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Abstract—The Fifth Generation of mobile networks is emerg-
ing as a key enabler for Ultra Reliable and Low Latency
Communications. However, to effectively design and provide
safety-critical applications through mobile systems, many re-
search issues still need to be deeply investigated. The most
important ones include: (1) the dynamic and flexible management
of radio resources of a new Radio Access Network jointly used
by many virtual mobile operators, (2) the optimized and real-
time configuration of network slices, and (3) the harmonious
integration of Multi-access Edge Computing services. Starting
from the efficient methodologies and solutions available in the
current state of the art, this position paper sheds some important
basis for the design of a comprehensive architecture enabling
Radio Access Network slicing for Ultra Reliable and Low Latency
Communications, including design criteria, system components
and their baseline interactions, and critical open issues to be
investigated in future research initiatives.

Index Terms—URRLC, RAN slicing, MEC, architecture de-
sign, open issues

I. INTRODUCTION

In the context of Fifth Generation (5G) mobile networks ,
Ultra Reliable and Low Latency Communication (URLLC)
is providing the great opportunity to effectively implement
safety-critical systems. Nevertheless, these applications rise
groundbreaking challenges in terms of latencies, reliability,
availability, and security [1], hence requiring a flexible Radio
Resource Management (RRM) approach. However, it emerges
as a very difficult problem to solve. Luckily, the emerging
network slicing paradigm poses a strong basis to address this
fundamental research challenge [2].

The most common slicing scenario includes a single Infras-
tructure Provider (IP) leasing its network resources to a set of
independent Mobile Network Operators (MNOs) that provides
advanced network services [3]. For each slice, the IP identifies
the number of resources that can be used by the MNOs
to provide different services to their subscribers. Moreover,
MNOs should have the ability to adapt their slice requests
to their users’ requirements in real-time, dodging additional
expenses due to the problem of resources overbuying. Thus,

the slice request generation, i.e., when each MNO declares its
desired slice configuration to the IP, clearly becomes crucial
[4]. The inherent requirements of users demanding URLLC
service, as well as their high mobility, put further constraints.

Starting from the valuable methodologies and solutions
available in the current state of the art (see Section II and
III for more details), this position paper sheds some important
basis for the design of a comprehensive architecture enabling
Radio Access Network slicing for Ultra Reliable and Low
Latency Communications. Specifically, it presents a high-level
architecture jointly tackling the problems related to URLLC
and network slicing by means of a Multi-access Edge Comput-
ing (MEC) system, while posing particular attention to design
criteria, system components, and their baseline interactions.
The conceived architecture grounds its roots on the Platform as
a Service (PaaS) paradigm: it is assumed that the IP is the only
entity allowed to manage radio resources and network slices.
To provide a further insight, some critical open issues are
discussed too, which inevitably pave the way towards future
research initiatives in this direction.

The remainder of this paper is as follows. Section II dis-
cusses the background on network slicing. Section III reviews
methodologies and solutions for the radio resource manage-
ment for URLLC. The proposed RAN slicing architecture
is presented in Section IV. Finally, Section V draws the
conclusions.

II. BACKGROUND ON RADIO ACCESS NETWORK SLICING

The concept of network slicing is inherently related to the
possibility of performing service differentiation. At the Radio
Access Network (RAN) layer this concept can be captured
by the mapping of Quality of Service Class Identifiers (QCI)
to data radio bearers, hence allowing the creation of end-to-
end chains where different traffics are treated according to
different policies, at the same time satisfying a wide range
of heterogeneous requirements. However, satisfying all these
heterogeneous constraints operating at a per-flow level is
simply not possible, due to some fundamental technical limits
[3]. The vision of network slicing is expected to open new
business models for IPs. For instance, a mobile operator will978-1-7281-2923-5/19/$31.00 ©2019 IEEE



be able to split its physical network resources into multiple
logical slices and lease these slices to interested parties.
Besides, IPs may expand their business to the continuously
growing market of flexible, high performance and on-demand
network deployment for differentiated service typical of 5G
networks.

The static partitioning of the resources to create different
slices, despite being straightforward, leads to low efficiency
[3]. Moreover, it is not adequate to enforce the full concept
of network slicing, where different operators wish to have - at
least partial - control of the underlying infrastructure, which
they can configure and operate independently. Following this
line of reasoning, in [5] the concept of the 5G Network Slice
Broker is introduced, which enables new players to request
and lease resources from IPs dynamically via well-defined
interfaces. An interesting holistic vision of RAN slicing ad-
dressing the above-mentioned considerations, is presented in
[4]. In [6] an overall analysis of the RAN slicing problem in
a multi-cell network is presented and four different slicing
approaches working at different RRM functionalities levels
are proposed. The problem of slice enforcement expressed
as Resource Blocks (RBs) allocation to each slice for a
given resource partitioning policy among the admitted slices
in presented in [7], addressing, in particular, the isolation
problem. A distributed approach for performing RAN slice
formation among competing MNOs is presented in [8] and
[9]. Some other papers related to RAN slicing, e.g., see [5],
[10], [11], and [12] envisage an architecture where the control
part of the RAN is partially in charge of a third party entity,
generally referred to as tenant, that is responsible for making
slice formation requests and for operating slice enforcement
using open interfaces to communicate with the IP. Finally,
the problem of providing URLLC using 5G network slices is
addressed in [1], [13]–[15].

