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Abstract— In typical heterogeneous networks such as 5G and be-
yond, innovative technologies such as edge computing and net-
work slicing can enhance overall network performance in terms
of handling critical mission services as they often require ex-
tremely low latencies. Notably, network slicing facilitates the pro-
visioning of virtual slices with different characteristics to serve
different end-user requirements. The Network operator achieves
this goal by utilizing the already existing physical wireless net-
work resource. Current resource provisioning schemes suffer in-
adequacies in scalability and flexibility Thus to support both
Cloud and Edge Computing in 5G and beyond networking, the
work herein proposes a novel low latency scheme that affords dy-
namic and intelligent allocation of multi-dimensional resources.
It bases on a Hybrid Cloud-edge Network Slicing (HCENS) archi-
tecture on leveraging both Cloud and Edge Computing The pro-
posed scheme creates a flexible, scalable as well as energy efficient
resource provisioning. Its architecture comprises both centralized
units (CUs) and distributed units (DUs). These provide storage,
that in turn enhances function partitioning for various network
slices. Several agent-based simulations scenarios are caried out in
evaluating the efficacy of the proposed scheme. Obtained analyt-
ical and simulation results indicate drastic reductions in network
latencies for critical mission end user services. This couples with
reductions in storage requirements.

Keywords— Network slicing, Edge computing, Cloud, Latency,
5G, Resources Allocation.

1. INTRODUCTION

With emerging technologies such as internet of things (IoT),
smart homes, virtual reality and autonomous vehicles, network
demands continuously evolve towards deeper heterogeneity
and diversification. The planned gradual deployment of 5G as
a stand-alone network will in the interim allow its coexistence
with legacy generations such as 4G LTE. In 5G non-standalone
mode, 4G LTE base stations can be viewed as signalling an-
chors, while the recently deployed 5G base stations can be per-
ceived or rather viewed as user path data points. Gradually, a
fully fletched 5G standalone network deployment will be com-
pleted in which it will act as the base cloud-based core. This
accomplishment will imply 5G base stations becoming signal-
ling anchors. The International Telecommunication Unit (ITU)
has categorised 5G service use cases into three categories,
namely, ultra-reliable and Low Latency Communication
(uRLLC), enhanced Mobile Broadband (eMBB) and limitless
connectivity or massive Machine Type Communication
(mMTC). In the uRLLC category, services are arranged to sat-
isty low latency, fail safe, and security sensitive applications
and services. Critical mission applications and services, e.g.,

Southern Africa Telecommunication Networks and Applications Conference (SATNAC) 2023

telemedicine, and self-driving automobiles will fall in this cat-
egory. The eMBB category, services are arranged for en-
hanced connection at cell edges, thus, to accommodate large
bandwidth services with typical downlink and uplink transmis-
sion speeds in the order of 1Gbps or more. Example services
and applications in this category include high-definition video
streaming and virtual reality. The mMTC category, generally
suites low-power IoT devices. Inadequacies with capabilities
of current and legacy networks, means that in meeting the de-
mands of the 5G network and beyond, network slicing based
architectures coupled with Edge Computing techniques is a vi-
able design solution. Perhaps, to achieve enhanced scalability
in resource provisioning, whisking away current network slic-
ing techniques towards the edge in the envisaged 5G and be-
yond networks would be quite helpful.. In that way resource
coordination and provisioning would be carried out at both the
core and edge. As already established Edge computing effi-
ciently offers support for low latency for applications, services
and for user requests whereas, cloud level computing provides
additional resource for edge devices that may require more
than the limited already at their disposal. In realization, the
edge-cloud integrated systems comprise extensive heterogene-
ous hardware systems and base stations. It generally problem-
atic to harmoniously integrate these systems given their being
managed within frameworks of differing interfaces and proto-
cols in present 5G network slicing scenarios. Both network
functions virtualization (NFV) and software-defined network-
ing (SDN) can aid in strategically integrating edge computing
and cloud level sub-slices in future 5G and beyond networks.
In short to guarantee flexibility, programmability as well as re-
configurability both virtualization and softwarization will be
implemented in order to enhance the sharing of resources by
billions of devices simultaneously in the small physical space.

