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Abstract: Frequency Division Multiplexing Access
(FDMA) has been progressively deployed in varied
rising and evolving cellular systems to cut back
interference and improve overall system performance.
However, in these systems Inter-Cell Interference (ICI)
still poses a true challenge that limits the system
performance, particularly for users settled at the cell
edge. Inter-cell interference coordination (ICIC) has
been investigated as Associate in Nursing approach to
alleviate the impact of interference and improve
performance in OFDMA-based systems. A standard
ICIC technique is interference rejection within which
the allocation of the varied system resources (e.g.,
time, frequency, and power) to users is controlled to
confirm that the ICl remains inside acceptable limits.
This paper surveys the varied ICIC rejection schemes
within the downlink of OFDMA-based cellular
networks. Specifically, the paper introduces new
parameterized classifications and makes use of those
classifications to categorize and review varied static
(frequency reuse-based) and dynamic (cell
coordination-based) ICIC schemes.
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1. INTRODUCTION

Orthogonal frequency division multiplexing (OFDM) that
was famed since the Nineteen Fifties was revived within
the Eighties with the Digital Audio Broadcasting (DAB)
[1] and Digital Video Broadcasting (DVB) comes. This
system was standardized for each DAB and digital
terrestrial TV broadcasting (DVB-T). The technical
literature at that point, largely by authors concerned
within the DAB and therefore the DVB comes, failed to
leave abundant different to exploitation OFDM for digital
terrestrial TV, notably for mobile reception.In 1993, Sari

et al. conferred a conference paper [2], that reviewed the
potential benefits and downsides of OFDM and
introduced single-carrier transmission with frequency-
domain feat (SCT-FDE) as an alternate technique. The
paper urged that Associate in Nursing SCT-FDE system
might attain the performance of OFDM on frequency-
selective multipath radio channels whereas assuaging its
peak-to-average power quantitative relation (PAPR) and
synchronization issues. This paper, that was
contradicting the claims of the many authors, started an
extended dialogue that continues to be not closed.
Within the 1994-1995 period, an equivalent authors
printed many different papers on an equivalent topic, the
foremost well-known of that being [3].The OFDM vs.
SCT-FDE issue within the Nineties was centered on a
pure transmission downside within the context of
broadcasting (the wireless communications community
wasn't nevertheless an area of this discussion). In
parallel with digital terrestrial TV broadcasting, the DVB
project was additionally addressing digital video
broadcasting by satellites (DVB-S) and by hybrid
fibber/coax (HFC) cable networks (DVB-C). once process
the technical specifications for the published half, the
cluster answerable of the specifications of digital cable
TV systems started discussing the come channel for
interactive services .One of the proposals was supported
an orthogonal frequency-division multiple access
(OFDMA) system, that assigned one carrier to every
subscriber. The carriers were bolted to a standard
supply such the frequency spacing was the inverse of the
image amount utilized in the transmission. The signals
transmitted by the cable modems were so single-carrier
signals; however the received signal was Associate in
Nursing OFDM signal. This proposal was rejected by the
DVB cable cluster; however the conception was printed
in 1996 in [4] that set the inspiration of OFDMA. The
word OFDMA itself was coined during this pioneering
paper. Many different papers by equivalent authors
followed in 1996-1998, see e.g. [5] and [6]. The
motivation for OFDMA in cable TV networks was
associated with the presence of narrowband interference
that affects the transmission. Indeed, TDMA- and CDMA-
based systems are terribly sensitive to the present
interference and that they cannot operate once the
interference level exceeds some threshold.In distinction,

© 2015, IRJET.NET- All Rights Reserved

Page 937



Y

JET
Volume: 02 Issue: 03 | June-2015

International Research Journal of Engineering and Technology (IRJET)
www.irjet.net

e-1SSN: 2395-0056
p-1SSN: 2395-0072

in Associate in Nursing OFDMA system, the cable head-
end that assigns resources to cable modems will discard
the carriers that are subject to interference and assign
solely those that have an honest signal-to-interference-
plus-noise quantitative relation (SINR). The ensuing
performance improvement over TDMA and CDMA was
shown to be substantial [7].Multiple access technique is
that the ability of mobile nodes to at the same time
interconnects and communicates their knowledge
through a standard channel or medium. The multiple
access issues are basic to mobile communications.
Terribly restricted quantity of frequencies is out there
for communications. One main analysis topic in mobile
communications involves determinative a way to use out
there frequencies a lot of expeditiously by permitting a
lot of variety of communications to require place.
Multiple access techniques permit many users to share a
medium with minimum or no interference. Many
multiple access techniques that are out there nowadays
are:

