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Abstract Mobile edge computing (MEC) emerges as a promising technique to directly provide
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cloud computing services to the network edge, whose benefits mainly include low response latency
and high computation power for resource—constrained end users. Nevertheless, the traditional
infrastructure-based MEC might incur high deployment cost or cannot work in rural regions without
terrestrial infrastructure and hot—spot areas with time-varying heavy traffic loads. To compensate of
the aforementioned shortcomings, unmanned aerial vehicle (UAV)-assisted MEC has been generally
recognized as a potential technology to efficiently and flexibly cope with latency—sensitive and
computation—intensive tasks in next generation communication network. Most existing works about
MEC consider how to provide computation service either only by terrestrial MEC servers deployed at
local wireless access points (APs) as well as cellular base stations (BSs) , or solely by aerial MEC
servers at UAVs, while how to provide such computation services by both terrestrial and aerial MEC
servers has been seldom studied so far. In contrast, we study the problem of service provisioning for
air—ground collaborative MEC in this work. To be specific, we aim to minimize the total energy
consumption of all terrestrial users with task latency and other resource constraints, by jointly
optimizing service placement at all UAVs and BSs, computation task offloading, UAV movement
trajectory, and computation resource allocation. Due to the non—convexity of the problem and
complex coupling of mixed integral variables, this problem is naturally a non—convex mixed integer
nonlinear programming (MINLP) problem that is extremely difficult to solve. In this paper, we focus
on the scenario of multiple UAVs and multiple terrestrial BSs to collaboratively provide computing
services to terrestrial networks, and propose a suboptimal algorithm with convergence guarantee to the
aforementioned problem based on alternating optimization techniques. Specifically, we decompose the
original problem into three different subproblems: the service placement and task offloading
subproblem, the UAV movement trajectory subproblem, and the computation resource allocation
subproblem, which are solved in an iterative manner. Firstly, we utilize the Branch and Bound (BnB)
method to solve the first subproblem of joint service placement and task offloading, which can be
formulated as a multi-dimensional multiple-choice knapsack problem (MMKP). Secondly, we solve
the second UAV trajectory subproblem by existing successive convex approximation (SCA)
techniques. Then, using the characteristics of the computation resource allocation subproblem, the
closed—form optimal computation resource allocation of the last subproblem can be efficiently
obtained. Finally, the above process is iterated repeatedly to obtain a suboptimal solution of the problem.
The simulation results show that, the proposed placement strategy can greatly reduce the total energy
consumption of all terrestrial users, compared with the random placement strategy, greedy placement
strategy, and local computing strategy. Specifically, for the convergence, the proposed strategy can
converge within about only 10 iterations. We also evaluate the performance of the proposed strategy under
different UAVs’ storage capacities, different users’ computation workloads, different initial feasible
solutions, and mobility of users. In addition, the results show that, with more aerial MEC servers or
more terrestrial MEC servers, the performance of the proposed strategy is also better.

Keywords mobile edge computing; air-ground collaboration; unmanned aerial vehicle; service
provisioning; alternating optimization
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Background

The content of this paper belongs to the optimization
problem in the domain of mobile edge computing (MEC). MEC
has been widely recognized as a promising technique to offer
cloud computing service to the network edge directly, which
can break through resource-constrained users’ limitations while
satisfying the computing requirements. The core of MEC is to
deploy small edge computing servers at local wireless access
points (APs) or cellular base stations (BSs) and then execute
end users’ computation-intensive tasks at those edge servers
after offloading these tasks to them. Because of the dependence
of fixed ground infrastructure, the ground infrastructure-based
MEC system has its natural limitations, which cannot work in
many existing critical applications, such as emergency relief,
unmanned area monitoring, and disaster response. Unmanned
aerial vehicle (UAV) -assisted MEC has recently received its
increasing popularity, which is considered to be a promising
technology to address the aforementioned challenges caused by
ground MEC systems.

UAV-assisted MEC architecture has been extensively
studied in existing works, including UAV-assisted MEC solely
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by UAVs, and collaboratively by UAVs and terrestrial APs/
BSs.

computation server employing the techniques of network

While the MEC services can be deployed on any edge

functions virtualization (NFV), a critical and essential problem
in MEC is service provisioning, that is, how to determine
where to place/pre-store which MEC service, to cater to the
various service demands. Since most existing popular mobile
applications are generally data-intensive and need a nonnegligible
amount of related data cached at MEC server including library/
database, trained machine learning model, and code, each
computation server with relatively limited storage capacity can
store only partial services. Similarly, how to reasonably
provision such service for UAV-assisted MEC matters, and is
more challenging owing to the scarcity of resources at UAVs.
The existing works about UAV-assisted MEC seldom consider
the problem of MEC service provisioning, while existing
studies about service provisioning are about generic MEC
systems, which cannot be applied to UAV-assisted MEC due
to the necessity of UAV trajectory optimization. To sum up,
service provisioning for UAV-assisted MEC needs to be studied.

In this work, we focus on the scenario of MEC by multiple
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UAVs and multiple terrestrial BSs collaboratively, and study
the problem of service provisioning for air-ground collaborative
MEC. Specifically, we study how to determine a service
placement strategy to minimize the total energy consumption of
users, when placing services at multiple UAV MEC servers
and multiple static terrestrial MEC server to collaboratively
provide the required computing services. This problem is quite
challenging to deal with, since it is a joint optimization of
service placement, UAV movement trajectory, task offloading,
and computation resource allocation, which is naturally a non-

convex mixed integer nonlinear programming (MINLP)

problem, because of coupled integral service placement and
task offloading variables, and continuous UAV movement
trajectory and computation resource allocation variables. To
address this problem, leveraging alternating optimization
techniques, we propose a suboptimal solution with convergence
guarantee as follows. Specifically, we iteratively solve the
integral joint service placement and task offloading subproblem
by Branch and Bound (BnB), and UAV movement trajectory
subproblem by successive convex approximation (SCA), while
the optimal solution of the computation resource allocation

subproblem can be efficiently obtained in its closed form.



