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Abstract 

The transition of logistics processes towards Logistics 4.0 (or Smart Logistics) – the specific application of Industry 4.0 in the 
logistics systems – contributes to the increasing need to establish reliable and efficient communication networks, to manage 
considerable amounts of data exchange between equipment, products, vehicles and workers. The combination of the Internet of 
Things (IoT), big data, cloud computing, and artificial intelligence, allows improvements and optimisation in many logistics 
processes, but claims for advanced stable real-time communication. The fifth generation of Mobile Communication Networks, the 
so-called 5G, has the potential to meet these requirements and substantially support the development of Smart Logistics. Through 
a systematic literature review, this paper aims to identify the main logistics areas and activities in which 5G can be implemented, 
pointing out the expected benefits and the related technologies that can boost its large-scale adoption. The literature review also 
allows identifying the main challenges that currently prevent the 5G adoption in logistics processes, suggesting future research 
directions. 
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1. Introduction 

Manufacturing and logistics systems are evolving rapidly, thanks to the introduction of digital and automation 
technologies that are revolutionising the way in which we manage assets, materials and the workforce. The paradigm 
of Industry 4.0 paved the way for the concepts of Logistics 4.0 and Smart Logistics that are now commonly and 
interchangeably used to identify the specific application of Industry 4.0 in the logistics systems in order to provide the 
sustainable satisfaction of individualised customer demands without increasing costs [1]. Indeed, the introduction of 
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digital technologies for managing material and information flows has recently promoted the development of more 
efficient logistics systems and supply chains at large.  

Since the backbone of Industry 4.0 is the availability of a huge variety of data from multiple sources, data collection 
and management cover a major role also in the Logistics 4.0 field, claiming for increasing technical and analytical 
efforts to improve data flows management and exploitation. In particular, the introduction of the Internet of Things 
(IoT) in logistics management concurs with the implementation of highly transparent processes characterized by 
integrity control and dynamic reconfiguration of the networks based on real-time communication and collaboration 
[2]. The combination of IoT and other technologies, such as big data, cloud computing, and artificial intelligence, 
allows considerable improvements and optimization in many logistics processes, e.g., freight transportation, 
warehousing, and delivery [3]. 

Recently, in parallel with the advances in manufacturing and logistics systems, also Wireless Communication 
Networks (WCN) went through an evolution, with the formalization of emerging technologies for boosting the data 
exchange in multiple sectors, ranging from the entertainment, the public safety, the smart cities and finally in the 
industrial field. The last WCN communication generation, the 5G network, has been released starting from 2019, 
covering the main limitations of the previous standard, the 4G, offering disruptive possibilities in the data exchange 
thanks to the enhanced Mobile Broadband (eMBB), the massive Machine Type Communication (mMTC), and the 
Ultra-Reliable Low Latency Communication (URLLC) [4]. 

Although some 5G applications are already well-established in the consumer market, such as cloud gaming and 
entertainment video streaming, they do not occur in the industry, particularly in the logistics systems. First applications 
have been envisioned and tested in a few academic laboratories and industrial companies, but we are still far from 
worldwide adoption of the 5G networks. Next to the potential of optimizing manufacturing and logistics processes, 
currently, some challenges remain open and prevent companies from investing in 5G [5]. Further investigation at 
academic and managerial levels is required to allow a better acceptance and adoption of the technology in the industrial 
context. Indeed, few contributions systematically assessing the potential application of 5G in manufacturing context, 
such as [5], can be found. Nevertheless, specific in-depth analysis and systematic reviews of the literature about the 
relationships between 5G and industrial logistics application are still missing. 
To cover this gap, the main objectives of this work can be summarized in the following research questions:  

RQ1. Which are the potential applications of 5G networks in industrial logistics? 
RQ2. Which are the challenges and barriers that currently prevent companies from adopting 5G in logistics 
processes? 

For answering these questions, this paper aims to explore the potential application of 5G network in industrial 
logistics based on a systematic literature review (SLR). Through the bibliometric and content analysis of the extant 
literature, this research aims to identify the main logistics area in which 5G could be successfully applied, shedding 
light on the expected benefits and the related technologies useful to promote more integrated Logistics 4.0 scenarios. 
At the same time, this study aims to collect and classify the main barriers and challenges that currently prevent the 
wide adoption of 5G to propose future research and development directions for academia and practitioners.  

The paper is structured as follows. Section 2 will provide background about the 5G technology, describing the main 
technical features that can improve logistics activities. Section 3 explains the methodology used to perform the 
systematic literature review, detailing all the steps of the research workflow. Section 4 presents the results of the SLR, 
providing a discussion of the main contents of the analyzed papers in terms of logistics applications and industrial 
cases. Finally, Section 6 will discuss the expected benefits of 5G and the challenges to its implementation. Section 7 
concludes the paper with final remarks, limitations and further research paths.   

2. Background and motivation 

In the last years, the advances in the development of Information and Communication Technologies and tools for 
industry promoted the transition from traditional manufacturing and logistics systems to Industry 4.0 and Logistics 
4.0. Such scenarios require the interconnection of equipment, materials, vehicles, tools, and workers, and generally 
have strong requirements for large-scale connection and real-time communication [5]. In particular, Logistics 4.0 
relies on digital technologies such as the Internet of Things, Cyber-physical systems, Big data-based systems and 
Cloud-based systems to efficiently fulfil the demanding customers’ requirements in terms of delivery dates and lead 
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digital technologies for managing material and information flows has recently promoted the development of more 
efficient logistics systems and supply chains at large.  

