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Abstract: Cooperative relaying is a significant technique in wireless communication technologies .The
cooperative relay network mainly enables to improvise the channel entities and assures an error free
transmission. Cooperative relaying promises an enhancement in the channel capacity and throughput. However,
relay selection, power allocation and subcarrier assignment seems to be complex issue in cooperative relay
MIMO-OFDM system. Hence, in this article, an attempt has been made to design a novel algorithm for
cooperative relay MIMO-OFDM system by selecting an appropriate relay with proper subcarrier assignment in-
order to improve the performance metrics such as BER, channel capacity and throughput. In this algorithm, as a
first step, the number of subcarriers is selected according to the average channel gains and the target rates of
users. After that, the subcarriers are assigned to the users with the best equivalent channel gains along with the
relay selection. Then the, multiuser cooperative relay algorithm is developed for analyzing the above-mentioned
performance metrics. And, finally the multiuser cooperative relay algorithm developed for MIMO OFDM
system is compared with two other algorithms such as Successive Convex Approximation (SCA) and Energy
Harvesting Successive Convex Approximation (EH-SCA). It is evident through the simulation results that the
cooperative relay algorithm provides a lower BER value for a balanced interference oriented environment
compared to that of SCA and EH-SCA algorithms. The attributes of the cooperative network aims to increase
the channel capacity and enhance the data rate requirements. The Decode and Forward (DF) relaying technique
used in this work re-encodes and processes the data to ensure maximum throughput efficiency. The cooperative
relay algorithm can be further extended mainly to wireless sensor networks and it can also be used to manage
the power requirements in cooperative multiuser MIMO-OFDM networks.
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I. INTRODUCTION

In the modern wireless era, MIMO-OFDM upholds a distinctive strategy of communication in the
recent years. This system utilizes its allotted bandwidth to transmit more data bits and improves the spectral
productivity. It also aids the network operators to support many users with large data requirements. MIMO-
OFDM network is highly reliable in today’s wireless communication trend with its high spectral efficiency and
large dalta rate and its capability to increase the throughput without expanding the given bandwidth or transmit
power, .

Although the MIMO-OFDM network stands distinctive in enhancing the information rate and SNR of
the network, power minimization is one of the serious issues as it causes an adverse effect by reducing data rate
and even data loss®. The power minimization problem when analyzed mathematically has seemed to be more
non-linear in nature and it is bounced to be a non-convex form of problem. Further it is very challenging issue to
be solved®*. So a better procedure to solve this non-convex issue is handled by a technique known as the
Successive Convex Approximation (SCA) °. This SCA technique has projected as a convex form of solution in
power minimization in the existing work.

In-order to resolve this power management issue, the SCA technique is modified through the
configuration of Energy Harvesting (EH) relay node in that algorithm and it is named as Energy Harvesting
Successive Convex Approximation (EH-SCA). Energy Harvesting is a consequence which preserves the quality
of the networks like energy constraint sensor networks having nodes which has small batteries with limited
power capabilities. The transmitter in the network tries to simultaneously maximize the information transfer to
the target receiver and power transfer to the EH node in the network. The information rate maximization is
possible by the relay diversity mechanism. But SCA and EH-SCA have concentrated only on power mangement
issue to a large extend, so there is an imbalance of other unanalysed parameters. So in order to determine and
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enhance the QoS of the MIMO-OFDM network, an attempt has been made in this paper to develop a model by
appending cooperative relay algorithm with the attributes of multiuser MIMO-OFDM system.

Multiuser cooperative relay technique is proved to be more significant because of its emphasis in
enhancing the spectral efficiency and expanding the system coverage. It is assumed that the nodes in the
network access the channel in a particular time division manner. The source nodes transmit to the relay in the
first time slot, while the relay nodes transmit to the destination in the second time slot. Apparently, another
assumption is done where the nodes transmit and receive simultaneously to the consecutive subcarriers. A
multiuser cooperation methodology is completely based on the acknowledgement/negative acknowledgement
exchange through the relay nodes without the Channel State Information (CSI) exchange between the nodes in
the network.

The ultimate relaying strategy best suited for multiuser cooperate communication is Decode and
Forward (DF) relaying method in which decoding of information is done by the source and the relay nodes. As
an additional specification, subcarriers have multiple associations to boost the throughput of the system. One of
the most important advantages of DF relaying is that, in case,if there is any error present in the information, the
relaying signal aids in decoding the error part and enables to deliver the original information at the receiver end.

