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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—component; formatting; style; styling; insert (key 
words) 

I. 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 thesystem total throughput by optimally 
coordinating the relay 

 
Fig.1. Ofdma Model 

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. 

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. 
                                                           

II.  PRINCIPLE OPERATION 
Based on feedback information about the channel conditions, 
adaptive user-to-subcarrier assignment can be achieved. If the 
assignment is done sufficiently fast, this further improves the 
OFDM robustness to fast fading and narrow-band cochannel 
interference, and makes it possible to achieve even better 
system spectral efficiency. Different numbers of sub-carriers 
can be assigned to different users, in view to support 
differentiated Quality of Service (QoS), i.e. to control the data 
rate and error probability individually for each user. OFDMA 
resembles code division multiple access (CDMA) spread 
spectrum, where users can achieve different data rates by 
assigning a different code spreading factor or a different 
number of spreading codes to each user. OFDMA can be seen 
as an alternative to combining OFDM with time division 
multiple access (TDMA) or time-domain statistical 
multiplexing, i.e. packet mode communication. Low-data-rate 
users can send continuously with low transmission power 
instead of using a "pulsed" high-power carrier. Constant delay, 
and shorter delay, can be achieved. OFDMA can also be 
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described as a combination of frequency domain and time 
domain multiple access, where the resources are partitioned in 
the time-frequency space, and slots are assigned along the 
OFDM symbol index as well as OFDM sub-carrier index. 
OFDMA is considered as highly suitable for broadband 
wireless networks, due to advantages including scalability and 
MIMO-friendliness, and ability to take advantage of channel 
frequency selectivity.[1] In spectrum sensing cognitive radio, 
OFDMA is a possible approach to filling free radio frequency 
bands adaptively. Timo A. Weiss and Friedrich K. Jondral of 
the University of Karlsruhe proposed a spectrum pooling 
system in which free bands sensed by nodes were immediately 
filled by OFDMA subbands. 

THREE-TIME-SLOTTIME-DIVISIONDUPLEX 
TRANSMISSION PROTOCOL 

This protocol unifies direct transmission, one-way relaying and 
network-coded two-way relaying between the BS and each MS 
.Using the proposed three-time-slot TDD protocol, we then 
propose an optimization framework for resource allocation to 
achieve the following gains: cooperative diversity (via relay 
selection), network coding gain (via bidirectional transmission 
mode selection), and multiuser diversity (via subcarrier 
assignment). We formulate the problem as a combinatorial 
optimization problem, which is NP-complete. To make it more 
tractable, we adopt a graph-based approach. We first establish 
the equivalence between the original problem and a maximum 
weighted clique problem in graph theory. A metaheuristic 
algorithm based on Any Colony Optimization (ACO) is then 
employed to find the solution in polynomial time. Simulation 
results demonstrate that the proposed protocol together with 
the ACO algorithm significantly enhances the system total 
throughput. 

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). A large number of closely 
spaced orthogonal sub-carrier signals are used to carry data. 
The orthogonality prevents crosstalk between sub-carriers. The 
data is divided into several parallel data streams or channels, 
one for each sub-carrier. Each sub-carrier is modulated with a 
conventional modulation scheme (such as quadrature 
amplitude modulation or phase-shift keying) at a low symbol 
rate, maintaining total data rates similar to conventional single-
carrier modulation schemes in the same bandwidth. The 
primary advantage of OFDM over single-carrier schemes is its 
ability to cope with severe channel conditions (for example, 
attenuation of high frequencies in a long copper wire, 
narrowband interference and frequency-selective fading due to 
multipath) without complex equalization filters. Channel 
equalization is simplified because OFDM may be viewed as 
using many slowly modulated narrowband signals rather than 

one rapidly modulated wideband signal. The low symbol rate 
makes the use of a guard interval between symbols affordable, 
making it possible to eliminate intersymbol interference (ISI) 
and utilize echoes and time-spreading (that shows up as 
ghosting on analogue TV) to achieve a diversity gain, i.e. a 
signal-to-noise ratio improvement. This mechanism also 
facilitates the design of single frequency networks (SFNs), 
where several adjacent transmitters send the same signal 
simultaneously at the same frequency, as the signals from 
multiple distant transmitters may be combined constructively, 
rather than interfering as would typically occur in a traditional 
single-carrier system. 

