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Abstract—The global mobile data traffic is expected to reach 69
exabytes per month by 2022 at a compound annual growth rate
of 45 percent. A massive number of small cells are needed to be
deployed to cope with ever increase capacity demands in future
wireless networks. Advanced interference mitigation techniques
should be adopted with dense deployment of small cells to
improve much needed capacity and enhance spectral efficiency.
Coordinated multi-point (CoMP) is a key feature for mitigating
intercell interference, improve throughput and cell edge
performance. In this context Enhanced Inter Cell Interference
Coordination (eICIC) factor determines the amount of radio
resources that macro cells should offer to small cells. In this
paper, a user’s location based, a framework to study the impact
of eICIC factor in various network performance metrics is
provided. We differentiate between core small cell and edge
small cell in eICIC factor analysis. In addition, we investigate
the impact of eICIC factor in offloaded users and centric small
cell users separately. Finally numerical results using the
standard 3GPP KPIs (5%- and 50%-ile users throughput,
average per user throughput and overall cell throughput) are
provided to confirm theoretical analysis and measure the
network performance with eICIC scheme.

Index Terms— Small cell, eICIC, HetNet, Offloading

I.

it by adding more sectors per evolved nodeB (eNB) or
deploying more macro-eNBs. However, reducing the siteto-site distance in the macro-network can only be pursued
to a certain extent because finding new macro-sites
becomes increasingly difficult and can be expensive,
especially in city centers. An alternative is to introduce
small cells through the addition of low-power base
stations (HeNBs or Relay Nodes (RNs)) or Remote Radio
Heads (RRH) to existing macro-eNBs. Site acquisition is
easier and cheaper with this equipment which is also
correspondingly smaller. Operators are adding small cells
and tightly-integrating these with their macro networks to
spread traffic loads, widely maintain performance and
service quality while reusing spectrum most efficiently.
The biggest cause of lower mobile network capacity is
interference. Interference is caused when users in
different neighbour cells attempt to use the same resource
at the same time. If left untreated, the macrocell
interference can seriously limit the performance benefits
of the small cells [2]. There are several interference
coordination technologies in Long Term Evolution (LTE)
and LTE-Advanced (LTE-A) systems:
 LTE: Inter-Cell Interference Coordination (ICIC)
 LTE-A: Enhanced ICIC (eICIC) which is an adjusted
version of ICIC for heterogeneous network (HetNet),
and Coordinated Multi-Point (CoMP) which uses
channel status information (CSI) reported by UE and
are used to allow for time-sharing of spectrum
resources between macro base stations and small cells
[3].
ICIC is defined in 3GPP release 8 as an interference
coordination technology used in LTE systems. It reduces
inter-cell interference by having UEs, at the same cell
edge but belonging to different cells, use different
frequency resources. Base stations that support this
feature can generate interference information for each
frequency resource block (RB), and exchange the
information with neighbor base stations through X2
messages. Then, from the messages, the neighbor stations
can learn the interference status of their neighbors, and
allocate radio resources (frequency, Tx power, etc.) to
their UEs in a way that would avoid inter-cell
interference.
eICIC is a time based resources division scheme aimed
to reduce the co-channel interference caused by an
aggressor macro cell and directed to victim users served
by the small cells. This is done by muting certain RBs at

INTRODUCTION

Effective network planning for fifth generation (5G) is
essential to cope with the increasing number of mobile
broadband data subscribers and bandwidth-intensive
services competing for limited radio resources. 5G
network should achieve 1000 times the system capacity,
higher data rates reaching 10 Gb/s for cell centre User
Equipment (UE) and 5 Gb/s for cell edge UEs, 10 times
the spectral efficiency, 25 times the average cell
throughput, very low latency targeting 5 times reduction
from 4G, and support 100 times more connected devices
with 10 times longer battery life for low power devices
[1]. 5G have met this challenge by increasing capacity
with new radio spectrum (Millimeter wave (mmWave)),
Integration with Wi-Fi, adding multi-antenna techniques
((massive multiple input multiple output) (MIMO)),
spatial modulation, and implementing more efficient
modulation and coding schemes.
One way to expand an existing macro-network, while
maintaining it as a homogeneous network, is to “densify”
Manuscript received April 11, 2019; revised December 6, 2019.
Corresponding author email: mahammad.safwat@nti.sci.eg.
doi:10.12720/jcm.15.1.1-13
©2020 Journal of Communications

1

Journal of Communications Vol. 15, No. 1, January 2020

macro layer in time synchronized network. These muted
RBs are referred as almost blank subframes (ABS) which
is defined in Release 10. As its name suggests no data
transmission at this subframes at macro layer while
transmission of system information and common
reference signals (CRS) is still allowed [3]. Other main
feature of eICIC is cell range expansion (CRE)
technology defined in Release 11 [4]. CRE expands the
coverage of a small cell so that more UEs near cell edge
can access the small cell. Those users are served during
ABS subframes where less interference is generated.
Hence the small cell can be divided into two areas:
centric area in which the best downlink received power is
from small cell, and CRE area in which the best downlink
received power is from macro cell.
According to the state of the art methods, the user
association of the cell depends on the received power
from the surrounding eNBs [5]. This is valid for small
cell centric users. While a cell individual offset (CIO) is
added to the downlink received power to bias CRE user
to connect to small cell instead of macro cell. CIO is a
virtual parameter which has no impact on real SINR
measured for CRE users.
Due to variation in surrounding interference during
ABS and non-ABS subframes, the coverage area of small
cell expands at ABS period and shrinks at non ABS
subframes.
In this context, the normal and expanded area of small
cell is not identical at the whole macro cell area. More
specifically the normal cell area of small cell which is
located near cell edge (edge small cell) is larger than
normal cell area of small cell which is located near eNB
(core small cell) as a result of generated interference from
macro eNB. On the other hand the CRE area of core
small cell is larger than CRE of edge small cell as a result
absence of interference from macro eNB during ABS
subframes. The value of CIO at each small cell should be
appropriate to the surrounding interference in order to
optimize cell throughput. So for edge small cell, the value
of CIO should decrease while CRE area shrinks. On the
other hand, for core small cell, the value of CIO should
increase while the CRE area expands to offload more
users. Although selecting CIO is deeply investigated in
the literature but adapting it with the small cell proximity
with eNB is not considered before as will be illustrated in
the related work. In addition, to precisely adjust CIO
value, we calculate, in this paper, the radius of normal
and expanded area of both core and edge small cell
during ABS and non-ABS subframes.
The choice of eICIC factor is substantial in overall cell
throughput as it determines the resources to be assigned
to centric, CRE users of small cell and macro cell users.
The overall cell throughput can be maximized by joint
adjusting of CIO value which controls CRE area and
eICIC factor which controls the assigned resources for
CRE users. So we can control CRE area and the
appropriate traffic to be offloaded to it as well. In this
paper, we differentiate in eICIC factor investigation
©2020 Journal of Communications