The key aspects of this paper are as follows:

e In this paper, a new algorithm namely cooperative relaying with DF algorithm is introduced in the MIMO-
OFDM system which substantially increases the efficiency of the network.

e Subsequently, QoS performance metrics such as BER, channel capacity and throughput efficiency are also
analysed for MIMO-OFDM network by using multi-user cooperative relay algorithm in this paper .

¢ Finally, the newly developed cooperative relay algorithm is compared with the existing algorithms, EH-
SCA and SCA algorithms in terms of above mentioned networks performance parameters.

The paper could be sectored in the following manner, Section | discusses about the system model;
Section Il explains the concept of existing work. Section 111 presents the proposed work. Section IV deals with
the simulation results of the proposed work. Finally, Section V concludes the work.

I1. EXISTING METHODOLOGY

The existing work involves an energy harvesting relay node implemented through the SCA technique
in the downlink scenario in MIMO-OFDM system. The EH relay node consists of two terminals of the AF relay
for simultaneous transmission and reception at the same frequency. It is assumed that all nodes have a perfect
knowledge on the channel condition of both hops. The existing system model of MIMO-OFDM network with
energy harvesting relay node consists on an inbuilt architecture of Time Switching Relay(TSR) and the Power
Splitting Relay (PSR)protocols which facilitates wireless energy harvesting and information processing
respectively %,

As the transmission range expands, the energy harvesting relay technique improves the power and
signal quality’. Energy harvesting Relay nodes capture the incoming signal and amplify it. The energy
harvesting relay node configured through EH-SCA algorithm works best for approximating the power reduction
values with less number of iterations.

2.1 System Model of Existing Methodology

The existing system model consists of a downlink MIMO-OFDM multiuser cooperative network with
the consideration of N sub-channels. The system consists of ‘M’ energy harvesting relay nodes, ‘L’ Remote
Radio Heads(RRHSs). All the components in the network are connected with the help of a backhaul link. This
backhaul link is further connected to central processing unit where the power minimization algorithm is
implemented®.

The downlink MIMO-OFDM system shown in Figurel consists of cooperating BSs which
communicate with all the users surrounding its coverage. The resource allocation to the subcarriers is done in
such a manner to limit the transmit power and frequency bandwidth to meet the rate requirements of the users.
In a multi-user downlink MIMO OFDM system °, multiple users can simultaneously transmit data and can be
separated in frequency domain, i.e. via various sub-channels respectively'?
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Figure 1. MIMO-OFDM downlink system with L=4 RRHs, K= 2Information Receivers andM=2 EHRs
[9]

The energy harvesting relay nodes configured in the existing system is characterized with Amplify and
Forward (AF) relaying mechanism, which enables to expand the transmission bandwidth. Thus, AF relaying
improves reliability and data throughput. With the help of AF relaying mechanism, the energy harvesting relay
node extracts energy from the incoming RF signal broadcasted by the source to transmit the data to the
destination.

It also aids in refining the network connectivity and enhancing power efficiency®. The spectral
productivity and communication reliability are amplified by the EH relays in communication networks. The
existing algorithm is termed as EH-SCA algorithm which is configured through EH relay nodes. This algorithm
begins with the initialization of the approximation constants, and the lagrange’s multiplier which are pre-
calculated in the existing model. This is done to minimize the power limits because of the relay effects . The
convex approximation involves the lower bound expansion,

log: (1 + SINR) = a logz SINR + 8 (1)

The relay allocates the power by means of the power splitter module to the source and destination and it is
formulated by,

1
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Where the £z and E-@are the powers allocated at the source and receiver with its associated
antenna gains. Then the powers are allocated to the associated antennas, the EH relay limits the over

transmission power by EH-SCA. The power minimization factor P s given as,
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Where Vo and path loss factors pave way for a feasible error free transmission. The pre allocated

power and the transmission distance act as balancing mode parameters. The capacity checking criteria is the
main solution to determine the rate targets. The rate targets of the EH relay nodes are expressed as,

7)-en(i) o)
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Where L, is the number of transmitting antenna and p is the transmitting capacity, ¢ is the user rate
target. The existing algorithm works as a fast iterative technique and the approximation point is achieved as
much earlier. After achieving the optimization in terms of power and rate targets, the algorithm is terminated by
checking whether the targeted rate capacity for the relay node is achieved or not.