III. OFDM HISTORY 
The concept of using parallel data transmission by means of 
frequency division multiplexing (FDM) was published in mid 
60s. Some early development can be traced back in the 50s. A 
U.S. patent was filled and issued in January, 1970. The idea 
was to use parallel data streams and FDM with overlapping 
subchannels to avoid the use of high speed equalization and to 
combat impulsive noise, and multipath distortion as well as to 
fully use the available bandwidth. The initial applications were 
in the military communications. In the telecommunications 
field, the terms of discrete multi-tone (DMT), multichannel 
modulation and multicarrier modulation (MCM) are widely 
used and sometimes they are interchangeable with OFDM. In 
OFDM, each carrier is orthogonal to all other carriers. 
However, this condition is not always maintained in MCM. 
OFDM is an optimal version of multicarrier transmission 
schemes. 

 
Fig 2.Conventionaland Orthogonal Frequency Division 

Multiplex 
 

For a large number of subchannels, the arrays of sinusoidal 
generators and coherent demodulators required in a parallel 
system become unreasonably expensive and complex. The 
receiver needs precise phasing of the demodulating carriers and 
sampling times in order to keep crosstalk between subchannels 
acceptable. Weinstein and Ebert applied the discrete Fourier 
transform (DFT) to parallel data transmission system as part of 
the modulation and demodulation process. In addition to 
eliminating the banks of subcarrier oscillators and coherent 
demodulators required by FDM, a completely digital 
implementation could be built around special-purpose 
hardware performing the fast Fourier transform (FFT). Recent 
advances in VLSI technology enable making of high-speed 
chips that can perform large size FFT at affordable price.In the 
1980s, OFDM has been studied for high-speed modems, digital 
mobile communications and high-density recording. One of the 
systems used a pilot tone for stabilizing carrier and clock 
frequency control and trellis coding was implemented. Various 
fast modems were developed for telephone networks. In 1990s, 
OFDM has been exploited for wideband data communications 
over mobile radio FM channels, high-bit-rate digital subscriber 



Integrated Intelligent Research (IIR)                                                                              International Journal of Business Intelligents 
Volume: 05 Issue: 01 June 2016 Page No.79-85 

ISSN: 2278-2400 

81 

lines (HDSL, 1.6 Mb/s), asymmetric digital subscriber lines 
(ADSL, 1,536 Mb/s), very high-speed digital subscriber lines 
(VHDSL, 100 Mb/s), digital audio broadcasting (DAB) and 
HDTV terrestrial broadcasting. 
 
PRINCIPLE OPERATIONORTHOGONALITY 
 
Conceptually, OFDM is a specialized FDM, the additional 
constraint being: all the carrier signals are orthogonal to each 
other. In OFDM, the sub-carrier frequencies are chosen so that 
the sub-carriers are orthogonal to each other, meaning that 
cross-talk between the sub-channels is eliminated and inter-
carrier guard bands are not required. This greatly simplifies the 
design of both the transmitter and the receiver; unlike 
conventional FDM, a separate filter for each sub-channel is not 
required. The orthogonality requires that the sub-carrier 

spacing is  Hertz, where TU seconds is the useful 

symbol duration (the receiver side window size), and k is a 
positive integer, typically equal to 1. Therefore, with N sub-
carriers, the total pass band bandwidth will be B ≈ N·Δf (Hz). 
The orthogonality also allows high spectral efficiency, with a 
total symbol rate near the Nyquist rate for the equivalent 
baseband signal (i.e. near half the Nyquist rate for the double-
side band physical pass band signal). Almost the whole 
available frequency band can be utilized. OFDM generally has 
a nearly 'white' spectrum, giving it benign electromagnetic 
interference properties with respect to other co-channel 
users.OFDM requires very accurate frequency synchronization 
between the receiver and the transmitter; with frequency 
deviation the sub-carriers will no longer be orthogonal, causing 
inter-carrier interference (ICI) (i.e., cross-talk between the sub-
carriers). Frequency offsets are typically caused by 
mismatched transmitter and receiver oscillators, or by Doppler 
shift due to movement. While Doppler shift alone may be 
compensated for by the receiver, the situation is worsened 
when combined with multipath, as reflections will appear at 
various frequency offsets, which is much harder to correct. 
This effect typically worsens as speed increases, and is an 
important factor limiting the use of OFDM in high-speed 
vehicles. Several techniques for ICI suppression are suggested, 
but they may increase the receiver complexity. 
 
BASIC STRUCTURE OF A SINGLE CARRIER SYSTEM  
In a single carrier system, signals are pulse-formed by a 
transmitter filter ht(t) before being applied to a multipath 
channel. At the receiver, the incoming signal is passed through 
a receiving match filter hr t to maximize the signal-to-noise 
ratio (SNR). The basic structure diagram of a single carrier 
system is shown in Fig.3. 