between two different types of small cells: core small cell
and edge small cell as a result of the variation of normal
and CRE area of the two types. In addition, in all paper
analysis, we differentiate between centric users who are
originally associated with small cell and CRE users who
are offloaded from macro cell during ABS subframes at
each cell type.
In short, this paper studies in depth the impact of
eICIC factor at each user individually according to his
location whether he is associated with macro cell or small
cell, and if he is associated with small cell whether this
small cell is located at cell core or cell edge and whether
this user is located at centric or CRE area of small cell.
In this paper an eICIC based two tiers HetNet model is
proposed with a random deployment of eNB in order to
get more realistic model than ideal hexagonal grid model.
In the proposed model, the macro-macro, macro-small
cell and small cell-small cell interference map is
introduced. Based on the interference map, a precise
coverage area of small cell during ABS and non-ABS
subframes is calculated. The user association with macro
and small cell based on downlink received power and
CIO value at UE location is deduced.
In addition, we provide the radius of small cells, the
average number of users, downlink transmission rate for a
typical user associated with macro cell and small cell,
differentiating at small cell between core and edge small
cells and separating between the centric and CRE users of
each cell type. Then the accumulated throughput at each
small cell area and overall cell throughput is calculated as
a function of eICIC factor. Finally we provide the relation
between eICIC factor and each cell user’s types
separately, and then we deduce the relation between
eICIC factor and overall network throughput.
Numerical results are provided to measure the impact
of eICIC factor on 5th and 50th percentile throughput,
accumulated throughput, and average per user throughput.
The remainder of this paper is organized as follows.
Section II briefly reviews the related works. The system
model is introduced in section III and the Choice of
optimal eICIC factor is presented in section IV.
Numerical analysis and results are provided in section V.
Finally, the paper is concluded in section VI.
II. RELATED WORKS
A number of works have already been conducted for
eICIC. An overview of the eICIC is presented in [6], [7].
The standard 3GPP simulation scenarios for eICIC are
introduced in [8], [9] with different commonly accepted
radio propagations models. Strategies for scheduling
resources allocation using eICIC are highlighted in [10],
[11]. There are numerous studies related to load
balancing algorithms [11]-[13], for example, the authors
in [12] formulate an analytical characterization of the
optimal solution for the joint optimization of the
proportion of muted subframes as well as the assignment
of users to macro and small cells. In [13], the optimal
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amount of ABS for synchronous ABS configuration is
studied by formulating this optimization as a networkwide utility maximization problem. User association or
biased cell selection related studies is investigated in
literature as well [15], [16]. In [15], load-aware user
association scheme is proposed to enable a heterogeneous
cellular network to self-organize in order to move traffic
off congested cells and on to more lightly loaded cells.
The authors in [16], study the joint user association and
resource allocation in (HetNets) and propose a unified
framework to analyze and compare a wide range of user
association and resource allocation strategies for HetNets
by generalizing the idea of fractional frequency reuse. In
[17] the stochastic geometry theory is used to develop a
spectral efficiency enhancement framework with joint
consideration of the eICIC factor and biasing factor.
Numerous literatures considered downlink/uplink
decoupling in eICIC HetNet [18]-[20]. In [18], the joint
user association and spectrum allocation problem in both
downlink and uplink in the interference-limited regime is
studied for multi-tier HetNets. In [20], an accurate and
tractable model to characterize the joint uplink-downlink
rate coverage and rate distribution in a multi-tier HCN as
a function of the association rules and power control
parameters.
In [21], the author s consider centralized processing
controller at MBS to decide the radio resource allocation
of each SBSs based on user location for (HetNets).
In [22], the three eICIC parameters, ABS ratio, ABS
power and CRE bias, is optimized jointly in order to
acquire the benefit of eICIC technology efficiently.
Recently numerous studies investigate eICIC scheme
from energy efficiency perspective [23]-[26]. Based on
stochastic geometry theory, the authors in [23] derive a
closed-form expression of the network energy efficiency
as a function of the density of Macro BSs and small cell
CRE bias. In addition, the small cell CRE bias and Macro
BS density are optimized using linear search algorithm.
The author in [24] formulate a max-min energy efficiency
eICIC configuration problem in order to determine the
number of Almost Blank Subframes (ABS) and user
associates with macro or small cell while considering
fairness jointly. Some works considered the backhaul
constraints in their studies of network performance [27],
[28]. In [27], the paper proposes a novel scheme to jointly
perform traffic offloading and time fraction allocation in
order to ensure proportional fairness in throughput among
the users subject to constraints imposed by the backhaul
capacity. The authors in [29] provides system-level
insights into a three-tier LTE-Advanced HetNet with
unmanned aerial vehicles (UAVs) which are deployed as
BSs and UEs, and co-exist with existing terrestrial nodes.

