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Abstract—Long Term Evolution (LTE) femtocells operate in
three access modes based on subcarriers allocated to guaranteed
and non-guaranteed users. In this paper, we conduct simulations
and study the LTE network performance with femtocells. We
define network productivity which measures the network per-
formance based on reward associated with new call arrival and
penalty accounted for forced call termination due to handoff
failure. Using specific parameter setup for reward and penalty
weights for each network deployment from previous simulations,
we present the effects of call mobility on subcarrier allocation
for each femtocell deployment. We also determine the subcarrier
allocation reserved for guaranteed users that yields maximum
network throughput for a given blocking probability vector.

I. INTRODUCTION

High data rates and high mobility have been the major
drivers for the introduction of LTE technology in mobile com-
munications. To serve the cell-edge and indoor users, several
interference avoidance and mitigation techniques have been
developed. With the advent of mobile broadband and demand
for higher data rates, the concept of small cells has gained mo-
mentum. These base stations are low-power, low-cost equip-
ment, which are deployed within the coverage of the traditional
macro base stations. Based on their coverage and costs, they
are categorized as femtocells, picocells, and microcells. They
are designed to not only improve data rates for cell-edge and
indoor users, but also enable the macrocells to offload the
traffic and focus the resources on truly mobile users [1]. One of
the major challenges of femtocells is interference between the
femtocells and femtocell and macrocell. The interference be-
comes significant when the spectrum between femtocells and
macrocells is shared, that is co-channel deployment. A typical
macrocell-femtocell deployment is a 2-tier deployment. Inter-
tier and intra-tier interference adversely impact throughput
and bandwidth utilization. The network performance depends
on the inter-tier and intra-tier interference experienced by
the users. In Orthogonal Frequency Division Multiple Access
(OFDMA) system, an incoming user is allocated a certain
number of subcarriers based on its data rate demand. In our
formulation, we consider all incoming users have the same rate
requirement R. Due to different interferences experienced by
the users, they will require different number of subcarriers. In
this paper, we analyze the network performance as a function

of call arrival rates. We consider mobility of calls between
the cells and study the effect of high, low, and no mobility
on the performance. Since the resources are shared between
femtocells and macrocells, blocking probability is modeled
in the network. We have utilized an analytical model to
define blocking probability in the network based on previous
research in [2], [3]. We define a network performance function
for traffic that is carried successfully. We consider revenue
generated by accepting a new call and the cost of forced
termination due to handoff failure. The paper utilizes a desired
set of values for reward and penalty weights that can be applied
to LTE network with femtocells operating in one of the three
access modes, closed, open and hybrid access modes. We also
determine the subcarrier allocation reserved for guaranteed
users that yields maximum network throughput for a given
blocking probability vector for a given network deployment
with constant number of femtocells.

