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Abstract—In wireless network system the resources are limited.
Therefore, managing resources is considered as a challenging
task. The resource are distributed among attached UEs, so
allocating resources needs to be well controlled. Packet scheduler
in LTE network is responsible for assigning resources to attached
UEs. Also, femtocell network is considered as promising solution
for poor channel in indoor environment. Femtocell deployment
within macrocell (traditional base station) would increase the ca-
pacity of the cell. Therefore, incubating robust Packet Scheduler
scheme within femtocell would deliver better capacity. In this
work Packet Scheduler scheme is proposed. It performs with
consideration of maximizing the capacity as well as preserving
the fairness among UEs. A simulation is conducted in order to
evaluate the performance of the proposed scheme. The result
shows that it outperforms well-known PF scheduler in terms of
cell aggregated throughput and average throughput of UEs.

Index Terms—LTE, 4G, Scheduling, Packet Scheduler, Re-
source management, Femtocell.

I. INTRODUCTION

In recent years demands on Internet applications have been
dramatically increased. Meeting these demands with consid-
eration of Quality of Service (QoS) is one of the challenges
in LTE networks. Furthermore, indoor mobile station makes
this challenge more complicated. Therefore, enhancing the
capacity of indoor users or User Equipment (UE) according
to LTE network architecture becomes a serious issue[1].

However, femtocells are introduced in order to increase the
capacity of cellular network especially for indoor environment.
Femtocell is also called Home eNB (HeNB). The coverage
of femtocells is very small compared to traditional cellular
base station. Usually, the radius of femtocell range between
10-30 meters. An overview of femtocell network architecture
is illustrated in Fig.2. In addition, femtocell base station
can operate with most of functions that are performed by a
traditional cellular base station. Femtocell Gateway node con-
nects femtocell network with the cellular network. Moreover,
femtocells are installed by end users, so no further deployment
planning is required. Additionally, high level of QoS can be
achieved when femtocells are deployed due to that distance
between transmitter and receiver in femtocell being short. With
short distance between transmitter and receiver, data rate and
capacity of UEs are increased.

Fig. 1. An overview of femtocell netowk [2]

The Orthogonal Frequency Division Multiple Access
(OFDMA) scheme has been selected to be a downlink trans-
mission scheme for LTE network. This supports increasing
capacity of UEs. This scheme divides a certain bandwidth into
orthogonal subcarriers, so it provides high data rate.

Radio resource management is considered as one of sig-
nificant functions that affect the network performance. Packet
Scheduler (PS) is an essential function, which is performed by
Radio Resource Management entity. Accordingly, capacity of
the network can be improved once improved packet scheduling
mechanism is considered. Also, when inconvenient packet
scheduling strategy is considered, performance of the network
might be degraded.

Abundant resource scheduling schemes for femtocells have
been proposed in the literature. Most of the previous works
focused on maximizing the capacity and achieving satisfied
degree of fairness among UEs. Round Robin is one of the
simplest strategy, which was used to deliver best fairness
degree among UEs [3]. It scheduled UEs based on FIFS
strategy without considering any factors such as channel
quality or service types. However, network performance would
be degraded and decreased. In [4], a survey about resource
scheduling techniques in femtocell network was conducted.
Most of the works utilized Round Robin and Proportional
Fairness strategies. Also, cognitive femtocell network was
considered in [5]. Resource scheduling method was incubated
within femtocell base stations where femtocells were con-
sidered as cognitive nodes. Fairness and throughput of the
network were major factors that were taken into account when
this scheduling algorithm was designed. Its objective was to978-1-5386-1465-5/17/$31.00 c©2017 IEEE



