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Green Resource Allocation for Multiple OFDMA
Based Networks: A Survey

A. S. Khan, J. Abdullah, H. Lenando, and J. M. Nazim

Abstract—Orthogonal frequency division multiple
access (OFDMA) is a popular and widely accepted
multiple access technique to provide high data rate
services in a mobile environment in the area of wireless
communications. OFDMA can provide better flexibility
in allocating the radio spectra by utilizing subcarrier
allocations, scheduling, and energy control to obtain
multi-dimension diversity gains. Due to its resource
allocation flexibility, OFDMA has been widely used as a
green air interface technology for the emerging
broadband wireless access networks. This paper
extensively addresses the integration of green OFDMA
to the future air interface technologies, for instance:
two-tier cellular, multi radio access technologies (RATS),
FemtoCell, and relay networks. The main focus of the
paper is to review and analyze the current OFDMA
techniques to address the green resource allocation in
multiuser diversity, where the critical constraints are
the computational complexity, energy efficiency, and the
sub-channel assignment. The future trend of OFDMA
based networks will aim to maximize the energy
efficiency of the exclusive channel assignment through a
joint sub-channel and power allocation to accommodate
high data traffic networks specially the relay based 5G
cellular networks.

Index  Terms—Dynamic, multiuser diversity,
orthogonal frequency division multiple access (OFDMA),
resource allocation, subcarriers.

1. Introduction

The orthogonal frequency division multiplexing
(OFDM) transmission technique has established itself as an
elegant and popular method in broadband wireless
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systems!'!. For the better understanding, the word OFDMA
(orthogonal frequency division multiple access) represents
the green OFDMA in this paper. For instance, the IEEE
802.11 a/g standards for wireless local area networks
(WLANSs) also known as Wi-Fi have used OFDM to
achieve speeds of the order of 50 Mbps in an indoor
multipath environment. Various other systems using OFDM
include power line communications, digital and video
broadcasting systems, and ultra-wideband based systems
for short range wireless.

Meanwhile, OFDMA is an effective technique that
exploits the features of OFDM in combating channel noise
and multipath effect, and finally enables high data rate
transmission over a fading channel. In addition, OFDMA is
able to provide good bandwidth scalability as the number of
subcarriers can be flexibly configured. OFDMA appears as
a new paradigm that is widely adopted in many standards of
existing and upcoming wireless communication systems
such as the third generation partnership project-long term
evolution (3GPP-LTE/LTE-A) and WiMAX. In OFDMA
systems, the multiple users’ signals are separated in the
time and/or frequency domains. Typically, a burst in an
OFDMA system will consist of several OFDM symbols.
The subcarriers and the OFDM symbol period are the finest
allocation units in the frequency and time domains,
respectively. Hence, multiple users are allocated different
slots in the time and frequency domains!®!. In practise, the
allocation in the frequency domain is not addressed at the
level of subcarriers. Typically, sub-channels, which are the
smallest granular unit in the allocation, are created by
grouping subcarriers in an OFDM symbol in various ways.
Because of its flexibility in allocating the radio spectrum,
OFDMA has been used as the air interface technology by
two-tier cellular, multi radio access technologies (RATS),
FemtoCell, and relay networks.

Dense small cell heterogeneous networks have recently
been promoted as an enabling solution to meet ever
increasing demand for ubiquitous wireless coverage and
higher throughput®®’. Small cells, such as FemtoCells
overlaying the macrocell, can enhance the coverage of
cellular wireless networks and increase the spectral
efficiency by reusing the frequency spectrum assigned to
the macrocells in the universal frequency reuse fashion.
Compared with orthogonal deployment, co-channel
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deployment is more attractive in these heterogeneous
network scenerios as it can offer a much higher spectral
efficiency.

To support the heterogencous equipment for the
network and mobile users, multiple RATs operating with
different system configurations and resources have evolved
and now coexist. Recently, with data traffic exponentially
increasing, there has been a significant expansion in
wireless network infrastructure, as a result, raising a
justifiable concern over the concomitant drastic increase in
energy consumption. Thus, the energy-efficient design in
multi-RATs networks is becoming increasingly important.
Moreover, the management of both the cross tier and co-tier
interference is one of the most critical issues for the
two-tier cellular network. Centralized solutions for
interference management in a two-tier network with
OFDMA which yields optimal or near optimal performance,
are impractical due to the computational complexity.
Distributed solutions on the other hand, lack the superiority
of the centralized scheme. Recent works on the subject
usually ignore either the selection of relays, asymmetry of
the source to relay, and relay to destination links, or the
imperfections of channel state information. Besides that,
the sub-channel assignment involves allocating the limited
radio frequencies to different user equipment in multiple
cells. Therefore, the successful deployment of any resource
allocation scheme relies upon how one can efficiently
overcome such a difficult problem.