from one channel to an adjacent channel. Within the
latter, however, interference is caused between a
frequency channel in one cell and therefore the same
frequency channel utilized in another adjacent cell. In the
downlink of the rising cellular systems like worldwide
ability for Microwave Access (WIMAX), LTE and LTE
Advanced, Orthogonal Frequency Division Multiplexing
(OFDM) or Orthogonal Frequency Division Multiple
Access (OFDMA) was elect to cut back interference and
to efficiently meet their high performance necessities
constructed by a number of consecutive slots. Depending
on the application, one or more RBs can be allocated to a
single user at a time. Each RB is assigned exclusively to
one user at any time within a given cell; however,
neighbouring cells may reuse the same RB for different
users.

Interference Avoidance Schemes

! }

Frequency Reuse-Based Cell Coordination-Based
Schelmes Schemes
1. SDMA: Space Division Multiple Access [ 1 i I I 1
Conventional Fractional Frequency Centralized Semi Coordinated Autonomous
2. FDMA Frequency DIVISIOI’] Multlple Access Frequemlzy Reuse Reuse‘ FFR Distributed Distributed  Distributed
v '
3. TDMA: Time Division Multiple Access Reuse-t Reuse3  Partial ~ Soft lntelligent
Frequency Frequency Reuse
Reuse Reuse
4. CDMA: Code Division Multiple Access : TP .
P Figure 1: Inter-Cell Interference Avoidance
Schemes

Next generation cellular systems promise considerably
higher cell outturn and improved spectral potency as
compared to existing systems like GSM, EDGE, and
HSPA+ (High-Speed Packet Access harness 7). for
instance, system performance necessities for the third
Generation Partnership Project (3GPP) long run
Evolution (LTE) of UMTS [8] and LTE-Advanced [9]
target important enhancements in cell-edge spectral
efficiency and peak transmission rates that may reach,
severally, 0.04-0.06 bps/Hz/cell and a hundred Mbps
and on the far side. So as to attain these targets, dense
frequency applies of the scarce spectrum allotted to the
system is required. Efficient use of spectrum is
additionally necessary from a cost-of-service purpose of
read, wherever the amount of served users is a very
important issue. However, because the frequency apply
will increase, thus will the interference caused by
different users exploitation an equivalent channels.
Therefore, interference becomes a determinative that
limits the system capability, and hence, the suppression
of such interference becomes of a selected importance to
the look of next generation cellular networks.Generally
speaking, cellular mobile communication systems suffer
from two major categories of interference, namely, intra-
cell interference and inter-cell interference. Within the
former, interference is caused between frequencies
channels inside an equivalent cell thanks to contiguity of
each frequency Associate in nursing power discharge

In [10], Zhang projected a classification for interference
rejection schemes with four categorizes. A theme is
allotted to at least one of those four classes supported its
degrees of freedom to adapt to network conditions. The
projected four classes are:

1.1 Static Schemes:

Where in style time, the simplest values for the various
parameters (power magnitude relation allotted to every
user category, variety of sub-bands allotted to every user
category, frequency allotted to every cell) area unit
determined supported full traffic load eventualities and
so these values area unit unbroken mounted.

1.2 Low level dynamic Schemes:

As the best values for totally different parameters might
not continuously be \best" with different traffic masses,
Low level dynamic Schemes uses many pre-planned sets
of best values for the various traffic masses and varied
distributions of users. Provided that base stations (BSs)
will understand the entire variety of user and there are a
unit reliable and economical connections between BSs, a
theme will switch supported the traffic load between
two or a lot of sets of best values every optimized for a
definite traffic load.
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1.3 Intermediate level dynamic schemes:

Given the serving-user's amount in every cell and
locations of users in its own cell information obtainable
to the BSs, BSs calculates the simplest worth’s for the
different parameters to flee the limitation of
victimisation one amongst the pre-planned best value
sets in Low level dynamic Schemes.