coverage of urban, suburban, or rural areas; whereas, the
low power small cell network nodes are distributed at
macro cell area with aiming to complement the macro
cell network nodes for filling coverage holes or
enhancing throughput.
In different with most research in this area which based
on ideal hexagonal grid model, all eNBs are distributed as
homogeneous PPP and denoted as φm for macro cell and
φs for small cell whereas the eNB densities are λm and λs
respectively. The performance evaluation based on the
ideal hexagonal grid model is no longer applicable and
even intractable.
PPP is the most acceptable model to represent the
distribution of macrocells and small cells. This is because
it captures the variability of eNBs’ locations. In addition,
it depicts the randomness of unplanned deployed small
cells [17].
The association region of the macrocell is the region of
which all users of the eNB are connected to. The
randomness behavior of this region can be formulated as
a random tessellation [30]. This tessellation is a general
case of the circular Dirichlet tessellation (multiplicatively
weighted Voronoi). The PDF of Dirichlet tessellation is
obtained by gamma function. The association region of
the small cell differs from the macro cell due to the
variations in the transmitted power between them. In
most literature, the small cell associated region is
assumed to be circular for simplicity. But as a matter of
fact it tends to be oval rather than circular due to the
difference in interference map of each direction. In
addition, it is used to assume that the radius of “circular
region” is constant regardless of its relative distance from
the eNB.
The widely accepted Poisson point process (PPP) is
used to model the UE location as well in order to take the
spatial randomness into consideration. A homogeneous
PPP with density λi is used to model UE distribution at
the cell area. In addition, Hotspots population around the
small cells are generated using PPP with density λis. Let
din denotes the distance between user n and the eNB i,
then the path loss increases and the power attenuates
along the distance according to path loss exponent α [31].
The Rayleigh fading channel and the random channel
𝑚
power gain for eNB i and user n is denoted as ℎ𝑖𝑛
for
𝑠
𝑚
𝑠
∼
macrocell and as ℎ𝑖𝑛 for small cell where ℎ𝑖𝑛 & ℎ𝑖𝑛
exp (1). If the transmitted power from eNB is Pt, so the
received power for given user n at distance d of eNB i is
(1)
𝑥
𝑃𝑖𝑟𝑥 = 𝑃𝑡𝑥 ℎ𝑖𝑛
𝑑𝑖𝑛 −𝛼𝑥 , 𝑥 = 𝑚, 𝑠
The performance of a low power small cell is severely
affected by different types of interference from other
network nodes that share the same resource blocks with
small cell. There are two types of interference that
handicap the small cell capacity. The first is macro-small
cell interference: which is the interference from high
power macro cells transmission. The second one is small
cell-small cell interference: which is the interference from

III. SYSTEM MODEL
The proposed model is a two-tier HetNet and we focus
on the downlink transmissions. A macro network nodes
with large RF coverage area are deployed for blanket
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𝑡
where 𝐼𝑚
& 𝐼𝑠𝑡 are the interference which the UE suffers

adjacent small cells. The former has a minor impact due
to relatively low power transmission of small cell. The
first type of interference varies according to the location
between small cell and macro cell which will be
illustrated hereinafter.
The user receives reference signal from the
surrounding eNBs and make association with eNB (or
small cell) providing the maximum reference signal. A
CIO value is added to the received power to bias more
users to offload to small cells.
The downlink SINR of user associated with macro cell
can be expressed as
𝑚
𝜒𝑖𝑛
=

from macrocell and nearby small cells at the boundary of
target small cell. dti is distance from interferer eNB i to
nearest point at boundary of small cell.
Then the area of the small cell is
(5)
2

𝑎𝑠 = 𝜋𝑟𝑠

Remark 1: the radius of the small cell depends on the
received interference power from the macro cell and
nearby cells which in turn depends on relative distance
between the small cell and macro cells. So rs can be
rewritten to be rs (d).
Remark 2: The relative distance between the small cell
and macro eNB is larger than the distance with other
nearby eNBs, so the interference from macro eNB has the
dominant effect in the small cell coverage radius. Then
the interference from macro cell can be referred as
dominant interference while interference from nearby
cells can be referred as non-dominant interference.
Remark 3: it can be observed from (4) that the radius
of the small cell increases with the relative distance with
the macro eNB. If the small cell is close to the macro
eNB, the impact of the dominant interference increases
and so its radius decreases. While if the small cell is close
to cell edge, the impact of dominant interference
decreases and less interference is induced and so small
cell radius increases. So the nearest the small cell to the
eNB, the smaller radius the small cell be. Then the small
cells can be divided according to the proximity to the
macro eNB into core small cell which is located near the
macro eNB and edge small cell which is located far away
the macro eNB. If we denote the area of core small cell
with asc and the area of edge small cell with ase then asc <
ase.
At ABS subframes, the macro eNB stops transmission.
So the downlink SINR of user associated with small cell
during ABS subframes is

𝑚
𝑃𝑡𝑚 ℎ𝑖𝑛
𝑑𝑖𝑛 −𝛼𝑚
𝐼𝑚 + 𝐼𝑠 + 𝑁

𝑚
𝐼𝑚 = ∑ 𝑃𝑡𝑚 ℎ𝑗𝑛
𝑑𝑗𝑛 −𝛼𝑚

(2)

𝑗∈𝜑𝑚 ≠𝑖
𝑠
𝐼𝑠 = ∑ 𝑃𝑡𝑠 ℎ𝑘𝑛
𝑑𝑘𝑛 −𝛼𝑠
𝑘∈𝜑𝑠

where Im is the interference from nearby eNBs that share
the same RBs, while Is is the interference from nearby
small cells and N presents the AWGN noise.
Whereas when user n associated with small cell i, the
SINR is
𝑠
𝜒𝑖𝑛
=

𝑠
𝑃𝑡𝑠 ℎ𝑖𝑛
𝑑𝑖𝑛 −𝛼𝑠
𝐼𝑚 + 𝐼𝑠 + 𝑁

𝑚
𝐼𝑚 = ∑ 𝑃𝑡𝑚 ℎ𝑗𝑛
𝑑𝑗𝑛 −𝛼𝑚

(3)

𝑗∈𝜑𝑚 ≠𝑖
𝑠
𝐼𝑠 = ∑ 𝑃𝑡𝑠 ℎ𝑘𝑛
𝑑𝑘𝑛 −𝛼𝑠
𝑘∈𝜑𝑠 ≠𝑖

The boundary of the coverage area of small cell is
determined by the minimum SINR the small cell user
should obtain in order to successfully decode the signal.
By adjusting CIO value to only associate users located at
CRE area according to measured SINR during ABS
subframes the cell throughput can be maximized. Let Г
be the threshold that SINR should exceed in order to
small cell user could successfully decode the signal. The
CIO value should be chosen to offload only users who get
SINR exceed Г. Then the coverage radius of the small
cell is
𝑟𝑠 = (
𝑡
𝐼𝑚

𝑠
𝑃𝑡𝑠 ℎ𝑖𝑛
)
𝑡 + 𝐼𝑡 )
Γ(𝐼𝑚
𝑠

= ∑

𝑃𝑡𝑚

𝑚
ℎ𝑗𝑛

𝐴𝐵𝑆
𝜒𝑖𝑛
=

𝑘∈𝜑𝑠 ≠𝑖

Then the radius of the small cell during ABS
subframes (CRE radius) is
𝑟𝑠𝐴𝐵𝑆

𝑠
𝑃𝑡𝑠 ℎ𝑖𝑛
=(
)
Γ(𝐼𝑠𝑡 )

1⁄
𝛼𝑠

(7)

