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h i g h l i g h t s

• We formally model the problem of task assignment in MEC as a constraint satisfaction problem, which jointly considers user mobility and resource
distributions in the MEC end.

• We propose a lightweight algorithm for assignment, which can increase the resource utilization of the MEC nodes.
• We propose an accurate delay estimation scheme which supports accurate offloading decisions on mobile devices.
• We conduct simulation experiments for performance evaluation. The results show that the proposed work can reduce the task execution delay and

increase the resource utilization.
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a b s t r a c t

Mobile Edge Computing (MEC) has emerged as a prospective computing paradigm to provide pervasive
computing and storage services for mobile and big data applications. In MEC, many small cell base
stations (sBSs) are deployed to establish amobile edge network (MEN). These sBSs can be usually accessed
directly by mobile users. The computational tasks are first offloaded from mobile users to the MEN and
then executed in one or several specific sBSs in the MEN. While the offloading decision has been well
studied, the task execution delay on the MEN side is overlooked. This paper aims at reducing the task
execution delay by task scheduling in MENs. Specifically, we jointly consider the task properties, the user
mobility and network constraints. The problem is formalized as a constraint satisfaction problem and
a lightweight heuristic solution is proposed for fast scheduling. We conduct simulation experiments to
study the performance of the proposedwork. The results show that ourwork is able to significantly reduce
the task execution delay in MENs and thus reduces the end-to-end delay for MEC tasks.

© 2018 Published by Elsevier B.V.

1. Introduction

Modern mobile devices are becoming more and more pow-
erful and the mobile applications are becoming increasingly
computation-intensive and delay-sensitive, such as real-time
online gaming [1], augmented/virtual reality (AR/VR) [2], im-
age/video processing APPs [3] and the vehicle networking sys-
tems [4]. These applications can often introduce a large amount of
traffic and computational workload, which can potentially cause
the battery drain problem on mobile devices [5]. To deal with the
resource constraints of mobile devices, Mobile Edge Computing
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(MEC) has emerged as a promising computing paradigm. In MEC,
a number of small cell base stations (sBSs) with computation and
storage capability [3] are deployed to construct a network termed
as themobile edgenetwork (MEN). TheMENsprovide computation
and storage services in close proximity to subscribers to meet the
high-workload and low-latency requirements [6]. Some projects
such as TROPIC [7] and SESAME [8] introduce powerful sBSs, like
picocells or femtocells, to share their enhanced high performance
computing capabilities for high-performance edge computing. In
the MEC paradigm, computational tasks are first offloaded from
mobile users to the MENs and then executed in one or several spe-
cific sBSs in thenetwork. Compared to traditional cloud computing,
MEC ismore close to users and incursmuch less computational and
transmission delay. The deployment of MEC can also provide more
flexible resource scheduling for the mobile tasks.
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The current research works on MEC often focus on the of-
floading decision problem on mobile devices [9,10]. For example,
X. Chen et al. [9] employed a game-theoretic computation offload-
ing approach for multi-user systems. S. Guo et al. [10] proposed
a dynamic offloading and resource scheduling policy to reduce
energy consumption and the application completion time. Some
other works such as [11] aimed at utilizing the synergy between
the computation resources of MEC and the mobile devices. These
works can effectively reduce the computational delay on mobile
devices. Although the user-end delay is reduced, we notice that
much delay is consumed at the MEC end. Different from the tra-
ditional cloud computing where execution delay is stable [12], it
can be highly diverse in MEC because the tasks may be executed
in different sBSs which have different resource situations. There
are several research works on optimizing the task execution delay
in MENs [13,14]. Among the problems, the task assignment in
the MENs plays an essential role in reducing the execution delay,
i.e., assigning the tasks to appropriate sBSs to achieve minimized
execution delay in MENs.

The usermobility,which is a fundamental characteristic inMEC,
have a large impact on the task execution in twoways. First,mobile
users lead to time-varying workload distribution. Different sBSs
have different numbers of connectedmobile users. Second, mobile
users often upload tasks and receive results via different sBSs,
involving in-MEN communications and computation workload.
However, the existing works often overlook the impact of user
mobility and assign tasks to the directly connected sBSs. Some
works consider mobility based on intuitivemodels, whichmay not
reflect the exact impact of user mobility and thus yield inefficient
task executions [13].