A joint sub-channel and power allocation for the
downlink of OFDMA addresses the resource allocation
problem in collaborative OFDMA based two-tier cellular,
multi-RATs, FemtoCell and relay networks. Furthermore,
there are another solutions: 1) the resource allocation that
maximizes the energy efficiency of OFDMA in multi-RATs
networks for parallel transmission utilizing multiple RATs
by exploiting the intrinsic quasiconcavity and a semi
distributed interference management scheme based on joint
clustering, and 2) the resource allocation for FemtoCells as
a mixed integer nonlinear program in which the solution is
obtained by dividing the problem into two sub-problems,
where the related tasks are shared between the FemtoCell
gateaway and FemtoCell). The system throughput of
source-to-destination link with limited information and
various constrains is maximized by optimizing the set of
collaborative relays and link asymmetries together with
subcarrier and power allocations.

In this paper, we survey various OFDMA assisted
networks, namely two-tier cellular, multi-RATsS,
FemtoCells, and relay networks, aiming at presenting the
overview of the network, its architecture principle, and
discussing the related research issue and approaches
mentioned earlier. This paper is organized as follows. The
resource allocation in various OFDMA based networks is
presented in Section 2. The discussion and comparison

analysis table is set up in Section 3. Finally, we conclude
this survey paper with future trends in OFDMA research in
Section 4 and brief conclusions in Section 5.

2. Resource Allocation in
OFDMA Based Networks

2.1 OFDMA Two-Tier Cellular Network

Over the last decade, the market of cellular networks
has been growing rapidly, due to the exponentially increase
in the mobile users and consequently the high demand of
data traffic. Thus, the massive number of users and
applications demands efficient and excessive deployments.
However, such deployments not only enhance the energy
consumption leading towards the hazards but also increase
the operator cost. Therefore, there must be some
mechanism to reduce such deployments and improve
energy efficiency” ™%, Several attempts by the researchers
are carried out to maximize the energy efficiency by
considering the quality of services (QoS) in terms of
designing and introducing the relay stations and joint relay
selections, subcarrier allocations, pairing and the power
allocations. However, the energy efficiency metric is a
fractional and non-linear functions, which complexes the
problem.

Introducing relays and their selection normally park
under cooperative relaying technologies, which have been
found as one of the significant methods to improve the
energy efficiency!”™®. The direct path is distributed into
shorter links in cooperative communication, so destructive
factors such as path loss and shadowing become less
dominant, which possibly makes the low power
transmission”"!'"”!. The 3GPP, LTE-A, and IEEE 802.16 are
the examples of the technology that can sustain for the next
generation of wireless networks''!. Decode-and-forward
(DF) and amplify-and-forward (AF) are more famous
among the different relaying protocols’”. There are the
fixed relays stations again gaining the importance in recent
research"?'¥) However, the key drawback with
operational and maintenance costs for the operators also
increase due to installing fixed relays. Another attempt is to
utilize the mobile users as relays without increasing the cost
of the mobile operators if they are with good channel
conditions and low traffic demands'*""*). No doubt fixed
relays can accommodate ample amount of users as
compared with mobile users as relays, but fixed relay needs
extensive constant power supply as compared with the
mobile relays.

Nevertheless, emerging research found OFDMA
systems as one of appealing technique to accommodate
maximum users with an energy-efficient way. In this
technique, frequency spectrum is divided into plenty of
subcarriers (smaller bands) which can be allocated to
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multiple users in an OFDMA system. OFDMA systems are
with high spectral efficiency and they are strong against
multipath interference. OFDMA is appropriate for wireless
networks such as worldwide interoperability for microwave
access (WiMAX) and LTE-A"®. Some research work is
done by integrating OFDMA and relaying technologies to
obtain the advantage of both OFDMA and cooperative
relaying systems!”""”). The solution to meet the rising
demand with the limited resources will be questioned once
the network is fixed. So developing resource optimization
schemes that can meet the certain demands of users and
upgrade the performance of the network is the best solution
for this situation.

Although the optimal resource allocation problem for
multiple user cooperative OFDMA systems is hard to solve,
there are several works on resource allocations, which try to
solve it such as capacity maximization!*"*"! and power
minimization®M?3], for cooperative systems. Back to the
cost effective issue, nowadays, most of the existing works
can be considered as fixed relays and most of the solutions
do not meet the requirement which is cost effective.
Besides that, from the existing solutions provided, they are
overlooking the energy consumption of the system.

At the same time, both the maximization of the system
capacity and the minimization of power should be taken
into account due to the optimal resource allocation which
considers the energy efficiency metric as the objective
function. In [12], the power efficiency maximization issue
has been studied for collective OFDMA systems. It is
considered that the users are fixed to the fixed relays in
advance, although the power and subcarrier allocation
schemes are deployed.

The performance of the system is influenced if it does
not take into account the optimal relay selection in its
design and QoS provided for the users using real-time
applications. The power efficiency maximization problem
considering QoS  provisioning was studied for
non-cooperative systems which had been mentioned in [23]
to [26]. The literature on optimal resource allocation
schemes for cooperative OFDMA systems to resolve power
efficiency and QoS provisioning is scarce, and demands
researchers’ attention.