maximize the throughput of the network. Moreover, cognitive
femtocells were also implemented in [6]. In that, procedure
of allocating resources among attached UEs was built based
on game theory concept. In that cooperative game multiple
factors were considered in order to ensure certain level of
fairness beside minimum outage probability. Also, different
aspects were used for designing resource allocation scheme
such as delay sensitivity. In [7], authors developed a schedul-
ing mechanism based on delay sensitivity. The goal was to
maximize the total throughput of the femtocell network. In that
work cochannel deployment between femtocell and macrocell
was implemented. In [8], the authors proposed a scheme that
could discriminate attached UEs based on the femtocell access
mode. There were three different access modes: open access
mode, closed access mode, and hybrid access mode. A hybrid
access mode was considered. Moreover, hybrid access access
mode was also considered in [9]. Admission control algorithm
was used to distinguish between attached UEs where UEs,
which were recognized as subscribers of certain femtocell,
would be given a preference of allocating more resources
when they demand resources for real time services. Also, same
concept was considered in [10]. However, the objective was
to maximize the total capacity of the network. Also, authors
in [11] proposed a scheduling algorithm, which only allocated
resources to attached UEs based on QoS provisioning.

In this work, a novel Packet Scheduler scheme aims to
enhance the network performance. It considers maximizing
throughput and fairness among UEs. The rest of this work is
organized as follows. System model and frame architecture of
LTE is given in the second section. The resource allocation
procedure and the proposed scheme is explained in the third
section. the fourth section illustrates the simulation results.
The conclusion is given in the last section.

II. SYSTEM MODEL AND LTE FRAME STRUCTURE

A. System model

The total throughput of the system is given by [12]:

Γ =
∑
u

∑
s

βu,s Capacityu,s (1)

where βu,s indicates that s is scheduled to UE u. βu,s = 1
if s is scheduled and βu,s = 0 if s is not scheduled. Also,
Capacityu,s means the estimated throughput of UE u when
s is scheduled. It can be given as the following [12]:

Capacityu,s = ∆f log2(1 + α δu,s) (2)

where α indicates BER. ∆f is the subcarrier spacing. Also,
δu,s is the estimated (SINR).

The SINR of UE uj , which is allocated to subcarrier s, is
given as follows [12]:

γj,s =
PF,s Gj,F,s∑

m
Pm,sGj,m,s +

∑
F ′
PF ′,s Gj.F ′,s + N0∆f

(3)

PowerF,s and Gainj,F,s are the received power and gain from

serving femtocell, respectively. Powerm,s and Gainj,m,s are
the received power and gain from macrocell, respectively.
PowerF ′,s and Gainj.F ′,s are the received power and gain
from neighbor femtocells.

The channel gain is given as follows [12]:

G = 10−PathLoss/10 (4)

Also, the path loss is considered according to [13].

B. LTE frame structure

In Fig.2, the frame structure of LTE is illustrated, which is
based on OFDMA transmission scheme [11]. In terms of time
domain, a single LTE frame is about 10 ms. Basically, the
frame is divided into ten sequence sub-frames, which means
that each sub-frame is about 1 ms in terms of time domain.
Moreover, a divided sub-frame includes two adjacent slots,
each one of them equaling 0.5 ms time duration. Also, based
on cyclic prefix type, each slot contains a certain number of
symbols. With long cyclic prefix six symbols are considered
and short cyclic prefix seven symbols are considered. Accord-
ingly, the frequency based grid of one slot is illustrated in
Fig.3. As shown Resource Block is the smallest unit that can
be assigned to a particular UE. A RB is represented by 180
kHz × 0.5 ms frequency-time block. Each RB includes twelve
OFDMA subcarriers [11].

Fig. 2. Frame Structure of LTE Standard Time Domain, reproduced from
[11]

III. LTE RESOURCE ALLOCATION PROCEDURE AND
PROPOSED SCHEME

A. LTE resource allocation procedure

The Packet Scheduler entity is responsible for assigning
available RBs among attached UEs. The decision should be
made each TTI. TTI is the duration time, which is 1 ms,
of one sub-frame. Assigning RBs, actually, depends on a
certain given metric. Based on that Packet Scheduler maps
RBs to appropriate UEs in order to satisfy a predefined criteria,
which is considered when the scheduling algorithm has been
designed. The scheduler would select highest metric of UE in



Fig. 3. Frame Structure of LTE Standard Frequency Grid, reproduced from
[11]

order to allocate resources. For example, j− th UE would be
assigned for k− th RB when the following metric is satisfied:

metricj,k = maxi[mi,k] (5)