I1l. PROPOSED METHODOLOGY

The proposed system consists of cooperative relays introduced in the MIMO-OFDM network instead
of energy harvesting relays. The basic technique of cooperative relay emerges from an assumption that all the
nodes in the network operate in the same frequency band. The system is dissected into multiple broadband
channels depending on the source and multipath access channel depending on the destination®. The main role of
the cooperative relay is to determine the system resources and make the users to behave like information sources
as well as relays. To enable the idea of cooperation among the users, various relaying techniques are employed
with respect to the user location, channel conditions and transceiver complexity™ ™. In this paper, Decode and
Forward (DF) relaying is employed.

3.1 System model of the proposed methodology
The components of this network are connected with the backhaul link so that the data and the
command signals could be easily distributed throughout the network.
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Figure 2. System model of a cooperative relay MIMO-OFDM network

In the figure 2, BS denotes the base station, RS1, RS2 and RS3 represent cooperative relays and the
units MS1, MS2, MS3, MS4, MS5, MS6, MS7 denote the user equipment which are the end devices to provide
maximum serviceability.

The basic idea of cooperating relay is as follows: When the source transmits some data signal, the
cooperative relay eavesdrops the transmitted data signal from the source and relays it to the destination. At the
destination, both the transmitted and the relayed signal are combined and the transmitted information is decoded
efficiently. As the relay terminals cooperate with the transmitter to forward the data to the receiver, it is assumed
that the cooperative mechanism consists of two phases: the listening phase and the cooperating phase. In the
first phase, that is the listening part, the transmitter forwards the information to the relays. Here it is noted that
in the listening phase, the source transmits data to the relays and it is assumed that the destination does not
receive any data. The source allocates the relay terminals that are to be involved in cooperation according to
relay selection criterion. The listening phase fixes the duration to decode the data correctly®®. In the cooperating
phase, the source and the relay cooperates to transmit the data to the destination. It is assumed that the source
and the relay terminal both have the same average transmit power. The total transmit time, T, is given by,

T: TL+TI'__
D D

+
minC_, W = Cy; W
igd

(6)
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Where Csr is the channel capacity between source and the cooperative relay and Car is the channel
capacity between the cooperative group (the source and the selected relays) and the destination. The

corresponding channel capacitiesfsr and Car given in eq.(6) are expressed as,

Plr
C.r = 1.:,3:(1 + 2 f’"l)
o° ()

P H
Cﬂli’" = log; (1 +F Hrir Hrir) (8)

Where Har is the channel matrix between the cooperating group and the destination.

The relay selection mechanism mainly concentrates on the opportunistic behavior ofthe overhearing
nodes, which evaluates the Channel State Information (CSI) from the source and destination links based on a
timer. The nodes with better channel conditions are best suited as relays.Relay selection process is done in
multi-user MIMO-OFDM networks in the following manner: the cooperative relays access the original data
signal from the source and creates an overview of the receiver scenario, by overhearing the originally
transmitted signal from the source. Then the relay forwards the data to the destination even if a direct link
between the source and the destination is absent *°. This indicates that cooperative relays have received the
information to be relayed directly from the source or from the intermediate nodes.

3.2 Decode and Forward Relaying in cooperative communication

The best suited relay mechanism for cooperative communication is Decode and Forward (DF) relaying
mechanism which re-encodes the data signals into their source signals. Then it applies a detection or decoding
algorithm to forward the processed signal to the destination. The decoding and re-encoding processes usually
defines a non-linear transformation of the received signals. Although decoding at the cooperative relays have a
benefit of decreasing the effect of receiver noise, it limits the efficiency due to the incoming fading effects.
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Figure 3. Block Diagram of a decode and forward relaying technique

The figure 3 depicts the architecture of a DF relay [20] that consists of three main components, the
source, the cooperative relay and the destination. The components share mutual information on the data signal

and channel capacity. For instance, if the source transmits Xslklfor k = 1,2, ...n pjts, then the relay

formulates an estimate of X (k) by decoding its respective received data signal, Ye®) fork =1,2,e.m |
Then a re-encoded form relayed signal, X, (k&) implements the coding process by transmitting the signal.