However, in future generation, to accommodate the
number to users, the network capacity is one of the most
concern requirements due to rapid improved QoS and the
high data rate of mobile data traffic. These requirements
mostly come from housing and offices. Again, it is not a
cost efficient solution to use macro base stations (MBSs) to
improve network coverage. Therefore, a small and low
power consumption base station named as FemtoCells or
femto access points (FAPs) is introduced. To increase
indoor coverage and data rate, the immediate requirement is
to shorten the distance between the transmitter and
receiver'?’.

To deploy FemtoCells on the existing network
technology which is macrocell, some technical challenges
are raised®™?) Among all challenges, the spectrum
allocation between two technologies is one problem. Most
of the wireless operators favor to deploy both FAPs and
MBSs on one single licensed spectrum and operate them
simultaneously. It promotes the universal frequency reuse
fashion and brings out high frequency reuse efficiency.
However, this mode of operation is less suitable in an
OFDMA-based two-tier cellular network. Through
spectrum sharing, the network performance is strongly
affected by the co-tier and cross-tier interference™’. As
QoS has been affected, a technique is required to resolve
and manage the FemtoCells’ radio resources.

The cross-tier and co-tier have different solutions to
mitigate interference. For the co-tier, the cooperative

resource allocation technique is used among the
FemtoCells'®”. The example is based on clustering of
FemtoCells. The cross-tier uses the radio resource

allocation technique to mitigate interference and the
examples are sub-channel and power allocation methods.

FemtoCells and the macrocell operate in a shared
spectrum environment. FemtoCells have unique cell-IDs.
All the FemtoCell user equipment is capable of performing
interference measurements and reporting them to FAPs.
FemtoCells are equipped with the global position system
(GPS) devices to obtain the accurate estimate of
FemtoCells locations, so that FemtoCell clusters can be
formed. Communication within FemotCells is only possible
via air or backhaul. The FemtoCells are divided into
disjoint clusters. The idea behind clustering is to divide the
joint sub-channel and power allocation problems in the
FemtoCell network into smaller sub-problems. Within each
cluster one FemtoCell is elected as a head and is
responsible for performing sub-channel and power
allocations within the cluster. Clustering is simple done by
grouping FemtoCells closely located to each other.
Furthermore, the entire set of sub-channels is available to
each cluster, and within a cluster no two FemtoCells
transmit simultaneously on the same sub-channel.

Therefore no co-tier interference exists within a cluster.
Various configurations are available for cluster sizes. The
extreme situation is to have a grand cluster, where all
FemtoCells are in one cluster. One benefit of this
configuration is that it eliminates co-tier interference
among FemtoCells. However, in addition to the huge
burden imposed on the head to perform resource allocations,
the share of each FemtoCell in the available spectrum is
small. The other extreme is to let one FemtoCell acting
independently, which means no clustering. In this case,
each FemtoCell has the entire spectrum available and the
complexity of resource allocations is the lowest. However,
co-tier interference is severel*"*',
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2.2 OFDMA Multi-RATs Network

Nowadays, the use of high-end mobile smart phones is
gaining more attention, which in return requires wide
deployment of advanced and improved wireless networks.
Due to such rapid enhancements in mobile technologies, an
exponentially increasing energy consumption both in the
network and in the user equipment (UE)P?57 is noticed,
which leads towards a critical economic issue for the
network operators. The network operator’s operational
expenditure has risen up to the half of their electricity
bills®). Thus, an energy-efficient network is of paramount
importance for the sustainability. Various wireless standards
has adopted by OFDMA as one of the solution to tackle
such a challange. The OFDMA system has been applied in
[38]-[41], which gaves an energy-efficient solution on
resource allocations. In this research, both circuit energy
and transmission energy consumption is considered, and the
properties of energy efficiency (EE) have been investigated
and identified.

Recent research efforts on the integration and
inter-operability of RATs with OFDMA have effectively
improved the performance® 47 According to [48]-[51],
if the resources available among multiple radio access
(MRA) networks are jointly and effectively utilized, a
positive influence on the performance can be achieved. In
particular, the concept of MRA systems is introduced,
where the data stream of a UE is split into multiple
sub-streams and transmitted simultaneously over multiple
RATs. Some research results have been present in [52]-[56].
The RAT was selected for single transmissions schemes
which are proposed in [57]-[59].