Those metrics are designed according to some performance
requirements. The objective of the desired performance is used
to form an appropriate metric. Each TTI Packet Scheduler
calculates the metric for all attached UEs in order to decide
best maps between RBs and UEs. RRM entity includes the
Packet Scheduler and it assists Packet Scheduler to decide the
best decision. The UE would report its channel condition to the
base station. First, the base station would send reference signal
to all attached UEs. Each UE receives this signal and decodes
it. Actually, this signal would be used to measure the Channel
Quality Indicator (CQI). Then, each UE sends a report. The
report conveys CQI information back to base station. Based
on this information SINR can be calculated. Based on SINR
degree a suitable Modulation and Coding Scheme (MCS) is
selected. Accordingly, the base station can specify resultant
data rate for each UE according to assigned number of RBs.

B. Proposed Algorithm

In this part a novel resource scheduling scheme is intro-
duced. The proposed scheme aims to allocate available RBs
to attached UEs where the network capacity is maximized
under maintaining fairness among UEs constrain. Most popu-
lar schedulers would be firstly introduced. Then, the proposed
scheduling technique would be introduced. Round Robin (RR),

Maximum Throughput (MT), and Proportional Fairness (PF)
are most used scheduler schemes in the literature.

1) RR: Round Robin performs fair distribution of the
available RBs among UEs. The following metric is used when
RR strategy is considered [14]:

mi,k = tc − ti (6)

where tc , ti are the current time and last time UE i was
served, respectively. This strategy delivers highest possible
fairness among UEs. However, in terms of throughput, it is
not fair. Also, network performance is degraded [14].

2) MT: Maximum Throughput strategy aims to maximize
the throughput of the system. It is channel aware procedure.
In this scheme, the RBs would be assigned to UEs, which
have the best channel quality condition in order to enhance
the overall throughput of the system as well as maximize the
spectrum utilization. Its metric is given based on the follows
[14]:

mi,k = Ri
k(t) (7)

where Ri
k(t) represents the expected data rate of UE i on RB

k at time t. The UEs with highest data rate would be selected
for scheduling.

Cell throughput can be maximized when MT scheduler is
considered. However, this would be unfair to other UEs. In
this case, UEs with poor channel condition would face starva-
tion. Therefore, a resource scheduler strategy should trade-
off between maximizing the cell throughput and satisfying
certain degree of fairness among UEs. As a result Proportional
Fairness strategy is introduced [14].

3) PF: Proportional Fairness scheme is proposed to main-
tain cell throughput as well as fairness. Its metric can be
expressed as follows [14]:

m(i, j) =
Di

j (t)

Ri (t − 1)
(8)

where Di
j(t) is the expected capacity for UE i at time t on

RB j. Ri (t − 1) is the past average throughput of UE i [14].
4) Proposed: The objective of the proposed scheme is to

maximize the cell throughput under fairness constraint. The
scheme tends to trade off between maximizing throughput and
achieved good fairness degree. It is important to increase the
overall cell throughput. However, this might lead to starvation
for some UEs, which experience poor channel condition.
Therefore, proposed scheme considers cell throughput max-
imization as well as fairness among UEs at the same time.

Firstly, the past achieved throughput can be used to indicate
the system sanctification and the spectrum utilization. The
product of dividing past achieved throughput over maxi-
mum throughput indicates whether the system meets satisfied
throughput or throughput should be increased. Accordingly, λ
can be expressed as follows;

λ =
T (t− 1)

TMax
(9)



where T (t−1) and TMax are the cell past achieved throughput
and a predefined cell maximum throughput, respectively. This
would be used in order to increase the cell throughput when
system throughput is decreased.

In addition, the ratio of expected throughput can be used to
indicate the channel quality of the UE i as follows:

σi =
TE

Ti,Max
(10)

where TE and Ti,Max are the expected achieved throughput
and maximum throughput of UE i, respectively.

Also, the throughput of UE can be considered in order to
maintain the fairness among UEs. The following expresion can
be used in order to estimate the fairness satisfaction:

βi = (1 − θi) (11)

where:

θi =
T (AV G)i
Ti,Max

(12)

where T (AV G)i and Ti,Max are the average of past achieved
throughput of UE i and maximum throughput of UE i,
respectively.