−𝛼
𝑑𝑗𝑡 𝑚

𝐼𝑠𝑡 = ∑

−𝛼
𝑠
𝑃𝑡𝑠 ℎ𝑘𝑛
𝑑𝑘𝑡 𝑠

𝑘∈𝜑𝑠 ≠𝑖

(4)

𝑗∈𝜑𝑚 ≠𝑖

The area of the small cell at ABS subframes is
−𝛼𝑠

𝑎𝑠𝐴𝐵𝑆 = 𝜋𝑟𝑠𝐴𝐵𝑆

𝑘∈𝜑𝑠 ≠𝑖
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(6)

𝑠
𝐼𝑠 = ∑ 𝑃𝑘𝑠 ℎ𝑘𝑛
𝑑𝑘𝑛 −𝛼𝑠

1⁄
𝛼𝑠

𝑠
𝐼𝑠𝑡 = ∑ 𝑃𝑡𝑠 ℎ𝑘𝑛
𝑑𝑘𝑡

𝑠
𝑃𝑡𝑠 ℎ𝑖𝑛
𝑑𝑖𝑛 −𝛼𝑠
𝐼𝑠 + 𝑁

Then the area of CRE only is

4

2

(8)
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2

𝑎𝑒𝐴𝐵𝑆 = 𝑎𝑠𝐴𝐵𝑆 − 𝑎𝑠 = 𝜋 (𝑟𝑠𝐴𝐵𝑆 − 𝑟𝑠2 )

interference from macro cell. So the users associated with
small cell are divided according to their relative distance
with small cell into centric users Nc who are associated
during ABS and non ABS subframes and CRE users Nr
who are only associated during ABS subframes.
By differentiating the small cell according to the
proximity with eNB, the small cell users can be further
divided into core small cell users and edge small cell
users.
So we have four types of users as follow: users
associated to centric area and CRE area of core small cell
which denotes Ncc & Ncr respectively and users associated
to centric area and CRE area of edge small cell which
denotes Nec & Ner respectively.
Then we can derive the average number of users in
each type by multiplying PPP user densities λis with the
corresponding cell area as follows:
(10)
𝑁𝑐𝑐 = 𝜆𝑖𝑠 𝑎𝑠𝑐 = 𝜋𝑟𝑠𝑐2

(9)

Remarks 1: in general, the radius of small cell is
expanded during ABS subframes as a result of
disappearing or reducing interference from macro eNB.
Remark 2: The effect of dominant interference from
macro eNB is proportional to the relative distance
between small cell and macro eNB. More specifically, for
core small cells, the dominate interference has a
significant impact in small cell coverage area as
explained before. So during ABS subframes, due to
disappearing of this interference, a remarkable increase in
the coverage area of the core small cells induced. On the
other hand, the effect of dominant interference in edge
small cell is relatively small, and so when it disappears
during ABS subframes, a minor increase in the coverage
area induced. As stated before, due to the proximity of
the macro eNB, the normal coverage area of core small
cell (during non-ABS subframes) is much smaller than
the coverage area of edge small cell. Figure 1 illustrates
the centric area (shown in blue line) and CRE area
(shown in red line) for core small cell and edge small
cells during non-ABS subframes and ABS subframes
respectively.

𝐴𝐵𝑆
𝐴𝐵𝑆
𝑁𝑐𝑟 = 𝜆𝑖𝑠 𝑎𝑒𝑐
= 𝑎𝑠𝑐
− 𝑎𝑠𝑐

=

(11)

2
𝜆𝑖𝑠 𝜋 (𝑟𝑠𝑐𝐴𝐵𝑆

−

𝑟𝑠𝑐2 )
(12)

𝑁𝑒𝑐 = 𝜆𝑖𝑠 𝑎𝑠𝑒 = 𝜋𝑟𝑠𝑒2
𝐴𝐵𝑆
𝐴𝐵𝑆
𝑁𝑒𝑟 = 𝜆𝑖𝑠 𝑎𝑒𝑒
= 𝑎𝑠𝑒
− 𝑎𝑠𝑒

(13)
2

= 𝜆𝑖𝑠 𝜋 (𝑟𝑠𝑒𝐴𝐵𝑆 − 𝑟𝑠𝑒2 )
𝐴𝐵𝑆
are the area of centric small cell and the
where 𝑎𝑠𝑖 & 𝑎𝑒𝑖
CRE region respectively, with i = c for core small cell
and i = e for edge small cell.
b) The number of users on the macro cell
In the proposed model, the macro cell is modeled by
Dirichlet tessellation. The PDF of association area of
macro cell is obtained using a gamma function with K =
3.575 [32].

Fig. 1. A heterogeneous cellular network with Macro cell formed with a
random tessellation which is under laid with a core and edge small cells

𝑃𝑎𝑚 (𝐴) =
A. Overall Cell Throughput
The Overall cell throughput is calculated by deducing
the average transmission rate of each individual user at
the cell. The transmission rate of each user varies
according to his location, whether he is served with
macro eNB or small cell, and finally the assigned
resources for this user. The last depends on eICIC factor
(to calculate the assigned resources for this area) and no
of users who are sharing these resources. In the following,
we will deduce the average number of macro cell users
and small cell users.
1) The average number of users
In the following the average number of users in macro
cell and small cells are calculated.
The number of users at each cell depends on the
coverage area of each cell which is derived before.
a) The number of users on the small cell
The coverage area of small cell is expanded during
ABS subframes (CRE area) as a result of reducing
©2020 Journal of Communications

𝐾 𝐾 𝜆𝑚
(𝐴𝜆𝑚 )𝐾−1 𝑒 (−𝐾𝐴𝜆𝑚 )
Γ(𝐾)
∞

(14)

Γ(𝐾) = ∫ 𝑥 𝐾−1 𝑒 −𝑥 𝑑𝑥
0

Therefore the average macro cell area ̅̅̅̅
𝑎𝑚
∞

𝑎𝑚 = ∫ 𝐴𝑃𝑎𝑚 (𝐴)𝑑𝐴
̅̅̅̅

(15)

0

Given the densities of the small cell is λs, then the
average number of small cells is 𝑁 𝑠𝑚𝑎𝑙𝑙 𝑐𝑒𝑙𝑙 = ̅̅̅̅
𝑎𝑚 λs. So
the average area of all small cells ast is
𝑎𝑠𝑡 = 𝑎𝑠𝐴𝐵𝑆 ̅̅̅̅𝜆
𝑎𝑚 𝑠

(16)