Recent researchers pay more attention on multi-RATs
networks, specifically user connectivity and throughput in
the single-carrier system to ensure energy-efficient design
for the OFDMA system. The literature shows that the
limitation on multi-carrier systems in applying
energy-efficient on jointly multi-RATs wireless networks is
complicated. To satisfying the QoS requirements of UE,
some works have proposed resource allocation algorithms
for the OFDMA system in resource allocations, such as
subcarriers and powers across multiple RATs, to maximize
the energy efficiency of the system®M  Several
challenges and opportunities in the multi-RATs network
were discussed in [60]. UE and RAT association in LTE and
universal mobile telecommunications system (UMTS)
based multi-RATs networks has been studied to minimize
the total network energy consumption''’,

2.3 OFDMA FemtoCell Network

In order to meet the increasing demand for ubiquitous
wireless coverage and high throughput, an enabling
solution call FemtoCell—a dense small-cell heterogeneous
network has been proposed®!%]. There is more active UE
that can be packed into the same radio spectrum with a

large number of small cells, which allows greater area
spectral efficiency. The traditional site survey and network
planning is no longer needed by FemtoCell, which makes it
cost effectively and can be installed by end-users in a
plug-and-play fashion. Indoor coverage can be improved,
as a high signal-to-interference-plus-noise ratio (SINR) can
be achieved, when FemtoCells lowers their transmit power.

Co-channel deployment is much more effective
compared with orthogonal deployments, because it offers a
higher spectral efﬁciency[64]'[67]. FemtoCell user equipment
(FUE) uses the spectrum that is allocated to macrocell user
equipment (MUE), hence making the signal interference
issues arise®M%] Cross-tier interference induced by FUE
to MUE is limited, as the priority in accessing the
underlying frequency bands is very strict. The task to
manage the random and severe interference resulting from
the deployment of numerous unplanned small cells remains
a critical challenge.

OFDMA has been used as the air-interference
technology by LTE-FemtoCell due to its flexibility in
allocating the radio spectrum!’”. With OFDMA, the
exclusive channel assignment helps to eliminate the
intracellular interference. At any given time, only a
sub-channel is assigned to at most one UE in each cell. An
OFDM sub-channel can be shared by different UE from
different cells as stated in co-channel deployment, which
makes the problem on intercellular interference arise. The
allocation of limited radio frequencies to different UE in
multiple cells is another technical challenge in sub-channel
assignment. An extensive study is required to address these
combinational problems.

The downlink transmission of OFDMA-based
FemtoCells in the joint allocation of resource blocks and
transmit power was investigated in [71]. When a
best-response adaptive strategy is applied, the formulated
exact-potential game converge to a Nash Equilibrium is
shown. As in [72], a joint sub-channel and binary power
allocation algorithm was developed and only one
transmitter was allowed to send signals on each
sub-channel. The joint power allocation and scheduling
problem in a coordinated OFDMA multicell network has
been resolved in [73]-[75], they used the concept of a
reference user to devise a low-complexity distributed
scheme, where the weighted sum rate in the downlink of
OFDMA-based heterogeneous networks was maximized.
The suggested solutions in [73]-[77] are no longer
applicable, if the minimum rate constraint is strictly
imposed to guarantee the QoS of the preferential macrocell
in such a network. There are various joint sub-channels and
power allocation schemes for OFDMA FemtoCells
proposed by [78] based on Lagrangian dual relaxation!’*"""],
These studies fixed the cross-tier interference from
macrocell to FemtoCell, while the intra-tier inter-FemtoCell
interference was ignored. This assumption helped to
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simplify the analysis remarkably. A computationally
expensive global optimization method which may only be
applicable to small-scale problems was presented by [79]
where all the transmit power in an interference channel was
jointly optimized. Exchanging the global network
information was not easy in such a scenario, due to the
random network deployment and limited backhaul capacity
available for control and signaling purposes, making the
existing centralized solutions in [73], [79], and [80]
unsuitable to be done practically in wireless heterogeneous
networks. New formulation for the downlink sub-channel
and power allocation problem in an OFDMA-based
heterogeneous network consisting of one macrocell and
several FemtoCells is provided in this work. The network
capacity of the prioritized macrocell is being protected
regardless of any FemtoCell deployment. In the multiuser
multicell heterogeneous network scenario, the data rate
functions are highly non-convex and create challenges in
managing the inter-cell interference caused by the sharing
of radio spectrum among UE from different cells. The
nontrivial task of assigning multiple OFDM sub-channels
to individual UE in each cell to maximize the total
FemtoCell throughput making the critical issue become
more complicated. There is another challenge in finding an
optimal solution for resource allocations with the
requirement of satisfying a minimum data rate constraint
for the FemtoCell.

An interactive algorithm that alternatively assigns
OFDM sub-channels to UE and allocates transmit power to
the base station (BS) is developed in order to solve the
multi-dimensional problem. Every cell giving sub-channels
to the serviced UE with the highest corresponding SINR is
proved to be the optimal strategy that can solve the
sub-channel assignment problems. The successive convex
approximation (SCA) method® to solve the power
allocation sub-problems is adopted, where the original
highly non-convex problem will be transformed into a
series of relaxed convex programs. Network setting
considered in this paper is much more different from those
in [80] and [82]. The digital subscriber line (DSL)** and
multi-carrier homogeneous networks'””) make the existing
solution be not directly applicable. The critical issue of
interference  in  dense  small-cel ~OFDMA-based
heterogeneous networks with macrocell networks capacity
protection is systematically addressed by adapting the SCA
approach.