To address the impact of usermobility on task executionwithin
MENs, we consider task assignment based on user trajectory
prediction [15,16]. By jointly considering the user mobility, task
properties and the resource distribution in the MEN, we formally
model the problem as a constraint satisfaction problem. We then
proposed a lightweight heuristic approach to the problem. Based
on the task assignment/scheduling scheme, we further propose a
delay estimation for MEC tasks to support accurate task offloading
on mobile devices. Considering MEC is usually deployed in scenar-
ios such as flight terminals, shopping malls, etc., the user mobility
can be highly predictable [16]. We conduct extensive simulation
experiments and the results show that the proposed work can
significantly reduce the execution time of tasks in MEC networks.

The major contributions of this paper are summarized as fol-
lows:

1. We formally model the problem of task assignment as a
constraint satisfaction problem, which jointly considers the
usermobility, task properties and the resource distributions
in the MEC network.

2. We propose a lightweight algorithm for the problem, which
can effectively increase the resource utilization at the MEC
end.

3. Based on the proposed assignment, we propose an accu-
rate delay estimation scheme which can support accurate
offloading decisions on mobile devices.

4. We conduct simulation experiments and show that the pro-
posed work outperforms the existing works in terms of task
execution delay.

This rest of the paper is organized as follow. Section 2 summa-
rizes the relatedworks. Section 3 presents the proposedmodel and
algorithm. Section 4 presents the evaluation of the proposed work.
Section 5 concludes this work and points future directions.

2. Related work

A large number of existingworks have studied the optimization
problems on mobile edge computing. Most of these works focus
on the decision making problem for task offloading at the user
end. These works will first estimate the expected delay or energy
consumption for target tasks and then offload them to the mobile
edge if the delay or energy consumption is reduced. According to
the optimization goal, we divide these works into two categories:
works on optimizing energy consumption and works on reducing
the task delay. Our work falls into the second category and differs
from the existing works in that our aim is to reduce the delay at
the network end instead of the user end.

Works onoptimizing energy consumption.K. Zhang et al. [17]
presented a multi-device computation offloading framework for
MEC and formulated an optimization problem that minimized the
device energy consumption. A three-stage offloading scheme was
proposed to obtain the sub-optimal solution, which (1) classified
themobile device, (2) determined the priority and (3) allocated the
radio resource. X. Chen et al. [9] further considered the interference
and collisions when there were too many users trying to offload
tasks to the same sBS, which can significantly increase the energy
consumption ofmobile devices. The offloadingwas formulated as a
multi-user game, whichwas proved always admitting a Nash equi-
librium. W. Labidi et al. [18] considered the time varying channel
state for wireless offloading and proposed a scheduling scheme
for task offloading, which tried to make the best use of wireless
channels and user buffers to reduce the energy consumption.

Works on reducing the task delay. J. Liu et al. [11] tried tomin-
imize the execution delay for single users with one-dimensional
search algorithm. The algorithm outputted a policy for offloading
decision according to the application buffer queuing state. Besides,
the characteristics of wireless channels were also considered. Y.
Mao et al. [19] jointly optimized the task offloading scheduling
and transmitted power allocation problem to reduce the offloading
delay. Plachy et al. [20] took the spatial diversity of the sBSs into
account in the offloading process. The sBS that was responsible for
task execution was chosen by the users. Then the results would
be returned to the users via the sBS with the highest RSSI of the
wireless links. However, the work was designed for single task
offloading.

There are also some works that jointly optimize both energy
and task delay. Reducing task delay often adds additional energy
consumption in MEC, especially for the tasks that execute faster
onmobile devices than onmobile edges. Someworks set an energy
threshold and then minimize the execution delay without exceed-
ing the energy threshold. For example, Y. Mao et al. [14] proposed
a dynamic offloading scheme for single user to minimize the exe-
cution delay for energy harvesting devices, where the energy har-
vesting technique added complexity to the offloading algorithms.
A lightweight approximation approach was proposed to achieve a
good tradeoff between complexity and the delay minimization. J.
Yang et al. [21] used a multi-stage sequential game model to meet
the energy and delay requirements at the same time.

Different from the aforementioned works, our work empha-
sizes onminimizing the delay within theMENs. The delay inMENs
not only adds to the overall task execution delay but also impacts
the decision making process at the user end. We propose a novel
in-network task scheduling approach to reduce the task execution
delay, where task information, resource information and user mo-
bility are jointly considered. Different from the [13]which used the
contact rate to capture usermobility, ourwork is built on top of the
user trajectory prediction [15,16], which can accurately capture
user mobility in most MEC scenarios such as airports, shopping
malls, etc. Besides, to deal with the impact on offloading decision,
we propose a novel delay estimation scheme for mobile devices.
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