The area of the users associated with the macro cell is
(17)
,
̅̅̅̅
𝑎𝑚
= ̅̅̅̅
𝑎𝑚 − 𝑎𝑠𝑡 = ̅̅̅̅(1
𝑎𝑚 − 𝑎𝑠𝐴𝐵𝑆 𝜆𝑠 )
Then number of users of macro cell Nm is
,
𝑁𝑚 = 𝜆𝑖 ̅̅̅̅
𝑎𝑚
= ̅̅̅̅(1
𝑎𝑚 − 𝑎𝑠𝐴𝐵𝑆 𝜆𝑠 )

5

(18)
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In the following we will present eICIC factor as it
controls the resources distribution between macro and
small cell users.
2) eICIC scheme
In OFDMA based access network, the resources scan
both frequency in the form of subcarriers and time in the
form of frame. The duration of one radio frame is 10
mSec. One frame is divided into 10 subframes of 1 mSec
each. The subframe of 1 mSec is called transmission time
interval (TTI) which contains pair of RBs with 0.5 mSec
each. This is repeated at each 180 kHz of frequency. So
the number of RBs varies according assigned bandwidth
at the cell. Some sub frames are assigned for macro cell
users (non ABS sub frames), while some sub frames are
protected to be used for macro cell users and are reserved
for CRE users (ABS sub frames). Hence frames are
divided between cell users as follows:
- ABS sub frames which are allocated to CRE
small cell users.
- Non ABS sub frames which are allocated to
macro cell users.
The small cell centric users can access all ABS and
Non ABS sub frames. The eICIC factor k is used to adjust
the percent of ABS sub frames to the total sub frames.
Fig. 2 illustrates the distribution of LTE frame between
all cell users according eICIC scheme.

The downlink transmission rate of user associated with
small cell varies according to two factors:
 Small cell proximity to the eNB.
 User’s proximity to small cell.
So the downlink transmission rate of user located at
centric area of core small cell is
𝑅𝑛𝑐𝑐 =

𝐴𝐵𝑆
𝑅𝑛𝑐𝑐
=

𝐵
𝑠
) 𝑖𝑓𝑃𝑠 𝑑𝑠−𝛼𝑠
log 2 (1 + 𝜒𝑖𝑛
𝑁𝑐𝑐
−𝛼
≥ 𝑃𝑚 𝑑𝑚 𝑚
𝐵
log 2 (1
𝑁𝑐𝑐 + 𝑁𝑐𝑟
𝐴𝐵𝑆
) 𝑖𝑓𝑃𝑠 𝑑𝑠−𝛼𝑠
+ 𝜒𝑖𝑛
−𝛼𝑚
≥ 𝑃𝑚 𝑑𝑚

(20)

𝐴𝐵𝑆
where 𝑅𝑛𝑐𝑐 and 𝑅𝑛𝑐𝑐
are the data rate of user located at
centric area of core small cell during non-ABS and ABS
subframes respectively. During ABS subframes, the CRE
users share the resources with cell centric users, so the
data rate of each user at this area decreases.
The downlink transmission rate of user located at CRE
area of core small cell.

𝑅𝑛𝑐𝑟 =

𝑘𝐵
𝐴𝐵𝑆
) 𝑖𝑓𝑃𝑠 𝑑𝑠−𝛼𝑠
log 2 (1 + 𝜒𝑖𝑛
𝑁𝑐𝑟
−𝛼
−𝛼
≤ 𝑃𝑚 𝑑𝑚 𝑚 < 𝑔𝑃𝑠 𝑑𝑠 𝑠

(21)

Similarly the downlink transmission rate of user
located at centric and CRE areas of edge small cell
respectively are
𝑅𝑛𝑒𝑐 =

𝐴𝐵𝑆
𝑅𝑛𝑒𝑐
=

Fig. 2. The distribution of LTE frame between all cell users according
eICIC scheme

Then the downlink transmission rate of a typical user n
associated with macro cell using eICIC factor is
(1 − 𝑘)𝐵
−𝛼𝑚
𝑚
) 𝑖𝑓 𝑃𝑚 𝑑𝑚
𝑅𝑛𝑚 =
log 2 (1 + 𝜒𝑖𝑛
(19)
𝑁𝑚
−𝛼𝑠
≥ 𝑔𝑃𝑠 𝑑𝑠
The CRE area of small cell can be represented as the
power of small cell is increased by factor g where g > 1.

𝑅𝑛𝑒𝑟 =

𝐵
𝑠
) 𝑖𝑓𝑃𝑠 𝑑𝑠−𝛼𝑠
log 2 (1 + 𝜒𝑖𝑛
𝑁𝑐𝑐
−𝛼
≥ 𝑃𝑚 𝑑𝑚 𝑚
𝐵
log 2 (1
𝑁𝑒𝑐 + 𝑁𝑒𝑟
𝐴𝐵𝑆
) 𝑖𝑓𝑃𝑠 𝑑𝑠−𝛼𝑠
+ 𝜒𝑖𝑛
−𝛼
≥ 𝑃𝑚 𝑑𝑚 𝑚

(22)