X, 0 = JE;?;[;C —nl
E . k=n+1n+2...+2n (9)
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Again the received signalYd () is processed by the destination for & = 1,2, ...n py cooperative
method of diversity combining of the two sub-blocks of length n. The relay encodes the source message using a
codeword, which is not exactly similar to the source codeword, and it is less complex.

The QoS study is done through BER analysis, channel capacity measurement and throughput analysis
via cooperative relay algorithm. Since the proposed algorithm follows decode and forward mechanism, the error
rate will be low as the relaying signal is more powerful in decoding the original signal with its own purity.
Further, the cooperative relaying mainly relies on DF mechanism, the destination can decode only if the relay
can decode and process the data signal. The cooperative relay algorithm with DF relaying method is formulated
as shown in table 1.

The below co-operative relay algorithm explains the step by step procedure about the working
principle of the cooperative relay technique. A data signal is transmitted from the source and the cooperative
relay in the network collects the information, processes it and then forwards it to the destination™®. The receiving
end combines the transmitted signal and the relayed signal and decodes it. By this type of cooperative signaling,
all the elements in the network share a mutual knowledge on the data that is being transmitted and then network
parameters are analyzed. The configuration of the cooperative relay algorithm consists of a 4x4 MIMO-OFDM
network with 8 cooperating BSs and 2 co-operative relay nodes and a central processor to which all the network
components are connected.

The co-operative relay algorithm is executed in the central processing unit of the network. It provides
the command signals to the relay nodes present in the network '’. The relay nodes have a
cooperative diversity link with all the network components

Table 1. Cooperative relay algorithm for multiuser MIMO-FDM network
Cooperative relay algorithm

1. Initialize the number of relays, ‘r’ to be involved in cooperation in accordance with|
the subcarriers N

. Locate the position of the relay nodes based on the distribution of the cooperating
BSs.

. Determine the channel iterations, Nr = 1000.

. Send a command signal from the source to the relay node.

. Calculate the data rate to be forwarded to the relay node

. The carrier signal is modulated by QPSK

. Calculated the signal parameters

. Estimate the properties of a rayleigh fading channel

. Determine the weight of the destination node

0. The relaying technique is fixed as decode and forward mechanism and relay link
established between the relay node and destination

11. The length of the subcarrier is fixed, sub_car=52

12. The SNR is calculated by SNR = EbNo - 10log10(64/80)

13. Check the direct link between the source and destination.

14. Forward the information from the source to the relay

15. Prepare the relay node for decoding the information

16. Forward the information to the destination

17. The destination decodes the originally sent data

18. According to the transmission distance <100, the destination’s capacity of]

combining the original and the relayed signal is determined.
19. End iteration.

N

P Oo0o~NOOlh W

IV. SIMULATION RESULTS

This section explains the simulations results of cooperative relay MIMO-OFDM system done through
MATLAB software . Then the essential network parameters like BER, channel capacity and throughput are
analyzed for three algorithms such as SCA, EH-SCA and cooperative relay algorithms. Further, the newly
developed algorithm is analyzed. The simulation parameters are in table 2.
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Table 2. Simulation parameters

S.NO SIMULATION PARAMETERS SYMBOL VALUES
1 No. of sub-channels N 64
2 Length of cyclic prefix Co 16
3 No. of transmitters N, 4
4 No. of receivers N, 4
5 Frequency F 2Ghz
6 Total no. of Frames - 100
7 No. of symbols N 1076
8 Modulation level (BPSK,QPSK) Q 2
9 No. of pilots - 12
10 Signal to noise ratio SNE -10: 20

4.1 BER analysis through cooperative relay algorithm

The study of BER analysis through cooperative relay algorithm describes the derivation for BER
expression. Because the destination is assumed to perform selection of data signal by combining the original
and the relayed signal received from the direct link and the relay link. BER is calculated with respect to the SNR
values by means of relay selection and the maximum ratio at the relay terminal. The BER through cooperative
relay algorithm is calculated by,

Ey 52 64
BER = =2 2= o
N, + 10log; ” + 10log; — + 10log; 4

80 (10)
And its respective SNR value is calculated as,
— 5 l010g, 2
SNR N, 8234 (11)

The BER analysis of cooperative relay algorithm is shown in figure 4. It is obtained by incorporating
both the relaying techniques such as the AF relay and DF relay.
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Figure 4.Comparison of BER vs SNR between AF and DF techniques.

