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Abstract 
The digital divide resulting from low network coverage, with disparities be-
tween urban and rural areas, is an obstacle to economic, healthcare, and ed-
ucation activities in sub-Saharan countries. Addressing the growing demand 
for connectivity with reliable, low-latency, and high-bandwidth network ac-
cess is an urgent need to promote economic growth in these regions. How-
ever, broadening network coverage with reliable and sufficient network re-
sources to satisfy the demand is not always economically viable for mobile 
network operators. As such, making the leap from 3G to standalone 5G 
through private initiatives could be the right approach to enable rural com-
munities to access connectivity-based services such as distance education and 
remote medical care, despite the cost of 5G deployment. Thus, low-cost pri-
vate networks capable of delivering customized solutions can help bridge the 
digital divide, and 5G SA presents a great opportunity to exploit. It is there-
fore important to set up testbeds to deploy 5G SA networks to study and test 
use cases, particularly in the absence of a 4G LTE network. Network slicing 
has emerged as a solution to fully exploit the potential of 5G networks, espe-
cially with regard to flexibility and programmability, as well as resource and 
infrastructure sharing. The network slicing approach enables the creation of 
multiple logical networks, each dedicated to a particular service or specific 
application within a single physical infrastructure. We present a low-cost 
end-to-end 5G network slicing testbed for private networks and performance 
tests with respect to energy consumption, the ability to cover the main devel-
opment axes of 5G, and common user needs such as VoNR, video streaming, 
and drone-based network use cases for IoT applications in areas lacking net-
work coverage. 
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1. Introduction 

The increasing demand for advanced mobile services, such as video streaming, 
VoIP, augmented reality (AR), and virtual reality (VR), as well as progress in IoT, 
has spurred global initiatives to develop 5G [1] [2], marking a new era of faster 
and more advanced mobile connectivity. 

The growing demand for mobile connectivity, coupled with the proliferation of 
smart devices and the explosion of bandwidth-intensive applications such as live 
video streaming and online gaming, has highlighted the challenges that 5G must 
address, notably due to the heavy use of IP video traffic and the continued increase 
of mobile subscribers worldwide. Indeed, according to Cisco data [3], IP video 
traffic now represents a significant portion of consumer Internet traffic (82% in 
2022), with an even larger share on mobile networks (78% in 2022). 

This trend coincides with an increase in the number of mobile subscribers 
worldwide, reaching 5.7 billion in 2023, accounting for 71% of the population, up 
from 66% in 2018 [4]. The 3GPP, in report 3GPP TR 22.891 release 14, undertook 
a study within the SA 1 services working group to explore business opportunities 
offered by 5G and identifying over 70 potential use cases. These cases were 
grouped into three main categories: eMBB, mMTC, and URLLC. eMBB delivers 
ultra-high throughput and capacity to support data-intensive applications, such 
as ultra HD video streaming and virtual reality. mMTC focuses on large-scale con-
nectivity of IoT devices, while URLLC aims to provide extremely reliable and ul-
tra-low latency communications for real-time critical applications. 

The 5G addresses a growing demand for connectivity in an increasingly con-
nected society with smart networks and smart cities. Applications range from tel-
emedicine to education sectors. Furthermore, it offers promising prospects in ar-
eas such as drone networks, especially for interconnecting IoT applications, thus 
offering significant potential for development in Africa. Drones can be integrated 
into a network as base stations, relays, or flying terminal nodes. For instance, the 
use of drones equipped with intelligent sensors and cameras to connect IoT ap-
plications offers significant advantages, especially in terms of surveillance in chal-
lenging environments and absence of infrastructure. 

Both industry and academia view 5G as the foundation of future networks ca-
pable of meeting a diversity of performance and service requirements. However, 
questions remain regarding how to fully exploit its potential, especially with re-
gard to flexibility and programmability. In this context, softwarisation and virtu-
alisation are promising software solutions to reveal this potential as they made it 
possible to implement easy resource and infrastructure sharing. 