Since the backbone of Industry 4.0 is the availability of a huge variety of data from multiple sources, data collection 
and management cover a major role also in the Logistics 4.0 field, claiming for increasing technical and analytical 
efforts to improve data flows management and exploitation. In particular, the introduction of the Internet of Things 
(IoT) in logistics management concurs with the implementation of highly transparent processes characterized by 
integrity control and dynamic reconfiguration of the networks based on real-time communication and collaboration 
[2]. The combination of IoT and other technologies, such as big data, cloud computing, and artificial intelligence, 
allows considerable improvements and optimization in many logistics processes, e.g., freight transportation, 
warehousing, and delivery [3]. 

Recently, in parallel with the advances in manufacturing and logistics systems, also Wireless Communication 
Networks (WCN) went through an evolution, with the formalization of emerging technologies for boosting the data 
exchange in multiple sectors, ranging from the entertainment, the public safety, the smart cities and finally in the 
industrial field. The last WCN communication generation, the 5G network, has been released starting from 2019, 
covering the main limitations of the previous standard, the 4G, offering disruptive possibilities in the data exchange 
thanks to the enhanced Mobile Broadband (eMBB), the massive Machine Type Communication (mMTC), and the 
Ultra-Reliable Low Latency Communication (URLLC) [4]. 

Although some 5G applications are already well-established in the consumer market, such as cloud gaming and 
entertainment video streaming, they do not occur in the industry, particularly in the logistics systems. First applications 
have been envisioned and tested in a few academic laboratories and industrial companies, but we are still far from 
worldwide adoption of the 5G networks. Next to the potential of optimizing manufacturing and logistics processes, 
currently, some challenges remain open and prevent companies from investing in 5G [5]. Further investigation at 
academic and managerial levels is required to allow a better acceptance and adoption of the technology in the industrial 
context. Indeed, few contributions systematically assessing the potential application of 5G in manufacturing context, 
such as [5], can be found. Nevertheless, specific in-depth analysis and systematic reviews of the literature about the 
relationships between 5G and industrial logistics application are still missing. 
To cover this gap, the main objectives of this work can be summarized in the following research questions:  

RQ1. Which are the potential applications of 5G networks in industrial logistics? 
RQ2. Which are the challenges and barriers that currently prevent companies from adopting 5G in logistics 
processes? 

For answering these questions, this paper aims to explore the potential application of 5G network in industrial 
logistics based on a systematic literature review (SLR). Through the bibliometric and content analysis of the extant 
literature, this research aims to identify the main logistics area in which 5G could be successfully applied, shedding 
light on the expected benefits and the related technologies useful to promote more integrated Logistics 4.0 scenarios. 
At the same time, this study aims to collect and classify the main barriers and challenges that currently prevent the 
wide adoption of 5G to propose future research and development directions for academia and practitioners.  

The paper is structured as follows. Section 2 will provide background about the 5G technology, describing the main 
technical features that can improve logistics activities. Section 3 explains the methodology used to perform the 
systematic literature review, detailing all the steps of the research workflow. Section 4 presents the results of the SLR, 
providing a discussion of the main contents of the analyzed papers in terms of logistics applications and industrial 
cases. Finally, Section 6 will discuss the expected benefits of 5G and the challenges to its implementation. Section 7 
concludes the paper with final remarks, limitations and further research paths.   

2. Background and motivation 

In the last years, the advances in the development of Information and Communication Technologies and tools for 
industry promoted the transition from traditional manufacturing and logistics systems to Industry 4.0 and Logistics 
4.0. Such scenarios require the interconnection of equipment, materials, vehicles, tools, and workers, and generally 
have strong requirements for large-scale connection and real-time communication [5]. In particular, Logistics 4.0 
relies on digital technologies such as the Internet of Things, Cyber-physical systems, Big data-based systems and 
Cloud-based systems to efficiently fulfil the demanding customers’ requirements in terms of delivery dates and lead 
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times [6]. Logistics 4.0 applications mainly concern the implementation of autonomous systems and robots for 
material handling, the adoption of identification and traceability solutions, and the implementation of decision-support 
tools to enhance logistics management at large [7]. For these purposes, highly reliable communication networks must 
be established inside and outside the factories, supporting inbound and outbound logistics 4.0 activities.  

Currently, industrial networks are based on the integration of complex heterogeneous systems. About 90% of 
industrial communication is based on wired technologies, such as EtherNet, PROFINET, and ModbusTCP protocols, 
while wireless communication such as the one offered by Wi-fi are becoming increasingly attractive only in recent 
years supporting the requirements of reconfigurability and modularity in modern factories [8]. The 5G constitutes the 
latest generation of mobile communication technology developed to upgrade the reliability and speed of data exchange 
and represents a significant leap forward in the world of telecommunications in industrial systems. The main features 
of this new technology can be summarized as follows [4, 9, 10]: 

• The data speed turns out to be much higher compared to 4G. The maximum theoretical speed will be 10 Gbps 
(Gigabits per second), thus allowing a huge quantity of data to be transferred and handled simultaneously.  

• Ultra-Reliable Low-Latency Communication will allow ultra-responsive connections. Latencies of less than 1 
millisecond will reached and ultra-high reliability (up to 99.999%) and network availability are guaranteed. 

• Power consumption is lower compared to previous technologies. "Stand-by" (sleep) modes can be used to save up 
to 50% energy, compared to the maximum 20% savings of 4G technology.  