II. RELATED WORK

Extensive research on network productivity or network
revenue is done for code-division multiple-access (CDMA)
networks. In [4], the author uses shadow prices to measure
the rate of change in one or more of the design parameters
such as capacity, anticipated demand, reservation levels and
routing proportions. The ability to evaluate such shadow prices
allows to introduce designs that optimize network performance
according to network-wide criteria. The author presents mod-
els for the evaluation of shadow prices for networks such as
single-rate circuit-switched networks, wireless networks, and
multi-rate circuit-switched networks. Implied costs for multi-
rate wireless networks are calculated and their use is demon-
strated for quantifying mobility, traffic load, call pricing,
network optimization and for evaluating trade-offs between
calls of different rates. The implied cost is calculated for the
network revenue, which considers the revenue generated by
accepting a new call arrival into the network and penalty of
handoff drop in any cell. Simulation and numerical results
are presented to show accuracy of the model. The implied
costs are used to suggest pricing techniques for different
calls based on mobility and bandwidth. Finally, a nonlinear
constrained optimization problem is formulated to calculate
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the sum revenue for a given network by maximizing the net
revenue using implied costs in a gradient descent algorithm.
The implied cost analysis also show that matching capacity
distribution to not only exogenous traffic, but also to mobility
can significantly increase revenue[5]. The effect of call arrival
rate on the capacity of a CDMA cellular network is evaluated.
First the inter-cell and intra-cell intereferences of every cell on
every other cell are calculated for a given network topology.
Then, the capacity region for the number of simultaneous
calls in every cell is defined for specified system parameters.
This region is used to evaluate the new call blocking and
handoff call blocking probabilities. The network throughput
is found by considering the revenue generated by accepting a
new call and the cost of a forced termination due to handoff
failure. Implied costs are calculated for both high and low
mobility of calls between cells, and the effect of mobility on
pricing is discussed. Implied costs are used to maximize the
throughput with respect to the call arrival rates by applying
a gradient descent algorithm [6]. Previous approaches for
a call admission control (CAC) algorithm have assumed a
uniform traffic distribution or excluded mobility to simplify
the design complexity. The authors define a set of feasible call
configurations that results in a CAC algorithm that captures
the effect of having an arbitrary traffic distribution and whose
complexity scales linearly with the number of cells. To study
the effect of mobility and to differentiate between the effects
of blocking new calls and blocking handoff calls, they define a
net revenue function. The net revenue is the sum of the revenue
generated by accepting a new call and the cost of a forced
termination due to a handoff failure. The net revenue depends
implicitly on the CAC algorithm. The authors calculate the
implied costs which are the derivatives of the implicitly defined
net revenue function and capture the effect of increases in the
number of call admitted in one cell on the revenue of the
entire network. Given a network topology with established
traffic levels, the implied costs are used in the calculation of
a CAC algorithm that enhances revenue and equalizes call
blocking probabilities. Moreover, the new algorithm provides
guaranteed grade-of-service for all the cells in the network for
an arbitrary traffic distribution [7]. The work in [8] presents
a novel approach for designing a CAC algorithm for CDMA
networks with arbitrary call-arrival rates. The authors present
several cases for a nontrivial network topology where the CAC
algorithm guarantees quality of service (QoS) and blocking
probabilities while achieving significantly higher throughput
than that achieved by traditional techniques. They also calcu-
late the network capacity i.e., the maximum throughput for
the entire network, for pre-determined blocking probabilities
and QoS requirements. Authors developed methodology to
calculate sensitivities of capacity to base station location, pilot-
signal power and mobile transmission power and optimize
network capacity. They also proposed CAC algorithm that
can guarantee blocking probabilities and achieve higher ca-
pacities than traditional techniques. A Heterogeneous Network
(HetNet) comprises of multiple Radio Access Technologies
(RATs) allowing a user to associate with a specific RAT

and steer to other RATs in a seamless manner. To cope up
with the unprecedented growth of data traffic, mobile data
can be offloaded to Wireless Fidelity (WiFi) in a Long Term
Evolution (LTE) based HetNet. In this work, an optimal RAT
selection problem is considered to maximize the total system
throughput in an LTE-WiFi system with offload capability.
Another formulation is also developed where maximizing the
total system throughput is subject to a constraint on the voice
user blocking probability. It is proved that the optimal policies
for the association and offloading of voice/data users contain
threshold structures. Based on the threshold structures, the
authors propose algorithms for the association and offloading
of users in LTE-WiFi HetNet. Simulation results are presented
to demonstrate the voice user blocking probability and the total
system throughput performance of the proposed algorithms
in comparison to another benchmark algorithm [9], [10].
Work in [11] models the LTE and WiFi networks as well as
the users using a probabilistic approach based on stochastic
geometry and takes the particular physical layer properties of
the two RATs into account. The proposed model allows for
the performance analysis of those different networks using
the closed form expressions. Using these newly developed
tools, the authors show that the max-throughput criterion,
which takes the different characteristics of the two RATs
into account, performs better than simple offloading and max-
SINR association criteria. Authors in [12] propose a rapid
and accurate method for the evaluation of the QoS perceived
by the users in the uplink of wireless cellular networks. In
doing so, they aim to account for the dynamics induced by
the arrivals and the departures of the users. In particular, the
QoS is evaluated in terms of the blocking probability for
streaming users and the throughput of elastic calls. In [13],
the authors propose a load balancing framework, which aims
at balancing the load in the entire network, while keeping the
network throughput as high as possible. In this framework,
the objective is formulated as a network-wide utility function
balancing network throughput and load distribution, and then
it is transformed to an integer optimization problem under
resource allocation constraints. In [14], the authors proposed
new CAC and resources allocation schemes for LTE. The pro-
posed CAC scheme gives the priority to Handoff Calls (HC),
without totally neglecting the requirements of a New Calls
(NC). The main objective of this approach is to provide QoS
and to prevent network congestion. Authors in [15] propose
to increase the performance of QoS parameters; call blocking
probability, call dropping probability and system throughput
by applying Soft frequency reuse method and Call-Bounding
scheme. Authors in [16] propose a new utility function that
can support multiple design requirements for mobile networks
including advanced traffic models, user classes, handover and
session priorities. The work proposes a new utility function
that can support multiple design requirements for mobile
networks including advanced traffic models, user classes,
handover and session priorities. The authors devise a novel
trigger-based network and resource assignment framework that
efficiently copes with the complexity of a heterogeneous wire-



