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Abstract— 1t is the goal of researchers working in the field of
future cellular networks to ensure that Heterogeneous
Networks (HetNets) be far more energy efficient (EE) than
their homogeneous counterparts. This drive towards reducing
their energy consumption rate has led to considering HetNets
as “Green networks”. In this regard, lots of documents
describing several research and developmental efforts are
readily available. However, it remains unclear how researchers
and technology developers alike intend to efficiently integrate
the deployment, user association and resource allocation
functions together. Consequently, this paper takes an
inventory look at the state of art in green heterogeneous
networks as it pertains to these key functions. Firstly, network
deployment is discussed before considering user association
and then, resource allocation. We conclude on advocating the
need for an efficient synergy between these different functions,
and also document particular future research directions in this
regards.

Keywords: Green HetNet, resource allocation, user
association, network deployment

I. INTRODUCTION

In recent times, the Mobile communication industry has
witnessed unprecedented and tremendous growth in the
market. Mobile subscribers are constantly demanding more
data to remain connected. The influx of mobile devices such
as smartphones (Android, IOS, etc.), tablets, and laptops has
also contributed to heightening this demand. This has
caused network service providers to increase their network
capacity in an attempt to meet this ever growing demand.
One way of increasing their capacity is to deploy additional
Base Stations (BSs) [1], [2]. However, with mobile
communication technologies approaching their theoretical
limit, network deployment is being replaced by an interlay
of high powered BSs (HPB) and low powered BSs (LPB)
[3], [4]. This new network architecture is known as
Heterogeneous Network (HetNet). An analysis by OFCOM
Plextek concluded that deploying HetNets could result to
significant energy savings as compared to the use of
additional macro BSs (MBS) for network upgrading[5].
This line of research is also driven by the high Carbon
emission rate of the Information and Communication
Technology (ICT) industry, which has been estimated at
about 2% [6].

With specific focus on cellular networks, most research
efforts in this subject are focused on reducing its overall
energy consumption, which has a high emission rate in
comparison to other ICT components, in order to reduce its
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contribution to ‘Green house effect'. This trend of reducing
energy consumption also extends to HetNets. However, we
note that though low transmission power in HetNet might
not necessarily result in an increase in energy efficiency
(EEy), it could be an indication that enhanced performance
can be achieved using less power. Therefore, since HetNets
are conceptually the next generation networks, it is
imperative that green solutions be considered for their
deployment and operation. Therefore, an integration of
HetNet deployment, resource allocation and user
association forms a major consideration towards realizing
‘Green HetNets’.

Consequently, our survey in this paper contributes to the
general pursuit of Green Hetnets by discussing some factors
that should be considered for the "Green" concept. In this
regard, the paper is structured as follows: section II
discusses HetNet Deployment, section III resource
allocation section IV user association while section V
concludes the paper as well as pointing out future research
directions.

II. HETNET DEPLOYMENT

The deployment of HetNets is associated with many
implementation challenges. These challenges give rise to a
few questions such as “What is the optimal BS density and
transmit power?”, “How do they influence EEy?”, “How
can network traffic influence deployment?”, among a few to
mention. We note that a lot of research efforts have been
invested in addresing these questions. Recently, it has been
deduced that an optimal BS density and placement can
improve EEy (EE) in HetNets [2]. As a follow up,
additional network deployment strategies were explored in
[7] to determine if it was better to increase network capacity
using macrocell or picocell. It was shown that additional
picocells proved to be more efficient. This EE will however
saturate as the BS density increases beyond a certain
threshold [5]. Furthermore, disparate transmit powers and
BS placements in HetNets could impact on the overall
interference level in the network. This will directly degrade
the delivered Quality of Service (QoS). Therefore, to
achieve an EE HetNet, an EE optimal deployment strategy
must be adopted which will minimize interference.

A cellular network consists of three parts namely the core,
the BS and the mobile terminals (MT) [8]. These parts
contribute to the EE of the network. From literature, the BS
seems to be the component of concern because of its high
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Fig. 1: A HetNet consisting of high powered and low powered cells
(4]

backhaul has also received research attention especially in
optimizating its performance [1], [9]. Although the least
energy is expended by the MT, a lot of research has also
gone into optimizing its EE for the purpose of increasing
battery life [5]. The focus of this section will be on BSs.
The BSs used in a HetNet deployment include macro,
micro, femto, and pico BSs and relays.

Since the BS consumes the most energy, it has been proven
to be more EE if they are powered down during low traffic
periods. This could mean switching off the LPBs or HPBs,
depending on which option is more EE during low traffic
period. Consequently, BS sleep or switch off needs to be
incorporated into the network plan and deployment. The
network layout should be such that at least one neighboring
BS will be there to receive the offloaded traffic.

