristic for the same scheme (curve 3 in Fig. 7). Thus,
this cooperation scheme allows you to maintain stable
characteristics of the radio lines that are included in it, and the
decision point for its inclusion can be determined, as in the
case of the traditional cooperative relay scheme.

VI. CONCLUSION

In order to increase the throughput of the traditional
cooperative relay scheme, a scheme is proposed with the
addition of another auxiliary relay to the existing one, so that
each relay works only during one of its data transmissions
phases (Fig. 2).

A new scheme for cooperative relaying without
maintaining a direct connection between the terminals of the
source and the target receiver is proposed (Fig. 3). Compared
to the traditional cooperative relay scheme, such a scheme
demonstrates more stable radio link characteristics over a wide
range of attenuation changes between the source and target
receiver terminals.

A cooperative relay scheme for a wireless system is
presented, which uses several repeaters arranged in series.

Mathematical models of a number of cooperative relay
schemes have been developed that allow us to describe the
main radio technical characteristics of the schemes (SNR,
BER and C).

Based on the developed mathematical models, modeling of
the characteristics of the traditional and proposed schemes of
cooperative relaying is carried out.

Analysis of the data obtained as a result of modeling
showed the following. The cooperative relay mechanism
allows you to increase the value of SNR, and the greater the
deterioration (attenuation) on the radio link between S and D,
the greater the gain from the inclusion of the cooperation
scheme.

It is proposed that a decision regarding the inclusion of
traditional cooperative relaying should occur when a certain
distance between S and D is reached (dsp = 225 m), when the
throughputs with and without cooperative relaying will be
equal.

Connecting a cooperative relay scheme without a direct
connection allows not only increasing the SNR value, but also
maintaining its level only with a slight decrease. Moreover, at
small dsp values, the SNR of the considered circuit is lower
than the SNR of the traditional circuit, but at higher dsp values
the SNR of all cooperative relay schemes becomes almost the
same.

ACKNOWLEDGMENT

This work is carried out within the framework of state
research projects (No 2120, state registration number (SRN) -
01180003521 “Scientific and technical basis for building new
over-horizon communications relay systems using artificial

structures and aeroplatform”) on request of the Ministry of
Education and Science of Ukraine.

REFERENCES

[1] Cooperative Communications for Improved Wireless Network
Transmission: Framework for Virtual Antenna Array Applications /
edited by M. Uysal. Hershey, New York: Information Science
Reference, 2010, 632 p. (ISBN 978-1-60566-665-5).

[2] 5G NR: The Next Generation Wireless Access Technology / edited by
E. Dahlman, S. Parkvall, J. Skold, London: Academic Press, 2018, 468
p. (ISBN 978-0-12-814323-0).

[3] Signal processing for 5G : algorithms and implementations / edited by
Fa-L. Luo, C. Zhang, Chichester: John Wiley, 2016, 600 p. (ISBN
9781119116479).

[4] M.Y. Ilchenko, S.O. Kravchuk, Telecommunication systems: Kyiv,
Naukova dumka, 2017, 736 p. (ISBN: 978-966-00-1566-1), (in
Ukraine).

[5] Cooperative Communications and Networking, by edited K.J.R. Liu,
A K. Sadek, W. Su, A. Kwasinski, Cambridge: Cambridge University
Press, 2009, 642 p. (ISBN-13 978-0-511-46548-2).

[6] L.A. Afanasieva, S.O. Kravchuk, D.A. Minochkin, “Outage probability
in wireless communication system with multiple antenna cooperative
retransmission”, Scientific papers coll. of the Military Institute of Kyiv
National University. Shevchenko, Issue 51, pp. 19-26 (2016).

[71 L.O. Aphanasieva, S.O. Kravchuk, “Adaptive relay protocol for
cooperative networks”, Dig. of the 13th International Scientific conf.
“Modern Challenges in Telecommunications”, april 15-19, 2019, Kyiv,
Ukraine, - pp- 192-194 (2019)
(https://scholar.google.com.ua/scholar?oi= bibs&cluster=
6146738400389784355&btnl=1&hl=uk)

[8] L.O. Aphanasieva, S.O. Kravchuk, I.I. Shevchenko, K.I. Rystsova,
“Coded cooperation scheme”, Dig. of the 12th International Scientific
conf. “Modern Challenges in Telecommunications”, April 16-20, 2018,
Kyiv, Ukraine, . 211-213 (2018)
(https://scholar.google.com.ua/scholar?oi=bibs&cluster=
7895794699776003570&btnl=1&hl=uk).