less network. The simulation results show that the proposed
sub-optimal trigger-based framework performs equally well as
the complex optimal scheme. Similar parameters are studied
in [17] where the author focuses on studying the interactions
between three self optimization use cases aiming at improving
the overall handover procedure in LTE femtocell networks.
These self optimization use cases are handover, CAC and load
balancing. In [18], revenue maximization in a static environ-
ment is examined in delay-tolerant networks as a solution to
reduce the pressure on the cell traffic, where mobile users
come to use available resources effectively and with a cheaper
cost. Here, the authors have focused on optimal strategy for
smartphones in hybrid wireless networks. This works deals
with how to use the precious wireless resources that are
usually wasted by under-utilization of networks. The authors
are particularly interested by all resources that can be used
in an opportunistic fashion using different technologies. They
have designed new schemes for better and more efficient use
of wireless systems by providing mathematical frameworks.
Work in [19] focuses on the user association optimization for
different HetNets scenarios. Handoffs in HetNets are examined
in [20] show that there is a significant gain in view of the
probability that the user will be assigned to the femtocell while
keeping the same level of the number of handoffs. In [21], the
authors propose a framework that jointly optimizes eICIC and
the assignment of multiple component carriers in an LTE-A
deployment for increasing spectrum utilization at the small
cells with appropriate blanking support from the macro cells.
LTE-A macrocells deployments are being enhanced with small
cells, i.e. low-power base stations, to increase the network
coverage and capacity. However, simultaneous co-channel
transmission from macro and small cells cause increased inter-
cell interference and under-utilize the spectrum resource at the
small cells. The authors proposed a framework that jointly
optimizes eICIC and the assignment of multiple component
carriers in an LTE-A deployment for increasing spectrum
utilization at the small cells with appropriate blanking support
from the macrocells. The simulation results show the new
approach increases the small cell spectrum utilization and
aggregate cell-edge throughput by as much as 200%.

III. FEMTOCELL ACCESS MODES

Open access (OSG), closed access (CSG), and hybrid access
are the three existing access-control methods that decide users’
connectivity to the Femtocell Access Point (FAP). In open
access, users which are within the coverage of a femtocell, will
be connected to the FAP. This includes a new set of signaling
congestion in the network, as the number of handover attempts
gets higher that leads to higher interferences. This affects the
network throughput. In the case of closed access, only selected
users get access to the FAP, thus avoiding unwanted traffic
congestion and possible interferences. In this case, the QoS
is guaranteed at the expense of decreasing spectral efficiency.
Hybrid access works with both challenges by tuning the re-
source ratio according to the number of femtocell subscribers.
A limited amount of resources is available to the users who

Fig. 1. Different access control in mechanism femtocell network [22]

are within the coverage range and a selected group of users
possesses the privilege to use the maximum service [22]. Fig.
1 shows different access control mechanism in a femtocell
network.

IV. SYSTEM MODEL

The mechanism assumes a topology that consists of a grid
of 1 macrocell, each with 3 sector sites such that each sector is
served by a different directional antenna. The beam directions
of different sector antennas are separated by 120◦. A constant
number of femtocells per sector site and uniformly distributed
multicast users are considered. We consider the downlink
transmission scenario in a tier-based cellular OFDMA network
as shown in Fig.1. We consider universal frequency reuse,
i.e. all cells use the same spectrum, which is shared between
macrocell and femtocells. We consider the interference from
the first tier of neighboring cells only. In a network with
universal frequency reuse, users will experience interference
from femtocells and macrocells of neighboring cells. We also
consider the effect of path loss and lognormal shadowing on
the transmitted signal. In the paper, we consider a model where
users present in macrocell region are associated with macrocell
directly and those present in femtocell region are associated
with the corresponding femtocell. Out of the total call arrivals
to the cell, a fraction is assumed to occur in macrocell region,
while the remaining are assumed to have occurred in femtocell
region. We consider the rate requirement to be same for all
users. The blocking probability on link between macrocell and
femtocell is calculated, and then overall blocking probability
for tier-based OFDMA network is determined. The blocking
probability model used in the paper is based on [2], [3].



