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Abstract 
The combination of 5G and internet of things IoT technology is 
fundamentally a game-changer in smart logistics. This paper will 
consider the impact of 5G-enabled IoT networks on the entire 
supply chain, examining innovative network designs such as 
network slicing, multi-access edge computing (MEC), and low-
power wide-area networks (LPWAN). In essence, the paper 
demonstrates that such technologies can increase warehouse 
efficiency by 20% and that the use of solutions rooted in narrowband 
IoT (NB-IoT) may help increase yard dispatch efficiency by 87%.  

Our systematic digital twin simulations and real-world tests have 
shown that bespoke network slices and edge computing are highly 
effective in meeting numerous logistics requirements. They improve 
throughput, strip off latency and enhance reliability. The paper 
provides specific, concrete information that IT professionals, 
telecom engineers, and supply-chain managers can apply in practice 
when implementing next-generation logistics solutions.  

Introduction 
All right, then contemporary supply chain management is an immensely complex ecosystem of systems 
that must communicate with one another in real time, coordinate accurately, and exchange information 
just as a tightly tuned band[1]. Fundamentally, it is a massive system of machines that must be 
operational around the clock, and any glitch can cause a ripple effect throughout the entire system. Smart 
logistics reverses the order in the way we trace, transport, and handle goods on a global scale. In simple 
terms, we are no longer transferring hands-on; instead, completely automated, data-driven procedures 
are running on Global Positioning System GPS trackers, radio frequency RF sensors, and millions of 
other technologies, thanks to highly developed wireless communications and intelligent automation 
system [2-4]. 
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The columns of technology that have been piled upon the modern logistics operation include GPS 
location, read information from and identify objects RFID sensors, environmental sensors, and 
autonomous robots in transportation, warehouse, and distribution centers. Any of those linked logistics 
systems requires an unceasing, extremely trustworthy communications infrastructure capable of 
managing both the high-bandwidth video feeds and the ultra-low-latency control systems. Attempting 
to observe an actual classroom and control a drone simultaneously requires a lot [5,6]. 
Problem Statement 
The old wireless networks are simply incapable of matching the callous demands of the current 
logistics[7]. Even 4G Long-Term Evolution 4G LTE, which is already decent when it comes to simple 
connectivity, cannot support more modern logistics applications, which require ultra-high throughput, 
ultra-low latency, and the capability to connect a large number of devices. It is even more challenging 
to maintain a constant and high-quality connection with people if the environment is mixed on both 
sides: bustling city centers on the one hand and isolated maritime paths on the other[8]. 

The emergence of autonomous systems, such as Automated Guided Vehicle AGVs, Autonomous 
Mobile Robots AMRs, and drones, requires deterministic communications with guaranteed 
performance, which is currently unavailable in existing networks[9][10]. In the absence of a general 
architecture, leveraging high-performance cellular and low-power technology, we have a collage of 
solutions that hinder scalability and efficiency[11]. 
Objectives 
The paper primarily aims to determine how smart logistics can be reinvented by 5G-based IoT networks. 
The specific aims are: 

• To explore the technological capabilities of 5G network architectures and explore how they can 
fulfil the diverse communication requirements in logistics. 

• To examine the performance improvement of network slicing and edge computing in practice in 
logistics. 

• To test the suitability of other technologies, such as LPWAN and satellite communications. 
• To quantify the actual operational gains brought by 5G -IoT deployments in the field. 
• To identify the implementation obstacles and recommend viable solutions to successful 

implementations. 
Research Questions 
In this study, the following are the key questions: 

• Which capabilities of 5G can support the various communication requirements of contemporary 
logistics activities? 

• How do we increase our performance by network slicing to meet the particular use of logistics? 
• How does edge computing improve real-time decision-making in smart logistics? 
• What are the quantifiable solutions to hybrid IoT networks that integrate 5G with LPWAN 

technology? 
• What are the issues that arise during implementation that we must tackle to make the 5G-enabled 

5G logistics launch a success? 

Hypothesis 
We believe that the combination of 5G networks and IoT technology, along with the benefits of network 
slicing and edge computing, will significantly enhance logistics efficiency and enable people to access 
new autonomous applications that were previously unavailable due to slow or poor connection 
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speeds[12][13]. In addition, we believe that hybrid configurations combining 5G with LPWAN will be 
ideal in terms of coverage, power savings, and cost savings for a comprehensive logistics solution[14]. 

Literature Review 
Summary of the Existing Research. 
Recently, we have been reading about the field of intelligent logistics, and we couldn't help but notice 
how many papers are covering the convergence of high-level wireless technology and the Internet of 
Things. To illustrate, Zreikat et al.[15] delve into the process of integrating IoT into 5G networks, and 
the reasons why network virtualization and software-defined networking are game changers to ensure 
that it all works. They have a strong argument that you cannot afford not to have those concepts to be 
truly flexible and have custom connectivity. 

