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Abstract

Cellular operators are moving towards deployment of heterogeneous cellular networks
(HetCNs) not just to deliver services to remote locations but also to spread out data
capacity in crowded urban areas. HetCNs, along with traditional macro towers may also
include relays, smaller base station and distributed antennas. These new infra with small
base stations and cells (e.g., metrocells, microcells, picocells, and femtocells) have
advantages such as smartness, cheap, less obstructive, and easier installation compared
to traditional homogeneous macrocell networks. Traditional single towers along with
these small cells can provide services not only to outside busy intersections but also to
residential homes and offices. This paper addresses some of the major concerns of
today’s cellular system such as coverage, capacity, interference and spectrum reuse. The
paper also presents and discusses advantages and future needs of denser deployment of
base stations and cells in a heterogeneous cellular network. Literature survey on some of
the recent research works associated with spectrum allocation and interference
management are presented. Major issues such as user association, off-loading of users
from a macro to small cells etc, and potentials of superimposing small BSs with
traditional macro cell BS are discussed.

Keywords: Base station, HetCN, ICI mitigation, Resource allocation, Small cells, User
demands

1. Introduction

Coverage, Capacity, Interference and Spectrum reuse are vital concerns of cellular
systems. Cellular or mobile networks influence our daily life, as fast communication with
low cost lies in our nature. It extends over a large geographic area that is dividing into
cells. All the cells in the network offer radio coverage to a wide geographic area, such as
city, state or nation. Cellular network enables numerable portable devices to communicate
among them as well as with fixed-line telephone. A fixed transceiver node named Base
Station (BS) that are linked to a core network of telecommunication vendors and the
internet, serves mobile users within the confined region of each cell in the network. The
available frequency spectrum and the number of channels that can be supported by the
available bandwidth in cellular network manage the number of simultaneous calls.
Cellular networks achieve a higher capacity and serving larger areas by adding additional
BSs is its advantage as mobile user need less power for transmission when BS are in close
vicinity [1]. Earlier some classical approaches and schemes were considered for allocating
resources such as Frequency reuse, FDMA, TDMA and CDMA [3]. Today’s major
breakthrough and promising approaches includes OFDMA, MIMO techniques, Cell-
sectorization, Fractional Frequency reuse, BS-coordination, User scheduling, BS-
cooperation (Network MIMO) and Massive MIMO [2].
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Nowadays, most of cellular operators and vendors are leading towards deployment of
heterogeneous cellular networks (HetCNs) not just to provide services to remote areas
rather to enlarge data capacity in urban areas having congestion. HetCN may include
divided small cells, relays, and smaller base stations (BSs) with distributed antennas.
These new infra with miniaturized BSs and cells (e.g., metrocells, microcells, picocells,
and femtocells) are cheap, smart, less obstructive, and easy to install compared to
traditional homogeneous macrocell networks. Traditional towers along with small cells
within local range can provide services not only to outside busy intersections but also to
residential homes and offices. HetCNs thus fetch the network to the vicinity of users and
thereby drastically enhance the overall network capacity and a superior spatial resource
reuse is attained. Due to such striking features and pros, in the last few years HetCNs
have attain attention largely in wireless industry and research. In this paper, we present a
summary of research works being carried out by researchers and wireless communication
engineers in cellular network areas. The rest of the paper is structured as follows. In
Section Il, some advantages and future need of heterogeneous cellular network over
homogenous one are presented and discussed. Literature survey on some major areas and
recent research contributions are summarized in Section Ill. Some relevant issues and
potentials of deploying small cells along with macro cells are discussed in Section IV.
Lastly, Section V draws the conclusion part of this survey.

2. Homogeneous to Heterogeneous Cellular Network

In the last few years, traditional homogeneous 2G and 3G cellular networks were
usually managed by macro BSs that provides blanket coverage within its range. However,
indoor users suffer due to low signal quality because of strong penetration and high path
loss. HetCN improves coverage for indoor areas by allowing flexible deployment or
installation of low power and low complexity micro, pico and femto BSs. Typically,
HetCN comprises both traditional macro-BS with high transmit power for cell-edge
coverage and other micro, pico, and femto BSs depends on network demands with low
transmit power for cell-centre users.