𝑘𝐵
𝐴𝐵𝑆
) 𝑖𝑓𝑃𝑠 𝑑𝑠−𝛼𝑠
log 2 (1 + 𝜒𝑖𝑛
𝑁𝑒𝑟
−𝛼
−𝛼
≤ 𝑃𝑚 𝑑𝑚 𝑚 < 𝑔𝑃𝑠 𝑑𝑠 𝑠

Then the Overall cell throughput 𝒯 using Shannon
formula is
𝑁𝑚

𝑁𝑐𝑜𝑟𝑒 𝑠𝑚𝑎𝑙𝑙 𝑐𝑒𝑙𝑙

𝒯 = ∑ 𝑅𝑛𝑚 +

∑

𝑛=1

𝑁𝑟𝑖

( ∑ 𝑅𝑛𝑐𝑟 + ∑

𝑖=1

𝑛=1

𝑁𝑒𝑑𝑔𝑒 𝑠𝑚𝑎𝑙𝑙 𝑐𝑒𝑙𝑙

+

∑
𝑖=1
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𝑁𝑐𝑖

𝑛=1
𝑁𝑟𝑖

𝑅𝑛𝑐𝑐 𝑎𝑡 𝑛𝑜𝑛 − 𝐴𝐵𝑆 𝑠𝑢𝑏𝑓𝑟𝑎𝑚𝑒𝑠
)
𝐴𝐵𝑆
𝑅𝑛𝑐𝑐
𝑎𝑡
𝐴𝐵𝑆 𝑠𝑢𝑏𝑓𝑟𝑎𝑚𝑒𝑠
𝑁𝑐𝑖

( ∑ 𝑅𝑛𝑒𝑟 + ∑
𝑛=1

𝑛=1

𝑅𝑛𝑒𝑐 𝑎𝑡 𝑛𝑜𝑛 − 𝐴𝐵𝑆 𝑠𝑢𝑏𝑓𝑟𝑎𝑚𝑒𝑠
)
𝐴𝐵𝑆
𝑅𝑛𝑒𝑐
𝑎𝑡
𝐴𝐵𝑆 𝑠𝑢𝑏𝑓𝑟𝑎𝑚𝑒𝑠

6

(23)
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𝐴𝐵𝑆
𝐴𝐵𝑆
𝑅𝑛𝑚 ,
𝑅𝑛𝑐𝑟 , 𝑅𝑛𝑐𝑐 , 𝑅𝑛𝑐𝑐
, 𝑅𝑛𝑒𝑟 , 𝑅𝑛𝑒𝑐 and 𝑅𝑛𝑒𝑐
are
plugged from equations (19), (20), (21) and (22)
respectively. Where Ncore small cell & Nedge small cell are
number of core and edge small cells at eNB region
respectively and Nci & Nri are the number of users
associated with small cell i at centric area and CRE area
respectively.



Overall network throughput analysis
The overall network throughput is calculated through
accumulating the throughput of both macro and small
cells overall the cell area as illustrated in (23). The weight
of each part of equation (23) in overall network
throughput is not the same. For example the contribution
of macro throughput in overall network throughput is not
identical with the contribution of small cell. In addition,
the contribution of centric users of small cell is not
similar to the contribution CRE users. The proximity of
small cell to macro cell effects on the overall throughput.
For example the contribution of user’s throughput at core
and edge small cell is not the same.
In general the contribution of small cell users in overall
network throughput is much greater than the macro users
due to proximity of users to small cell which provides
higher received power and larger SINR values in
comparison with macro cell users. In addition, due to
relatively low power transmission of small cells, the
resources can be reused more and more times at macro
cell area. So “increasing the number of small cells lead
the overall cell throughput to strictly increase with eICIC
factor”.
On the other hand, when comparing the contribution of
centric user’s throughput with CRE users, we can not
ignore the proximity of small cell to eNB. As illustrated
in last section, at core small cell the CRE area is much
larger than the CRE area at edge small cell. While the
centric area of core small cell is much smaller than the
centric area of edge small cell. So the contribution of
centric users of edge small cell and CRE users of core
small cell in overall cell throughput are much greater than
the contribution of centric users of core small cell and
CRE users of edge small cell in overall cell throughput
respectively.
As the throughput of centric and CRE users of edge
small are strictly increasing function of eICIC factor with
large contribution for centric users in overall cell
throughput, so “the proximity of small cell to cell edge
leads the overall cell throughput tend to increase with
eICIC factor”.
As the throughput of centric users of core small are
strictly decreasing function of eICIC factor while the
throughput of CRE users of core small are strictly
increasing function of eICIC factor giving that the macro
cell users throughput are strictly decreasing function of
eICIC factor, so “at very small cell densities the
proximity of small cell to eNB leads the overall cell
throughput tend to decrease with eICIC factor”. This is
not valid if there are a lot of small cells as the
contribution of macro cell in overall cell throughput
decreases when comparing with the contribution of small
cells.
The above discussion implies unsynchronized muting
between nearby macro cells. However, this approach
involves higher inter-cell interference from nearby macro
cells. So there is trade-off between increasing throughput

IV. ROAD MAP CHOICE OF OPTIMAL EICIC FACTOR
In this section, we will provide the road map of
choosing optimal eICIC factor. In the following we will
investigate the impact of eICIC factor in individual user
throughput, and then we will deduce the relation between
eICIC factor and overall network throughput. From
equation 23, there are five types of users contribute in the
overall network throughput which are macro cell users,
centric and CRE users at core small cell and centric and
CRE users at edge small cell.
In general, from macro cell throughput perspective,
increasing ABS subframes implies allocating fewer
resources to macro cell users which decreases the macro
cell throughput. So macro cell throughput is strictly
decreasing functions of eICIC factor.
On the other hand, from CRE user’s throughput
perspective, it is better to increase ABS subframes to
allocate more resources to offloaded users. So CRE user’s
throughput is strictly increasing functions of eICIC factor.
This is valid at both core and edge small cell.
The impact of ABS subframes in cell centric users is
by two ways. The first way is increasing the cell centric
users’ throughput during ABS subframes due to
𝑠
𝐴𝐵𝑆
). So
> 𝜒𝑖𝑛
increasing SINR of each users ( 𝜒𝑖𝑛
increasing eICIC factor ‘increases’ centric users’
throughput. The second way is as CRE users share the
resources with the centric users at ABS subframes while
entire resources are dedicated for centric users at nonABS subframes. So increasing eICIC factor decreases
subframes which centric users enjoy entire resources and
so ‘decreases’ centric users’ throughput. As a result of
the difference in CRE area according to the proximity of
eNB, this contradictory effect is not the same between
core and edge small cell.
At cell core small cell, the CRE area is large, so the
impact of sharing the resources with CRE users is
dominant (𝑁𝑐𝑐 ≪ 𝑁𝑐𝑟 ) and the throughput of centric core
users is strictly decreasing functions of eICIC factor. On
the other hand, at cell edge small cell, the CRE area is
relatively small (𝑁𝑒𝑐 ≫ 𝑁𝑒𝑟 ) and the impact of increasing
𝐴𝐵𝑆
𝜒𝑖𝑛
during ABS subframes is the dominant and so the
throughput of centric edge users is strictly increasing
functions of eICIC factor.
To conclude the macro cell user throughput and centric
user throughput of core small cell is strictly decreasing
function of eICIC factor, while CRE users’ throughput of
both core and edge small cell as well as cell centric user
of edge small cell is strictly increasing function of eICIC
factor.
©2020 Journal of Communications
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overall network and increasing interference between
nearby cells. In this context, the 3GPP recommends in
[32] the use of synchronized muting which should be
considered as a baseline regardless degradation in overall
network throughput.

from macro eNB. The second is edge small cells which
are randomly distributed near the macro cell edge by
applying maximum distance constraint from cell edge. As
macro eNB are randomly distributed in the space, the
absolute distance between macro and small cell can not
be applied. Instead, we use relative inter-eNB distance
among macro cells in the deployed constraints for core
and edge small BSs. The core small cells are deployed
with relative distance with macro eNB does not exceed
15% of inter-eNB distance, while the edge small cell are
deployed at distance exceeds 35% of inter-BS distance.
The edge effects are taken into accounts in the
simulation. With limited simulation area, if a UE is
located at the edge of the simulation area, the received
power from nearby eNBs is not symmetrical. So to avoid
the edge effects in the obtained results, the UEs who are
located at this region are neglected and only UEs who are
aligned at the center of the simulation area are considered.