The concept of Network Slicing (NS) emerged as a potential solution capable 

https://doi.org/10.4236/jcc.2025.137015


M. Diawara, A. Faye 
 

 

DOI: 10.4236/jcc.2025.137015 297 Journal of Computer and Communications 
 

to address these questions and realise the 5G vision [5] [6]. It is defined by the 
3GPP in its technical report 3GPP TR 23.799 release 14 as a technology enabling 
customised networks for diverse solutions with various requirements. The NS ap-
proach brings considerable value by addressing the specific needs for market seg-
mentation, application providers and third-party actors who do not have their 
own network infrastructure. It provides resource sharing and allows deep custom-
isation by offering increased operational flexibility, optimal resource manage-
ment, and quality of service (QoS) tailored to the specific needs of each segment, 
thereby enhancing the overall efficiency of the network. This guaranteed and con-
figurable QoS paves the way for numerous new markets and offers many innova-
tive and diversified use cases. For example, telemedicine and autonomous vehicle 
applications require ultra-high-definition video streaming via a mobile broad-
band channel with ultra-low latency [7]. Additionally, the resources and pro-
cessing allocated to a slice depends on the associated service. For instance, a net-
work slice dedicated to real-time communications will receive the resources and 
processing necessary to meet ultra-low latency requirements. This approach is 
crucial for realising the potential of 5G and opening up new markets estimated at 
$300 billion by 2025 according to GSMA report [8]. Despite these advancements, 
research questions persist regarding the effective implementation of 5G NS. This 
stimulates global initiatives from governments, academia, and major industries to 
provide innovative solutions to address these challenges. In the context of envi-
ronments with limited resources, deploying 5G solution is tricky. Large scale 
testbeds are out of price and strategies are needed to build uses cases with afford-
able testbeds yet with sufficient performances. 

In this article, we investigate the deployment, performance evaluation and en-
ergy consumption of a 5G end-to-end network slicing with a low cost testbed ap-
plicable to drone networks for IoT applications in our endeavour to set up a 5G use 
case in MNO’s networks uncovered areas. The remainder of this work is organised 
as follows. Section 2 addresses related work and open questions. In Section 3, we 
provide a general overview of 5G network slicing. Section 4 describes our system, 
scenario, and testbed. Section 5 is dedicated to the evaluation of the system’s per-
formances and the discussion of the obtained results. Energy consumption is ana-
lyzed in Section 6 and the entire system validation using applications that meet 
common users’ needs is presented in Section 7. Finally, we conclude. 

2. Related Works 

In past years, several researchers have delved into the exploration of network slic-
ing [7] [9]-[13]. These works have provided in-depth analysis of 5G NS, highlight-
ing key concepts, underlying technologies such as SDN (Software-Defined Net-
working) and NFV (Network Function Virtualisation), as well as implementation 
challenges. In [14], Sajjad et al., focused on mobility management between 5G 
network slices, future research directions to ensure seamless mobility and the po-
tential of data analytics and artificial intelligence techniques to facilitate seamless 
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mobility between slices. Chahbar et al. [15] presented a review of network slice 
modelling studies addressing radio access, core networks, and transport networks. 
The integration of IETF data models into the ACTN (Abstraction and Control of 
Traffic Engineered (TE) Networks) architecture is discussed. Regarding security 
inherent to network slicing, Salahdine et al. [16] proposed isolation and artificial 
intelligence-based solutions to enhance protection against potential attacks. Pro-
gresses in NS in the contexts of IoT and intelligent transportation are presented 
by Khan et al. [17] and by Wu et al. [6]. They identified pending research chal-
lenges including mobility-aware slicing, dynamic spectrum slicing, adaptive secu-
rity mechanisms. Azimi et al. [5] analysed the management of RAN resources for 
5G network slicing by evaluating existing models and presenting solutions to ad-
dress future challenges. These challenges include slice isolation, dynamic power 
allocation, mobility management, dynamic slice management and creation, adap-
tation to new architectures etc. Su et al. examined resource allocation schemes for 
5G network slicing in [18], categorising mathematical models based on their char-
acteristics. Campolo et al. [19] delved into the role of NS for V2X services and 
suggested dedicated slices designs. In [20], Habibi et al. addressed the architecture 
of the 5G network slicing system, focusing on business aspects and modelling ben-
efits. Trivisonno et al. [21] analysed technical solutions endorsed by 3GPP stand-
ardisation working groups for NS, explaining architectural implications and 
pending issues. However, despite a large amount of studies on network slicing, it 
should be noted that there is a lack of experimental validation or simulation re-
sults in the literature. There is also a lack of studies in the literature on energy 
consumption analysis, despite it is a crucial indicator in the implementation of 
networks. In this work, we address the implementation, performance evaluation, 
and energy consumption analysis of a 5G SA network slicing testbed built using 
OpenAirinterface and USRP B210. The testbed is implemented so that IoT related 
applications requiring eMBB, mMTC and URLLC capabilities are handled all to-
gether with specific slices. Consequently, our main contributions are as follows: 
1) to study, design, and implement an experimental testbed for end-to-end net-
work slicing in a 5G network, applicable to a drone network for an IoT applica-
tion; 2) to analyze the system performance in terms of throughput, jitter, and la-
tency; 3) to evaluate the system’s energy consumption before and after network 
slicing; 4) to validate the entire system by meeting common user requirements 
such as web browsing, video streaming, and VoNR. 