A sequence of geometric programs® after condensing
polynomials into monomial has been solved by using the
arithmetic-geometric means (AGM) approximation. Upon
lower-bounding the highly non-concave rate function by a
concave function™! as in the logarithmic approximation, it
can be simply dealt as the standard concave maximization
problems. In the difference-of-two-concave-functions (D.C.)
approximation, the difference of two concave

functions®™® ¥ is used to represent the data rate and a set of

improved feasible solutions is generated. Previous work®®
for the case of D.C. approximation has presented the
effectiveness of the SCA-based approach. Based on the
SCA approach, all the three power optimization policies are
established and this approach eventually converges to
locally optimal transmit power solutions for any given
sub-channel allotment. It ensures that the macrocell sum
rate is always above a prescribed value, and the overall
joint sub-channel and power algorithm is shown to
converge to a local maximum!®”),

Network optimization for the case of AGM
approximation is performed by a central processing unit,
such as for an operation, administration, and management
(OAM) server is proposed in terms of algorithm
implementation'®”. In distributed implementation for the
proposed algorithm for the logarithmic and D.C.
approximation, individual BSs will compute the optimal
OFDM sub-channel and power allocations for their own
servicing cells. Such distributed solutions are particularly
applicable to wireless heterogeneous networks, where
FemtoCells are being deployed randomly and there is no
network planning process needed.

2.4 OFDMA Relay Network

With the emergence of cooperative communication
which allows better throughput, energy consumption, and
cell coverage for overall better performance, the
combination with OFDMA seems resulting in a promising
structure that offers the possibility to reach many desirable
objectives for future wireless networks”!). However, there
is a need for a good design with the radio resource
allocation (RRA) principles which include the coordination
of power and subcarrier allocations, as well as the selection
of relay. An iterative algorithm was proposed in [92] to
solve the subcarrier assignment together with the relay
selection and power allocation problem. The authors in [93]
introduced a closed-form solution for RRA for the multi
hop cooperative relay network. A threshold method was
used to solve the two sub-problems: the subcarrier
allocation and power allocation in [94], and the asymmetric
resource allocation was studied in [95].

The RRA algorithm plays an important role in either
conventional or relay-aided OFDMA systems. The authors
also emphasize the necessary of careful design and the
coordination of the power and subcarrier allocation,
selection of relay across multiple hops, as well as the
optimization of resource asymmetric between the hops. The
recent works on this field usually lack of the concerns
toward the selection of relays, asymmetry of the
source-to-relay, as well as relay-to-destination links. Two
main concerns are focused on: firstly, the consideration on
the problem of asymmetric RRA. The objective is to

maximize the system throughput of the
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source-to-destination link with limited information and
various constrains. It is implemented by optimizing the set
of collaborative relays and link asymmetries together with
subcarrier and power allocations. Secondly, the target of the
proposed scheme is to enhance the total system throughput,
when only the estimated channel-state information (CSI) is
available at the source and so the CSI is really needed for
the resource allocation. Since the channel capacity in the
presence of imperfect CSI is unknown, the conditional

capacity expectation as the performance metric is applied”®®.

Not all of channel-state information is perfect; most of it is
not perfect. Most of the recent works assumed the perfect
channel-state information to be available at the source. In
[87], the system model design was proposed, where two
hops were introduced. In this model, AP delivers
information data to a cluster of de-code-and-forward (DF)
relays in the first hop, and relays cooperate to transmit the
information data to the UE in the second hop, so that the
spatial diversity gain can be achieved.

In [87], it was assumed that there were total Z relays in
the network, and the selected relay cluster K={1, 2, ---, k, ---,
K} contains K potential half-duplex relays. The direct link
from AP to UE is not considered due to the distance or any
other obstacles especially when relays are deployed for cell
extension. One of the assumptions is the transmission time
for the first and second hops can be different. The data rate
in the first hop is influenced by the rate of links between AP
and the selected relays. An adaptive algorithm is introduced
to solve the problem. The problem of the resource
allocation is combinatorial in nature with its non-convex
structure, however, it shows that regardless of its convexity,
with the condition of time sharing, the duality gap of the
optimization problem can be negligible. Therefore, it can be
solved in the dual domain with the asymptotically optimal
solution.

With the assumption made by the authors, when the
number of subcarriers is large enough, the duality gap of
the primal problem and duality function can be
negligible®”). After the comparison between the algorithms,
it shows that 32 subcarriers would be large enough to make
the gap be minor. This assumption is true when considering
the specification of LTE, where the subcarrier’s number is
much larger than 32. Thus, the problem can be solved by
minimizing the dual function g(4, &). There are more than
one way that can be used to minimize g(4, 1) and find the
dual point which is guaranteed convergence. This is due to
the fact that a dual function is always convex”. The
subgradient method in [84] derived the subgradient of
g(A, p) with the optimal power allocation P*, and the
detailed algorithm can be viewed in [84].