 
Fig 3. Basic Structure Of Single Carrier System 

 
 BASIC STRUCTURE OF A MULTICARRIER SYSTEM  
In a multicarrier system, input signals which are divided by a 
multiplexer are applied to pulse-formed ht(t) filters before 
being transmitted through multipath environment. 
Correspondingly, the receiving ends consist of N parallel paths. 

Each one is passed through a respective match filter hr(t) to 
realize maximum SNR. The basic structure diagram of a single 
multicarrier system is shown in Fig. 4.In a single carrier 
system, it is assumed that transmission rate R =1/T and 
maximum channel delay is 휏푚푎푥. In a multicarrier system, the 
original data stream of rate R is multiplexed into N parallel 
data streams with rate 푅푚푐=1/푇푚푐=R/N. Each of the sub 
streams is modulated with a different subcarrier frequency and 
all the data streams are transmitted in the same band. In this 
case, the ISI of each sub-system reduces to 휏푚푎푥푇푚푐 
=휏푚푎푥푁∙푇. As the value of N increases, inter-symbol 
interference (ISI) becoming decreases. In a single carrier 
system, fading or interference can make the entire link fail. 
However, in a multicarrier system, only a small part of 
subcarriers will be affected. Error correction coding methods 
can be employed to correct the errors which were happened in 
subcarriers. OFDM is a special form of multicarrier 
modulation (MCM), in which a signal is transmitted over a 
number of lower rate subcarriers. 

 
Fig .4. Basic Structure Of Multi Carrier Systemjointly 
Optimizing Subcarrier Pairing 
 
In this paper, a point-to-point Orthogonal Frequency Division 
Multiplexing (OFDM) system with a amplify and forward (AF) 
relay is considered. The transmission consists of two hops. The 
source transmits in the first hop, and the relay transmits in the 
second hop. Each hop occupies one time slot. The relay is half-
duplex, and capable of decoding the message on a particular 
subcarrier in one time slot, and re-encoding and forwarding it 
on a different subcarrier in the next time slot. Thus each 
message is transmitted on a pair of subcarriers in two hops. It 
is assumed that the destination is capable of combining the 
signals from the source and the relay pertaining to the same 
message. The goal is to maximize the weighted sum rate of the 
system by jointly optimizing subcarrier pairing and power 
allocation on each subcarrier in each hop. The weighting of the 
rates is to take into account the fact that different subcarriers 
may carry signals for different services. Both total and 
individual power constraints for the source and the relay are 
investigated. For the situations where the relay does not 
transmit on some subcarriers because doing so does not 
improve the weighted sum rate, we further allow the source to 
transmit new messages on these idle subcarriers. To the best of 
our knowledge, such a joint optimization inclusive of the 
destination combining has not been discussed in the literature. 
The problem is first formulated as a mixed integer 
programming problem. It is then transformed to a convex 
optimization problem by continuous relaxation, and solved in 
the dual domain. Based on the optimization results, algorithms 
to achieve feasible solutions are also proposed. Simulation 
results show that the proposed algorithms almost achieve the 
optimal weighted sum rate, and outperform the existing 
methods in various channel conditions. 
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IV. CHANNEL PAIRING 
 The relay conducts CP, matching each incoming channel with 
an outgoing channel. As different channels exhibit various 
quality, a judicious CP scheme can potentially lead to 
significant improvement in system spectral efficiency. We 
denote path , where  c(m, i) 
specifies the index of the channel at hop m that belongs to path 
Pi.  For example, Pi = (3, 4, 2) indicates that path Pi consists of 
the third channel at hop 1, the fourth channel at hop 2, and the 
second channel at hop 3. Once channel pairing is determined at 
all the relays, the total N disjoint paths P1,…,PN can be 
identified from the source to the destination. 
Optimal Channel Pairing for Three-Hop Relaying 

 
Fig. 5. Three-Hop Relay With Two Channels. 

 
Two-channel case (N = 2) 
We first consider a three-hop relaying network with two 
channels, as depicted in Fig.1. Without loss of generality, we 
assume channel 1 exhibits equal or larger SNR than channel 2 
over all the three hops,  

 
 

V. GRAPH THEORY 
 
Given a graph G = (V, E), a matching  M  in G is a set of pair 
wise non-adjacent edges; that is, no two edges share a common 
vertex. A vertex is matched (or saturated) if it is an endpoint of 
one of the edges in the matching. Otherwise the vertex is 
unmatched. A maximal matching is a matching M of a graph G 
with the property that if any edge not in M is added to M, it is 
no longer a matching, that is, M is maximal if it is not a proper 
subset of any other matching in graph G. In other words, a 
matching M of a graph G is maximal if every edge in G has a 
non-empty intersection with at least one edge in M. The 
following figure shows examples of maximal matching (red) in 
three graphs. 