• Connection density, i.e., the number of devices connected simultaneously and the data flow that can be handled, is 
around one million connections per square kilometre.  

• 5G frequencies will exploit new enlarged spectrum bands, i.e., possible frequency bands ranging from 30 GHz to 
300 GHz. 

Considering the abovementioned characteristics, 5G has the potential to support smart logistics processes 
concerning the possibility to increase the intelligence in managing and coordinating material flows, enhancing the 
visibility and transparency for improving logistics and supply chain control, and finally concurring to the creation of 
resilient and reconfigurable networks for supply management. Nevertheless, 5G in Logistics 4.0 is still under-
researched, and few industrial applications exist, thus requiring further investigation. 

3. Methodology 

A systematic literature review (SLR) has been chosen as a method for this work because of the innovative nature 
of its goal, which is to understand the role of 5G networks in logistics by evaluating the main benefits and barriers. A 
literature review can be viewed as "systematic" if it "is based on clearly formulated questions, identifies relevant 
studies, appraises their quality, and summarizes the evidence by use of the explicit methodology" [11]. Moreover, an 
SLR provides a replicable research protocol with a detailed description of the performed steps within the SLR, which 
enables an in-depth evaluation of the conducted study. This research has been made according with the guidelines 
proposed by [11] and in particular, a three-step protocol has been followed to guarantee a correct procedure for 
performing automated research, ensuring its replicability [12]. This section thoroughly defines the inclusion/exclusion 
criteria (Section 2.1), paper-selection criteria based on titles and abstracts (Section 2.2) and the final selections based 
on reading the full texts and the snowballing approach (Section 2.3). 

3.1. Inclusion/exclusion criteria 

First, a list of keywords and inclusion criteria was created. The research focused on papers published in refereed 
journals in logistics, operations, management and economics. We decided to start the period of the analysis in 2019, 
since the Release 15, namely the first full set of 5G standards, has been delivered at the end of 2018 [13]. Conference 
proceedings and grey literature (i.e., technical reports and works in progress) were included in the corpus of collected 
papers considering the topic's novelty. Therefore, the review was limited to peer-reviewed publications to maintain 
homogeneity among the papers in the corpus [11], gain consistency across themes and sources and ensure the selected 
papers' quality [14]. The search was conducted based on the list of keywords and inclusion criteria summarized in 
Table 1. The SCOPUS database was used in the analysis because most academics recognize it as one of the most 
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complete bibliometric databases of scientific and technical peer-reviewed literature [15]. The query was launched, 
resulting in the extraction of an initial corpus of 187 papers.  

3.2. Paper selection based on titles and abstracts 

Each of the three researchers involved in this study reviewed the title and abstract of each paper in the selection. 
Following discussions, the authors removed papers from the corpus that lay outside the research scope. In particular, 
excluded papers focused too much on peculiar fields such as agriculture, ports, airports, and healthcare. Also, the 
papers mainly focused on production and manufacturing that only refers to logistics in an approximate way, without 
analyzing logistics processes, tasks and applications have been excluded. After title and abstract reading, only 24 
papers remain in the analyzed corpus. 

Table 1. Systematic literature review inclusion criteria 

Inclusion Criteria Description 
Keywords 5G* AND logistic* AND NOT Logistic* regression* 
Language English 
Document types Articles, Conference and Grey Literature 
Source types Peer-Reviewed Journals, Conference and Grey Literature 
Subject areas Business, Management, Accounting; Engineering; Computer Science; Decision Sciences 
Time interval 2019 – 2022 (*partial) 

3.3. Paper selection based on reading full texts and the snowballing approach 

The final step of the protocol entailed refining the list of selected papers. The authors read the full versions of the 
candidate papers and then excluded 2 papers that lay outside the scope of the research. At this point, a corpus of 22 
papers had been analyzed. After that, a forward and backward snowballing process was conducted, yielding a final 
corpus of 25 papers. Backward snowballing exploits the reference list to identify potential new papers to be included.  

 
Fig. 1. SLR results according to the selection protocol that the authors performed  

The authors read titles, abstracts and full papers if necessary and then decided whether to include them in the final 
corpus. Forward snowballing identifies new papers starting from analyzing papers that cited the ones contained in the 
first corpus. The approach to going through the papers is similar to the backward method [16]. The two procedures 
were iterated until no new papers were found (Fig. 1). 

4. Results 

4.1. Bibliometric analysis 

The final corpus comprises 25 papers, 15 published in Journals and 10 published as Conference Proceedings. The 
presence of such a large number of conference papers makes us realize that the subject matter is not yet well 
established. 
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and represents a significant leap forward in the world of telecommunications in industrial systems. The main features 
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Each of the three researchers involved in this study reviewed the title and abstract of each paper in the selection. 
Following discussions, the authors removed papers from the corpus that lay outside the research scope. In particular, 
excluded papers focused too much on peculiar fields such as agriculture, ports, airports, and healthcare. Also, the 
papers mainly focused on production and manufacturing that only refers to logistics in an approximate way, without 
analyzing logistics processes, tasks and applications have been excluded. After title and abstract reading, only 24 
papers remain in the analyzed corpus. 