V. MOBILITY MODEL

The call-arrival process to cell i is assumed to be a Poisson
process with rate λi independent of other call-arrival pro-
cesses. In the case of equal call-arrival rates, λi = λ for all i.
The call dwell time is a random variable with exponential

distribution having mean
1

µ
and is independent of earlier

arrival times, call duration, and elapsed times of other users.
At the end of a dwell time, a call may stay in the same cell,
attempt a handoff to an adjacent cell, or leave the network.
Define qii as the probability that a call in progress in cell i
remains in cell i after completing its dwell time. In this case,
a new dwell time that is independent of the previous dwell
time begins immediately. Let qij be the probability that a call
in progress in cell i after completing its dwell time goes to
cell j. If cells i and j are not adjacent, then qij = 0. We denote
by qi the probability that a call in progress in cell i departs
from the network. This mobility model is attractive because
we can easily define different mobility scenarios by varying
the values of these probability parameters [5]. For example,
if qi is constant for all i, then the average dwell time of a
call in the network will be constant regardless of where the
call originates and what the values of qii and qij are. Thus,
in this case, by varying qiis and qijs, we can obtain low- and
high-mobility scenarios and compare the effect of mobility on
network attributes (e.g., throughput) [8]. Let Ai be the set of
cells adjacent to cell i. Let νji be the handoff rate out of cell
j offered to cell i. νji is the sum of the proportion of new
calls accepted in cell j that go to cell i and the proportion of
handoff calls accepted from cells adjacent to cell j that go to
cell i. Thus,

νji = λj(1−Bj)qji + (1−Bj)qji
∑
x∈Aj

νxj (1)

which can be rewritten as,

νji = (1−Bj)qjiρj (2)

where, ρi the total offered traffic to cell i is given by,

ρi(λ, v) = λi +
∑
j∈Ai

νji(B, ρ) (3)

The total offered traffic can be obtained from a fixed point
model [23], which describes the offered traffic as a function
of the handoff and new call-arrival rates, the handoff rates as
a function of the blocking probabilities, and the offered traffic
and the blocking probabilities as a function of the offered
traffic.

A. Call Arrival and Subcarrier Allocation

1) Subcarrier Allocation: The objective of base station is
to satisfy the rate requirement of each user, by allocating
it the requested number of subcarriers which depends upon
its experienced SIR. There are KBS orthogonal subcarriers
available at the base station, each of bandwidth W Hz. The
signal-to-interference-plus-noise (SINR) for downlink trans-
mission to macro or femto user x on a subcarrier n can be

expressed in [24]. The channel gain G, given by expression in
[24] is dominantly affected by path loss, which is assumed to
be modeled based on urban path-loss PL as defined in [25].
Additionally, we calculate the rate of a user i achieved using
M number of subcarriers, which can be estimated via the SINR
from the expression in [24],

R =W · (
M∑
n=1

log2(1 + α · SINRn)) (4)

where W denotes the available bandwidth for each subcarrier
divided by the number of users that share the specific subcar-
rier and is a constant for a target bit error rate (BER) defined
by α = −1.5/ln(5 ·BER). Here we set BER to 10−6. Since
no frequency dependent fast fading is considered, SIR on each
subcarrier is same, SINR1 = SINR2 = SINRM = SINR,
the number of subcarriers (M ) required by any users can be
expressed as,

M =
R · log10 2

W · log10(1 + α · SINR)
(5)

2) Call Arrival: We assume that call arrivals in each cell
are Poisson distributed with mean arrival rate λ. Let, a fraction
of the total call arrivals, say f be served directly by macrocell,
then the arrival rate of macrocell calls is λm = fλ and
that of femtocell calls is λf = (1 − f)λ. Since the users
associated with femtocells are categorized as guaranteed and
non-guaranteed users, their call arrival rates are also defined.
Following Table I are the call arrival and subcarrier allocation
parameters set for the research. Following Table II are the call

TABLE I
SIMULATION PARAMETERS

Parameter Femtocells Macrocells
Call Arrival Rate 0.2 0.8

Subcarrier Allocation 1.0 1.0

arrival and subcarrier allocation parameters applied only to
femtocells. The numbers indicate the fraction of call arrival
rates and subcarrier allocation assigned to guaranteed users in
the femtocell. In addition, we assume low-mobility probability

TABLE II
SIMULATION PARAMETERS

Femtocell Acces Mode Call Arrival Rate Subcarrier Allocation
Hybrid 0.9 0.5
CSG 1.0 1.0
OSG 0.0 0.0

qij = 0.02 and high-mobility probability qij = 0.1. Inter-cell
interference is set to specific values for each deployment and
varied by a uniform random distribution value between 0 and
1.