 
A maximum matching is a matching that contains the largest 
possible number of edges. There may be many maximum 
matching. The matching number v(G) of a graph G is the size 
of a maximum matching. Note that every maximum matching 
is maximal, but not every maximal matching is a maximum 
matching. The following figure shows examples of maximum 
matching in three graphs. 

 
A perfect matching (a.k.a. 1-factor) is a matching which 
matches all vertices of the graph. That is, every vertex of the 

graph is incident to exactly one edge of the matching. Figure 
(b) above is an example of a perfect matching. Every perfect 
matching is maximum and hence maximal. In some literature, 
the term complete matching is used. In the above figure, only 
part (b) shows a perfect matching. A perfect matching is also a 
minimum-size edge cover. Thus, ν(G) ≤ ρ(G) , that is, the size 
of a maximum matching is no larger than the size of a 
minimum edge cover.A near-perfect matching is one in which 
exactly one vertex is unmatched. This can only occur when the 
graph has an odd number of vertices, and such a matching must 
be maximum. In the above figure, part (c) shows a near-perfect 
matching. If, for every vertex in a graph, there is a near-perfect 
matching that omits only that vertex, the graph is also called 
factor-critical. 
Given a matching M, 
• an alternating path is a path in which the edges belong 
alternatively to the matching and not to the matching. 
• an augmenting path is an alternating path that starts from and 
ends on free (unmatched) vertices. 
 One can prove that a matching is maximum if and only if it 
does not have any augmenting path. (This result is sometimes 
called Berge's lemma.) 
 

VI. SYSTEM MODEL 

 

OFDM-BASED WIRELESS NETWORK WITH K PAIRS 
OF USERS AND M RELAYS 
An OFDM-based wireless network with 퐾 pairs of users and 푀 
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. 
 
ASSUMPTIONS 
The channels between different links experience independent 
fading and the network operates in slow fading environment, 
so that channel estimation is perfect.A central controller is 
available in the network so that the centralized processing is 
possible.The additive white noises at all nodes are assumed to 
be independent circular symmetric complex Gaussian random 
variables and the direct communication link between the two 
users in each pair is neglected due to, for instance, the 
shadowing effects.The two way communication takes place in 
two phases. The first phase is multiple-access (MAC) phase 
where all the 퐾 pairs of users concurrently transmit signals to 
the relay nodes. In order to avoid inter-pair interference, each 
user pair occupies non-overlapping subcarriers. The intra-pair 
interference will be treated as back-propagated self 
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interference and canceled perfectly after two-way relaying. In 
the second phase, known as broadcast (BC) phase, the relay 
nodes amplify the received signal and then forwards to the 2퐾 
destinations. Again, each relay is operating on non overlapping 
subcarriers to avoid inter-relay interference. 
 
PROBLEM FORMULATION 
 
The subcarriers are n and n’ in the first and second phase 
respectively. If the  user pair 푘 is assigned with subcarrier 푛 
and sends signals to relay 푟 in the first phase, the relay 푟 then  
broadcasts the amplified received signals on subcarrier 푛′ 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. 
 
A GRAPH BASED OPTIMAL 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 퐾, 푀, and 

푁 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 (푛, 푛′) due to the constraints. Based on 
the observation, it is defined as, 
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for each possible subcarrier pair (푛, 푛′). 
 The associated user pair and relay node that take the 
maximum  for each subcarrier pair (푛, 푛′) are denoted as 푘* 
and 푟*, 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. 
 
BIPARTITE GRAPH 
A bipartite graph is a graph whose vertices are divided into two 
disjoint sets so that every edge connects a vertex in one set to 
one in another. If the two sets of vertices have the same 
cardinality, then the bipartite graph is a balanced bipartite 
graph. A matching is a set of mutually disjoint edges, i.e., any 
two edges do not share a common vertex. An example is 
shown in Fig. 2(a). A perfect matching is a matching that every 
vertex in the graph is matched, an example of which is shown 
in Fig. 2(b). Note that perfect matching is the special case of 
matching. 

 
Fig . 7.  Bipartite Graphs (A) An Example Of A Matching. (B) 
An Example Of A Perfect Matching. (C) The Proposed 
Bipartite Graph. 
 
