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ABSTRACT

The design of a scheduling algorithm for LTE networks is a complex task, and it has proven to be one of
the main challenges for LTE systems. There are many issues to be addressed in order to obtain a high
spectral efficiency and to meet the application’s QoS requirements. In this context, this chapter presents
a study of the resource allocation process in LTE networks. This study starts with an overview of the
main concepts involved in the LTE resource allocation, and brings two new proposals of scheduling
algorithms for downlink and uplink, respectively. Simulations are used to compare the performance of
these proposals with other scheduler proposals widely known and explored in the literature.

INTRODUCTION

In the past years, mobile networks have experi-
enced a tremendous growth of subscribers. This
fact has demanded a continuous evolution of
the current mobile networks, in order to attend
the always crescent expectations of these users.
Applications, such as Voice over IP (VoIP), web
browsing, video chat, and video streaming, have
applied new challenges to design of mobile net-
works, due to their delay and bandwidth strict
requirements.
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In this context, the Long-Term Evolution
(LTE) network has emerged as one of the most
promising solutions for these new challenges.
LTEisapacket-based mobile broadband network.
It has been developed by the Third Generation
Partnership Project (3GPP) and aims to delivery
high throughput, low latency and an enhanced
spectral efficiency with respect to previous 3G
networks (Capozzi, Piro, Grieco, Boggia, &
Camarda, 2013).

As stated before, one can find a plurality of
different applications, each of them with spe-
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cific delay and bandwidth requirements. These
delay and bandwidth requisites can be mapped
into different Quality of Services (QoS) classes.
Therefore, it is of fundamental importance that
the network can ensure these QoS requirements
for each of those applications. Generally, the Call
Admission Control (CAC) and the resource allo-
cation are the main mechanisms to ensure these
QoS requisites.

In the LTE system, the User Equipment (UE)
gets access to the network through the base sta-
tion, which is known as evolved NodeB (eNodeB
or eNB). The eNodeB is responsible for the al-
location of the network resources among the UEs
attached to it.

Inareal propagation environment, the air inter-
face is characterized by fast fading variations, due
to the multiples possible paths that the signal can
travel until it reaches the receptor. Depending on
the path, it can occur a constructive or a destruc-
tive recombination of the signal at the receiver.
The position and distance of the receiver from the
transmitter also have influence in these fast fading
variations. Moreover, high data rate transmission
in a multipath environment leads to Inter Symbol
Interference (ISI) and, consequently, bit errors at
the receiver (Cox, 2012).

From the past 3GPP mobile networks, one of
the most important changes introduced by LTE is
the shift from the use of Code Division Multiple
Access (CDMA) to Orthogonal Frequency Divi-
sion Multiple Access (OFDMA) (Aydin, Kwan,
& Wu, 2013). OFDMA simplifies the design of
channel equalizers and itis a powerful way to solve
the ISI problem. Furthermore, OFDMA offers high
spectral efficiency, scalability and flexibility of
bandwidth allocation, since the resource alloca-
tion can occur in time and frequency domains.

Downlink and uplink have a radio link with
a time variant nature, due to the fast fading
phenomenon, as said before. Thus, the eNodeB
must consider the current quality of channel of
the UEs, in order to allocate the resources in an
effective manner. The quality of the channel is
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obtained through the Channel Quality Indicator
(CQI), which is reported by the UE to the eNo-
deB. From the CQI, the system can perform link
adaption using Adaptive Modulation and Coding
(AMC) techniques, i.e. the system can choose a
more robust Modulation Coding Scheme (MCS)
under adverse channel conditions to improve
spectral efficiency.

In this sense, channel-aware solutions are
usually adopted in LTE resource allocation, since
they are able to exploit channel quality variations
by assigning higher priority to users experiencing
better channel conditions. However, the channel
quality cannot be the only factor in the resource
scheduling process. The scheduling algorithm
has also to consider, for example, the average
throughput of the cell, fairness index and mainly
the QoS requirements.

Finally, one can see that the design of a sched-
uling algorithm for LTE networks is a complex
task. There are many issues to be addressed in
order to obtain a high spectral efficiency and to
meet the QoS requirements.

In this context, this chapter presents a study of
the resource allocation process in LTE networks.
This study starts with an overview of the main
concepts involved in the LTE resource allocation.
These concepts are important to understand the
subsequent sections, which bring two new pro-
posals of scheduling algorithms for downlink and
uplink, respectively.

The first scheduling algorithm is designed to
work in the downlink. This algorithm performs
the scheduling in two stages in adecoupled way in
time and frequency domains, for real-time applica-
tions traffic in LTE networks. In the first stage, an
innovative resource allocation mechanism based
on digital filter theory is presented, called the
Moving-Average Scheduler (MAS). The MAS
defines, for each sampling time, the amount of data
that each real-time stream must transmit to meet
the quality of service requirements of the stream.
In the second stage, the scheduler provides the
allocation of resource blocks using a Proportional
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