Table 1. Systematic literature review inclusion criteria 

Inclusion Criteria Description 
Keywords 5G* AND logistic* AND NOT Logistic* regression* 
Language English 
Document types Articles, Conference and Grey Literature 
Source types Peer-Reviewed Journals, Conference and Grey Literature 
Subject areas Business, Management, Accounting; Engineering; Computer Science; Decision Sciences 
Time interval 2019 – 2022 (*partial) 

3.3. Paper selection based on reading full texts and the snowballing approach 

The final step of the protocol entailed refining the list of selected papers. The authors read the full versions of the 
candidate papers and then excluded 2 papers that lay outside the scope of the research. At this point, a corpus of 22 
papers had been analyzed. After that, a forward and backward snowballing process was conducted, yielding a final 
corpus of 25 papers. Backward snowballing exploits the reference list to identify potential new papers to be included.  

 
Fig. 1. SLR results according to the selection protocol that the authors performed  

The authors read titles, abstracts and full papers if necessary and then decided whether to include them in the final 
corpus. Forward snowballing identifies new papers starting from analyzing papers that cited the ones contained in the 
first corpus. The approach to going through the papers is similar to the backward method [16]. The two procedures 
were iterated until no new papers were found (Fig. 1). 

4. Results 
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The final corpus comprises 25 papers, 15 published in Journals and 10 published as Conference Proceedings. The 
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Fig. 2. Number of papers in the corpus per year (* = partial year) 

In addition, most of the journals and conferences considered are related to technological innovations in the industrial 
and manufacturing environment, and not directly related to logistics applications. 

However, as it is possible to observe from Fig. 2, there has been an increasing interest in the 5G application in the 
logistics field in recent years.  

From the perspective of the geographic distribution of papers, based on the nation of the affiliation of the first 
author of each paper, we see a clear dominance of China that, thanks in part to a large number of domestic 
communications and ICT companies and the push of government investment in this direction, has begun to develop 
different types of applications for 5G technology. It can be seen from Fig. 3 that significant interest in 5G applications 
in logistics has also developed in India and Spain. Again, the motivation lies in the decision by some of India's leading 
companies to invest in 5G and the Spanish government's decision to give incentives to domestic companies that make 
modernization investments in this technology. Other countries (i.e., Germany, Taiwan, Belgium, Greece, Australia, 
South Korea, Chile, Canada and Germany) figure in the paper list with only one paper. 

Fig. 3. Number of papers in the corpus per Country 

4.2. Topics 

The first significant distinction found within the papers in the corpus concerns the areas of application of 5G in 
logistics. It can be observed that 9 papers refer to internal logistics and 16 papers refer to external logistics. The term 
internal logistics (or inbound logistics) refers to all handling and storage activities of raw materials, work in progress, 
and finished goods that take place within the factory boundaries (i.e., picking, handling, packing, warehousing) while 
the term external logistics (or outbound logistics) refers to all transportation and supply chain management activities 
that take place outside the factory (i.e., supplier management, shipment management, vehicle and order tracking) [17]. 
Within internal logistics, two areas of investigation can be further distinguished: material handling and warehousing 
(Fig. 4a). Regarding warehousing, only two papers in the corpus deal with the topic, and both refer to the possible use 
of drones to perform warehouse inventory activities: 5G networks, in facts, allow drones to travel longer distances 
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without loosing the signal [18, 19]. On the other hand, as far as material handling is concerned, excluding two literature 
reviews that refer to the uses of 5G in internal logistics (and specifically on material handling) [5, 20], the two main 
topics discussed are autonomous guided vehicles [21–24] and "vehicles-to-everything" [25], which is a concept similar 
to the internet of things but related to the connection of vehicles (both traditionally and autonomously driven) to other 
elements (e.g., machinery, racking, portals) in the factory. 

 

Fig. 4. Papers related to Internal (4a) and External Logistics (4b)  
 
For external logistics, on the other hand, the topics covered are supply chains, transportation, last-mile delivery and 

smart cities (Fig. 4b). Although the keywords used were related to logistics and not supply chains, several articles deal 
with supply chains and transportation. This is because these articles mainly deal with 5G implementations that can be 
used in both external and internal logistics, and mainly refer to product and vehicle traceability. 

Among the articles that explicitly refer to the supply chain, one is a literature review [10], and one deals with the 
topic of traceability along the supply chain in order to optimise the coordination between transporters and customers 
when receiving goods (e.g. transportation management systems, appointments for loading/unloading actions) [20] and 
three articles refer to applications of 5G in the fresh and cold chain to ensure the monitoring of product temperatures 
at all different stages of the supply chain [26–28]. 

The articles dealing with transportation are all related to the traceability of both parcels and vehicles, in particular 
concerning various critical issues concerning mainly cyber security [29, 30] and the need to integrate different 
technologies, databases and formats [31, 32] even among different countries [33].  

Five papers refer to last-mile logistics, and even though they deal with topics that also appear in other areas, it was 
decided to create a separate category since these papers have their own focus on last-mile logistics. In particular, two 
papers deal with the use of drones for urban [34] and rural deliveries [35] and how 5G can improve the performance 
of this type of solution. The other three articles, on the other hand, deal with the optimization of parcel and vehicle 
traceability [36] and with transportation management systems software [37] that, integrated with sensors on parcels 
and vehicles, open up the possibility of implementing new urban logistics solutions such as delivery ridesharing [38]. 
Finally, an article discusses how a smart city equipped with the infrastructure to ensure an adequate energy supply 
and full 5G network coverage can enable the implementation of various services related to transport, logistics, and 
real-time tracking of vehicles and products, such as deliveries in urban areas with autonomous robots [39]. 

4.3. Technologies 

The analyzed literature shows strong links between the 5G and other main enabling technologies of Logistics 4.0 
exists. Among these, two main sets of technologies have been identified, i.e., technologies related to information flows 
and technologies related to material flows (Table 2). 