3. Overview of 5G NS 
3.1. Key Concepts and Principles 

5G NS is an innovative concept introduced by the Next Generation Mobile Net-
work (NGMN) in [22]. It provides the opportunity to create multiple autonomous 
logical networks within a shared physical infrastructure. Three distinct layers ap-
pear in the NS process [23], as illustrated in Figure 1. The upper, middle and lower 
layer group the provided services to end users, the collection of resources to offer 
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different services and the entire collection of resources to be shared, respectively. 
 

 
Figure 1. Conceptual NGMN diagram of 5G NS. 

3.2. 5G Slicing 
3.2.1. Architecture 
The need to make the mobile CN more flexible, elastic, and scalable has led 3GPP 
to introduce in 3GPP TS 23.501 release 15 a new CN architecture, also known as 
the Next Generation (NG) core network or the 5G network architecture. This new 
architecture aims to decompose the functions of the current EPC into more spe-
cific and modular functions. The most important network functions, as defined 
in 3GPP TS 23.501 release 15 and illustrated in Figure 2, are as follows: 

 

 

Figure 2. 5G architecture: service-oriented model according to 3GPP TS 23.501. 
 

• The registration, authentication, and mobility management function (AMF): 
The AMF receives session and connection data from the UE via the N1 and N2 
interfaces and handles connection management and mobility tasks. The AMF 
is described in 3GPP TS 29.518. 

• The packet forwarding, traffic routing, and Quality of Service (QoS) enforce-
ment function (UPF): The UPF enables low-latency edge computing. and the 
PDU session within the UPF ensures UE-DN connectivity with different QoS, 
depending on the service [24]. 
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• The session management and control of user data function (SMF): The SMF 
mainly sets up, modifies and releases sessions. It performs the DHCP protocol 
and ARP proxy for PDUs and many other functionalities. It is connected to 
the UPF via the N4 interface. The SMF is described in 3GPP TS 29.502. 

• The authentication and security functions (AUSF): The AUSF handles the se-
curity procedure for UE authentication using the 5G-AKA authentication 
method, which includes mutual authentication between the device and the net-
work. The AUSF is described in 3GPP TS 29.509. 

• The unified data management (UDM): The UDM handles user subscription 
and identification services. The UDM is described in 3GPP TS 29.503. 

• The network repository function (NRF): The NFR supports the discovery of 
network functions and their supported services. The NRF is described in 3GPP 
TS 29.510. 

• The policy control function: The PCF unifies the network policies and pro-
vides policy rules to control plane functions. The PCF is described in 3GPP TS 
29 514. 

Transmitting and receiving data is dedicated to the NG-RAN. The NG-RAN is 
described in 3GPP TS 38.300. 

The architecture of the NG core evolved from a model-based representation 
with point-to-point links to a service-oriented approach with different control 
planes, mutual discovery and interaction of NFs through the NRF. The architec-
ture of a service-oriented NG core can be deployed in a software or virtualised 
environment such as virtual machines. It also enables network slicing through a 
new function known as the Network Slice Selection Function (NSSF). The NSSF 
is responsible for redirecting traffic to a specific network slice based on the data 
characteristics. The NSSF is described in 3GPP TS 29 531. 