[9] A.V. Rizhko, S.O. Kravchuk, “Investigation of ability to increasing
quality of service for IEEE 802.16j multishop repeater networks”, Dig.
of the Eleventh International Scientific conf. “Modern Challenges in
Telecommunications”, April 18-21, 2017, Kyiv, Ukraine, pp. 163-165
(2017)
(https://scholar.google.com.ua/scholar?oi=bibs&cluster=119825474251
95246610&btnl=1&hl=uk).

[10] E. Zimmermann, P. Herhold, G. Fettweis, On the Performance of
Cooperative Relaying Protocols in Wireless Networks, European
Transactions on Telecommunications 16(1), 5-16 January 2005, (DOI:
10.1002/ett.1028).

[11] P. Herhold, E. Zimmermann, G. Fettweis, “A Simple Cooperative
Extension to Wireless Relaying”, International Zurich Seminar on
Communications, 24 August, Zurich, Switzerland (2004) (DOI:
10.1109/1ZS.2004.1287382).

[12] P. Kiratipongvooth, S. Sittichivapak, “Bit Error Probability of
Cooperative Diversity for M-ary QAM OFDM-based system with Best
Relay Selection”, 2011 International Conference on Information and
Electronics Engineering IPCSIT vol.6, IACSIT Press, Singapore, pp. 95-
99 (2011).

[13] E. Aydm, H. Illian, “SNR-based Relay Selection Scheme for
Cooperative Relay Networks”, International Wireless Communications
& Mobile Computing Conference (IWCMC 2015), pp. 448-453 (DOIL:
10.1109/TWCMC.2015.7289125).

[14] S.A. Kravchuk, “Comparison of ergodic bandwidth of traditional single-
span, multi-span and cooperative broadband radio access networks with
relay”, Dig. of the Tenth International Scientific conf. “Modern
Challenges in Telecommunications”, april 25-27, 2007, Kyiv, Ukrane. —
K.: Himjest, 2007, p. 55.



S. KRAVCHUK, L. AFANASIEVA. WIRELESS COOPERATIVE RELAYING WITHOUT MAINTAINING A DIRECT CONNECTION 11
BETWEEN THE SOURCE AND TARGET RECEIVER TERMINALS

Kpasuyk C.0., Apanacwveea J1.0.
Be3npoBoaoBa koonepaTuBHA peTpaHC/sLis 6e3 NiATpUMKH 0e3rmocepeHbOro 3'€THAHHS MizK TepMiHAJIaAMU Kepea i
HiJIbOBOr0 MpUiiMaya

IMpo6aemaruka. [ligBumieHHs e)eKTHBHOCTI Cy4acHUX OE3MPOBOIOBUX CHCTEM BHMArae PO3BHTKY HOBHX OE€3MPOBOIOBUX
TEXHOJIOTIH 1 BIPOBAKEHHS HOBHX MAapagurM IOOYIOBH OE3MPOBOJOBUX MEPEX, ONHIEI 3 AKUX € PO3MOAUICHHH MiAXin 10
MEPEXKHUX apXiTeKTyp. TYT BaXJIMBY pOJIb BiIirpae B3aeMOJIisi MK O€3ITPOBOAOBUMHU TepMiHaIaMu abo TepMiHaiamMu i 6a30BOKO
CTaHIII€I0 32 JIOTIOMOTOI0 JIOJaTKOBUX PETPAHCIAIIMHUX TepMiHATIB. BaKIMBOIO TEXHOJOTIE0, 10 peai3ye TaKy B3a€EMOJII0 3
METOIO HiJBUIIECHHS e()eKTUBHOCTI 3B'A3KYy B CTUIBHHUKY, € KOOIIEPATHBHA PETPAHCIISIIL.

Merta pociaigxkeHHsi. MeToro poOOTH € MiABHIICHHS €QEKTUBHOCTI CXEMH KOOMEPATHBHOI PETPAHCISMIi [UITXOM
iH(OpMAaIITHOTO HATTOBHEHHS BCiX YacoBHX (ha3/CcIIOTiB, BBIBIIM CHHXPOHHY Tepeiady yepe3 MapHy KiJbKiCTh PETPaHCIIATOPIB.