The subgradient algorithm is guaranteed to be
converged to the global optimal A and . The computational
complexity for the algorithm is considered polynomial with
the dual variable K+1. By solving the three sub-problems,

which are the relay set selection, subcarrier, and power and
asymmetry allocations, it is believed to be able to solve the
optimization problem. Since the relay selection and
subcarrier allocation have been done, the time slot for the
hop can be obtained by using Karush-Kuhn-Tucker (KKT)
conditions”™*”). Even with the imperfect channel state
information, by using the approximation method, the power
allocation is able to be gotten. After the relay selection and
subcarrier allocation have been done, the resource
allocation with essential parameters also can be solved.

3. Discussion and Comparison
Analysis

3.1 OFDMA Two-Tier Cellular Network

FemtoCells, which are small cells overlaying the
macrocells, are able to enhance the coverage and capacity
of cellular wireless networks, especially the indoor
coverage. FemtoCells or FAPs, which are small and low
powered base stations, are more cost-effective to be used to
enhance the indoor coverage compared with macrobase
stations (MBSs). FAPs are able to improve the indoor
coverage by providing the radio coverage to UE. FAPs are
also used to fulfill the huge demand of network capacity for
the next generation cellular wireless networks. The biggest
challenge in the deployment of FemtoCells over the
existing macrocell networks is the spectrum allocation
between FemtoCells and macrocell networks. In order to
maximize the high frequency reuse efficiency, co-channel
deployment is mostly chosen by wireless operators, where
the FAPs and MBSs operate on the same licensed spectrum
simultaneously in a universal frequency reuse fashion.
However, the network performance significantly degrades
due to the co-tier and cross-tier inerference in
OFDMA-based two-tier cellular networks with spectrum
sharing among FemtoCells and macrocells. Interference
mitigation techniques must be developed to manage the
radio resources of FemtoCells to achieve the QoS
requirements for all the users. RRA methods for the
FemtoCells and the cooperative resource allocation among
the FemtoCells are used to mitigate the cross-tier and
co-tier interference.

Even though the centralized interference management
in two-tier cellular networks with OFDMA is able to yield
optimal/near-optimal performance, however, with the
computational complexity issue, it is impractical to apply in
the real world. Distributed interference management in a
two-tier cellular network with OFDMA is easier and
practical to be implemented compared with centralized
solution interference management, but it losts the
superiority of centralized scheme. Therefore, in order to
obtain optimal/near optimal performance but with less
computational complexity, a semi-distributed interference
scheme is proposed. The proposed semi-distributed
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interference management scheme is based on joint
clustering and resource allocations for FemtoCells.

3.2 OFDMA Multi-RATs Network

OFDMA has been adopted in various wireless standards
networks including 3GPP-LTE, wireless local area network
(WLAN), and the worldwide interoperability for
microwave access (WiMAX) technologies. Besides that,
the energy and transmission energy consumption need to be
consideration in the OFDMA system, and the properties of
the energy efficiency have been investigated. Through the
growing concern about the energy consumption, the
considered of the energy-efficient has been designed in the
multi-RAR network. A study has been conducted to
minimize the energy consumption in the total network by
the user and RAT association in LTE and UMTS. Moreover,
the energy-efficient parallel transmission scheme is
proposed to find the extremely traffic splitting to maximize
the system energy efficiency by using the point-to-point
scenario with single carrier-based multiple RATs. The
energy-efficient relaying scheme in a cooperative
multi-RATs network is proposed for switched-RAT. The
multi-RATs network focuses on the user connectivity and
the throughput in a single carrier system. The
energy-efficient design for OFDMA has been mainly
confined to a single RAT network. However, there is
limited work on energy-efficient design jointly considering
a multi-carriers system in a multi-RATs wireless network.

Besides, the energy efficiency maximization for
multiuser downlink OFDMA cellular networks with user
cooperation has been proposed to jointly optimize the
power and subcarrier allocations and relay selection
considering QoS providing to users. Furthermore, the
energy-efficient design in OFDMA multi-RATs networks is
becoming increasingly important. The near-optimal
resource allocation strategies address the energy-efficient
resource allocation (e.g., subcarriers and powers) for
OFDMA systems in a multi-RATs network in order to
maximize the system energy efficiency, while satisfying the
QoS requirements of UE. And the system model in the
multi-RATs network is also proposed to optimize the
problem. In the system description of a single cell OFDMA
based multi-RATs network, each RAT is assumed frequency
synchronization. And the channel gain at each subcarrier in

each RAT is to remain a constant during the time of interest.