The first category contains a wide variety of technologies, covering all the stages of the data value chain, i.e. data 
generation, acquisition, transportation, pre-processing, storage, and analytics [40]. Smart sensors and RFID are 
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without loosing the signal [18, 19]. On the other hand, as far as material handling is concerned, excluding two literature 
reviews that refer to the uses of 5G in internal logistics (and specifically on material handling) [5, 20], the two main 
topics discussed are autonomous guided vehicles [21–24] and "vehicles-to-everything" [25], which is a concept similar 
to the internet of things but related to the connection of vehicles (both traditionally and autonomously driven) to other 
elements (e.g., machinery, racking, portals) in the factory. 

 

Fig. 4. Papers related to Internal (4a) and External Logistics (4b)  
 
For external logistics, on the other hand, the topics covered are supply chains, transportation, last-mile delivery and 

smart cities (Fig. 4b). Although the keywords used were related to logistics and not supply chains, several articles deal 
with supply chains and transportation. This is because these articles mainly deal with 5G implementations that can be 
used in both external and internal logistics, and mainly refer to product and vehicle traceability. 

Among the articles that explicitly refer to the supply chain, one is a literature review [10], and one deals with the 
topic of traceability along the supply chain in order to optimise the coordination between transporters and customers 
when receiving goods (e.g. transportation management systems, appointments for loading/unloading actions) [20] and 
three articles refer to applications of 5G in the fresh and cold chain to ensure the monitoring of product temperatures 
at all different stages of the supply chain [26–28]. 

The articles dealing with transportation are all related to the traceability of both parcels and vehicles, in particular 
concerning various critical issues concerning mainly cyber security [29, 30] and the need to integrate different 
technologies, databases and formats [31, 32] even among different countries [33].  

Five papers refer to last-mile logistics, and even though they deal with topics that also appear in other areas, it was 
decided to create a separate category since these papers have their own focus on last-mile logistics. In particular, two 
papers deal with the use of drones for urban [34] and rural deliveries [35] and how 5G can improve the performance 
of this type of solution. The other three articles, on the other hand, deal with the optimization of parcel and vehicle 
traceability [36] and with transportation management systems software [37] that, integrated with sensors on parcels 
and vehicles, open up the possibility of implementing new urban logistics solutions such as delivery ridesharing [38]. 
Finally, an article discusses how a smart city equipped with the infrastructure to ensure an adequate energy supply 
and full 5G network coverage can enable the implementation of various services related to transport, logistics, and 
real-time tracking of vehicles and products, such as deliveries in urban areas with autonomous robots [39]. 

4.3. Technologies 

The analyzed literature shows strong links between the 5G and other main enabling technologies of Logistics 4.0 
exists. Among these, two main sets of technologies have been identified, i.e., technologies related to information flows 
and technologies related to material flows (Table 2). 

The first category contains a wide variety of technologies, covering all the stages of the data value chain, i.e. data 
generation, acquisition, transportation, pre-processing, storage, and analytics [40]. Smart sensors and RFID are 

5

5

5

1

External Logistics

Supply chain management Transportation

Last-mile delivery Smart cities

7

2

Internal Logistics

Material Handling Warehouses

4a 4b 



656 Alexandra Lagorio  et al. / Procedia Computer Science 217 (2023) 650–659
 Author name / Procedia Computer Science 00 (2022) 000–000  7 

employed in internal and external logistics to collect the most relevant parameters, such as temperature or humidity, 
that must be monitored to ensure the quality of goods during the storage and transportation phases [27, 28]. IoT is 
cited in almost all the papers as one of the pillars of Logistics 4.0 that can benefit the most from the 5G technology 
that enables massive, reliable and real-time data transmission from multiple devices, as required by the IoT 
manufacturing networks [5]. 

Table 2. Logistics 4.0 technologies related to 5G 

Technologies related to information flows  Technologies related to material flows 
IoT Unmanned Aerial Vehicles (UAV)  
Big data Automated Guided Vehicles (AGV)  
Smart sensors Intelligent robotics 
Microprocessors  
RFID  
Edge/ Cloud Computing  
Blockchain  
Artificial Intelligence  
Augmented Reality  
Simulation  

Embedded Microprocessors and Edge Computing are cited as promising technologies to perform efficient data-
preprocessing combined to 5G: the first through the filtering of relevant information for the specific application and 
the latter through a decentralized computational model in which data, particularly critical from the most latency-
sensitive applications, are analyzed directly where they are detected [33, 37]. Logistics companies use cloud systems 
as a platform for storing information [29] and, as highlighted by [5, 18, 26], Blockchain constitutes one of the most 
advanced and reliable technology to ensure the data security in distributed, open environments, in accordance to the 
requirements of 5G networks architectures. Finally, technologies for data analytics such as Machine Learning, 
Artificial Intelligence, Simulation, and Augmented Reality have been cited in research studies that exploit the 5G 
network to feed intelligent optimisation systems, able to leverage real-time data from equipment (e.g., drones and 
AGVs) to provide a timely decision about transportation routes, last-mile delivery, supply chain networks, 
malfunctioning recovery [21, 26, 34, 36, 37, 41]. 