MeTtoauxka peanizauii. JociimKyOTbCsl CTPYKTYpHO-(DYHKIIOHAIBHI METOAU MOOYI0BU OE€3MPOBOIOBOI MEPEKi.

PesyapTaTHn gocuimkeHHs. 3 METOH IIJBHIICHHS IPOIYCKHOI CIPOMOYKHOCTI TpaguIIHHOI CXeMH KOOHEpaTUBHOI
peTpaHCIALii 3ampoNOHOBAaHA CXEMa 3 BBEICHHSIM IIe OJHOTO JOMOMDKHOTO PETPAaHCIATOpa A0 HASBHOTO TAK, IO KOXKCH 3
PETpaHCIATOPIB Mpalioe TiUTBKU MiA 4Yac onxHiel cBoei dasu mepenaui maHux. Po3poOieHo mMareMaTHuHi MOJENi psLy CXeM
KOOTIEPATUBHOT PETPAHCIISIIT, SKI AAI0Th MOMKIIMBICTh PO3PaXxyBaTH OCHOBHI pajioTexHidHi xapaktepucTuku cxeMm (SNR, BER i
C). 3anponoHOBaHO, 0 MPUIHATTA PIICHHS 010 BKIIOYCHHS TPaJUIIHHOI KOOIEPATHBHOI PETPAHCIII] Ma€e BiZOyBaTHCS TPH
JOCSATHEHH1 TEBHOTO 3HAYEHHS BiJCTaHI MDK JDKEPENOM 1 IITbOBHM MpuiiMaueM, KOMM MPOIMYCKHI CIIPOMOXHOCTI 3 1 0e3
KOOIICPATHBHOI PETPaHCIANIT OyIyTh OJHAKOBHMH. [TiIKITFOYEHHS CXEMH KOOINEPATHBHOI peTpaHCILil 06e3 Oe3mocepeHboro
3'€IHAHHS J03BOJISIE HE TUIBKHU MiABUIIUTH 3HadeHHs SNR, ajie i yTpuMyBaTH HOTO piBeHb TITBKH 3 HE3HAYHUM 3HIDKEHHSIM.

BucHoBKH. 3anpornoHOBaHO HOBY CXEeMY KOOINEPAaTHBHOI peTpaHciAlii 0e3 MATPUMKH Oe3MOCepeIHbOro 3'€IHAHHS MiXK
TepMiHaJIAMU JDKEpena 1 MIbOBOro MpuiiMava. Y TOPIBHAHHI 3 TPAIMIIHHOI CXEMOK KOOMEPATHBHOI PETPAHCIIALT Taka cxeMa
JEMOHCTpYe€ OimbIr cTabiIbHI XapaKTepPUCTHKH PAAiONiHiN B MIMPOKOMY JIiara30Hi 3MiHM 3aracaHHS MK TepMiHaJIaMu JDKepena i
JILOBOTO MpUiiMaya.

KuiouoBi cioBa: koonepaTHBHA PETPAHCIALIS; JIONOMDKHHA peTpaHCIATOp; Oe3MpoBOJOBa CHCTEMa Iepenadi JaHHX;
XapaKTePUCTUKH PaIioNiHii; 0e3MpoBOIOBUI TEpMiHAT.

Kpasuyk C.A., Apanacvesa JI.A.
BecnipoBoanasi koomepaTHBHAsi peTpPaHC/AsIIMsS 0e3 MONIEP:KAHUS HENMOCPeACTBEHHOI0 COEJIMHEHHS] MEKIY
TePMHHAJIAMH HCTOYHHKA U 11eJIeBOr0 MPHeMHHKA

IIpodnemaTuka. IloBeimenne 3(GQEKTUBHOCTH COBPEMCHHBIX OECIPOBOIHBIX CHCTEM TpeOyeT pasBHTUS HOBBIX
OecIpOBOAHBIX TEXHONOTHH U BHEAPEHUS HOBBIX MapagurM MOCTPOCHHUs OECIPOBOJHBIX CETeH, OAHOHM M3 KOTOPBIX SIBIACTCS
pacrpesieieHHbIil MOAXO0J K CETEeBBIM apXUTEKTypaM. 37eCh BaXKHYIO POJIb UIPaeT B3auMOJEHCTBHE MEXIy OeCIpOBOJHBIMU
TepMHUHAJIAMH WM TepMHUHANIaAMH U 0a30BOH CTaHIMEH IOCPEJCTBOM JOMOIHUTEIBHBIX PETPAHCIANHOHHBIX TEPMHHAIOB.
BaxxHOo# TexXHOJIOTHEH, pealn3yroled Takoe B3auMOICUCTBHUE C IIETbI0 MOBBIIICHUS S(PPEKTUBHOCTH CBSI3H B COTE, SIBISETCS
KOOIEPATHBHAS PETPAHCIIALINSL

