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Abstract: Efficient utilization of radio resources in wireless networks is crucial and has 

been investigated extensively. This letter considers a wireless relay network where 

multiple user pairs conduct bidirectional communications via multiple relays based on 

orthogonal frequency-division multiplexing (OFDM) transmission. The joint optimization 

of channel and relay assignment, including subcarrier pairing, subcarrier allocation as well 

as relay selection, for total throughput maximization is formulated as a combinatorial 

optimization problem. Using a graph theoretical approach, we solve the problem optimally 

in polynomial time by transforming it into a maximum weighted bipartite matching 

(MWBM) problem. Simulation studies are carried out to evaluate the network total 

throughput versus transmit power per node and the number of relay nodes 

Keywords: OFDM, MWBM, Multi Relay Multi Pair Two Way Communication. 

INTRODUCTION 

Relay-assisted communication can improve the system overall performance in wireless networks, 
such as coverage extension, power saving, and throughput enhancement. Combining relaying architecture 
with orthogonal frequency-division multiplexing (OFDM)-based transmission is a powerful technique to 
enable high date rates over broadband wireless networks. To fully exploit the potential of OFDM-based 
relay networks, it is crucial to design efficient resource allocation schemes, including determining which 
relay node to cooperative with, which set of subcarriers to operate on, and with how much power to 
transmit the signals. Resource allocation has attracted extensive attention recently in a variety of OFDM-
based relay networks. 

Diversity techniques is mainly used for overcome the fading problem in wireless communication, this 
problem is occurs due to No clear Line Of Sight (LOS) between transmitter and receiver, the signal is 
reflected along multiple paths before finally being received.  These introduce phase shifts, time delays, 
attenuations, and distortions that can destructively interfere with one another at the aperture of the 
receiving antenna. There are several wireless Diversity schemes that use two or more antennas to 
improve the quality and reliability of a wireless link. 

In this work, we consider an OFDM-based network where multiple relays help multiple pairs of source 
nodes to conduct Bidirectional communications. The aim of the project lies in maximizing the system total 
throughput by optimally coordinating the relay and subcarrier assignment among the multiple pairs of 
two-way users. The joint optimization problem of subcarrier pairing based subcarrier assignment and 
relay selection for multiple two-way users is considered as a combinatorial optimization problem. Hence 
graph based approach is implemented to establish the equivalence between the proposed problem and a 
maximum weighted bipartite matching (MWBM) problem. Then the problem is solved by the 
corresponding graph based algorithm optimally in polynomial time. 

This describes the wireless relay network where multiple user pairs conduct bidirectional 
communications via multiple relays based on orthogonal frequency-division multiplexing (OFDM) 
transmission. The joint optimization subcarrier pairing is implemented for the subcarrier allocation and 
relay selection. A graph based approach, is used to solve the problem optimally in polynomial time by 
transforming it into a maximum weighted bipartite matching (MWBM) problem. Total throughput against 
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transmit power per node and the number of relay nodes is evaluated through which the performance of 

the system is analyzed for different number of subcarriers. 

OFDMA 

Orthogonal Frequency-Division Multiple Access (OFDMA) is a multi-user version of the popular 
orthogonal frequency-division multiplexing (OFDM) digital modulation scheme. Multiple access is 
achieved in OFDMA by assigning subsets of subcarriers to individual users as shown in the illustration 
below. This allows simultaneous low data rate transmission from several users. 

 
Fig. 1: OFDMA Frequency Illustration 

ORDM 

Orthogonal frequency-division multiplexing (OFDM) is a method of encoding digital data on multiple 
carrier frequencies. OFDM has developed into a popular scheme for wideband digital communication, 
whether wireless or over copper wires, used in applications such as digital television and audio 
broadcasting, DSL broadband internet access, wireless networks, and 4G mobile communications. OFDM 
is essentially identical to coded OFDM (COFDM) and discrete multi-tone modulation (DMT), and is a 
frequency-division multiplexing (FDM) scheme used as a digital multi-carrier modulation method. The 
word "coded" comes from the use of forward error correction (FEC). 