V. NUMERICAL ANALYSIS & RESULTS
The X- and Y- coordinates of macro cell is generated
using uniformly distributed random variables and the
coverage area of each macro cell is based on voronoi
Dirichlet tessellation. The X- and Y- coordinates of users
is generated using uniformly distributed random variables
as well. In order to deploy more practical vision, nonhomogenous user distribution is adopted, where two users
densities is adopted the first at macro cell coverage area
and the second, which is somehow larger, is at small cell
area. The small cells are divided into two groups: the first
is core small cells which are randomly distributed near
the macro eNB by applying maximum distance constraint

TABLE I: OPTIMAL DISTANCE USING ALGORITHM 1 THE COVERAGE AREA OF CORE AND EDGE SMALL CELLS AT CENTRIC AND CRE REGION
Core small cell
Centric cell area(m2)
CRE area(m2)
Area increase percent
Edge small cell
Centric cell area(m2)
CRE area(m2)
Area increase percent

Cell 1
8549
53379
5.244
Cell 5
65064
98935

Cell 2
9534
58120
5.096
Cell 6
72175
106814

Cell 3
12571
59306
3.717
Cell 7
91700
129168

Cell 4
16761
88574
4.285
Cell 8
120399
168967

Average
11853
64845
4.585
Average
87334
125971

0.520

0.479

0.408

0.403

0.452

The coverage area of each small cell is calculated by
considering the transmitted power of small cell (30 dBm
(1 W) in the proposed scenario) and the interference from
surrounding macro and small cells. With minimum signal
detection threshold, the SINR is calculated at each X- Y
point to get the more precise coverage area of small cell.
Two coverage area are obtained for small cell, during
non-ABS subframes and during ABS subframes (CRE
area). Table I illustrates the coverage area of core and
edge small cells at macro cell which located at center of
simulation area shown in Fig. 1, where small cell ID 1 : 4
are core small cells, while small cells ID 5 : 8 are edge
small cells. It can be noted that at the same minimum
signal detection threshold Г, the average coverage area of
the edge small cell is in general larger than the core small
cell. In addition, Table I shows the CRE area of each cell
at ABS subframes. We can observe the difference in CRE
area between core and edge small cells.
User Association: If the UE is located in the coverage
area of small cell including the CRE region, the UE is
associated with small cell, otherwise it is associated with
the macro cell. The coverage area and CRE area are
calculated as illustrated in equations (5) & (8). The CIO
value is added to the received power from the small cell
to offload users at CRE region.
The SINR is calculated for each UE using equations
(2), (3) & (6) during ABS and non-ABS subframes.
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According to SINR of each user, the transport format of
RB is identified and transmission rate is calculated. At
each TTI, the RBs are scheduled between users according
to proportional fair scheduling scheme.
Important Cell Parameters: The macro eNB’s have
evaluated with transmit power of 47 dBm (40 W). While
For the small cells, the transmit power is: 30 dBm (1 W).
The cell bandwidth is 10 MHz in the 700 MHz LTE band.
The macro heights are random based on actual
deployment but it typically more than 25 m the small cell
heights are taken as typically 10 m.
Traffic: in the simulation area, we randomly generate a
UE with PPP density of (450 active UEs/sq-km (dense
urban density)). In addition, Hotspots population around
the small cells are generated with density (50 UEs/sq100m). The traffic is randomly generated by those users
with Poisson arrival rate λ = 12 requests/Sec. Each
selected user has a FTP file with 15 Mbit to download to
produce average load 180 Mbit/Sec for all macro and all
small cells users.
The performance of eICIC heterogeneous network is
evaluated using the following metrics.




8

Average per user throughput.
Accumulated throughput.
The 5th percentile and 50th percentile user
throughput.
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The average per user throughput and the accumulated
throughput is calculated separately for macro cell, and
small cell. In addition, in small cell, we separate in
calculation the metrics between core and edge small cell,
and between centric and CRE area of small cell in order
to study the impact of the eICIC factor on each cell parts.
Fig. 3 illustrate the impact of increasing eICIC factor
in accumulated macro user’s throughput. It can be noted
that the accumulated throughput decreases with
increasing eICIC factor as a result of increasing the
subframes of protected subframes.
Fig. 4, 5, 6 & 7 illustrate the impact of eICIC factors in
centric and CRE area of the core small cells and centric
and CRE area of edge small cells respectively. In general
for CRE area at both core and edge small cells, the
accumulated throughput increases with increasing eICIC
due to increasing the protected subframes as illustrated in
Fig. 5 & 7.
On the other hand, increasing eICIC factor increases
subframes the CRE user’s share the resources with
centric users, and all resources are not dedicated to
centric users and so decreases centric user’s throughput.
This effect is at core small cell where area CRE is
relatively large and we can not ignore the CRE sharing
effect. While in edge small cell, the CRE area is
relatively small and the impact of sharing with CRE users
is neglected in comparison with the impact of increase in
SINR for each users as a result of decreasing or
disappearing the interference from macro cell. So the
accumulated throughput increases with increasing eICIC
factors.

Fig. 8 accumulates the throughput of centric and CRE
users at all core and edge small cells. It can be seen the
weight of centric users of core small cell in reducing
throughput is minor in comparison with the impact of
centric edge users and CRE users at core and edge small
cells especially that the centric core small cell is
relatively small as explained before.
Fig. 9 depicts the overall accumulated throughput at
whole cell and it can be seen the impact of macro cell is
overwhelmed by the impact of small cells.

Fig. 5. Accumulated throughput for CRE core small cell users (Mbit\Sec)
as a function of eICIC factor.

Fig. 6. Accumulated throughput for centric edge small cell users
(Mbit\Sec) as a function of eICIC factor.

Fig. 3 Accumulated throughput for macro cell users (Mbit\Sec) as a
function of eICIC factor.
Fig 7. Accumulated throughput for CRE edge small cell users (Kbit\Sec)
as a function of eICIC factor.