Eventually, the metric can be calculated as follows:

Γi,k = [(βi ∗ λ) + (α ∗ σi)] (13)

where:

α = (1 − λ) (14)

IV. SIMULATION RESULTS

The proposed scheduling scheme is evaluated using con-
ducted simulation in MATLAB tool. A dual strip block model
is used for distributing femtocells across apartments [15].
Table 1 shows the simulation parameters that are considered
in this work.

The average throughput of femtocell’s UEs is illustrated in
Fig.4. In this’ the number of femtocells was set to 10. The
number of UEs attached to femtocells was increased from
10 - 100. Accordingly, the average of UEs’ throughput is
decreased as long as the number of attached UEs is increased.
For example, number 20 indicates that each femtocell has
two UEs. Therefore, the total number of UEs in the system
would be 20. It obvious that with the MT scheme the highest
throughput could be achieved in all different scenarios. The
worst throughput is achieved by RR scheme. That is because
RR does not consider channel quality condition when RBs
are assigned to UEs. On another hand, MT achieved highest
average throughput because it allocates RBs only to UEs with
best channel quality condition.

TABLE I
SIMULATION PARAMETERS

Parameters Value

System Bandwidth 1.4 MHz

Subcarriers 6

Subcarriers Bandwidth 180 KHz

Noise Power Spectral Density -174 dBm/Hz

Subcarrier Spacing 15 KHz

Channel Model PedB

Carrier Frequency 2000 MHz

Number of Femtocells 10

Number of Users per Femtocell 1 - 10

Transmit Mode Spatial Multiplexing

Femtocell Transmit Power 21 dBm

Cyclic Prefix Type Normal

Also, PF scheme average throughput ranges between MT
and RR because it considers both channel quality condition
and fairness. However, the proposed scheme delivers average
throughput better than PF. This indicates that it is possible
to attain better average throughput and preserve as much as
possible of fairness. When the number of UEs increased, all
four schemes would deliver low average throughput. From this
femtocell UEs should range between 1 - 10 in order to get
advantage of implementing femtocell network.

Fig. 4. Average UE Throughput

The cell aggregated throughput is illustrated in Fig.5. As
illustrated cell throughput is increased dramatically when MT
scheme is considered. Obviously, the best cell aggregated
throughput is achieved by MT. This is because MT only
assigns RBs to the UEs with best channel quality condition. On
another hand, RR delivers the worst cell throughput compared
to other schemes. Also, when the number of UEs is increased,
MT can find the best channel quality condition. As a result,
the probability of increasing cell throughput is also increased.



In addition, PF and the proposed schemes can deliver same
throughput. However, the proposed scheme outperforms PF
scheme when the number of UEs is increased. The proposed
scheme can increase the throughput when more UEs are
inserted into the system. The performance of PF scheme
almost is the same after adding four UEs in each femtocell.
It indicates that PF would not be suitable scheme when more
UEs are considered in the system.

Fig. 5. Cell Throughput

V. CONCLUSION

This work investigates the resource scheduling in femtocell
network. OFDMA is the downlink transmission scheme that
was considered in LTE network. The smallest resource unit
of OFDMA LTE is RB. Different UEs with various channel
conditions compete in order to be scheduled for resource. The
Packet Scheduler entity maps available RBs to appropriate
UEs according to predefined criteria. Also, Packet Scheduler
should satisfy performance requirement and objectives of its
design. RR, PF, and MT are most popular scheduler schemes
in the literature. Maximum throughput can be achieved by MT
scheme and highest fairness can be achieved by RR scheme.
However, RR scheme delivers low throughput and MT scheme
unfairly distributes resources among UEs. PF is proposed as
trade off between MT and RR. In this work, a novel scheme is
proposed, which performs with consideration of both fairness
and throughput. It aims to deliver better throughput under
fairness constraint. According to the conducted simulation, the
proposed scheme outperforms PF in terms of cell aggregated
throughput as well as UEs’ average throughput.
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