An optimal SMART algorithm was proposed in [10] to
determine the best position to place a new BS (micro and
macro). The problem was formulated as a facility location
problem with the objective of maximizing both coverage
and user experience while achieving higher convergence
speed. A vehicular relay node network deployment was
discussed in [11]. It was argued that by placing a BS at the
center of the coverage area does not guarantee the optimal
EE placement in a HetNet due to the non-uniform
distribution of traffic. This was further investigated in [12]
where a genetic algorithm based approach was used to
determine the optimal BS location based on traffic demand.

Since traffic fluctuates in both space and time dimensions,
sleep has been investigated further to determine the optimal
BS switching mode given certain traffic condition. These
proposed algorithms can be grouped into centralized and
distributed. In a centralized control, the backhaul will play a
significant role in coordinating the operations of the BSs.
Control signaling can be sent to nodes via the backhaul link.
Therefore, the backhaul will be required to operate energy
efficiently. In distributed control, the BS will make their
decisions based on their perception about the network.
Switching off can be further classified into full and partial
switching. Full switching permits that the whole BS be

switched off, while partial switching only permits that some
components of the BS be switched off [13].

Obviously, algorithms that were proposed for homogeneous
networks cannot be easily implemented in a HetNet because
of the random and non uniform deployment of the BSs
especially the LPBs [14]. Sleep algorithm for HetNet needs
to consider the random deployment of the small cells, the
non-uniform traffic demand distribution user behaviour, and
the delivered QoS after making sleep decision. A dynamic
sleep algorithm using artificial neural networks (ANN) to
predict future traffic demand for a Femto Access Point
(FAP) was proposed in [15]. In [16], sleep/wake function
was categorized into node controlled, UE controlled and
core controlled. Sleep command was sent to the FAP using
the core controller interfaces. A HetNet deployment model
was proposed in [17] to determine the optimal macro/micro
BSs density. This model has an added advantage of
choosing which BS should be powered off during off-peak
traffic periods. Factors such as path loss and transmit power
are to be considered for BS switch off. A social spider
algorithm was adopted in [18] to decide on which BS to be
switched off, while [19] groups BSs into clusters where
switching is applied per cluster.

It is expected that neighboring BSs will provide coverage to
the switched off region. Cell zooming and Coordinated
Multi Point (CoMP) are some of the techniques that have
been proposed in literature to extend coverage. These
techniques requires some level of cooperation among the
BSs to enhance network performance. For example,
transmit power needs to be increased systematically in order
to avoid interference. In addition, less power is required per
BS to extend coverage to a given region.

HetNets deployment can be made more intelligent by the
use of the cognitive radio techniques. This will give rise to a
cognitive HetNet. Effective integration of these can lead to
an EE HetNet configuration [20]. Cognitive capabilities was
used in [21] to reduce cost and power consumption from the
smart grid. A topological control mechanism which will
allocate spectrum space to the secondary user when the
spectrum slot is not being utilized by the primary user was
proposed in [22]. This provides the added capability of
eliminating interference between BS cells in the network.

A combination of BS cooperation and cognitive capabilities
will give rise to a new generation of self-organized HetNets.
These networks will have the capability to reconfigure,
reorganize and decide on opportunistic spectrum usage and
traffic demand [23]. They will further have the capability to
enhance their EEy while maintaining enhanced
performance. However, MT mobility, interference, traffic
demand are some of the issues that will still need to be dealt
with during network design stage. BS deployment also has
to be done in such a way that users do not have to oscillate
their association too frequently.



III.  RESOURCE ALLOCATION

This involves the link layer control of resources among
nodes to ensure that they are distributed properly across all
links. Some resources for allocation include power,
bandwidth, time, etc. Research efforts in this line have been
classified based on factors such as centralization of control
and optimization objective etc. This is shown in Fig. 2.
When the objective is to minimize power for a given data
rate, it is termed margin adaptive. Rate adaptive is aimed at
maximizing the data rate while simultaneously trading off
other QoS parameters. It is expected that an optimal
allocation of resources should enhance the performance of
the system. Most resource allocation (RA) research
heretofore have been directed towards enhancing rate i.e.
rate adaptive because of the increasing demand for
improved data rates.

Recent efforts on resource allocation have focused mainly
on orthogonal frequency division modulation and
orthogonal  frequency  division  multiple  access
(OFDM/OFDMA) systems. This is due to the wide
acceptance of the OFDM/OFDMA in upcoming wireless
technologies such as WiMAX, Wireless LAN and Long
Term Evolution (LTE). There are however, some associated
challenges with OFDM/OFDMA systems they include high
peak to average power ratio (PAPR), sensitivity to Doppler
Effect i.e. mobility etc. These challenges increase the
complexity of RA in the systems. Consequently, a lot of
research have been underway to enhance the RA in
OFDMA system. With the recent interest in EEy, the
research has also been poised towards enhanced RA
performance while ensuring EEy.