Beside customising the composition of NFs, a major advantage of fine granu-
larity for network slicing lies in the ability to share NFs among slices to simplify 
their management and reduce signalling. It is therefore essential to identify NFs 
which can be shared to leverage radio access and core network usage. Three 
groups, A, B and C are identified in 3GPP TR 23.799 release 14. 

These 3 groups give a set of shared NFs among several slices. The group (A) is 
characterised by common RAN network functions and fully dedicated CN slices. 
A UE can access services from various slices and different instances of the CN. In 
this configuration, dedicated core NFs may encompass functions such as subscrip-
tion, mobility, or session management, namely AUSF, AMF, SMF, UDM and 
UDR. This approach offers advantages in terms of isolation between core NFs, 
however signalling load may increase. The group (B) is also characterised by a 
common RAN. AUSF, UDM, UDR, and AMF are shared between all slices and 
other functions such as session management and user plane function (SMF and 
UPF) reside in individual slices. This helps reduce signalling load while ensuring 
high isolation. Finally, the group (C) envisions a fully shared RAN and common 
control plane management among network slices, while user planes (UPF) are 
managed as separate network slices. In this case, there is not very high isolation 
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between slices, but signalling load is significantly reduced. 

3.2.2. Discovering and Selecting Network Slice 
The NSSAI (network slice selection assistance information) helps the network to 
select the appropriate slice. Users transmit NSSAIs during registration procedures 
while RRC and NAS messages are exchanged. NSSAIs consist of a vector contain-
ing up to eight unique S-NSSAI (Single NSSAI) values identifying network slices 
that applies across the 5G Core (5GC), the 5G-RAN, and the UE. Each S-NSSAI 
comprises two main elements: the Slice/Service Type (SST) ID and an optional 
information called the Slice Differentiator (SD). The SST ID (8 bits length) de-
scribes the characteristics of a slice and the SD (ID (24 bits length) is used to dis-
tinguish slices sharing the same SST. S-NSSAIs can be standardised or tied to the 
PLMN. Standardised S-NSSAIs only include the SST ID, without SD, while non-
standardised S-NSSAIs can be defined with SST ID alone or SST ID accompanied 
by SD. For global interoperability in network slicing, 3GPP has reserved stand-
ardised SST values from 0 to 127. Non-standardised values, ranging from 128 to 
255, allow operators to introduce network slices tailored to their specific service 
needs. For instance, a SST of 1 is for eMBB type slice, a SST of 2 is for the uRLLC 
type slice and SST 3 corresponds to an mIoT type slice. There are different cate-
gories of NSSAI. 
• Subscribed S-NSSAI: These values are stored in the subscriber registry (UDM). 

The 5GC uses them by default in case no NSSAI is received from the UE. 
• Configured NSSAI: The PLMN can configure a UE with one or more config-

ured NSSAIs. The UE uses them as the default NSSAI. These NSSAIs may be 
identical to the subscribed S-NSSAIs. Up to 16 S-NSSAIs can be included in a 
configured NSSAI. The AMF uses NAS Registration Accept messages or NAS 
Configuration Update Command to inform the UE of the configured NSSAI. 

• Allowed NSSAI: These values are assigned by the 5GC and are valid in a reg-
istration area or for the PLMN on a given access type. Each allowed NSSAI can 
include up to 8 network slices, meaning a UE can be served by a maximum of 
8 network slices. The use of these 8 network slices requires the UE to establish 
8 PDU sessions. The AMF also signals the allowed NSSAI to the gNB through 
the NGAP Initial Context Setup Request message, which the base station uses 
for UE resource allocation. 

• Requested NSSAI: This category may encompass a configured and allowed 
NSSAI. The UE transmits the requested NSSAI during completed RRC con-
figuration and NAS registration request. The gNB uses this information for 
AMF selection and for preliminary processing before obtaining NSSAI author-
isation. The 5GC uses the requested NSSAI for slice selection, validation, etc., 
and then returns the allowed NSSAI. 