The paper proposes a hybrid cloud-edge computing archi-
tecture for 5G networks and beyond that is flexible, agile, scal-
able, and reliable to cater for big data and low latency trans-
mission for different network slices. The rest of the paper is
organized as follows: Section II discusses the related literature
on the topic, Section III proposes a hybrid cloud-edge network
slicing (HCENS) architecture for 5G and beyond networks,
section IV discusses the resources allocation model for
HCENS architecture and suggesting appropriate network slic-
ing and resources allocation algorithm, section V evaluates the
performance of the proposed HCENS architecture, and finally
Section VI concludes the paper.
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II. RELATED WORKS

Research in 5G and beyond networks resource allocation and
optimization has been conducted extensively. The focus is on
network-slicing techniques as they are a promising solution to
the o enhancement of both sound resource management as well
as utilization. The work in [1] extensively explores this same
area, in particular possible challenges as well as future trends.
The work in [2] proposes and evaluates a novel heterogeneous
algorithm that seeks to enhance both QoE and fairness to all
end-users, whilst at the same time minimizing risks of interfer-
ence among traffic beams. System reliability, resilience, ro-
bustness, and interference efficiency are explored in [3], in
which case a heterogeneous environment is assumed. Resource
allocation optimization and network resilience energy effi-
ciency problems are explored in [4]. The same work also takes
both security and privacy into consideration. Spectrum scarcity
in current networks prompts the authors in [5], [6] to further
explore resource allocation in the 5G wireless environment.
Mobile edge computing is investigated in various works as a
candidate solution for addressing the latency problems experi-
enced by various applications and services that are of critical
nature in heterogeneous 5G network environments. Similarly
works have expanded towards addressing efficiency in radio
resource management in virtual networks. Recently, most lit-
erature tend to broadly categorize network slicing into infra-
structure versus Resource spectrum-based slicing. E.g., the au-
thors in [7] propose a profit-aware joint power allocation and
slice resource allocation considering the core network’s capac-
ity as well as end users’ QoE expectations. In this same work,
the emphasis is on enhancing network throughput in multi-
slices and multi-user cases. The scheme proposed herein,
though demonstrating improved performances, however, tends
to burden the central controller as each individual slice must
allocate resources individually. In [8], the authors explore a
method of enhancing hardware resource distribution for edge
nodes in a multitier MEC hierarchy. In addition to a centralized
unit, they also consider dispersed units with edge nodes that
have varying processing capacities. To boost the total compu-
ting capability of a 5G-based MEC system, a parametric
Bayesian optimizer is designed for hardware resource alloca-
tion. The scheme is evaluated and found to outperform pseu-
dorandom resource allocation in terms of the percentage of per-
formed computing jobs under the specified budget limitations.

In [9], the authors indicate various RAN slicing algorithms
and assess them in terms of the level of detail employed in ra-
dio resource assignment as well as the obtained isolation and
customization to make a proposal for a network virtualization
substrate that is built on a slice scheduler that distributes radio
resources to the tenants and a flow scheduler that plans data
transmission for the users in each network slice. The authors
further propose resource allocation in RAN by placing multiple
DU and CU in the 5G network slicing, this allows the network
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to process the data in the three slices in an effective and effi-
cient manner.

The work in [10] suggests a unified radio access network
(RAN) slice service provisioning architecture that will enhance
overall network performance by allocating the bare minimum
of requested bandwidth. In the same work, the effect of band-
width allocation on network service quality is solely consid-
ered when it comes to bandwidth distribution between slices.
From an end-to-end viewpoint, they do not execute differenti-
ated slice bandwidth allocation, and neither are network oper-
ational costs considered when provisioning bandwidth. For
storage and better function partitioning for different network
slices, our HCENS architecture is designed with deployments
of centralized units (CUs) and distributed units (DUs). Our
HCENS design gives the lowest latency and completes all suc-
cessful runs utilizing a variety of processing and storage re-
sources because it exceeds their slice service provisioning ar-
chitecture network models in terms of latency and storage ca-
pacity.