A balanced bipartite graph 풢 = (풱MAC× 풱BC, ℰ,풲), where 
the two set of vertices, 풱MAC and 풱BC, are the set of 
subcarriers 풩 in the MAC phase and the BC phase, 
respectively, is constructed as shown in Fig. 7(c). ℰ is the set of 
edges that connect all possible pairs of vertices in the two set 
of vertices. Note that 풩 is shared in each phase, thus |풱MAC| 
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= ∣풱BC∣ = ∣풩 ∣ = 푁 and ∣ℰ∣ = 푁2, where ∣ ⋅ ∣ is cardinality of a 
set.   is the weighting function such that  
풲 : ℰ → ℝ+. More specifically, each edge is assigned a 
weight, representing the maximum achievable rate over the 
matched two vertices. 

)',()',( nnRnnW  , 

where ℛ(푛, 푛′) is defined in a previous equation. The 
weighting process is done across all edges. Hence its total 
complexity is (퐾푀푁2), which is polynomial According to our 
construction method of graph in above, we find the following 
equivalences:   (i) a pair of matched vertices is just a subcarrier 
pair in the MAC and BC phases, (ii) a matching implies no 
violating the exclusive subcarrier assignment in each phase 
defined in (2) and (3), and (iii) the weighting process done for 
each edge in ℰ is equivalent to finding the optimal user pair 
and relay for each possible subcarrier pair. Consequently, the 
joint optimization problem of subcarrier-pairing based 
subcarrier assignment and relay selection in multi-relay multi-
pair two-way relaying networks for the total throughput 
maximization is equivalent to finding a perfect matching ℱ∗ ⊆ 
ℰ in 풢 so that the sum weights of ℱ∗  is maximum. This is the 
so-called MWBM problem (P3): 
   P3: 

*
max
F

 
 *)',(

)',(
Fnn

nnW ,  

which is NP-complete and equivalent to P2. 
The key of the proposed algorithm is the mapping from the 
original problem P1 to the simplified problem P2 and then to 
the MWBM problem P3, both without loss of optimality. Once 
the mapping is done, the classic Hungarian algorithm can be 
adopted to solve P3 optimally with the computational 
complexity (푁3). By combining the aforementioned complexity 
of the weighting process, the total complexity of our proposed 
algorithm is (퐾푀푁2 + 푁3), which is polynomial. 

 

VII. SIMULATION RESULTS 
A two-dimensional plane of node locations shown in Fig. 12, 
where the source nodes and relay nodes are randomly but 
uniformly distributed in the corresponding square regions. The 
path loss model, where the path loss exponent is set to 4 and 
the standard deviation of Log-normal shadowing is set to 5.8 
dB is adopted. The small-scale fading is modeled by multi-path 
Rayleigh fading process, where the power delay profile is 
exponentially decaying with maximum delay spread of 5 휇푠 
and maximum Doppler spread of 5 Hz. A total of 2000 
independent channel realizations were generated, each 
associated with a different node locations. The number of 
subcarriers is 푁 = 32. All sources have the same maximum 
power constraints, so do all relays and they satisfy 푃푟 = 푃푘1 + 
3dB = 푃푘2 + 3dB (per-subcarrier) for all 푟 and k. As a 
performance benchmark, the fixed subcarrier pairing scheme is 
considered. Let signals transmitted by the user pair on one 
subcarrier in the MAC phase is forwarded on the same 
subcarrier by a relay in the BC phase, i.e., (푛) = 푛, rather than 
seeking the optimal subcarrier pairing. Then the problem 
reduces to selecting the optimal user pair and relay for each 
subcarrier for throughput maximization, which can be 
optimally solved by the greedy algorithm. Namely, each 

subcarrier 푛 shall be assigned to the user pair and the relay that 

satisfy   ',
,,maxarg**, nn
rkRMrkrk   . The overall 

complexity of the fixed subcarrier paring scheme is (퐾푀푁). 
Recall that  
the complexity of the proposed graph-based scheme is (퐾푀푁2 
+ 푁3), which is higher than the benchmark scheme. 

Fig. 14 illustrates the total throughput when there are 
퐾 = 5 user pairs and 푀 = 4 relays in the network. We observe 
that the proposed optimal channel and relay assignment with 
adaptive subcarrier pairing achieves 8 ∼ 10% improvement in 
total throughput over the scheme with fixed subcarrier pairing. 

With the change in number of subcarriers, we get the 
relation between the number of relays used to that of 
throughput. 
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 Effects of the number of relays, where 푁 = 32, 퐾 = 5, and 푃푘1 
= 10 dB. 
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VIII. CONCLUSION 
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. The difference between 
proposed and fixed scheme are shown using graphs. 
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