• Rejected NSSAI: A NSSAI can be rejected in a specific registration area or 
throughout the PLMN. In such a case, the UE must not attempt to use this 
NSSAI during this registration procedure or within the PLMN. 
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4. Our System 

The objective of this work is to improve our system introduced in [25] by building 
a testbed aimed at optimizing resource management and enhancing the energy 
efficiency of drones within a deployed drone network, for example, for monitor-
ing a dense forest following a wildfire. To avoid overload and bottlenecks, and to 
ensure quality and long lifespan of the system, we implemented three network 
slices on the same physical infrastructure. One slice has access to a Multi-Access 
Edge Computing (MEC) system while the other two are dedicated to the data net-
work. The first slice is designed to handle high throughput (eMBB) to transmit 
data collected by onboard cameras, the second slice enables connection and data 
exchange between onboard sensors for IoT service, and the third slice is used for 
real-time communication (URLLC) with base stations. The schematic diagram of 
the considered scenario is depicted in Figure 3. 

 

 

Figure 3. Schematic diagram of the scenario studied. 

4.1. Architecture 

To implement our testbed, we utilised OpenAirInterface, an open-source plat-
form freely available. The source code and documentation are accessible on their 
platform [26]. However, it is worth mentioning that network slicing, in particular, 
is still under development in OpenAirInterface (OAI). 

Our system is shown in Figure 4, and its total cost is less than $5000. It is de-
ployed on computers with the following specifications: Operating System: Linux 
Lowlatency kernel Ubuntu 20.04 LTS; Processors: Intel(R) Core (TM) i5-10210U 
CPU @ 1.60 GHz 2.11 GHz; RAM: 8 GB; UHD Driver. Two USRP B210 SDRs are 
used for this setup, one acting as a radio access point at the gNB level, and the 
other emulating a UE. Each USRP is linked to a machine via Universal Serial Bus 
(USB) 3.0 interface. We used the n78 band, a 3.6 GHz frequency and a 40 MHz 
bandwidth. The antenna gain is 18 dB, and the measurement distance ranges up 
to 10 meters depending on the UE. 

OAI offers two solutions for UPF implementation: oai-spgwu-UPF and VPP-
UPF. The slicing in OAI is done using the latter. However, we chose the oai-
spgwu-UPF solution and successfully implemented it. Indeed, VPP-UPF is not 
suited for environments with limited computing resources as revealed by our ex-
periments in [27] which gave almost zero throughput with VPP-UPF while Spettel 
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et al. [28], whom work on high performance EURECOM servers obtained 
throughput not exceeding 1.5 Mbit/s. The oai-spgwu-UPF option proved to be 
more efficient in our specific context. 

 

 

Figure 4. The testbed. 
 

To design the network slicing architecture, we relied on 3GPP standards. As 
stated in Section 0.0.1, group (A) suffers from network overload while group (C) 
has a slice isolation issue, we chose group B for our system implementation, as it 
offers a good compromise between isolation and reducing signalling overhead. In 
a first step, we deployed two distinct slices, each having its own set of components, 
including UPF, SMF, while sharing the same AMF, NSSF, UDR, UDM, and AUSF. 
We then deployed a third slice with specific UPF, SMF, and NRF, while continu-
ing to share the same AMF, NSSF, UDR, UDM, and AUSF with the two previously 
established slices. This architecture is depicted in Figure 5. The purpose of this 
third slice is to enable the system to provide services to real-time applications. 
Through this slice, we plan to offer the benefits of MEC to our system. The PDU 
session was established in each of slice, as illustrated in Figure 6, and we pro-
ceeded with performance testing to evaluate the operation of the system. 

 

 

Figure 5. Architecture of 5G NS with 2 NRFs and 3 slices. 
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Figure 6. Image illustrating the establishment of the PDU session for each of the 3 slices. 

4.2. Operating Principle 

As depicted in Figure 5 and Figure 7, when a UE registers with a PLMN, it is 
required to inform the network by providing a requested NSSAI corresponding to 
the slice type the UE wishes to access, provided that the UE has a configured or 
allowed NSSAI. During the connection establishment steps, different UEs may 
indicate NSSAIs with different SST values, depending on the specific user require-
ments. 