The second category contains a limited number of technologies whose role is the automated handling and 
transportation of materials inside and outside the factory boundaries. Unmanned Aerial Vehicles, also referred to as 
drones, are expected to have a twofold relation with 5G. According to [18], 5G allows greater control of UAV 
trajectories, supports dense UAV connectivity, and orchestrates massive sea-air-ground communication networks. At 
the same time, drones can play an important role as nodes to receive data from the ground user equipment and transmit 
them to another base station of the 5G networks, thus adapting the flight path according to the data traffic load and 
assisting cellular networks [34]. Concerning AGVs, 5G can positively contribute to enhancing the remote control of 
vehicles and the vehicle-to-vehicle (V2V) communication, improving the current systems for collision avoidance in 
warehouses and putting forward new applications such as video surveillance  [22, 31]. Finally, in the review paper by 
Cheng et al. [5], the integration of 5G with intelligent robot technologies is envisioned and applied to the shop floor 
logistics.  

5. Discussion 

 The literature review results allow simultaneously identifying the main benefits and challenges in adopting 5G 
networks in Logistics 4.0. Fig. 5 depicts the main logistics applications that have been discussed, highlighting how 
they leverage on the three main features of 5G networks (i.e. enhanced broadband, massive connectivity, and low 
latency). The main expected benefits of adopting 5G in logistics concern the possibility to perform better monitoring 
and control of materials, logistics vehicles, personnel, and routes, in order to improve several aspects, including the 
real-time control of the warehouses' utilisation rate, the in-warehouse route optimisation, the SC supervision and 
tracking, the prediction of malfunctioning in AGVs. Considering the quality of service towards customers, 5G can 
enhance the efficiency in logistics delivery times and contribute to accurate monitoring of goods quality (particularly 
in food and cold chains) during all the logistics phases. All these benefits can be translated, in the mid-long term, into 
reduced labour costs due to the automation of handling, reduced transportation costs or, more generally, into better 
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resource utilisation (also due to the low power consumption) with consequent containment of the carbon emissions, 
towards more sustainable logistics management. 

Fig. 5. Logistics application enhanced by 5G 
 
However, it is not yet possible to fully enjoy all the benefits of this type of technology, as there are still many 

critical issues that were also highlighted by the papers analysed in the corpus reviewed. 
In particular, the main challenges fall into the following three categories: integration with other technologies, cost, 

and issues related to privacy and security. 
The critical issue currently holding back the expansion of 5G in enterprises is the problem of standards integration. 

In particular, [3] and [9] explore the difficulties due to the integration of 5G and other technologies such as AGVs, 
RFID sensors, Blockchain, and, generally, other ICT-related technologies. At the same time, [8] points out that the 
problem of standards integration is particularly critical in the case of adopting 5G in-vehicle in the case of crossing 
borders between different nations. 

Solving the integration problems leads companies to make additional investments in ancillary technologies and 
training of their employees to increase skills in this area with a further increase in costs to bring the 5G network up to 
speed [17]. This cost is in addition to the already high costs involved in establishing a stable network infrastructure 
[14, 24] that requires a large number of 5G base stations and repeaters [10] that must be positioned so that they do not 
interfere with other elements located in the same environment and can provide complete coverage [11], especially in 
the case of a 5G network supporting unmanned vehicles such as drones [19] or AGVs [25].  

Finally, it is necessary to highlight how 5G networks, by offering better accuracy in tracking and positioning of 
traditional or unmanned vehicles [2], also give rise to some issues related to the privacy of drivers [20] and the need 
to ensure the security of parcel and vehicle georeferencing data [22] through increasingly efficient cyber security 
measures [1] and Blockchain protocols [7, 25]. 

6. Conclusions 

This paper explores the potential application of 5G network in industrial logistics based on a systematic literature 
review (SLR). The literature review outlines that several applications can be envisioned both in internal and external 
logistics, offering multiple opportunities to enhance the material and information flows toward more efficient, 
intelligent and sustainable logistics and supply chain management systems. However, few industrial applications of 
the 5G technology in logistics currently exist. This can be due to the fact that the integration of the 5G with other 
technologies is still complex and requires additional costs in workforce training in addition to the already high costs 
required to build a stable network infrastructure that provides full signal coverage. This research paper is an initial 
exploratory work on the possible applications of 5G networks in logistics and supply chains. It suffers from some 
limitations due to the small number of papers analysed, which are mostly theoretical. In the future, as the use of 5G 
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technology becomes more widespread, it will be possible to repeat the literature analysis on a more significant number 
of papers and begin to develop a larger number of both laboratory and industrial application cases to understand the 
fullest the possibilities of exploitation of the benefits of this type of technology in logistics.  

References 

[1] Bigliardi, Barbara, Giorgia Casella, and Eleonora Bottani. (2021) ‘Industry 4.0 in the logistics field: A bibliometric analysis’. IET 
Collaborative Intelligent Manufacturing 3 .  

[2] Barreto, Luís, António Manuel Amaral, and Teresa Pereira. (2017) ‘Industry 4.0 implications in logistics: an overview’. Procedia 
Manufacturing 13 : 1245–52.  

[3] Ding, Yangke, Mingzhou Jin, Sen Li, and Dingzhong Feng. (2021) ‘Smart logistics based on the internet of things technology: an 
overview’. International Journal of Logistics Research and Applications 24 (4): 323–45.  