Since different RATs operate at different frequencies, the
heterogeneous network is assumed and there is no
interference between the RATs. Besides that, also assume a
central control unit performs multi-radio resource
management (MRRM) and facilitates parallel transmission
among the RATs. For the parallel transmission, the desired
data can be split into multiple sub-streams for multiple
RATs to transmit simultaneously, the data to each
multimode UE (MMU) transmitted from multiple RATs can
be recovered.

Therefore, the maximum of energy efficiency can be
achieved by jointly optimizing the set of active RATs and
subcarrier assignment for the given RATs. There are some
solutions requiring the exhaustively search for over-all
possible combinations to the active RATs and
corresponding resource allocations. Besides that, the RAT
selection is on the large time scale based on the average of
daily traffic load profile and obtained from long-term
observations. It can be concluded that, through the
investigation of energy-efficient resource allocations for the
downlink OFDMA-based multi-RATs network, different
RATSs operate with different system configurations.

3.3 OFDMA FemtoCell Network

The FemtoCell has been used as a solution to meet the
increasing demand for the ubiquitous wireless network
coverage and higher throughput. In FemtoCell networks,
numbers of small cells enable more active UE, which can
be packed into one given area of the same radio spectrum.
This has enabled a greater area spectral efficiency.
FemtoCells are highly cost-effectively as the network
planning process and traditional site survey are no longer
needed. FemtoCell’s transmit power can be lowered and a
better SINR can be archived because of the close
transmitter-receiver proximity.

A joint sub-channel and power allocation algorithm for
the downlink deployment of an OFDMA mixed FemtoCells
network has maximized the total throughput of all FUE
while the network capacity is protected. The algorithm
using an iterative approach where the transmit power of BS
and OFDM sub-channels is alternatively assigned and
optimized. OFDMA is a flexible technology, therefore, it
has been used as an air-interface technology for FemtoCells.
The intracellular interference is eliminated because of the
exclusive channel assignment. Exclusive channel
assignment defines that at any given time, there is only a
sub-channel allotted to one UE. The iterative scheme can be
used to solve the joint power allocation problem and the
scheduling problem in the coordinated OFDMA multicell
network. A low complexity distributed scheme can
maximize the weighted sum rate in downlink, but it will
affect the QoS of the preferential macrocell.

A new formulation has been proposed, which considers
both downlink sub-channel and power allocation problems
in the OFDMA-based heterogeneous network. This
OFDMA-based heterogeneous network consists of one
macrocell and several FemtoCells. These formulas protect
the network capacity of the prioritized macrocell. But the
FemtoCell deployment is not considered. The sharing of
radio spectrum among the UE from different cells makes
the management of intercellular interference more
complicated. And it is critical to maximize the throughput
of each cell. It is difficult to manage this problem as the
minimum data rate needs to be ensured. An iterative
formula has been proposed to solve the problems, which
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alternatively assigns OFDM sub-channels to UE and
allocates the power to transmit. To overcome the problem
of power allocations, a successive convex approximation
(SCA) method has been used. By using SCA, the
nonconvex problem is transformed into a series of relaxed
convex programs.

The arithmetic-geometric mean (AGM) approximation
can help to solve the problem, which relates to the
geometric programs. AGM helps to condense a polynomial
into a monomial. The SCA approach is effective in solving
the data rate problem. It eventually converges to the local
optimal transmit power solutions for any sub-channel. It not
only ensures the macrocell sum rate above a prescribed
value, but also overall joints the sub-channel and power
allocation algorithm, and converges to a local maximum.

3.4 OFDMA Relay Network

In the relay network, the joint optimization problem for
RRA can be solved by addressing the opportunistic
selection of collaborative relays, allowing different
durations between the two hops, the subcarriers and power
allocation aiming to maximize the expected system
throughput. A proper resource allocation scheme that allows
imperfect CSI for different hops is able to significantly
increase the cell-edge throughput. The set of collaborative
relays and link asymmetries together with subcarrier and
power allocations can be optimized by using the proposed
solutions. The RRA needs to be designed carefully. The
selection of relays across the different hops and the

resources asymmetric optimization between the hops can be
ensured by carefully design and coordination of the power
and subcarrier allocations.

All the fundamental properties: the resource allocation
for the relays, link asymmetry, selection of the relay, and
imperfection in CSI are considered. The total system
throughput can be enhanced only if the estimated CSI is
available at the source. The direct link from the source to
destination is not considered because the relays are
deployed for extending the cell coverage. Furthermore, a
subcarrier allocation scheme and a relay selection method
have been proposed, which allows a set of relays to obtain
the best data rate for the link selected. In this method, the
power is allocated to the source and relays under per-node
constraints, which is more effective than only considering
the sum of the whole system power. The comparison
analysis of resource allocations in OFDMA based networks
is shown in Table 1.