Recently standardization initiatives in regard to network

slicing have been carried out by various groups including; the
SFII (Slicing Future Internet Infrastructures) [15], NECOS
(Novel Enablers for Cloud Slicing) [16], SELFNET [17], and
MATILDA [18], among others. These initiatives mostly ad-
dress technological elements, architectures, and slicing tech-
niques.
This slicing design, initiatives, however, merely address the
conceptual and analytical simulation of the fundamental struc-
tures and functions that make up the slicing process in a pre-
liminary manner or did not even mention them as issues to be
resolved in the future. The conceptual and analytical modeling
of communication slices is a fresh addition to the field of net-
work slicing. Thus, our HCENS design provides the lowest la-
tency and completes all successful runs taking advantage of a
range of processing and storage resources because it exceeds
their slice service provisioning architecture network models in
terms of latency and storage capabilities.

III. HYBRID CLOUD-EDGE NETWORK SLICING ARCHITECTURE

In this section, we propose a hybrid network slicing and
cloud-edge computing which we term Hybrid Cloud-Edge
Network Slicing (HCENS). It is hybrid in the sense that it ex-
ecutes computing functions in more than a single computing
platform. This implies that the architecture overall comprises a
dual layer set of terminal layer configurations, one distributed
and the other centralized. The earlier is composed of 5G dis-
tributed units (5G-DU) which together serve as an access point
for end users. This layer is key in rendering edge computing
functionalities; hence we refer to it herein as Distributed Multi-
access Edge Computing (D-MEC). The centralized layer com-
prises several 5G centralized units (5G-CU) and is termed the
Centralized Multi-access Edge Computing (C-MEC) layer. It
does render limited edge computing as well. The HCENS ar-
chitecture is illustrated in Fig. 1.

Southern Africa Telecommunication Networks and Applications Conference (SATNAC) 2023



/ uRLLC Slice

/eMMB Slice

/mMTC

NSM

e

5G-DU

Local MEC Server

D-MEC

5G.DY---’

. Centralised MEC Server

Figure 1. HCENS architecture

Its overall architecture comprises six agents; cloud, 5G-CU,
C-MEC, 5G-DU, D-MEC, and end users. The deployment of
distributed units are significant to provide more convenient
function partitioning for different network slices and more
scalable access network updating. The 5G-CU and 5G-DU
base stations can be viewed as logical nodes in which 5G-DU
nodes are operating in the lower layer or closer to end users,
while 5G-CU nodes on the other hand play a significant role in
controlling functions, such as session management (SMF), mo-
bility (MF), data transmission (DTF) and radio access network.
The D-MEC is a type of MEC that is like fog computing in
terms of computing or processing power, and it is designed
with tools for delivering services to end users. Likewise, C-
MEC is another type of MEC that has higher computing power
and high storage capabilities in comparison to D-MEC.

The HCENS architecture further leverages network slicing
and software-defined networking (SDN) to allocate network
resources effectively and improve the quality of service (QoS).
The resource allocation amongst the three network slices is
achieved by the adoption of SDN for centralized management
and control. The SDN orchestrator is requested to allocate a
slice to a specific service, and it performs resource allocation
calculations to select the appropriate slice. Moreover, the
HCENS architecture adopts optical front haul and optical back-
haul using passive optical networking. Since network slices are
logical networks, therefore this means that some previous hard-
ware functions have been abstracted through the adoption of
network function virtualization (NFV). This architecture
stands out compared to other architectures in literature because
it offers a two-layer edge computing depending on the amount
of computed or processed data, it also offers network slices that
enforce end-to-end service level agreements by delivering and
maintaining a specific QoS across the radio access network,
transport network, and the backbone core network.
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A. Slice Creation Across the Network

The SDN orchestrator has an internal Network Slice Man
ager (NSM) that acts as an end-to-end network slice orchestra-
tor. The NSM’s role is to dynamically categorize sets of net-
work functions that satisfy some pre-defined service character-
istics. These service characteristics can contain a mixture of
features, such as latency, transmission speed, location, and pri-
ority.

The network slice creation follows three basic steps as follows:
L. Identifying the needed network functions, assign-
ing the necessary resources, as well as generating

the network functions.

1. Determining the actual location o the network
functions (core/ edge) and interconnecting them.
1ii. Registering details of the slice as well as mapping

the requested resources to the user.
Furthermore, the NSM rearranges the network resources by
supporting auto-scaling. In this case, the network slice resource
is resized to match the actual demand.