Fig. 4 Accumulated throughput for centric core small cell users
(Mbit\Sec) as a function of eICIC factor.
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Fig. 8. Accumulated throughput for small cell users (Mbit\Sec) as a
function of eICIC factor.

9

Journal of Communications Vol. 15, No. 1, January 2020

TABLE II: NETWORK PERFORMANCE FOR OVERALL CELL, MACRO CELL AND SMALL CELL
Overall cell
eICIC factor
Average UE throughput at whole cell (Mbit/sec)
The 5th percentile user throughput (M bit/sec)
The 50th percentile user throughput(M bit/sec)
Macro cell only

eICIC factor = 0.2
2.400
10.214
0.682

eICIC factor = 0.5
2.573
10.682
0.914

eICIC factor = 0.8
2.790
11.895
1.261

eICIC factor
Average Macro UE throughput (Kbit/sec)
The 5th percentile user throughput (M bit/sec)
The 50th percentile user throughput(K bit/sec)

eICIC factor = 0.2

eICIC factor = 0.5

eICIC factor = 0.8

340.171
1.252
325.574

252.938
0.923
271.375

115.327
0.409
187.472

Small cell only
eICIC Scheme type
Average small cell UE throughput (Mbit/sec)
The 5th percentile small cell throughput (M bit/sec)

eICIC factor = 0.2

The 50th percentile small cell throughput(M bit/sec)

eICIC factor = 0.5

eICIC factor = 0.8

3.608

3.918

4.322

12.257

12.274

13.166

2.520

2.778

2.909

 Similarly, a decrease in 5 th percentile and 50th
percentile user throughput is observed for macro cell
users of 67% & 42% respectively by changing eICIC
factor from 0.2 to 0.8. On the other hand, an increase
in 5th percentile and 50th percentile user throughput is
observed for small cell users of 7.5% & 15%
respectively by changing eICIC factor from 0.2 to 0.8.
For the whole cell 5th percentile user throughput
increases about 16% in eICIC factor change, while 50th
percentile user throughput increases from 0.682
Mbits/Sec to 1.26 Mbits/Sec.

Table II illustrates the average throughput, 5th
percentile and 50th percentile user throughput at whole
cell, for macro cell and for small cell.
The following remarks are observed from Table III:
 Gains of about 20% in average throughput in small
cell by changing the eICIC factor from 0.2 to 0.8. On
the other hand, a loss of about 66% in average
throughput in macro cell by changing the eICIC factor
from 0.2 to 0.8.
 By averaging user throughput at the whole cell we can
get a gains of about 16% by changing the eICIC
factor from 0.2 to 0.8.

TABLE III: ACCUMULATED THROUGHPUT AT CORE AND EDGE SMALL CELL FOR CENTRIC AND CRE USERS

eICIC Scheme

eICIC factor = 0.2

eICIC factor = 0.5

eICIC factor = 0.8

268.824

287.206

309.855

9.014

6.750

3.040

12.811

10.957

8.457

3.689

6.231

10.058

48.095

52.353

57.360

0.355

0.574

0.873

Accumulated throughput at the whole cell (Mbit/sec)
Accumulated throughput for macro cell users (Mbit/sec)
Accumulated throughput for centric users at core small cell
(Mbit/sec)
Accumulated throughput for CRE users at core small cell
(Mbit/sec)
Accumulated throughput for centric users at edge small cell
(Mbit/sec)
Accumulated throughput for CRE users at edge small cell
(Mbit/sec)

Table III illustrates the accumulated throughput user
throughput at whole cell, for macro cell and for pico
cell.
By comparing the accumulated throughput of macro
cell and each part of small cell the following remarks
are observed:
 The accumulated throughput at the whole cell
enhanced to about 16% by changing the eICIC factor
from 0.2 to 0.8 as a result assigning more resources
to CRE users.
 The ratio of the accumalated throughput of users
located at centric region of edge small cell to those
located at centric region of core small cell is 4:1 at
eICIC factor = 0.2 and exceed 6:1 at eICIC factor =
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0.8. This is due to the coverage area of centric region
of edge small cell is much greater than centric region
of core small cell as explained before.
 The percent of accumalated throughput of macro cell
to the accumulated throughput of each small cell at
eICIC factor of 0.2 is 12:88, at eICIC factor of 0.5 is
8:92, and at eICIC factor of 0.8 is 4:96, which
indicates the power of small cell in overall cell
throughput and the impact of eICIC in increase the
capacity for offloaded users.
 On contrary to the last note, the accumulated
throughput of users located at CRE region of core
small cell is much greater than CRE region of edge
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small cell. This is due to the difference in area

between the two regions.

TABLE IV: AVERAGE THROUGHPUT FOR CORE AND EDGE SMALL CELL FOR CENTRIC AND CRE USERS
eICIC factor = 0.2

eICIC factor = 0.5

eICIC factor = 0.8

6.449

5.630

4.508

0.579

0.973

1.563

Average throughput at centric users for edge small cell
(Mbit/sec)

5.785

6.304

6.965

Average throughput at CRE users for edge small cell
(Kbit/sec)

0.423

0.687

1.059

eICIC Scheme
Average throughput at centric users for core small cell
(Mbit/sec)
Average throughput at CRE users for core small cell
(Mbit/sec)

Table IV examines the avrage throughput at each cell
part at different values of eICIC factors. The following
remarks can be observed from Table II:
 Gain of about 150-170% in average UEs throughput is
achieved for CRE users by changing eICIC factor
from 0.2 to 0.8.
 Gain of about 40% in average UEs throughput by
offloading users in CRE area to small cell at eICIC
factor of 0.2. This gain exceeds 70% if UE is located
at cell edge area. By adjusting eICIC factor to 0.8, the
offloaded UEs can get throughput of 1.56 Mbit/sec
instead of just 0.115 Kbit/sec if they remain with
macro cell.
 Gain of about 21% in average UEs throughput is
achieved for centric users of edge small cell by
changing eICIC factor from 0.2 to 0.8.
 Loss of about 13% in average UE’s throughput is
achieved for core small cell (both centric and CRE
area) by changing eICIC factor from 0.2 to 0.8. By
differenciating between centric and CRE area, the
average UE’s throughput loss reaches to 30% for
centric small cell. This is due to the centric area of
core small cell is relativily small with respect to CRE
area.

the uplink direction can be derived and the optimal choice
of uplink eICIC factor can be deduced with the same
manner that has been done in downlink direction.
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