VI. PERFORMANCE METRICS

A. LTE Blocking Probability Model
To quantify capacity improvement, blocking probability of

voice traffic is typically calculated using Erlang B formula.



This calculation is based on the assumption that all users
require same amount of resources to satisfy their rate require-
ment. However, in an OFDMA system, each user requires
different number of subcarriers to meet its rate requirement.
This resource requirement depends on the SIR experienced by
a user. Therefore, the Erlang B formula cannot be employed
to compute blocking probability in an OFDMA network. An
analytical expression to compute the blocking probability of
tier-based cellular OFDMA network is utilized. Then, we
classify the users into various classes depending upon their
subcarrier requirement. We consider the system to be a multi-
dimensional system with different classes and evaluate the
blocking probability of system using the multi-dimensional
Erlang loss formulas [2] [3]. LTE blocking probability for
guaranteed and non-guaranteed users is not the same if the
femtocell operates in hybrid mode. Blocking probability values
were calculated using expressions from [3].

B. Network Productivity Definition

Network productivity W is defined as the revenue generated
by traffic with two components. First component is the revenue
generated by accepting a new call and second component is the
penalty incurred in forced termination due to handoff failure
[6]. Hence, the final expression for network productivity
applied to CSG and OSG femtocell deployments is,

W (B, λ, ρ) =

M∑
j=1

{wjλj(1−Bj)−cjBj(ρj(λ, v)−λj)} (6)

where, Bj is the blocking probability, ρj is the total offered
load to cell j, λj is the call arrival rate, wj is the revenue
generated by accepting a call in cell j, and cj is the cost of
a forced termination of a call due to a handoff failure. When
femtocells operate in hybrid access mode, we need to consider
reward and penalty terms associated with guaranteed and non-
guaranteed users. Hence, the final expression for network
productivity applied to Hybrid femtocell deployment becomes,

W (B, λ, ρ) =

M∑
j=1

{wgjλgj (1−Bgj )− cgjBgj (ρj(λ, v)− λgj )

+ wngjλngj (1−Bngj )− cngjBngj (ρj(λ, v)
− λngj )}

(7)

where, Bgj is the blocking probability for guaranteed users, ρj
is the total offered load to cell j, λgj is the call arrival rate for
guaranteed users, wgj is the revenue generated by accepting
a call from guaranteed user, and cgj is the cost of a forced
termination of a call from guaranteed user due to handoff
failure. Similar descriptions apply to the corresponding terms
for non-guaranteed users.

VII. PERFORMANCE EVALUATION

A. Simulation Parameters

Following Table III presents the simulation parameters set
for the research [26].

TABLE III
SIMULATION PARAMETERS

Parameter Value
System Bandwidth 10 MHz
Subcarriers 50
Subcarrier Bandwidth 180 KHz
Cell Radius 250 m
Inter eNodeB distance 1000 m
Noise Power Spectral Density -174 dBm/Hz
Subcarrier spacing 15 KHz
Channel Model Typical Urban
Carrier Frequency 2000 MHz
Number of macrocells 1
Number of sectors per macrocell 3
Macrocell Transmit Power 40 W
Macrocell Antenna Gain 15dB
Macrocell Antenna Pattern TS36.942 standard
Number of femtocells per macrocell sector 5
Femtocell Transmit Power 20 mW
Femtocell Antenna Gain 0 dB
Femtocell Antenna Pattern Omni Directional
Femtocell Access Mode OSG,CSG,Hybrid
Fraction of Subcarrier Allocation to Guaranteed Users 0.1-0.9

B. Performance Analysis

1) LTE Blocking Probability: Due to different resource
allocation needs of guaranteed and non-guaranteed users,
blocking probability will also differ. Typically, blocking prob-
ability for guaranteed users is less than non-guaranteed users.
Since there is no user differentiation in macrocell coverage,
same blocking probability is applied to each one of them.
Guaranteed users experience less blocking compared to non-
guaranteed since resources are reserved for them in femtocell.

2) Reward-Penalty Weights Specification: We study the
system behavior by calculating network productivity for dif-
ferent femtocell access modes. For low offered loads, the
network productivity shows an increasing trend and eventually
drop as the network reaches saturation limit. Fig.2 shows the
comparative results of network productivity for each femtocell
access modes with high data rate requirement and in high
mobility scenario. We start the simulation with a specific setup
for reward and penalty weights and determine the network
productivity. Fig. 2, Table IV shows the network productivity
for offered load with the specific reward and penalty weights
[27]. As indicated, hybrid result is mid-way performance
between CSG and OSG femtocell network.