1.4 High level dynamic schemes:

Unlike the on top of categorizes that rely solely on the
user's amount, schemes during this class need the supply
of the channel condition data. High level dynamic
schemes works equally to Intermediate level dynamic
schemes to calculate the simplest values for power
magnitude relation, the sub band variety and allocation
of frequency however it additionally calculates the
amount of sub channel to be allotted to every user
supported its channel condition. However, there has
been no implementation or analysis to High level
dynamic schemes within the paper.

Zhang solely introduced the static interference rejection
schemes, provided no analysis of their performance and
did not use the projected categorizes to classify any of
the printed work. Concerning the projected schemes
classification, the analysis showed that because the
degrees of freedom will increase the entire outturn and
100% outturn increase. However, whereas low level
dynamic schemes and Intermediate level dynamic
schemes will offer higher performance than the Static
schemes, they're not even as these days users will send
channel condition reports to the bottom stations on
regular comparatively tiny intervals that makes High
level dynamic schemes rather more logical than each of
them so there would be no would like for either the low
level dynamic schemes or Intermediate level dynamic
schemes. although, multi-cell interference rejection in
OFDMA systems has been for a few of year currently a
hot analysis space with an outsized variety of recently
printed work, as so much as we all know, there aren't
any printed surveys covering the multi-cell interference
rejection schemes in OFDMA systems

1.5 Channel Allocation (FCA):

In FCA, a collection of nominal channels is for good
allotted to every cell for its exclusive use. Wherever
Channels is allotted to cells either uniformly (equal
shares) or non-uniformly (based on expected traffic
loads) with the choice of permitting cells to borrow
channels from each other.

1.6 Dynamic Channel Allocation (DCA):

In DCA, all channels area unit unbroken during a central
pool and area unit appointed dynamically to cells once
requested and so came back to the central pool once
became idle. The most plans of DCA schemes are to allot

a channel that minimizes the system value only if bound
interference constraints area unit glad. Supported data
used for channel assignment, DCA schemes is classified
either as call-by-call (use solely current channel usage
conditions) or reconciling (use previous still as current
channel usage conditions).

Based on the kind of management used, DCA schemes
are classified either as Centralized (a centralized
controller assigns channels to users) or Distributed
(base stations assigns channels to users). Distributed
DCA schemes is either cell-based (base stations use
native data collected from users and therefore the
changed data from different base stations) or reconciling
(base stations bank solely on the signal strength
measurements collected domestically from its users).

1.7 Hybrid Channel Allocation (HCA):

HCA presents a mix between FCA and DCA wherever the
entire variety of channels obtainable is split into
mounted and dynamic sets. The mounted set is
appointed as within the FCA schemes whereas the
dynamic set is shared by all cells.
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Figure 2: Fractional Frequency Reuse with Full Isolation
(FFR-FI)

1.8. Static ICIC: Frequency Reuse-Based Schemes:

One of the elemental techniques to modify the ICI
downside is to manage the utilization of frequencies over
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the assorted channels within the network. Frequency
reuse-based schemes include: typical frequency
designing schemes (Reuse-1 and Reuse-3), down
frequency reprocess (FFR), partial frequency reprocess
(PFR), and soft frequency reprocess (SFR). Despite their
variations, all frequency reuse-based schemes ought to
specify: (1) the set of channels (sub-bands) that may be
employed in every sector/cell, (2) the facility at that
every channel is working, and (3) the region of the
sector/cell within which this set of channels area unit
used (e.g., cell-centre or cell-edge). Totally different
schemes outline different values and approaches for
these varied parameters. Consequently, we will
determine a unified structured description for any
frequency reuse-based theme. We tend to believe that
such a structured description won't solely change the
expression of varied schemes; however it'll additionally
cut back ambiguity in understanding a number of the
refined schemes reported within the literature

1.8.1 Fractional Frequency reprocess (FFR)

To avoid the shortcomings of the standard frequency
reprocess schemes, the down frequency reprocess (FFR)
theme is introduced to attain a FRF between one and
three. FFR divides the full obtainable resources into 2
subsets or teams, namely, the foremost cluster and also
the minor cluster. The previous is employed to serve the
cell-edge users, whereas the latter is employed to hide
the cell- centre users. Typically speaking, the FFR theme
will be divided into 3 main classes:

1.8.2 Partial Frequency reprocess (PFR) Schemes:

In these schemes a typical band is employed altogether
sectors (i.e., with a frequency reuse-1) with equal power,
whereas the facility allocation of the remaining sub-bands is
coordinated among the neighbouring cells so as to make one
sub-band with an occasional inter-cell interference level in
every sector.