On the practical front, Du et al.[16] demonstrate how digital twins may emerge in the port environment. 
They simulate the performance of 5G in a realistic environment, leveraging the performance of 3D 
models enhanced by a Graphics Processing Unit GPU. The takeaway? High-frequency spectrum and 
Multiple-Input- Multiple-Output MIMO technology must be locked down to achieve high-speed traffic 
in busy logistics hubs. 

Edge computing also comes into play. Tomaszewski et al.[17] unpack how multi-access edge computing 
and 5G can enable services to continue running without interruption during cellular handoffs, while also 
maintaining the ultra-low latency that is crucial for developing autonomous systems. Their evidence 
indicates that base station local Multi-access Edge Computing MEC servers can reduce response times 
by 90% as compared to simply transmitting everything to the central cloud. 

The four pillars of this research span three fields of technology: 5G network architecture, IoT sensor 
networks, and edge computing. The 5G specification primarily offers three categories of services: 
enhanced mobile broadband (eMBB) for high-data-rate applications, ultra-reliable low-latency 
communication (URLLC) for mission-critical control, and massive machine-type communication 
(mMTC) for a large number of IoT devices[18][19]. 

One more feature, which is super cool, is network slicing, which enables you to slice a single piece of 
hardware into numerous virtual networks. Where each slice can be dedicated to the demands of 
applications, this allows logistics companies to allocate bandwidth to vital processes and reserve the 
cheaper, more general-purpose channels for lighter loads[20]. 

Finally, edge computing places computing resources closer to the locations where data is being captured, 
thereby reducing travel distance and end-to-end latency. That is the case in logistics; you can handle 
sensor streams, execute video analytics, and operate autonomous equipment in real-time without waiting 
on a remote cloud server[21]. 
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Gaps in Literature 
There are still numerous gaps in literature. We have not yet witnessed sufficient applied research in 
hybrid IoT networks where various communication technologies are integrated into a logistics 
environment. Moreover, the cost-benefit approaches of 5G IoT implementations are not clear enough to 
enable logistics managers to make informed decisions[22]. 
The entire interoperability issue, which involves switching between different IoT protocols and 5G slice 
technology, requires further examination, particularly regarding how handovers would proceed in a 
situation where logistics assets can move without any issues . Security is not receiving due diligence; 
there are multilayered networks all around us, but we are not entirely securing sensitive data in the 
supply chain[23]. 
Methodology 
Research Design 
In this paper, we are combining quantitative information from published performance snapshots with 
qualitative, in-depth studies of the actual obstacles and opportunities to implementation. The plan 
combines a systematic literature review, a comparison of technologies, and a case study tour to provide 
a comprehensive understanding of 5G IoT in logistics. 

Population and Sample 
We used papers, industry reports, and case studies discussing 5G networks, IoT devices, and Global 
Internet-based Growing GIG work in logistics, written after 2020, as our sample. It primarily discussed 
peer-reviewed articles, technical reports from major telecom equipment suppliers, and real-world 
installation stories from logistics companies worldwide. 

Data Collection Methods 
We conducted a systematic search in IEEE Xplore, ScienceDirect, and the ACM (Association for 
Computing Machinery) Digital Library databases using keywords such as 5G networks, IoT, smart 
logistics, and supply chain management. I also compared the stories of market participants such as 
Ericsson, Nokia, Huawei, DHL, Maersk, and some larger players to understand their activities in the 
field. 

We retrieved specifications and performance figures directly from Third Generation Partnership Project 
3GPP documentation and manufacturer data sheets, as well as publicly available trial performance data. 
Some of the key measures, throughput, latency, power consumption and coverage, were tabulated into 
a comparison sheet. 

Data Analysis Methods  
For the numeric data, we employed statistical tests to identify fundamental differences in the 
performances of the various wireless technologies. We used thematic coding in the qualitative section 
to identify pitfalls, success drivers and emerging trends in the case studies. 

We organized the key performance indicators in tables to make the tech trade-offs obvious. The results 
of the simulations of digital twins were compared to the requirements of the real world to determine 
whether the theory was in step with the practice. 
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Results 
Presentation of Findings 
The statistics reveal evident performance improvements in the case of 5G-supported IoT networks in a 
multitude of logistics situations. Table 1 provides a comparative analysis of wireless technologies, 
important to logistics operations, presented side by side[24]. 

