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Abstract—The fifth generation (5G) and beyond wireless net-
works are foreseen to operate in a fully automated manner,
in order to fulfill the promise of ultra-short latency, meet the
exponentially increasing resource requirements, and offer the
quality of experience (QoE) expected from end-users. Among
the ingredients involved in such environments, network slicing
enables the creation of logical networks tailored to support
specific application demands (i.e., service level agreement SLA,
quality of service QoS, etc.) on top of physical infrastruc-
ture. This creates the need for mechanisms that can collect
spatiotemporal information on users’ service consumption, and
identify meaningful insights and patterns, leveraging machine-
learning techniques. In this vein, our paper proposes a frame-
work dubbed “SOCL” for the Service Oriented CLustering,
analysis and profiling of users (i.e., humans, sensors, etc.) when
consuming enhanced Mobile BroadBand (eMBB) applications,
internet of things (IoT) services, and unmanned aerial vehicles
services (UAVs). SOCL relies mainly on the realistic network
simulation framework “network slice planner” (NSP), and two
clustering methods namely K-means and hierarchical clustering.
The obtained results showcase interesting features, highlighting
the benefit of the proposed framework.

I. INTRODUCTION

To meet different verticals with diverse service and resource
requirements [1], 5G will rely not only on the advancement of
radio access network (RAN) (i.e., millimeter waves, new radio
frequencies, beam-forming, massive MIMO, etc.), but also on
key enabler technologies for network softwarization such as
software defined network (SDN) [2], [3] and network function
virtualization (NFV) [4]. Leveraging these technologies, 5G
is expected to achieve high-bandwidth, ultra-low latency, and
high-density connections, thus, enabling multiple use cases
that were not possible in the previous network generations.

In this vein, the 5G network is envisioned to support a
wide range of distinct services for different types of equipment
varying from regular terminals such as smartphones and tablets
to a broader set of devices such as UAVs, autonomous cars
and IoT sensors. The International Telecommunication Union
(ITU) and Fifth Generation Public Private Partnership (5G-
PPP) encapsulate the use-cases into three main categories [5]:
eMBB, massive machine-type communications (MTC), and
Ultra-Reliable Low-Latency Communication (URLLC).

To provide the required performance for this wide range
of use cases, 5G networks rely upon the concept of network
slicing [6]. A network slice aims to create a virtual network on

top of a common physical infrastructure. This virtual network
is then customized and optimized to offer the resources, virtual
network functions (VNFs), latency, and bandwidth expected to
meet a particular demand [7].

In order to instantiate such virtual networks, there is a
need for defining a meaningful clustering of users. Since
5G will support various types of user equipments (UEs), an
understanding of the aggregated behavior of UEs is vital.
The discovery of relevant groups of users who share the
same characteristics and behavior means that they would be
sharing similar requirements. This can reflect on the creation
of network slices that can handle the demands of each users’
group.

The major challenges facing such analysis are the lack of
user-activity data in the first place, the large amount of data
generated from devices continuously, and the analysis com-
plexity. In addition, these constraints make pattern searching
difficult from the operators’ point of view.

In recent years, machine learning techniques recorded major
success to deal with such limitations in other scenarios, and
found optimal results in a reasonable amount of time. In this
vein, this paper proposes a new solution dubbed “SOCL” for
the Service-Oriented CLustering. SOCL relies on widely used
clustering methods (i.e., k-means and hierarchical clustering)
to discover patterns and identify relevant groups of UEs,
according to their usage of the network, consumption of
services, and other behavioral features. This will facilitate an
optimal slice configuration, instantiation and selection, which
will make the overall network more flexible, adaptive, and
automated.

The remainder of this paper is organized as follows. Sec-
tion II summarizes the fundamental background topics and
related research works. Section III introduces the network
slice planner (NSP), a simulation framework on which SOCL
will be based. Section IV describes the main components of
SOCL. Section V provides an analysis of the results obtained.
Finally, Section VI concludes the paper with insights and
future research venues.

II. RELATED WORKS

The evolution towards 5G requires the provision of networks
in an “as a service” fashion. This begins by enabling a
dynamic configuration, and customization of network slices