Due to limited spectrum and considerable increase in the number of users, today’s
cellular networks can no longer meet the user demands such as coverage and throughput.
Moreover, most of the resource management and ICI mitigation techniques found in
literature are more or less considers homogeneous macrocell scenarios, and thus unable to
meet the expectation of densely deployed heterogeneous one. The grounds behind is that,
the dominant interferers are limited in homogeneous as compared to dense heterogeneous
networks. In addition, the never ending hunger for higher data rates and need for a more
efficient use of the limitedly available radio spectrum has led to development of new
technologies. Unfortunately, although densely deployed small cells is a better approach
for wireless network, but also will brought new challenges for engineers such as efficient
resource allocation, interference management etc.

3. Literature Survey on Recent Works

Recently, Resource allocation and Interference management (especially Inter-Cell
Interference (ICI) for cell-edge users) have become major concerns for communication
engineers, as because an effective management of ICI and available spectrum can
improve cell-edge signal quality. ICI is always been a major degrading factor in terms of
cell-edge user throughput. ICI in cellular networks occurs mainly due to use of same radio
frequency in the neighboring cells. ICI problem has been broadly discussed in text: from
homogeneous networks to dense femtocell networks. Most widely used ICI mitigation
techniques and approaches include Frequency Reuse (FR), Fractional Frequency Reuse
(FFR), Cell Sectorization, BS-coordination and BS-cooperation [2].
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3.1. Homogeneous Cellular Networks

By homogeneous cellular networks, it refers to network with same size and each
having centralized BSs among each cell. These networks mainly based on non-
cooperative spatial reuse partitioning approach to combat the problems of fading as well
as interference. Several macro-BSs are placed in the entire area of service, more or less
evenly distributed to form a cellular structure. Mobile users close to or in the range of
home BS receive good SNR. While in case, users are in coverage range of multiple BSs,
assigning orthogonal resources with FDMA, TDMA or CDMA reduces the interferences.
Accordingly, the interferences are controlled by choosing high reuse factor (e.g. 3, 4, 7, 9
and 12) and fixing the BSs transmits power. The reuse approach indeed reduced the
interference, but at cost of reduced resources in each cell. Consequently, interference and
reuse limit the spectral efficiency (bps/Hz).

Spectrum reuse schemes such as FR and FFR have been extensively used in cellular
system in order to extend the geographic coverage area and primarily for capacity
enhancement, interference reduction. FR scheme avoids utilization of same frequency in
the neighboring cells to reduce interference, while FFR scheme allows FR within a cell
such that for cell-centre users assigns lower FR (FR-1) and cell-edge ones with higher
reuse by employing sectors in the cell [4], [8]. MIMO techniques refer to use of multiple
antennas at transceiver. In cellular network, it allows a transceiver to encompass multiple
antennas that spatially multiplex channels among single or multiple users and thus
increases the throughput by spectral reuse. Sectorization allows partitioning of cell
radially into multiple sectors and reuse of resources in each sector, which enhances the
spectral efficiency of each cell. In BS-coordination, multiple neighboring cells are allows
to acquire the Channel State Information (CSI) of cell-edge users and thus allows to
coordinate for the data transmission in a way such that one home cell is selected among
these cells for transmission and other cells will engaged in designing precoding matrix by
considering the intended user. The approach is also known as inter-cell coordination
strategy as it pre-cancels the interferences at all neighboring cell and one cell among
coordination is selected for transmitting information. In addition, the resources of the
coordinating cells are made accessible to both cell centered and edge users and thereby
mitigate interferences [4]. In Network MIMO, the concept of serving an intended user by
an individual BS in a cell vanishes. The scheme allows connection between several BS
antennas belonging to different cells using high-capacity backhaul link to serve the user.
BSs via this link network share not just the CSI, moreover data signal of intended user.
Hence, combined use of multiple BSs of different cells mitigates the ICI problem [8]. In
spite of ICI mitigation and capacity enhancements, network vendors are still struggling to
convince the increasing users and its demands. An efficient and optimum allocation or
sharing of resources among huge number of users is of great concern. In such scenario,
scheduling not only helps in allocation of resource among users but also decide when and
which user should transmit or receive using that resources.