The RAN extract the NSSAI information when it receives the UE’s RRC con-
nection request and forwards the NAS messages to the AMF which initiates the 
configuration process. To do so, the AMF retrieves the user subscription infor-
mation, including the subscribed S-NSSAI, through the UDM. As several slices 
may be approved for different users, the AMF needs to use the NSSF to obtain 
the allowed NSSAI. In fact, the NSSF selects an appropriate slice instance and 
determines the set of target AMFs to serve the UE. Since we have a single AMF 
instance, the NSSF thus responds to the AMF by providing the allowed NSSAI, 
which is then transmitted to the UE. Subsequently, the AMF interacts with the 
NRF to locate the UPF and assigns the most suitable SMF to establish the PDU 
session. The discovery and selection of the SMF are based on the information 
provided by the NRF or the S-NSSAI, in conjunction with the DNN. Slice selec-
tion rules associate applications with one or more slices corresponding to the S-
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NSSAIs subscribed by the UE. When an application associated with a specific S-
NSSAI requests traffic transmission, the UE initiates the PDU session establish-
ment process with the control plane functions of the slice. Afterward, the chosen 
SMF establishes a PDU session using the S-NSSAI and the DNN. Finally, the 
user data traffic is handled by the dedicated user plane functions of the relevant 
network slice. 

 

 

Figure 7. Principle of establishing a PDU session. 

5. Performance Evaluation 

We captured various NGAP signalling messages for the slices using Wireshark 
subsequently to the network deployment. During the gNB registration in the net-
work, we can observe Configured NSSAI and Supported NSSAI using the NGS-
etupRequest and NGSetupResponse messages during the exchange between the 
AMF and the gNB as illustrated in Figure 8. Similarly, when the AMF checks the 
UE’s access conditions, it informs the gNB of the Allowed NSSAI with the Initial-
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ContextSetupRequest message, see Figure 8. During the establishment of the PDU 
session, Requested NSSAI can be observed with the PDUSessionResource-
SetupRequestmessage, as illustrated in Figure 8. 

Figure 6 depicts the SMF log, where it is seen that the PDU session was suc-
cessfully established, and an IP address is assigned to each connected UE. 
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Figure 8. Wireshark analysis: gNB NSSAI configuration, AMF NSSAI configuration, gNB NSSAI allowed, UE NSSAI request. 
 

We then evaluated the UE connectivity to the Internet via the three slices. To do 
so, we successfully sent pings to Google’s DNS server using the IP addresses assigned 
to each UE, as illustrated in Figure 9. We observed that the UEs not only have fast 
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internet access but also exhibit similar access speeds across all slices. This demon-
strates that all slices are equally handled when no service is associated. Any behav-
iour change in a slice could be interpreted as resulting from the associated service. 

 

 

Figure 9. Connectivity test of the 3 slices. 
 

We also measured the latency, the uplink and downlink throughputs and the 
jitter of the three slices using Iperf3 and Ping tools. The UDP protocol, being con-
nectionless, transmits data without establishing a prior connection (UDP packets 
are sent without acknowledgment or delivery guarantee), making it ideal for ap-
plications where speed and latency outweight reliability, such as real-time multi-
media streaming, online gaming, and VoIP. Regarding UDP throughput meas-
urements, they are obtained by evaluating the bandwidth with a target through-
put. By default, this target throughput is set to 1 Mbit. In our study, we measured 
the uplink and downlink throughputs with target throughputs of 20 Mbits and 60 
Mbits, respectively. These target values were chosen to ensure consistent through-
puts without being hindered by hardware limitations. In fact, this choice stems 
from several trials with significantly higher target throughputs but experienced 
network congestions because of the limited performance of our equipment. 

The UDP throughput and jitter results in both uplink and downlink are illus-
trated in Figure 10. The observed mean values are 20 Mbps and 60 Mbps for up-
link and downlink throughputs, respectively. As for the jitter average values of 1 
ms and 0.25 ms were observed in the uplink and downlink channels, respectively. 