4. Future Trends of OFDMA
Based Networks

The rapid development of mobile communications
makes the services diversified and it demands a higher
requirement on the system bandwidth and the data transfer
rate to support high data rate wireless multimedia services,
while the traditional cellular network has been unable to
meet the needs of the high speed rate and the high quality
of service. Among the OFDMA based networks:

Table 1: Comparison analysis of resource allocations in OFDMA based networks

Network Strength

Weakness

. Enhance coverage and capacity of
cellular wireless network

Increase spectrum efficiency
Improve indoor coverage

OFDMA cellular Cost effective

. Management of both the cross-tier and co-tier interference
o Centralized solution
= Impractical due to computational complexity
o Distributed solution
= Lack of superiority of centralized schemes

twork E fhici . Spectrum allocations between FemtoCell and macrocell networks
networ nfftiy-}i: I,CI.em d d with th . No two FemtoCells in the same cluster on the same sub-channel
Fu tl dt ¢ rising demand with the e Multiple user corporative OFDMA system is hard to solve
Ilml ¢ resogrcesd data rate of mobil . Cost effective issue, when the solution does not meet requirement
L] . . .
drrltpri)vef:fQO and data rate ol mobtie e  Not effective to use macro base station to improve network coverage
ata tratlic as it is costly
8§511Y11{AATS ) g(r)ltlilr(r)l‘éfv&t/}(;ikeZzzgzsz(rnézlllllﬁﬁnng:t " e  Limitation and complicated on multi- carrier system to applying
network with RAT network energy-efficiently with jointly multi-RATs wireless networks
OFDMA * Inpreiasing demand f(:;}l:‘bi;luitous e Improve indoor coverage as high signal to
FemtoCell wireless coverage and fig interference-plus-noise-ration, the FemtoCell need lower their
network throughput . it
e Offer a higher spectral efficiency ransmit power
e Reduce or cancel channel noise and
multipath effect L o Lo
OFDMA rela . B;lttefthrou hout e Need for a good design in RRA principles which include the
Y £hp . coordination of power and subcarrier allocations, as well as selection
network e Better energy consumption

e Cell coverage for overall better
performance

of relay
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1) two-tier cellular network, 2) multi-RATs technology, 3)
FemtoCell network, and 4) relay network, the combination
of the relay and OFDMA is a trend of future mobile
communications networks. This is because the entire
bandwidth is split into a plurality of parallel carriers which
can reduce the influence of frequency selective fading in
the broadband system and improve the spectrum utilization
by eliminating inter-symbol interference. Introducing the
technologies of OFDMA and relays to the system at the
same time can provide better flexibility for the resource
allocation, for example, using subcarrier allocations,
scheduling, and power control to obtain multi-dimension
diversity gains.

The  next-generation  wireless  communication
technology standards such as LTE-A and WiMAX both use
this potential relay network architecture based on the
OFDMA technology introducing the relay station to assist
the BS to complete the data communication. On the other
hand, OFDMA is the evolution of OFDM which is treated
as the technical basis of the fourth generation mobile
communication standard and has become a mainstream
choice. Introducing relay stations can effectively expand
the cell coverage, improve the users’ QoS in the cell edge
and the system throughput. Meanwhile, because of the
ability of anti-multipath, it improves the system’s spectral
efficiency and the flexible allocation of resources. Besides
that, the relay as one of the essential techniques in the
future network has lower arrangement and maintenance
costs. And integrating relay nodes into traditional cellular
networks can overcome the near-far effect in the wireless
communication system due to the scarcity of frequency
resources. The future mobile communication will use the
carrier higher than 2 GHz which can improve the
performance of the future network.

At the energy crisis today, energy-saving emission
reduction and promoting green communications are major
problems for the communication industry to face. But the
power and signaling overhead brought by relay stations is
inevitable. Therefore, it is meaningful to do research on the
resource allocation problem of the mobile relay system,
especially the system energy efficiency problem. Thus, thr
research aiming at the problem of resource allocation and
intending to increase the system performance through
improving the algorithm of resource allocations in OFDMA
systems will be highly demanded in the near future in the
current research of resource management that mainly focus
on three aspects, namely, the resource control, resource
allocation, and resource scheduling.

5. Conclusions

Most of the broadband cellular wireless network
organizations are planning to deploy green OFDMA in their
daily operations to seek the benefits provided by the

OFDMA technology. The green OFDMA technique is
designed in such a way that it matches with the
organizations’ requirements, allowing high data rate
transmissions with an energy-efficient mechanism. The
resource allocations in OFDMA sub-channels from
subcarriers are an important concept in OFDMA systems to
mitigate the inter-cell interference and cope with network
traffic and channel fluctuations in space and time. Some
studies have been done on dynamic resource allocations in
various OFDMA networks such as cellular, multi-RATS,
FemtoCells, and relay networks to address the energy
constraint, computational complexity, and sub-channel
assignment problems. In this paper, we have provided the
basic definition of OFDMA and highlighted various issues
related to resource allocations for OFDMA based networks.
Furthermore, we presented some discussion and
comparison analysis, and future trends were also discussed.
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