Hean uccaenoBanus. Lempro paboTs! ABIsAeTCs MOBBIIICHNE Y(D(HEKTHBHOCTH CXEMBI KOOTICPATHBHON PETPAHCIAIIMN ITyTeM
MH(MOPMAIIMOHHOTO 3aMONHEHHS BCEX BPEMEHHBIX (Da3/CIOTOB, BBEAs CHHXPOHHYIO Iepefady uepe3 MapHOe KOIHYECTBO
PETPAHCIATOPOB.

Metoauka peanusanuu. MccaenyioTes CTpyKTypHO-(YHKIIHOHATEHbIE METOABI TOCTPOSHHUS OECTIPOBOAHOI ceTu.

PesyabTaTel ucciaegoBanusa. C LeIbl0 MOBBILEHHS IMPOMYCKHON CIOCOOHOCTH TPAaAMIMOHHOI CXeMbl KOONEpaTHBHOM
PETPaHCIAMN TPEIUIOKeHa CXeMa C J00aBICHHEM €Ie OJHOTO BCIIOMOTATEeIbHOTO PETPAHCIATOpa K MMEIONMIEMYyCs TakK YTo
KaXKIbIH M3 PETPAHCIATOPOB paboTaeT TOJIBKO BO BpeMsi OHOI CBoeil (pa3bl mepenaun AaHHBIX. PaspaboTaHbl MaTeMaTHuecKue
MOJIEITH Psijia CXeM KOONEPATUBHON PETPAHCIIALNH, KOTOPbIE MO3BOJIIOT OMUCATh OCHOBHBIE PAMOTEXHUYECKUE XapaKTEPUCTHKU
cxeM (SNR, BER u C). IlpemmoxeHo, 4To HpHHATHE pEIICHHS KacaTeNbHO BKIIOUCHHS TPAIMIMOHHON KOOIEPaTHBHOI
PETPAHCIAMI JOKHO MPOUCXOTUTh MPU JOCTIKEHUH OMPEAENCHHOTO 3HAYEHNS! PACCTOSIHHUS MEXIY MCTOYHUKOM U IIEIEBBIM
IPUEMHHKOM, KOTJa MPOIYCKHBIE CHOCOOHOCTH C M 0€3 KOOIepaTHBHOH peTpaHcisiuu OyayT pasHbl [lojxioueHue cxemsl
KOOTICPATHBHON pETpaHCIIN Oe3 HEMOCPEACTBCHHOTO COSAMHCHHS ITO03BOJSIET HE TOIBKO MOBBICHTH 3HadeHHe SNR, HO n
yIAEpKUBATh €0 YPOBEHb TOJBKO C HE3HAUNTEIbHBIM CHHKECHUEM.

BeiBoasl. IlpennosxkeHa HOBas cXema KOONEPATUBHOM peTpaHCIALMH 0€3 MoJJepiKaHus HEMOCPEACTBEHHOTO COEAUHEHHs
MEXKIy TEepMUHAJaMM MCTOYHMKA M LEIeBOro IpueMHUKa. Ilo cpaBHEHHIO ¢ TpaJULUMOHHOM CXEMOH KOOIEpaTHBHOM
pEeTpaHCIAMU Takas CXeMa JAEMOHCTpHpyeT Oojee CTaOWIIbHBIE XapaKTePUCTHKH paJUOIMHUI B IIMPOKOM JHMana3oHe
M3MEHEHUs! 3aTyXaHusl MEXly TepMHHAIaMU HCTOYHUKA U LIEJIEBOTO IPUEMHHUKA.

KiloueBble cJ10Ba: KOOHEpaTHBHAs PETPAHCIANNS; BCIOMOTATENBHBIN pPETPAHCIATOp; OECIpOBOAHAS CHCTEMa Iepeaatn
JaHHBIX; XapaKTEPUCTUKU PaJMONUHUN; OECTIPOBOHBIIN TepMUHAIL.