We can see in Figure 10 that the three slices exhibit similar behaviour in con-
cordance with the concept of network slicing. As expected, the throughput and 
jitter in both uplink and downlink are nearly identical for the three slices. Subse-
quently, we evaluated the system’s maximum bandwidth by measuring the TCP 
throughput of the three slices. The results showed a TCP throughput of approxi-
mately 60 Mbits across the three slices, as illustrated in Figure 11. 
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Moreover, we measured the latency of our system with the ping tool, succes-
sively transmitted 10 packets to the UE. The latency measurements, as given in 
Table 1 indicate a steady value for all slices. 

 
Table 1. Latency measurements for all 3 slices (ms). 

Slice Minimum Average Maximum 

#1 5.95 10.18 14.43 

#2 5.5 9.65 14.02 

#3 5.42 9.82 14.48 
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Figure 10. Throughput [Downlink , Uplink] and Jitter [Downlink, Uplink] of the 3 slices. 
 

 

Figure 11. TCP throughput of the 3 slices. 
 

Latency and throughput measured values remained steady when two slices were 
simultaneously loaded. 

The measured throughputs are slightly below the 5G user-experienced data rate 
of 100 Mbit/s. Several factors could explain this limitation, especially both perfor-
mance of the used computers and the USRP B210 devices. In order to determine 
the minimum and maximum theoretical throughputs that we can achieve with the 
frequency band, the parameters of our testbed, and the USRP B210, we used the 
formula given in the 3GPP TS 38.306 V15.2.0 release 15 [29]. The theoretical 
throughputs range between 17.40 and 72.91 Mbit/s on the downlink and between 
12.41 and 52 Mbit/s on the uplink. It should be noted that our experimental results 
fall within these theoretical ranges. Regarding the latency, we note that the ob-
served results show significantly lower values than the typical latency of LTE net-
works, which is usually around 100 ms [30]. As for the jitter, values are well below 
the generally accepted standards for VoIP, where a jitter lower than 40 ms is op-
timal and a jitter lower than 75 ms is acceptable [31]. 

6. Energy Consumption 

We conducted a comprehensive evaluation of our system’s energy consumption, 
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measuring it before and after implementing network slicing. Before presenting the 
results, it is essential to outline the methodology employed. Initially, the overall 
network energy efficiency was assessed without slicing, and this assessment was 
repeated post-slicing. By comparing these two states, we analyzed the impact of 
slicing on energy efficiency, particularly focusing on the gNB. The tools Scaphan-
dre (developed by Hubblo), Prometheus, and Grafana were used to monitor en-
ergy consumption metrics. 

 

 
 

 

Figure 12. Energy consumption for a single slice. 
 

During the first phase, illustrated in Figure 12, we observed the network’s en-
ergy consumption before slicing. Measurements were recorded over a 10-minute 
period, during which several actions were performed, such as initializing the core 
network, deploying the gNB, and generating 20 Mbps traffic on both uplink and 
downlink channels. Initially, the core network was deployed. At the 3-minute 
mark, the gNB was brought online, followed by the connection of a UE at 6 

https://doi.org/10.4236/jcc.2025.137015


M. Diawara, A. Faye 
 

 

DOI: 10.4236/jcc.2025.137015 312 Journal of Computer and Communications 
 

minutes. At 8 minutes, 20 Mbps traffic was generated on the uplink and downlink 
channels. Finally, at 10 minutes, the system deployment was rolled back. We note 
a reduction in the core network components’ energy consumption after deploying 
the gNB, with a slight increase in UPF energy consumption due to its role in traffic 
management. Overall, the core network’s energy consumption remained negligi-
ble. In contrast, the gNB exhibited an average energy consumption of approxi-
mately 0.9 W in the absence of traffic, gradually increasing to nearly 1.8 W under 
20 Mbps traffic on both channels. 

 

 
 

 

Figure 13. Energy consumption for network slicing. 
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During the second phase, depicted in Figure 13, we evaluated energy consump-
tion after slicing the network into three distinct slices. Measurements spanned an 
18-minute period, involving similar actions to those in the first phase, with the 
added utilization of slices for UE connectivity. Initially, the core network was de-
ployed. At the 3-minute mark, the gNB was deployed. At 6 minutes, a UE was 
connected to slice 1. At 8 minutes, 20 Mbps traffic was initiated on the uplink and 
downlink channels. At 10 minutes, a second UE connected to slice 2, followed at 
12 minutes by 20 Mbps traffic on both channels. At 14 minutes, a third UE con-
nected to slice 3, with traffic on both channels beginning at 16 minutes. Finally, at 
18 minutes, the system deployment was rolled back. As in the first phase, we ob-
served a reduction in the core network components’ energy consumption after the 
gNB deployment, alongside a slight increase in UPF energy consumption in the 
presence of traffic. The overall core network energy consumption remained ne-
gleagable. For the gNB, average energy consumption was approximately 1W in 
the absence of traffic, increasing to nearly 2.5 W under 20 Mbps traffic, consistent 
with observations from the first phase. 