III. RADIO RESOURCE MANAGEMENT FOR URLLC
RRM for URLLC should i) minimize latency, ii) maximize

reliability by favoring robust modulations over high data
rate modulations, and iii) optimally allocate power and time-
frequency resources among different users. Effective RRM is
therefore a complex task for a number of reasons.

• Diversity, which is critical for achieving high reliability,
can only be gained by spreading the transmissions over
multiple frequency channels.

• The existence of heterogeneous services, multiple Qual-
ity of Service (QoS) requirements, and diverse set of
available resources, greatly reduce the tractability of the
problem.

• The number of resources to be managed by the schedulers
is a function of several parameters and the control of this
huge amount of data within a given deadline requires very
high computational resources.

Recently, there have been important advances in RRM
for URLLC. Among several others, the studies in [16]–[19]
jointly investigate enhanced Mobile BroadBand (eMBB) and
URLLC schedulers. In parallel, the rapid advances in the

Machine Learning field grant coping with the requirements
imposed by ever more sophisticated RRM functionalities. At
the same time, this kind of frameworks is gaining a more
central role since it is capable of carrying out the prompt
decisions required in 5G [20]–[22].

In the URLLC RAN slicing context, MEC can guarantee
extremely low latency and bandwidth efficiency, differently
from traditional centralized cloud computing, thanks to the use
of some servers installed at the edge of the network (i.e., proxi-
mal to the end users) [23]. In essence, a virtualized application
platform is built over physical hardware resources provided by
the host machine that mounts the MEC server within the Cloud
- Radio Access Network (C-RAN). This application platform
offers middleware services to the applications running on
the MEC server through Application Programming Interfaces
(APIs) for regulating the communication between application
and service and between the various applications, collecting
and providing information about users and cell, and managing
the routing of traffic to and from applications.

For these reasons, MEC servers deployment in the C-
RAN appears as one of the best solutions for RAN slicing,
guaranteeing both a strong versatility to extremely time-variant
conditions and easiness of interactions between all the parties
involved in the slicing operations.

IV. THE PROPOSED ARCHITECTURE

Although network slicing is expected to open new business
models for all the interested parties, it is of the utmost
importance to emphasize that roles must not change. As a
consequence, IPs and third-party entities should not be aware
of MNOs’ most valuable information, as well as MNOs are
not authorized to precisely comprehend the procedures and
algorithms implemented by the IPs and the internal functioning
of the provided apparatuses.

Based on these premises, we envision an architecture to
favor collaboration while keeping interactions among all the
parties involved clearly distinct. As a consequence, we assume
that IP is the only entity allowed to implement resource
allocation. In addition, for simplicity reason, we will assume
the network of a single IP in the subsequent analysis. However,
it is important to note that the proposed architecture can be
easily scaled for multiple IPs.

A. Overview

We consider a general network scenario constituted by a
New Generation Service Oriented Core and a C-RAN. In
particular, C-RAN architecture is used on the RAN side in
order to implement real time functions, RAN slicing, on-
demand deployment of resources, and flexible coordination.
Moreover, we choose to equip the C-RAN with the Mobile
Cloud Entity (MCE) to implement functions requiring high
real-time performance and computing load based on different
service requirements and resource configurations. According
to the IP implementation, C-RAN can have different levels
of control of radio functions, from an overall control of the
gNBs to the complete Radio Remote Heads capabilities. RAN
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Fig. 1. C-RAN Cluster with multiple gNBs served by a single MEC server
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Fig. 2. Functions and interactions between the elements of the proposed
architecture.

is composed of numerous gNBs settled in different geographic
areas. Nearby gNBs are then grouped in a C-RAN cluster, a
spatially isolated and self-sufficient logical network partition.
One or several MEC servers are then bootstrapped to each
C-RAN cluster and connected to one or more Software De-
fined Networking (SDN) controllers supporting the underlying
physical infrastructure (see Figure 1).

In order to automatically generate network slicing services
according to the specified requirements, two different entities,
namely IP Subsystem and MNO Subsystem, are envisaged to
interact with each other. In this scenario, the IP dynamically
leases computing resources for granting MNO Subsystems to
be virtualized on MEC, according to the PaaS paradigm. A
high-level overview of this architecture is depicted in Figure
2. The main reason why the proposed architecture is built on
top of the PaaS paradigm lies in the poorer performance of a
Infrastructure as a Service (IaaS)-based architecture, in which
the IP only leases its resources and the MNOs are left in charge
of developing their own virtualized subsystems. However, we
remark that the envisioned network scenario is flexibly suitable
to both IaaS and PaaS architecture deployments.