[4] Attaran, Mohsen. (2021) ‘The impact of 5G on the evolution of intelligent automation and industry digitization’. Journal of Ambient 
Intelligence and Humanized Computing. Available from: https://doi.org/10.1007/s12652-020-02521-x 

[5] Cheng, Jiangfeng, Yi Yang, Xiaofu Zou, and Ying Zuo. (2022) ‘5G in manufacturing: a literature review and future research’. The 
International Journal of Advanced Manufacturing Technology. Available from: https://doi.org/10.1007/s00170-022-08990-y 

[6] Winkelhaus, Sven, and Eric H. Grosse. (2020) ‘Logistics 4.0: a systematic review towards a new logistics system’. International Journal 
of Production Research 58 (1): 18–43.  

[7] Strandhagen, Jo Wessel, Erlend Alfnes, Jan Ola Strandhagen, and Logan Reed Vallandingham. (2017) ‘The fit of Industry 4.0 
applications in manufacturing logistics: a multiple case study’. Advances in Manufacturing 5 (4): 344–58.  

[8] Scanzio, Stefano, Lukasz Wisniewski, and Piotr Gaj. (2021) ‘Heterogeneous and dependable networks in industry – A survey’. 
Computers in Industry 125 : 103388.  

[9] O’Connell, Eoin, Denis Moore, and Thomas Newe. (2020) ‘Challenges Associated with Implementing 5G in Manufacturing’. Telecom 1 
(1): 48–67.  

[10] Taboada, Ianire, and Himanshu Shee. (2021) ‘Understanding 5G technology for future supply chain management’. International Journal 
of Logistics Research and Applications 24 (4): 392–406.  

[11] Tranfield, David, David Denyer, and Palminder Smart. (2003) ‘Towards a Methodology for Developing Evidence-Informed Management 
Knowledge by Means of Systematic Review’. British Journal of Management 14 (3): 207–22.  

[12] Lagorio, Alexandra, Giovanni Zenezini, Giulio Mangano, and Roberto Pinto. (2020) ‘A systematic literature review of innovative 
technologies adopted in logistics management’. International Journal of Logistics Research and Applications 0 (0): 1–24.  

[13] 3GPP. (2019) ‘Release 15’. [Internet]Available from: https://www.3gpp.org/release-15 

[14] Burgess, Kevin, Prakash J. Singh, and Rana Koroglu. (2006) ‘Supply chain management: a structured literature review and implications 
for future research’.Paul D Cousins Co‐Editors: Benn Lawson (ed.) International Journal of Operations & Production Management 26 
(7): 703–29.  

[15] Vila, Noelia Araújo, Jose Antonio Fraiz-Brea, Lucília A. Cardoso, and Alexandra Matos Pereira. (2020) ‘Scopus Analysis of the 
Academic Research Performed by Public Universities in Galicia and North of Portugal’. Information Resources Management Journal 
(IRMJ) 33 (1): 16–38.  

[16] Wohlin, Claes, and Claes. (2014) ‘Guidelines for snowballing in systematic literature studies and a replication in software engineering’. 
in Proceedings of the 18th International Conference on Evaluation and Assessment in Software Engineering - EASE ’14 New York, New 
York, USA: ACM Press; p. 1–10.  

[17] Cimini, Chiara, Alexandra Lagorio, David Romero, Sergio Cavalieri, and Johan Stahre. (2020) ‘Smart Logistics and The Logistics 
Operator 4.0’. IFAC-PapersOnLine 53 (2): 10615–20.  

[18] Saraswat, Deepti, Ashwin Verma, Pronaya Bhattacharya, Sudeep Tanwar, Gulshan Sharma, Pitshou N. Bokoro, et al. (2022) 
‘Blockchain-Based Federated Learning in UAVs Beyond 5G Networks: A Solution Taxonomy and Future Directions’. IEEE Access 10 : 
33154–82.  

[19] Chen, Shazhou, Wei Meng, Weiyuan Xu, Zhuoqiang Liu, Jiachuang Liu, and Fengyan Wu. (2020) ‘A Warehouse Management System 
with UAV Based on Digital Twin and 5G Technologies’. in 2020 7th International Conference on Information, Cybernetics, and 
Computational Social Systems (ICCSS) p. 864–9.  

[20] Liu, Mei. (2021) ‘Research on the Development of Intelligent Logistics Based on 5G Technology’. in 2021 2nd International Conference 
on Urban Engineering and Management Science (ICUEMS) p. 107–10.  

10 Author name / Procedia Computer Science 00 (2022) 000–000 

[21] Vakaruk, Stanislav, J. Enrique Sierra-García, Alberto Mozo, and Antonio Pastor. (2021) ‘Forecasting Automated Guided Vehicle 
Malfunctioning with Deep Learning in a 5G-Based Industry 4.0 Scenario’. IEEE Communications Magazine 59 (11): 102–8.  

[22] Khatib, Emil Jatib, and Raquel Barco. (2021) ‘Optimization of 5G Networks for Smart Logistics’. Energies 14 (6): 1758.  

[23] Sung-Hun, Lee, Jung Yong-An, Han Dong-Cheul, Cho Soo-Hyun, Cho Hyun-Kyu, and Kim Byoung-Yong. (2021) ‘A Study on 5G 
Communication-Based Smart Logistics Cart System’. in 2021 International Conference on Information and Communication Technology 
Convergence (ICTC) p. 596–8.  

[24] Yan, Yanan. (2019) ‘Research on the Innovation Path of Logistics Formats Based on 5G Technology’. Open Journal of Business and 
Management 07 (04): 1936–42.  

[25] Shi, Yanjun, Qiaomei Han, Weiming Shen, and Xianbin Wang. (2021) ‘A Multi-Layer Collaboration Framework for Industrial Parks 
with 5G Vehicle-to-Everything Networks’. Engineering 7 (6): 818–31.  