By comparing the network’s pre- and post-slicing states, we can conclude that 
network slicing does not induce additional energy consumption in the core net-
work components. Regarding the gNB, Figure 14 compares energy consumption 
before and after network slicing, revealing nearly identical energy consumption 
levels. This highlights the energy efficiency advantages of network slicing. Adopt-
ing a three-slice network reduces energy consumption by up to three times com-
pared to deploying three separate networks. Additionally, the energy consump-
tion difference between a network where multiple UEs use a single slice and one 
where UEs access different slices for distinct services underscores the benefits of 
effective segmentation in optimizing energy usage. Given that the core network 
consumes more energy under traffic load, it can be inferred that networks where 
multiple UEs share a single slice exhibit significantly higher energy consumption 
than networks where UEs access separate slices tailored to specific services. 

 

 

Figure 14. gNB energy consumption comparison. 
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7. System Validation 

We conducted tests on several applications, including web browsing, video 
streaming, and VoNR, to validate it. To assess the web application, we set up a 
web traffic generator module [32] which simulates real user navigation on the in-
ternet, as illustrated in Figure 15(a). Similarly, we successfully implemented the 
video streaming application using the StreamLink Python library [33], as illus-
trated in Figure 15(b). StreamLink is a command-line utility that enables users to 
access and stream video feeds from various streaming platforms through their 
preferred media player, rather than via a web browser. It supports various stream-
ing services, including livestreams, Twitch, YouTube, and many others. 

 

 
(a) 

 
(b) 

Figure 15. (a) Web traffic application; (b) Video streaming application. 
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As for VoNR, we deployed Asterisk V18 [34] as the IMS server to communicate 
with our 5G system. Asterisk is an open-source software for developing commu-
nication applications supporting text, voice, and video. We adopted the gsm and 
G.711 a-law codecs as alternative audio coding methods. Figure 16 illustrates the 
flow exchanges between UEs, IMS, and UPF, while Figure 17 presents the audio 
samples obtained with all slices. 

 

 

Figure 16. Flow exchange graph between UEs, IMS, and UPF. 
 

 

Figure 17. Images of recorded audio samples. 
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8. Conclusion 

Network slicing emerged as an essential solution to address the complex chal-
lenges associated with 5G, including efficient resource management, flexibility, 
and scalability. We implemented a 5G end-to-end network slicing testbed with 
three slices dedicated to eMBB, URLLC and mMTC use cases type applications. 
This design is particularly suitable for drone network in IoT applications needing 
VoNR and video streaming capabilities. In such context, energy consumption is 
of great importance to preserve system’s life time. Accordingly, this study illus-
trates that network slicing does not increase the overall energy consumption of 
the 5G system. First, a literature overview on 5G NS was presented, followed by a 
detailed explanation of the key principles and concepts of this technology. Then, 
we outlined our system along with the scenario on which we worked to set up the 
testbed. Once the testbed was set up, we evaluated the performance and energy 
consumption of our system, validating it with applications such as web browsing, 
video streaming, and VoNR. The results obtained with regard to latency and jitter 
are very satisfactory, and they meet the generally accepted standards for most IoT 
applications. The observed latency (around 6 ms) exhibited significantly better 
performance than the typical latency of LTE networks. As for jitter, it was below 
the generally accepted standards for VoIP. However, the obtained throughput is 
low, mainly due to the performance of the equipment and hardware used for this 
testbed, thus limiting its use to cases where throughput is not crucial. These pre-
liminary results show a very promising path in addressing resource management, 
connectivity, and energy usage issues for drone network and IoT applications. 
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