B. IP Subsystem

It creates different RAN slices according to the control
directives coming from the MNO Subsystems, which are
first translated in order to be effectively managed. Here,
the IP provides specific APIs for the submission of slice
requests. The complex directives are then turned into simpler
records containing all the important parameters — e.g., QoS
requirements, frame structure, transmission configuration, etc..
The resource requirements are checked in order to determine
whether a slice should be admitted or not. Admission control
is thus performed on a per-slice basis by taking into account

the Service Level Agreements (SLAs) with the MNOs as well
as the reporting information from the gNBs. To this end,
the IP Subsystem communicates with the SDN controllers
managed by the C-RAN sending network-level RAN perfor-
mance requirements necessary to create and/or enforce already
present RAN slices. It is of critical importance, especially for
URLLC services, to determine which parameters the MNOs
and IP are allowed to share, as well as the level of control
the MNOs can have on the C-RAN. In fact, the variability
of the service requirements may call for feedback messages
between the IP and the MNOs Subsystems (or toward third-
parties) leading to an immediate slice renegotiation. After
having formed a URLLC slice, it may happen that suddenly the
channel conditions have changed so much, or that the MEC
server is overloaded, that no enforced RRM algorithm can
guarantee the satisfaction of the constraints provided by the
resource allocation policy established for that slice at the time
of its creation.

C. MNO Subsystem

MNO Subsystems mainly formulate slice requests by spec-
ifying both general information (e.g., the time duration of the
slice, type of services to be provided) and high-level control
directives in order to successfully address the requirements
for the requested slice. Requests are forwarded to the IP
Subsystem through the provided APIs. In addition, each MNO
Subsystem has to continuously monitor customer requirements
based on current network status in order to check whether SLA
violations happen and to properly reconfigure the parameters
included in the slice requests. Based on the previous behavior
of the IP Subsystem, if multiple slice requests need to be
forwarded, the MNO Subsystem is in charge of the assignment
of inter-slice priorities according to the required SLAs. For
this purpose, it is necessary to be informed in advance and to
have the faculty both to renegotiate the slice and to decide to
interrupt other flows, if they have less priority.

Handling of RAN slice requests submitted by third-party
entities should be supported as well. Vertical industries sub-
scribe a specific plan with MNOs who are then completely
in charge of managing the sliced networks according to the
agreed decisions.

D. Open Issues and Future Research Activities

The identification of the readiness level of the underlying
technologies paves the way towards the future research on the
reference themes. The most relevant issues that affect RAN
slicing for URLLC as well as interesting research activities to
address in the future are listed in what follows.

• Appropriate APIs between IP and MNO Subsystems are
a key feature for boosting the performance and achieving
extreme flexibility.

• MEC Servers utterly need to be protected from security
threats.

• It is of the utmost importance to properly dimension the
performance reporting between the IP and MNOs (e.g.,
periodical, triggered by events, or both).



• The architecture should consider different time scales for
slice generation since 5G is a heterogeneous context.

• It is imperative to design efficient slicing enforcement al-
gorithms to prevent interference between different MNOs,
i.e., for providing inter-slice isolation.

• IP Subsystem should be able to manage advanced multi-
cell techniques, e.g., Coordinated Multi-Point, beamform-
ing, etc..

• Granularity constraints in spectrum and radio-level re-
source sharing are a primary concern.

• The high mobility of users put further constraints both
on the RRM and the slicing problem.

• The combination of different technologies (e.g., Non
Orthogonal Multiple Access (NOMA), shorter Trans-
mission Time Intervals (TTIs), mini-slots, distributed
machine learning framework, ultra-lean design, grant-
free transmissions, flexible TDD configurations, device-
to-device communication, delay-budget reporting, etc..)
is beneficial for URLLC services [24].

• Net Neutrality should always be guaranteed.

V. CONCLUSION

In this paper, valuable methodologies and solutions cur-
rently available in the literature for carrying out effective RRM
procedures in the context of URLLC for 5G networks are
presented and discussed. Starting from this analysis, we then
give the basis for the design of a comprehensive architecture
enabling Radio Access Network slicing for Ultra Reliable
and Low Latency Communications. Specifically, we present
a high-level architecture jointly tackling the problems related
to URLLC and network slicing by means of a MEC system,
while posing particular attention to design criteria, system
components, and their baseline interactions. The conceived
architecture grounds its roots on the PaaS paradigm: it is
assumed that the Infrastructure Provider is the only entity
allowed to manage radio resources and network slices. To pro-
vide a further insight, some critical open issues are discussed
too, which inevitably pave the way towards future research
initiatives in this direction.
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