TABLE IV
SET OF REWARD AND PENALTY WEIGHTS

Femtocell Femtocell Macrocell
Femtocell Guaranteed Non-Guaranteed All

Access Users Users Users
Mode wj cj wj cj wj cj
Hybrid 2 5 1 5 1 5
CSG 2 5 NA NA 1 1
OSG NA NA 1 5 1 10

3) Subcarrier Allocation: In this paper, we solve the con-
strained optimization problem to determine the call arrival rate
per cell and optimal subcarrier split to meet the given blocking
threshold per cell. We consider the network productivity as
an objective function and constraints being the call blocking
probabilities similar to [6]. The independent variables are the
new call arrival rates λ and m fraction of subcarrier allocation
to guaranteed users in a femtocell. Let η be the vector whose
components represent the maximum call blocking probabilities



Fig. 2. Network productivity for offered load

for each cell and let 0 be the zero vector. Then, the optimiza-
tion problem is,

maximize
λ,m

W (B, λ, ρ)

subject to B ≤ η,
λ � 0,

m = 0.1, 0.2, ..., 0.9

The solution for the optimization problem gives the maximum
productivity that the network can generate for a given blocking
probability vector. Using Matlab optimization module, we
determine the optimal call arrival rate needed to design LTE
network to meet given blocking probability threshold for
variable subcarrier allocation. The result of the optimiza-
tion process is call arrival rate per cell and the maximum
network productivity. We iterate the optimization for each
network deployment by varying the subcarrier allocation to
the guaranteed users. From Figs. 3, it is clear that the network
productivity reaches peak value at a network configuration,
where particular number of femtocells are deployed. For
this paper, we focus on high mobility scenario with Hybrid
femtocell access mode network configuration and vary the
subcarrier allocation factor. Another observation is that before
peak value, the effective handover to femtocell is less than
handover to macrocell. It becomes equal to macrocell handover
around peak productivity region. After crossing the peak value,
the trend is reversed. This means, for Hybrid mode, the
femtocell handover is greater than macrocell handover for
femtocell deployment that is equal to 6 and greater. From
the simulation results, we observe that productivity violates
blocking constraint when subcarrier allocation is increased
above 0.5. Therefore, we limit the upper bound for subcarrier
allocation to 0.5 and vary from 0.3 to 0.5, where we observe
interesting trends. Increasing the subcarrier allocation from
0.3 to 0.5 for peak productivity network, does not impact
the productivity trend as shown in Fig. 4, Table V. From
network productivity definition VI-B, we know that handover
negatively impacts productivity. This trend can be shifted
where handover positively impacts productivity and results can
be analyzed. From our simulation, we found that trend shift

Fig. 3. High mobility: Optimized network productivity for offered load

Fig. 4. Objective Function without Productivity Impact due to Subcarrier
Reallocation

TABLE V
UNCHANGED NETWORK PRODUCTIVITY FOR SUBCARRIER FACTORS

Subcarrier Network
Factor Productivity

0.3 251.07
0.5 251.07
0.7 251.07

occurs and we see positive impact on productivity as shown in
Fig. 5, Table VI. In this paper, we explored one of the several

TABLE VI
UPDATED NETWORK PRODUCTIVITY FOR SUBCARRIER FACTORS

Subcarrier Network
Factor Productivity

0.3 330.11
0.5 326.73
0.7 309.44

combinations of reward-penalty associations. Future work can
review the combination of reward and penalty factor can be
associated to macrocell handover and femtocell handover to
fine-tune the results.

VIII. CONCLUSION

The effect of call arrival rates, subcarrier allocation, and
mobility on network performance of LTE network was ana-
lyzed with focus on best possible subcarrier allocation. In this



Fig. 5. Objective Function with Productivity Impact due to Subcarrier
Reallocation

paper, we ran simulations on network deployment with three
femtocell access modes. Hybrid femtocell access is designed
to mitigate interference by prioritizing resources to guaranteed
users to meet data rate requirement and allocating rest of the
available bandwidth to non-guaranteed users. New call arrival
and handoff termination were assigned reward and penalty
weights which impact network performance. We observed that
there is positive productivity trend with handover reward-
penalty re-association, as productivity reacted to the subcarrier
allocation. Future research will explore several variations to
fine-tune reward-penalty association to handover events.
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