B. Slice Allocation to End-Users

The assignment of a slice to the requesting end user is as
follows:

o End user initializes (or initiates) a service that requires a
network slice from the NSM.

e A network slice selection assistance information
(NSSAI) that relates to the service needs is acknowledged
to the end user. Finally, the 5G network generates a net-
work slice based on the information received on the
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Figure 2: Resources allocation and network slicing flowchart

NSSALI for serving the end user. Assuming an end user
requires an URLLC network slice, the NSM recognizes
the need to allocate a slice to the end user, and dedicated
resources are assigned to the slice, such as ultra-low la-
tency and high-capacity resource pooling.

IV.RESOURCES ALLOCATION

In this section, we briefly outline the resource allocation and
network slicing algorithms as executed by the SDM orchestra-
tor. It requires primitives such as latency and capacity de-
mands. The algorithms combined are illustrated in Fig.2.

A. Latency Evaluation

We have chosen the maximum data storage of D-MEC and
C-MEC be 1GB and 2GB respectively. The total latency (L)
for a group of data packets (PD;) (i € 1,2,...N) is equivalent to
the sum of maximum latency between the cloud (Lcioua), C-
MEC (Lc-mec), and D-MEC (Lp-uec), as expressed by the fol-
lowing :

_ VN
Ly = ¥izymax PDi{L¢ioua, Le—mEc, Lp—mec) (D
where,
v Vo Vo_
LD_MEC — 2( Data D MEC) + D—-MEC (2a)
axSgy  SsG-pu Cp-MEc
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Vpata | Ve-MEC Ve-MEC

LC_MEC - (“*SEU Ssc—cv) * Cc-MEC (Zb)
Lcloud — 2 (VData +ln ln H * Vcloud) + Veloud (2C)
a*Sgy 5G—CU Ccloud

where, Vpaia > Vo—mee> Ve—mec> and Vi, 4 are the volumes of
data from the end user (EU) to the 5G-DU, from 5G-DU to
D-MEC, from 5G-CU to C-MEC, and from 5G-CU to cloud,
respectively. Lp_mypc> Le—mec, and Lgq,q are the total latency
for D-MEC, C-MEC, and cloud, respectively. Sgy, Sse_cu»
Sse_py are the speed rates of EU, 5G-CU, and 5G-DU, respec-
tively. Ceoud> Co—mec> and Cp_pypc are the computational
power of cloud, C-MEC, and D-MEC, respectively. The pa-
rameters H=10 and o= [0.9, 1] are kept constant,.
Consequently the aggregate data volume is expressed as;.

3

Vbata = Ve-mec + Vo-mec + Veioua
B. Resources allocation for uRLLC network slice

For resource allocation in the uRLLC , the following set of
equations will apply;

_ Vpata Vp-mEc |, Vpata—Vp-MEC ( 4)
a*Sgy  SsG-pU Ss6-cu
Vi Vp— o V] - Vp— — Ve
n= ata | Yo-mec | Ye-mic 4 , Ypata = Vb-mec ~ Ve-mic 5)
a*Sgy  Ssg-pu  Sse-cu Sse-cu
_ Vpata — Vp-mECc — Ve-MEC
= Lonta =¥ ©)
5G6-CU
\% -Vp-.
/'l: Data—YD-MEC (7)

Cp-MEC

Southern Africa Telecommunication Networks and Applications Conference (SATNAC) 2023



Consequently, the end-to-end latency in the uRLLC slice
(LT(u)) is computed from;

L)
VData VData VData
2 ( ) ; Viata < Voo
ax*Sgy  Ssg-pu Cp-mEc bata ppEC
Vb_mec
=42b+—=——+ 4 Vp_mec < Vpata < Vp_mec + Vemec (8)
D-MEC
Vb_mec n Ve_mec

2n+ T C—+ K5 Voata = Vp_mec + Ve-mec
p-mec  Cc-mEC

C. Resources allocation for eMBB network slice

For resource allocation in the following equations will apply;

Vbata Vbata

=t 9
B a*Sgy  Ssg-cu ©)
— VYpata  Ve-mEc (10)

a*Sgy  Ssg-cu
y= Vpata — Ve-MEC (11

Ss-cu

9= Vpata = Ve-mEC (12)