In [4], the capacity and cell-edge performance based on distance from BS is presented,
by considering frequency reuse schemes and a coordination strategy among cells. In [5],
FFR with sectorization and coordinated fair scheduling scheme is used to improve the cell
edge users and to maintain fairness in resource allocation among users. Rizwan Ghaffar et
al., [6], have investigated the downlink performance of cell-edge users by using propose
interference suppression strategy and FFR scheme of 1.5 for edge users. In [7], a
comparison is made between distributed and traditional centralized cellular system and
cell-edge effects of both the systems is evaluated by considering both with or without ICI.
Li-Chun Wang et al., in [8], have discussed a Network MIMO based 3-cell architecture
by employing tri sector based regular and rearranged fractional frequency reuse schemes.
Kianoush Hosseini et al., in [9], have made a comparison on two distinct interference
mitigation techniques: Network MIMO and Large Scale-MIMO, for multicell downlink
network. The results shows that user’s in network MIMO system receives intended
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signals from multiple BSs whereas in LS-MIMO system user receives the same only from
the closest BS. In [10], four major cooperation techniques for multi-cell networks:
Interference coordination, MIMO cooperation, Rate-limited MIMO cooperation and
Relay-assisted cooperation have been discussed. Yifan Liang et al., in [11], have made a
comparison between two well-known base station approaches: Network MIMO and
Densification of BS, which greatly helps in mitigating interference and system capacity
enhancement. In [12], throughput performance of a downlink cellular network is
compared for Single user, Multi-user with sectorization and Network MIMO with
coordination among cells. In [13], it is presented that higher-order sectorization (more
than 3 sectors) of cell provides not only better performance but also throughput scales
directly with increase in number of sectors compared to conventional 3 sectors per cell. In
[14], the performance analysis of a sectorized cellular system is presented by considering
non-cooperative and cooperative transmission. Thomas Novlan et al., in [15], have
provided a comparison on two main FFR deployment approaches: soft frequency reuse
(SFR) and strict FFR for OFDMA cellular networks. In [16], a dynamic FFR scheme has
been proposed which divides subcarriers into groups rather than users in a cell such that
subcarriers allocation problem in OFDMA cellular networks can be overcome and users
can access all the subcarriers within a cell. Abdelhalim Najjar et al., in [17], have
addresses the cell-edge interference problem in multi-cell OFDMA system and presented
an efficient frequency reuse scheme and threshold switching mechanism based on
received user SINR and distance between user and BS to reduce it. Md. Assad in [18],
has presented inter-cell interference analysis in multicellular OFDMA based system by
employing FFR technique among cells. Qinghua Li et al., in [19], have provide an
overview of some key MIMO techniques for uplink and downlink in WiMAX and LTE
standards. In [20], some interference mitigation and cancellation techniques is presented
which can be employed in 4G OFDM systems. In [21], co-channel interferences are
analyzed for MIMO based multi-cell heterogeneous network and an algorithm is proposed
which not only reduce the number of ICIs but also increase the system capacity. Ajay
Thampi et al., in [22], have presented a 3-cell static clustered network and employs FFR
technique for users in cluster-center and cluster-edge to mitigate interference on uplink
network. In [23], Xin Yongchao et al., have addressed two systems namely: Three-node
CCFD system and FFR based CCFD system, for suppression of Inter-Terminal and Inter-
Cell interferences in a CCFD cellular system. Yang Zhang et al., in [24], have proposed a
Partial Interference Alignment (PIA) scheme to enhance the throughput. The proposed
scheme requires relatively less amount of antennas and properly ignores some weak
interference links in multi-cell networks. In [25], the problem associated with estimation
of number of interferers from co-channel cell has been addressed for a MIMO cellular
network. Vincenzo Sciancalepore et al., in [26], have addresses a pure scheme based on
base station scheduling with frequency reuse 1 rather than frequently adopted user
scheduling. Guanding Yu et al., in [27], addresses resource allocation problem and
proposed a novel user-scheduling algorithm for cellular network with full-duplex BSs.
Arash Asadi et al., in [28], provides a survey and taxonomy to opportunistic scheduling
which were emerges in the last two decades. Authors in [29], proposed a mechanism in
which neighboring nodes can notify each other about the resource utilization and thus
nodes are avoid to utilize high transmission power in those areas. In [30] and [31], authors
have used the concept of minimizing transmission power and address the user interference
tolerance for efficient allocation and management of resources in traditional macrocell
and densely deployed small cells.