BER

It is inferred through the BER analysis that the DF relay technique achieves better BER values than
that of AF relay technique. Subsequently the BER analysis illustrated in figure 5 is defined by its estimation
to measure of the error free transmitted signal calculated through cooperative relay algorithm.
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Figure 5.Comparison of BER vs SNR for the three algorithms

It is illustrated through the figure 5 that BER is calculated for various values of SNR graph by
considering four algorithms such cooperative relay algorithm with DF relaying technique and the existing
algorithms SCA and EH-SCA with AF . It is inferred from the result that the cooperative relay algorithm with
DF relaying achieves lower BER as the DF mechanism has the ability to predict the error level since the signal
in higher manner than that of the others relaying algorithms.

4.2 Channel capacity analysis through the cooperative relay algorithm

The in-built cooperative diversity technique is the most important reason for maximizing the channel
capacity with any bandwidth range especially for cooperative multi antenna network. It exploits user diversity
by decoding and combining the original data signal and the relayed signal in a multi-user network. The channel
capacity of the cooperative relay node is calculated by,

[1 + £122% + gain@,:)]

Og (12)

Here a comparison between the proposed cooperative relay algorithm and the existing algorithms such

as SCA and EH-SCA is shown in Figure 6. It is depicted through the figure 6 that the channel capacity is much

greater for cooperative relay algorithm than that of other existing algorithms. Next to cooperative relay

algorithm, EH-SCA algorithm has higher capacity values because of energy harvesting node configuration

which maximizes the channel capacity. Since SCA is merely an approximation technique, it does not provide
rate enhancement procedures. Thus, it has the least channel capacity among all the three algorithms.

Channel capacity,C = logg
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Figure 6.Comparison of channel capacity for four algorithms

4.3 Throughput enhancement via cooperative relay algorithm
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In cooperative relay networks, the relay nodes forward the overheard original data signal and cause
network overload problem, which in turn affects the throughput of the system. But, by the usage of DF relaying
mechanism, the network overload issues are aborted because of the mutual cooperation between the relay nodes
in the network. Hence, throughput efficiency is increased with low error percentage. The source to relay
cooperation level is formulated as,

R, = log=(1 + @+ps)+ (gaind =]})

Og

(13)
Where B is the source-relay cooperation capability and Ps is the source-relay link capacity. The
relay to destination cooperation level is given below and it is denoted as Rz and the relay-destination link
capacity is denoted by ¥4 , it is expressed as,
R, = log, ('l + 2+ps)= {gﬂiﬂﬂ- ::]})
Oa (14)
The amount of data rate that can be transmitted by the source is fixed as 100Mbits/s. The overall
throughput is calculated with respect to the rate capacityfr ,

J"’I
system throughput = Z C,
= (15)

Where ‘M ° is the rate target of the users, M is the number of users.

Here the throughput analysis with respect to SNR considered is illustrated in figure 7. It is observed
from the figure 7 , that the throughput efficiency calculated by the cooperative relay algorithm is much better
than that of the other existing algorithms.

9[] T T T T T T T T T
==k H-SCA

B0 ==co-op relay alg
= SCA
= 70r T
=
=
= 60f 1
E
=1
£ s0f _
[1:]
3
= 40f 1
=]

30n .

zuu 1 | 1 L | | 1 | 1

1 2 3 4 5 6 7 8 9 10 11
SNR (dB)

Figure 7.Comparison of throughput vs SNR for the three algorithms

V. CONCLUSION

The cooperative relay networks play a vital role in maximizing the attributes of the network parameters compared
to that of other approximation algorithms. In addition, it is evident that the cooperative network will soon emerge as
dominating technique in the world of communication. Hence, the network performance parameters for MIMO-OFDM is
analysed by using co-operative relay algorithm with DF method. The cooperative relay algorithm strands unique by the
characteristic that it could configure all the essential requirements of users with better BER, channel capacity and throughput
efficiency in the network on a single algorithmic formulation. Cooperative relays have still long way to go by playing a
major role in power reduction mechanism so that the power in the network will be conserved even after the usage of
cooperative relay. It stands as an undeniable fact that DF relaying technique is the best-suited technique when it comes to
cooperative communication.
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