Ccloud
Finally, the end-to-end latency in the eMBB slice (L) is
given by;
Ly

Vbat
2B + %i Vpata < Ve-mec
Cc-MEC

VC—MEC

2(6+InH*y) + +0; Vbata 2 Ve-mec

Ce-mEc
D. Resources allocation for mMTC network slice

Latencies are calculated according to the following set o

equations;
\% \% \% \%
LT(m) — 2( Data + Data +ln ln H * Data ) + Data (14)
a*Sgy  Sse-cu Sse-cu Ccloud
\% \% \% \%
L _ L — 2( Data __ _YData ) + Data __ _'Data S 0 15
T () SsG-pu  Ssa-cu Cp-mec  Cc-MEC 15)

LT(e) - LT(m) =-2IninH=*

Vbata + ( Vpata

Ssg-cu

—Date ) <0 (16)

Cp-mec  Ccloud

V. PERFORMANCE EVALUATION

In this section we evaluate the overall performance of the
HCENS versus the traditional MEC. Fig. 3, plots our simu-
lated results in which it is clear, our architecture model outper-
forms. The end-to-end latency evaluation takes into account
storage capacities at different edges.
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Figure 3: Latency for HCENS vs MEC in the uRLLC Slice

Results for the latency evaluation for the eMBB network
slicing case is represented in Fig. 4. Once again by compari-
sons, the HCENS architecture outperforms.
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Figure 4: Latency for HCENS vs MEC in the eMBB Slice

We further explore the latency at different storage capabil-
ities on the D-MEC of the HCENS model. In this case work,
we assume that the cloud servers have 2.5 times more storage
capability compared to D-MEC servers, on the other hand, C-
MEC servers have about 1.5 times more storage capability
compared to D-MEC servers, hence the power consumption at
these edges are also different depending on the amount of stor-
age capability. The simulations on Fig. 5 and Fig. 6 show that
the latency of different slices will decrease as the storage ca-
pacity increase. In Fig. 5, the latency of eMBB and uRLLC are
less than the latency of mMTC because eMBB and uRLLC
uses edge storages and processing while mMTC uses cloud
storages and processing. Furthermore, in Fig. 6, the latency of
the eMBB and uRLLC slices have the lowest latency at higher
storage capability, while the mMTC slice remains relatively
fixed because it only uses cloud storage and does not use any
edge storage.
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VI. CONCLUSION

The paper proposed and evaluated low latency scheme that
affords dynamic and intelligent allocation of multi-dimen-
sional resources. It bases on a Hybrid Cloud-edge Network
Slicing (HCENS) architecture on leveraging both Cloud and
Edge Computing The proposed scheme creates a flexible, scal-
able as well as energy efficient resource provisioning. Its ar-
chitecture comprises both centralized units (CUs) and distrib-
uted units (DUs). These provide storage, that in turn enhances
function partitioning for various network slices. Several agent-
based simulations scenarios are caried out in evaluating the ef-
ficacy of the proposed scheme. Obtained analytical and sim-
ulation results indicate drastic reductions in network latencies
for critical mission end user services. This couples with reduc-
tions in storage requirements.

In this paper we presented a novel combination of edge com-
puting, cloud computing and network slicing architecture
which leverages on distributed units (DUs) for edge processing
and storage, also leveraging on centralised units (CUs) for cen-
tralized storage and processing and cloud storage/processing
for high volume data, we proposed an innovative system
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architecture referred to as the Hybrid Cloud-Edge Network
Slicing (HCENS) architecture. Furthermore, we proposed a re-
sources allocation model for different network slices (uURLLC,
eMBB, and mMTC), to improve different user-oriented quality
of services (QoSs). We conducted several tests to evaluate the
latency performance of the HCENS model compared with the
general multi-access edge (MEC) computing for different net-
work slices. Finally, we evaluated the latency of each network
slice under different storage capability in the distributed serv-
ers. The results suggest that our proposed HCENS model out-
performs the MEC deployment in terms of latency for different
network slices, and the advantage of using edge computing is
significant on reducing latency as observed in the simulated
results.
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