3.2. Heterogeneous Cellular Networks (HetCNs)

In modern 4G cellular networks (e.g., LTE-A and WiMAX), size of cells are reducing
and reuse factors are approaching to 1. Modern OFDM based cellular system uses flexible
reuse pattern that changes dynamically according to user’s distribution and traffic
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demands. The approach allocates full spectrum to users near BS and orthogonal
frequencies for users in the cell edge [2]. HetCN offers some attractive features and
advantages and can significantly boost the capacity of a network via spatial reuse. HetCN
allows flexible deployment of low power and low complexity micro, pico and femto BSs.
For huge number of users, HetCN may be bulid with traditional macro-BS with high
transmit power for cell-edge coverage and pico, and femto BSs with low transmit power
for cell-centre users. In HetCNs, macrocells provide service to high mobility users by
covering a wide area, whereas densely deployed femto, pico and micro cells provide
services to low mobility user within a cell. However, due to dense deployment of cells
major complications and technical issues arises such as efficient allocation of resources
and interference management.

Recent advances in HetCNs took place in following major research areas: User
association, Resource allocation and interference management, new antenna techniques,
Dynamic TDD, Coexistence of LTE and WiFi HetCNs, and Network topologies and
cooperative communications. In [32], Yibing Li et al., have not only addresses major
drawback associated with conventional static 1CI-coordination strategies such as FFR,
soft-FFR, but also proposes a universal FR scheme for heterogeneous network to achieve
good throughput for all users by allowing them to use all spectrum in a cell and developed
a sub-band allocation algorithm. In [33], Guogang et al., have proposed a novel Adaptive
Frequency Reuse (AFR) scheme for ICI coordination in femtocell network. The proposed
scheme allows division of all sub-channels (SCs) into primary SCs and secondary SCs,
such that primary SCs maintain orthogonality among neighboring femtocells. Aysha
Ebrahim et al., in [34], have discuss and propose a novel sleep mode (SL) based resource
management in which switching off of certain small cells is done to mitigate interference
and enhance the capacity of a heterogeneous networks. In [35], Binnan Zhuang et al.,
have proposed an optimized framework by jointly using approaches: spectrum allocation,
user association, and cell activation. The authors also studied about possible activation of
few small cells at an instance to preserve energy and for efficient utilization of resources
in heterogeneous cellular networks. Arsalan Saeed et al., in [36], have investigate the
downlink performance of a OFDMA based heterogeneous network by considering macro-
femto inter- tier interference. The study addresses downlink resource allocation problem
in HetCN, such that both macro and femtocells are transmitting on same frequency bands
and nodes are allowed to use entire bandwidth within a cell. In [37], authors presented a
resource partition and allocation scheme for two-tier downlink femtocell networks, where
macrocells with FFR are superimpose with femtocells. Shahadate Rezvy et al., in [38],
have proposed an efficient technique to improve the system capacity and to mitigate
interferences associated with the existing macro-femto two-tier networks. The proposed
method acquires the information on channel allocation and allows accessing of resource
blocks to macrocells or femtocells users on demand basis. Chiranjibi Samal et al., in [39],
have proposed a scheme based on FFR such that femtocells are permissible to selects
those sub-bands which are not in utilize at macrocell, to mitigate interference in the LTE
femtocell systems. In [40], authors present small-cells activation and sleeping mechanism,
where cell-range expansion approach is used to covers the sleep cells that are far-off from
macrocell and thereby macro BS serve users of sleeping cells in the vicinity. The
presented mechanism confirms decrease in the energy consumption at each cell in
heterogeneous networks. In [41], the spectrum wastage problem mainly occurs due to
uneven distribution of users in a network is addressed and thus presented a scheme called
contention-based FFR that improves the spectrum efficiency of cellular network to a great
extend. In [42], both non-line of sight (NLOS) and line of sight (LOS) transmission is
incorporate for analyzing performance of a HetCN by considering a user receiving high
SINR from the BS. Authors in [43], incorporates both user association and enhanced
Inter-Cell Interference Coordination (elCIC) management problems, and proposed a
potential user association scheme that forward congested BSs users to adjacent BSs
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regardless of type. In [44], the Soft Frequency Reuse (SFR) performance with
asymmetrical cell patterns in a realistic environment is presented, and provides an
approach for efficient utilization of SFR in large networks with irregular cell patterns. In
[45], authors proposed a scheme for efficient utilization and allocation of resource in
OFDMA based femto-cell network, where macro cells are assigned frequencies using 3-
sectored FFR and femto cells are allocated with sub bands that are not used in macro cell
area.