[26] Duan, Chao, and Guohua Wang. (2021 [cited 2022 May 11]) ‘Operational Research Application Based on 5G Cold Chain Logistics’. in 
2021 4th International Conference on Information Systems and Computer Aided Education New York, NY, USA: Association for 
Computing Machinery; p. 1860–4. (ICISCAE 2021). Available from: https://doi.org/10.1145/3482632.3484056 

[27] Han, Qi Hao. (2021) ‘Research on the Construction of Cold Chain Logistics Intelligent System Based on 5G Ubiquitous Internet of 
Things’.Guolong Shi (ed.) Journal of Sensors 2021 : 1–11.  

[28] Li, Guie. (2021) ‘Development of cold chain logistics transportation system based on 5G network and Internet of things system’. 
Microprocessors and Microsystems 80 : 103565.  

[29] Yang, Zhigang, Ruyan Wang, Dapeng Wu, Honggang Wang, Haina Song, and Xinqiang Ma. (2022) ‘Local Trajectory Privacy Protection 
in 5G Enabled Industrial Intelligent Logistics’. IEEE Transactions on Industrial Informatics 18 (4): 2868–76.  

[30] Masood, Adeel, and Anurag Gupta. (2020) ‘Enhanced Logistics Security Techniques Using IoT and 5G’. in 2020 International 
Conference on Wireless Communications Signal Processing and Networking (WiSPNET) p. 7–14.  

[31] Trichias, Konstantinos, Giada Landi, Erin Seder, Johann Marquez-Barja, Ronan Frizzell, Marius Iordache, et al. (2021) ‘VITAL-5G: 
Innovative Network Applications (NetApps) Support over 5G Connectivity for the Transport amp; Logistics Vertical’. in 2021 Joint 
European Conference on Networks and Communications 6G Summit (EuCNC/6G Summit) p. 437–42.  

[32] Burow, Kay, Marco Franke, and Klaus-Dieter Thoben. (2019) ‘5G-Ready in the Industrial IoT-Environment’. in Farhad Ameri Kathryn E 
Stecke Gregor von Cieminski and Dimitris Kiritsis (eds.) Advances in Production Management Systems Production Management for the 
Factory of the Future Cham: Springer International Publishing; p. 408–13. (IFIP Advances in Information and Communication 
Technology).  

[33] Marquez-Barja, Johann M., Seilendria Hadiwardoyo, Bart Lannoo, Wim Vandenberghe, Eric Kenis, Lauren Deckers, et al. (2021) 
‘Enhanced Teleoperated Transport and Logistics: A 5G Cross-Border Use Case’. in 2021 Joint European Conference on Networks and 
Communications 6G Summit (EuCNC/6G Summit) p. 229–34.  

[34] Iranmanesh, Saeid, Forough Shirin Abkenar, Raad Raad, and Abbas Jamalipour. (2021) ‘Improving Throughput of 5G Cellular Networks 
via 3D Placement Optimization of Logistics Drones’. IEEE Transactions on Vehicular Technology 70 (2): 1448–60.  

[35] Zhou, Ying, ZhiLan Song, and SongHong Yan. (2021) ‘Research on the delivery mode of rural e-commerce logistics drones under the 
background of “5G+AI”’. in 2021 2nd International Conference on Intelligent Design (ICID) p. 214–9.  

[36] Maurya, Mohit, Sweta Dixit, Neha Zaidi, and Alka Maurya. (2021) ‘Geographic Information Systems for an Intelligent Geo-Location 
Based Value Delivery Model’. in 2021 International Conference on Technological Advancements and Innovations (ICTAI) p. 63–8.  

[37] Chen, Tung-Chun, Yu-Shen Liang, Po-Sheng Ko, Ping-Tsan Ho, and Jui-Chan Huang. (2022) ‘Wireless Communication Using 
Embedded Microprocessor-5G Embedded E-Commerce System Oriented to Fruit Ordering, Sales, and Logistics’. Wireless 
Communications and Mobile Computing 2022 : e1544447.  

[38] Wang, F., Y. Zhu, F. Wang, and J. Liu. (2019) ‘Ridesharing as a Service: Exploring Crowdsourced Connected Vehicle Information for 
Intelligent Package Delivery’. in.  

[39] Guevara, Leonardo, and Fernando Auat Cheein. (2020) ‘The Role of 5G Technologies: Challenges in Smart Cities and Intelligent 
Transportation Systems’. Sustainability 12 (16): 6469.  

[40] Åkerman, Magnus, Camilla Lundgren, Maja Bärring, Mats Folkesson, Viktor Berggren, Johan Stahre, et al. (2018) ‘Challenges Building 
a Data Value Chain to Enable Data-Driven Decisions: A Predictive Maintenance Case in 5G-Enabled Manufacturing’. Procedia 
Manufacturing 17 : 411–8.  

[41] Liu, Yishu, and Jiangbo Zheng. (2022) ‘Intelligent management of supply chain logistics based on 5g LoT’. Cluster Computing. 
Available from: https://doi.org/10.1007/s10586-021-03487-x 

 



 Alexandra Lagorio  et al. / Procedia Computer Science 217 (2023) 650–659 659
 Author name / Procedia Computer Science 00 (2022) 000–000  9 

technology becomes more widespread, it will be possible to repeat the literature analysis on a more significant number 
of papers and begin to develop a larger number of both laboratory and industrial application cases to understand the 
fullest the possibilities of exploitation of the benefits of this type of technology in logistics.  
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