1.8.3Soft Frequency reprocess(SFR)Schemes

In these schemes, every sector transmits within the
whole band. However, the arena uses full power in some
frequency sub-bands whereas reduced power is
employed within the remainder of the band.

1.8.4 Intelligent reprocess (IRS) Schemes:

In these schemes, band allotted to different sectors
expands and dilates supported the prevailing workloads.
These schemes begin with a reuse-3 like configuration at
low workloads which might be modified with the rise of
workloads to become PFR, SFR or perhaps reuse-1.In
[11] a study that makes an attempt to optimum FFR is
bestowed wherever the downside is developed as sum-

power decrease problem subject to minimum rate
constraints in each the regions. The study considers the
optimum FFR issue for the cell-edge region, information
measure assigned to every region and subcarrier and
power allocation to any or all the users within the cell.
The key result's that for identical minimum demanded
rate for all users, it's found that the facility consumed is
nominal once the reprocess issue used for the cell-edge
region is.

1.9 Dynamic ICIC: Cell coordination-Based Schemes

The scale and complexness of contemporary mobile
communication systems have intended the exploration
of cell coordination-based schemes as potential models
for management and management of such extremely
complicated systems [12]. The complexness of those
systems is owing to many factors together with the range
of applications, volume of connections, geographic
unfold of users, localized possession of the network, and
\connectivity, anytime, Anywhere" with an ever
increasing demand for information measure. The issue
with the a priori frequency designing schemes
mentioned in Section Il is that the heterogeneous traffic
load and ranging user cluster distribution among every
cell is neglected to change the cell-planning section. This
consequently results in important performance
degradation in terms of cell and user output [13]. In
realistic systems, the traffic load is unlikely to be
spatially homogenised and should exhibit important
variations over time. For example, one may see
concentrations of users in different regions at totally
different times of the day, e.g., train stations, searching
districts, and lunch time. As such, it's crucial that
interference coordination schemes ought to be designed
to adapt to totally different network interference
conditions, user traffic load, and user distribution so as
to maximise the entire network output. Cell coordination
schemes have emerged as AN economical answer to deal
with the continual dynamic traffic load changes in cells.
In cell coordination, interference reduction is complete
by real time coordination mistreatment accommodative
algorithms to efficiently manage the resource utilization
among cells while not a priori resource partitioning.
Although this answer presents a versatile framework as
no a priori frequency designing is needed, it should but
need a communication interface between totally
different ends so as to attain the specified coordination
that is taken into account as a heavy complexness with
reference to each overhead and delay. Varied cell
coordination-based schemes gift trade-offs between
implementation complexness and also the overhead of
communication. The matter of resource allocation with
dynamic demand is thought to be NP-hard [13].
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2.CONCLUSION

Inter-cell interference coordination (ICIC) schemes may
be viewed as a programming strategy accustomed limit
the inter-cell interference such cell-edge users in
different cells ideally square measure regular on
complementary elements of the spectrum once required.
The common theme of ICIC schemes is to use restrictions
to the usage of downlink resources such time/frequency
and/or transmit power resources. Such coordination of
restrictions can provide a chance to limit the
interference generation within the space of the cellular
network. consequently, Signal to Interference and Noise
relation (SINR) may be improved at the receivers within
the coverage space, which can offer potential for
magnified (cell-edge) data-rates over the coverage space,
or magnified coverage for given data-rates. This paper
presents a survey of varied ICIC schemes accustomed
alleviate the inter-cell interference drawback in the
downlink of OFDMA-based cellular networks so as to
boost cell-edge knowledge rates and enhance the general
interference classes, namely, the frequency reuse-based
(static) and also the cell coordination- network
capability. The paper reviews varied ICIC schemes
projected beneath the 2 main based (dynamic)
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