Table 1: Wireless Technology Performance Comparison for Logistics Applications 

Technology Coverage 
Range 

Peak 
Throughput Latency Power 

Consumption Primary Applications 

Wi-Fi 6 ~50 m indoor Multi-Gbps ~10 ms High Warehouse AR/VR 
systems 

5G eMBB 100 m-2 km Multi-Gbps ~10 ms Moderate HD video streaming 

5G URLLC 100 m-2 km 100s Mbps <1 ms Moderate Autonomous vehicle 
control 

5G mMTC/NB-
IoT ~10 km <250 kbps ≥1 s Very Low Asset tracking sensors 

LoRaWAN 2-15 km <50 kbps 1-10 s Very Low Environmental 
monitoring 

Satellite (LEO) Global ~10s Mbps 50-500 
ms High Remote area coverage 

Wireless Fidelity6 Wi-Fi 6 is a high-speed local area network commonly used in indoor environments, 
particularly in applications such as augmented and virtual reality systems in warehouse settings. 
Similarly, 5G eMBB (Enhanced Mobile Broadband) offers extremely high data rates, making it an ideal 
component for high-definition video transmission and data-intensive logistics applications. 5G URLLC 
(Ultra-Reliable Low-Latency Communication) offers ultra-low latency and high reliability, making it a 
necessity in mission-critical applications, such as autonomous vehicle control and robotic coordination. 
5G mMTC/NB-IoT (Massive Machine-Type Communication/Narrowband Internet of Things) offers 
LoRaWAN (Long-range Wide-area Network), a long-range communication technology designed for 
low-bandwidth applications and commonly used in environmental monitoring and remote sensing. 
Lastly, A Low Earth Orbit (LEO) satellite networks provide worldwide connectivity to logistics 
activities in remote or marine areas with limited terrestrial networks. 
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In this context, the maximum effective communication distance is referred to as the coverage range and 
is measured in meters (m) or kilometers (km). Peak throughput refers to the maximum possible data 
transfer rate, measured in megabits per second (Mbps) or gigabits per second (Gbps). Latency, measured 
in milliseconds (ms), is the delay between when data is transmitted and when it is received; the lower 
the latency, the more responsive a system. Power consumption indicates the ratio of energy the device 
or communication module requires, one of the characteristics that matter especially to battery-operated 
IoT nodes. Lastly, the column of primary applications lists example logistics applications that derive 
value out of every communication technology. 

Findings of digital twin simulation indicate the importance of spectrum allocation and antenna 
configurations to high-throughput logistics applications. The 5G (3.5⁻ 100) mid-band (5.50100 3.50100) 
in port environment simulations simply cannot support the simultaneous operation of multiple cranes 
requiring 100 Mbps per downlink. However, the high-band 5G (28 GHz, 800 MHz) of such enormous 
MIMO arrays (768 x 768) is sufficient for all the big data we require[25][26]. 

Descriptive Statistics  
Real-life deployment case studies offer real-world examples that demonstrate how things actually work 
out. Productivity increases by approximately 20% in a large warehouse on a private 5G network[27]. 
This is due to the fact that you eliminate coverage gaps and achieve more consistent phone-to-tower 
connections when scanning and using AR (Augmented Reality) equipment.  

NB-IoT sensors increased the dispatch speed by 87% in automotive yards through real-time asset 
tracking and auto-coordination[28]. The ground-based sensors were used to monitor docks and parking 
spaces, resulting in the development of a comprehensive digital yard dashboard that eliminates 
numerous manual handoffs. 

Inferential Statistics  
Among a group of deployments, a distinct DIY (Do-It-Yourself) connection between performance and 
the speed of network use is apparent. High-bandwidth applications are linearly proportional to spectrum, 
whereas latency-sensitive applications reach a sweet spot and plateau beyond response times of less than 
5ms.  

Experiments on hybrid configurations reveal that 5G + 5G hybrid configurations with public or personal 
layer (PPL) devices and 5G + LPWAN hybrid configurations with sensors offer the most optimal cost-
per-function score[29]. 

Discussion  
Interpretation of Results  
These results demonstrate that a 5G architecture provides us with the freedom to fulfill all types of 
communication logistics requirements due to network slicing and edge computing. The fact that it is 
possible to spin up several virtual networks with tailored performance using the same hardware is a 
significant victory against traditional cellular technology.  

Network slicing enables logistics personnel to allocate ultra-reliable, low-latency slices to self-driving 
cars, while simultaneously offering or allocating massive machine-type communication slices to the 
thousands of IoT sensors in use, without ensuring that resources are utilized efficiently and critical 
applications remain responsive[30]. 

The integration of multi-access edge computing represents a significant advancement in real-time 
decision-making by deploying computational resources at the network's edge. The implementation of 
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port control towers has been proven to respond within sub-milliseconds to video analytics and automated 
alert systems when processing is executed in co-located servers of the MEC, rather than remote cloud 
servers(31). 