 
Fig. 2: Conventional and Orthogonal Frequency Division Multiplex 

PROPOSED SYSTEM 

In the proposed system, we consider an OFDM-based network where multiple relays help multiple 
pairs of source nodes to conduct bidirectional communications. Our aim is to maximize the system total 
throughput by optimally coordinating the relay and subcarrier assignment among the multiple pairs of 
two-way users. Compared with the existing works, our problem involves two major technical challenges. 
The first one is the subcarrier pairing and assignment. Though the optimal subcarrier pairing has been 
found for one-way relaying, only heuristic subcarrier pairing methods are available for two-way relaying. 
In addition, the problem is more involved in the multiuser scenario since subcarriers should not only be 
carefully paired for each two-way link but also be assigned adaptively for different users. The second 
challenge lies in the fact that subcarrier pairing and relay selection are tightly coupled, i.e., different relay 
selections lead to different subcarrier pairing and assignment, and vice versa. For instance, a bad pair of 
subcarriers in two hops for one relay and one user pair may be good for the same user pair if another 
relay is selected to them or good for the same relay if another user pair is selected. It is thus necessary to 
consider them jointly, which can be referred to as subcarrier-to-relay to- user assignment. 
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Fig. 3: Block Diagram for Proposed System 

Proposed System Advantages 

i. The channel estimation is perfect as the channel between different links experience independent 
fading. 

ii. OFDM is very easy and efficient in dealing with multi-path and Robust again narrow-band 
interference 

As OFDM-based network supports multi relay-multi pairs of source node to conduct bidirectional 
communications, it maximizes the throughput optimally. 

OFDM-Based Wireless Network 

i. System Module 

ii. Problem Formulation  

iii. Graphical Approach 

iv. Simulation Result  

System Module 

 
Fig. 4: OFDM-Based Wireless Network with K Pairs of Users and M Relays 

An OFDM-based wireless network with 𝐾 pairs of users and 𝑀 relays is shown in Fig.6. where each 
user pair exchange information via the relays. Each node operates in a half-duplex mode. For simplicity, 
the amplify and- forward (AF) two-way relay strategy is adopted. The wireless fading environment by 
large-scale path loss and shadowing, along with small-scale frequency-selective fading is considered. 
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Problem Formulation 

The subcarriers are n and n’ in the first and second phase respectively. If the  user pair 𝑘 is assigned 
with subcarrier 𝑛 and sends signals to relay 𝑟 in the first phase, the relay 𝑟 then  broadcasts the amplified 
received signals on subcarrier 𝑛′ in the second phase, 

The achievable sum rate is given by, 

 

Where   and  denotes the instantaneous signal-noise ratio (SNR) from node i 
to node j over subcarrier n, assuming that all the nodes have the unit noise variance. 

Let us consider the set of binary variables  for all k, r, n, n’ Where  means 
that subcarrier n in the first phase is paired with subcarrier n’ in the second phase assisted by relay r for 

user pair k, else  otherwise. As assumed above, each subcarrier can be assigned to one user 

pair and one relay, in the first and second phases, respectively to avoid interference. Therefore,  
must satisfy the following constraints: 

 
The main objective is to maximize the system total throughput by optimally pairing subcarriers in the 

two phases and selecting the best relays and the best paired subcarriers for each user pair. 
Mathematically, this can be formulated as (P1): 

 
Note that it can be easily modify the objective function in P1 to weighted sum of all user rates without 

affecting the algorithm design if fairness is considered. 

Graphical Approach 

Problem P1 is a combinatorial optimization problem and the optimal solution can be obtained by 
exhaustive search. The complexity is exponential and thus prohibitive when 𝐾, 𝑀, and 𝑁 are large. In this 
section, a graph based approach was proposed to solve the problem optimally in polynomial time.  

By observing the summation in the objective function of P1, it is easy to find that there is at most one 
non-zero element for a given subcarrier pair (𝑛, 𝑛′) due to the constraints. Based on the observation, it is 
defined as, 
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for each possible subcarrier pair (𝑛, 𝑛′). 

The associated user pair and relay node that take the maximum  for each subcarrier pair (𝑛, 𝑛′) are 
denoted as 𝑘* and 𝑟*, respectively. Consequently, we can transform the original problem P1 to the 
following simplified problem (P2) without loss of optimality. 

P2: max
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In what follows, we show that the simplified P2 is equivalent to a maximum weighted bipartite 
matching (MWBM) problem. Before we proceed, we review some preliminaries of MWBM. 

Simulation Result 
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CONCLUSIONS 

In this work, we investigated the joint optimization of subcarrier-pairing based subcarrier assignment 
and relay selection for multi-relay multi-pair two-way relay OFDM networks. The problem was 
formulated as a combinatorial optimization problem. We proposed a bipartite matching approach to solve 
the problem optimally in polynomial time. The work assumed the amplify-and-forward based non 
regenerative relay strategy. The similar problem based on more advanced regenerative two-way relay 
strategies can be considered in the future work. The results are shown for the use of different number of 
subcarriers. 
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