A number of techniques have been used in literature for the
allocation of resources in OFDM/OFDMA based system.
Water filling [24], technique being on of the oldest means
of RA, has a characteristics of filling more eresources to
best channels while users at worst channel conditions will
be starved of resources. The issue of fairness to users at
worse channel was subsequently raised. Many techniques
were consequently proposed these include Max-min,
weighted proportionality [25], utility maximization [26].

The challenged of the complexity of the algorithms still
remained as a fundamental problem. Techniques such as
Auction approach [27], rate proportional approach [28], Ant
Colony Optimization algorithm [29] Nash Bargaining [30],
etc. were proposed in the literatures. Despite all the
technques, the issue of complexity and optimality still
remains an issue of trading off one for the other.

Future research will focus on EE resource allocation given
power allocation constraint to achieve a maximum data rate
requirement. These future works should consider other
factors such as interference, QoS, transmission
impairments, etc. The optimality of resource allocation
algorithms is another area of future research, along with
mobility which hasn’t been given much attention in

OPTIMIZATION

RESOURCE
ALLOCATION
CENTRALIZATION OBJECTIVE
L‘DISTRIBUTED \—TENTRALIZED \i&;‘(ﬁm ADAPTIVE t:\TE ADAPTIVE

Fig. 2: Classification of Resource allocation

resource allocation. In our opinion, it will bring to light a
whole new dimension for resource allocation.

IV.  USER ASSOCIATION

User association requires that the Mobile Terminal (MT) is
able to associate with the BS for supply of the best services.
In a HetNet deployment, this user association becomes a
challenge because there is need to develop new user
association algorithms. Obviously, the legacy highest Signal
to Interference plus Noise ratio (SINR) criterion will prove
to be very inefficient. Nodes transmitting at high power will
be over loaded while low powered nodes will have almost
no load. Therefore, new set of user association criteria
needs to be put in place to cater for this random distribution
of BSs in the coverage area. Also, appropriate user
association algorithm can mitigate interference among the
tiers of the network [31]. It has been shown from literature
that resource allocation plays an important role in user
association.

An improvement in network throughput can be achieved by
finding an optimal combination between user association
and resource allocation [32]. A joint user association and
resource allocation condition was proposed in [33]. A
logarithmic network utility maximization with a constraint
of equal resource allocation was proposed i.e. maximization
of user association with equal resource allocation. The
proposed model, however, is restricted to low mobility
network environments. The delay encountered as traffic
traverses a network was considered in [31] to propose a
delay cell association. Real world policies were considered
in [34] for achieving user association decision. The
objectives included balancing load distribution for
minimum bit rate users, maximizing throughout for best
effort user and minimizing transmission cost for the entire
network. User association was modelled as a stationary
point process model in [35]. The access points (AP) were
assumed to be distributed according to a stationary point
process. A relationship between the association area of the
cell containing origin to a typical association area was
derived. It was shown that the association area of an AP
decreases with path-loss exponent and increases with
channel gain variance.

For user association to be EE, the complex interplay
between EEy and performance have to be put into



consideration. When performance is the priority, EEy
suffers and vice versa. In a bid to improve the EE of the BS
in a cellular network, user association schemes also need to
be optimized towards EEy. This often results in a trade-off
between performance and EEy. It is necessary to note that a
threshold value needs to applied to limit how far the trade-
off can go before it impacts adversely on the network
performance. In [36], a population game theoretic approach
was adopted where the UEs were grouped into a finite
number of classes with similar characteristics. Evolutionary
dynamics was used to converge the distribution algorithm to
a socially optimal point through appropriate association
pricing. Reference [37] proposed an association scheme
where the UE associated with a BS depending on the
received EEy (Joules per bit).

The fact future of user association in HetNets will have to
focus on improving EEy while maintaining a minimum
threshold. Some areas still require further research efforts.
These include interference mitigation, bandwidth,
transmission power, cell edge user association and user
mobility. MTs should also be able to associate with more
than one BS to maximize throughput and minimize
interference. Another area requiring further research is the
frequency of dissociation of the MT with its associated BS
for mobile users. This will go a long way in stabilizing the
network by eliminating increased oscillation.

V.CONCLUSION AND FUTURE WORK

In this short discussion, we have presented three key
functions (deployment, resource allocation and user
association) which will drive the concept of green HetNet.
Consequent to our review, we infer that the development of
a joint multi-objective EEy algorithm, which will
adequately integrate the network deployment, resource
allocation and user association functions can bring about an
EE HetNet. However, further research is still required in
areas of user mobility, interference management, optimal
resource allocation and tradeoff in order for networks to
improve their EEy. Most importantly, the implementation
problems mentioned here with respect to OFDM/OFDMA
systems need to be addressed during resource allocation to
improve EEy.
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