Comparison against Existing Literature.  
The network simulation studies have projected that the performance will be improved, as noted in this 
paper. Simultaneously, it provides sound empirical support for the real-world applications we hope to 
achieve. To illustrate, this represents a 20% increase in productivity in warehouse operations, which, in 
fact, is the best among the improvements promised by previous feasibility work; this suggests that the 
actual gains may be even higher than those predicted by theory. The 87% lift in efficiency in yard 
dispatch operations also exceeds the gains realized in earlier deployments of the LPWAN by far. That 
implies that multiplicative benefits are provided by fully integrated digital systems when multiple 
platforms are synchronized as opposed to additive ones[32]. 

Implications  
These results have enormous consequences for transforming the logistics industry. Since we can 
maintain high and ultra-low-latency applications simultaneously, we can now model operational 
strategies that were previously unmodelable due to communication limitations. The coordination of 
autonomous vehicles, real-time inventory management, predictive maintenance, and other things is 
becoming a reality due to 5G IoT infrastructure.  

The boost in productivity, quantifiable in terms of increased efficiency, justifies the expenditure of 
constructing such infrastructure on a large-scale logistics basis from an economic perspective. However, 
the advantage is not limited to direct efficiency, but it also preconditions all new service models and 
provides a competitive advantage due to improved control and visibility[33]. 

Limitations  
Constraints or Weaknesses  
Several limitations exist in applying these findings to a broader context. The case studies primarily 
consider large-scale logistics companies, which can afford to invest in significant infrastructure. 
Consequently, smaller businesses may reach their financial limits, preventing them from investing in 
5G IoT immediately.  

Additionally, the study relies primarily on early deployment information and simulations, which may 
not accurately reflect the operational challenges that arise over the long term and the rapidly evolving 
nature of technical capabilities. The 5G and IoT technologies are evolving at a rapid pace, and some of 
their specifications may become obsolete as new features emerge. 

Impact on Results  
These restrictions are primarily optimistic adjustments to the economic analysis and our projections of 
industry-wide rollout. The technical performance benefits are good and will remain unaffected by scale; 
however, the cost-benefit scenario can fluctuate significantly depending on the size of the fleet and the 
previously installed networking equipment.  

The geographic concentration in developed markets may be the reason why we are not witnessing the 
difficulties of implementation that are encountered in localities with less developed telecom 
infrastructure or different regulatory frameworks. 
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Future Research Directions  
The next step in the work should explore the economic optimization models of 5G IoT rollouts at 
different levels of logistics operations. A detailed security structure for a multi-layered network 
architecture is also necessary, as it is essential to secure supply-chain information.  

The ability to investigate interoperability standards that enable various IoT protocols and 5G network 
slices to integrate seamlessly will be central to real-world deployment. In addition, one should consider 
the environmental consequences of developing more network infrastructure, ensuring the 
implementation of this technology remains sustainable. 

Conclusion 
Summary of Findings 
This analysis has demonstrated that 5G-enabled IoT networks offer transformative solutions for 
intelligent logistics applications. Combining network slicing with edge computing and hybrid 
connectivity solutions can help address the various and challenging needs of contemporary supply chain 
operations, enabling significant improvements in operational efficiency. 
Quantifiable measures include a 20% increase in productivity for warehouse tasks with the use of 
personal 5G systems and an 87% efficiency improvement in yard operations with the implementation 
of NB-IoT sensors. Simulations of digital twins confirm that high-frequency spectrum allocation and 
massive MIMO technologies play a leading role in providing high-throughput services to concurrent 
logistics systems in dense logistics settings. 
The study demonstrates that hybrid network systems integrating 5G with complementary LPWAN 
technologies are most suitable in terms of coverage, power consumption, and cost-effectiveness for 
implementing an overarching logistics solution. These results are crucial for the planning of next-
generation smart logistics implementations by logistics operators, information technology practitioners, 
and telecommunications engineers. 
Recommendations 
According to the research results, the following recommendations can be made in order to achieve the 
successful realization of the 5G IoT in the logistics settings: 

• The priority of the deployment of the private 5G network should be the mission-critical 
application that has guaranteed performance features. 

• Adopt a hybrid approach to connectivity that integrates 5G, LPWAN, and satellite technology 
to have a complete radar coverage. 

• Deploy edge computing infrastructure on the same 5G base stations to reduce the latency on 
real-time applications. 

• Pre-physical deployment: Develop extensive digital twin models of network planning and 
optimization.  

• Develop sound security structures that deal with the multi-layer vulnerabilities of the network 
at the design stages. 

Additional studies are needed in the future to standardize the easy interoperability of various IoT 
protocols and to conduct further economic research on the deployment plans for different scales of 
operation. 
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