4. Issues and Potentials

In contrast to rural ones, radio propagation in urban areas is far complicated due to
reflection, diffraction, blockage from buildings, obstacle environment etc. Accordingly,
due to losses and attenuation in the received signal power, Macrocell BSs are facing
problem in providing and maintaining of strong signals to indoor area users. In view of
the fact that, today’s lower carrier frequency will be replacing by higher one in next
generation cellular system, so minimizing cell sizes and distance between BS and mobile
users, can not only provide large capacity gain but also better coverage in indoors. A user
deployed low power, low-cost small cells (micro, pico and femto BSs) provides not only
wireless services but also enhances indoor coverage in cellular. Typically, Macrocell can
contain hundreds of small BSs (e.g., femto-BSs for LTE networks), which provide indoor
coverage of about ten meters and establishes a connection between core telephone
network and users via wired internet. Consequently, micro, pico and femtocells are
usually installed in poor coverage areas to seal the exposure gap of macrocell network.
However, ICI in HetCNs is caused mainly due to random installation of small cells in
macrocell area, and thereby results in overlapping of same frequency bands. Although
small cells networks has promises to provide higher throughput with low cost but
installation of small cells limits the transmit power of BS and resource utilization, and as
a results use of FFR in uneven distribution of users may outcome wastage of spectrum in
the network. In HetCNSs, another challenge is to off-load the users from a macrocell to
small cell BSs. Numerous researches have been observe related to interferences mostly
associated with Macro-femto cells and has been solved up to some level. Some major
issues such as Resource allocation and interference management, Cooperative
communications, Co-Channel Interference and User association still need to be addressed
and studied. To avoid interference, deployment of Macro-femto cells needs smart and
efficient resource allocation schemes. Some adaptive approaches and techniques that have
been proposed to mitigate interferences in multi-cellular heterogeneous networks includes
FFR, Soft frequency reuse (SFR), Semi static FR method, Adaptive FR etc. Most well
known techniques and approaches to combat the problem of user association are Cell-
Range Expansion scheme, Utility-based BS selection method, enhanced ICIC scheme.
Many of the BS selection methods deal with off-load of users from macro to small cells.
In enhanced ICI scheme, macro BSs tends to mute data transmission in a periodic manner
such that inter-tier interference can be minimized.

5. Conclusion

Heterogeneous cellular networks comprising small cells along with traditional macro
towers are promising to provide high throughput, indoor services to users with low-cost
etc for next generation cellular systems. These small cells e.g., metrocells, microcells,
picocells, and femtocells along with distributed BSs offers advantages such as smartness,
cheap, less obstructive, and easier installation compared to traditional homogeneous
macrocell networks. In this paper, we present an outline of both traditional macrocell and
heterogeneous network. The paper consist literature survey on recent and upcoming
research areas associated with cellular network. Furthermore, some adaptive approaches
and schemes that are proposed to combat problems of interferences, user association etc
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in cellular networks are discussed. The paper also discusses some relevant issues and
potentials of deploying small cells along with macro cells to meet the expectations of
users. Consequently, small cells overlaid with macro cells could be a favourable approach
for OFDMA based next generation wireless networks such as WiMAX, LTE-Advanced
etc.
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