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Next-generation wireless networks, commonly referred to as 5G and 
beyond (6G, 7G), are poised to revolutionize the way we communicate, 
connect, and interact in our increasingly digital world. With 
unprecedented speed, capacity, and reliability, these networks are 
expected to deliver ultra-low latency and support massive machine-to-
machine communications, enabling a wide range of innovative 
applications and services. Despite their potential, the development and 
deployment of these advanced networks present significant challenges, 
including spectrum scarcity, energy efficiency, and security 
vulnerabilities. In this work, we offer a comprehensive survey of the 
principal methods and architectural principles driving the development 
of next-generation wireless networks. Our proposed methodology 
includes a systematic literature review, qualitative analysis, 
comparative study, expert interviews, and case studies to explore topics 
such as millimeter-wave communication, massive MIMO systems, and 
network virtualization. We also discuss the introduction of Internet of 
Things (IoT) devices, the development of edge computing, and the need 
for enhanced security and privacy safeguards. Evaluation techniques 
involve cross-referencing qualitative data, synthesizing insights from 
expert opinions, and analyzing real-world case studies. Our results 
highlight the potential advantages and disadvantages of next-generation 
wireless networks, as well as ongoing research efforts and 
standardization activities aimed at ensuring seamless interoperability 
and global deployment. The findings suggest that as the demand for 
ubiquitous connectivity continues to escalate, the transition to next-
generation wireless networks promises to reshape industries, empower 
smart cities, and unlock the full potential of emerging technologies 
such as autonomous vehicles, virtual reality, and artificial intelligence. 
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     Wireless communication is the transmission of information and data without cable or wires. In place of a 
physical connection, data travels through electromagnetic signals broadcast from sending facilities to 
intermediate and end-user devices. Wireless communication enables the transfer of data, voice, and video 
over various distances, ranging from short-range communication within a room to long-range communication 
between different geographical locations. 

    The key components of wireless communication: 

• Transmitter 

• Receiver 

• Medium for signal propagation 
 

The transmitter converts the information to be transmitted into electromagnetic waves, which are then 
transmitted through the wireless medium. The receiver captures and demodulates the received signals, 
extracting the original information for further processing or display. 

        Over a century has passed since wireless communication was first used. Yet, it is only in the last 15 years, 
especially since the introduction of the 802.11ac and 4G standards, that the technology has progressed 
enough to allow for the development of applications and services comprehensive enough for widespread 
business and consumer use. [1] 

        5G and the following versions of next-generation wireless networks (NGWN) are expected to be highly 
advanced and flexible. The advent of ultra-dense deployment of heterogeneous networks, high data rates, 
and new applications necessitates a new wireless radio technology paradigm, which could pose substantial 
challenges to network administration, operation, planning, and troubleshooting. The transition from previous 
generations of wireless networks to next-generation networks represents a significant leap in terms of 
performance, capacity, and flexibility. While previous wireless standards have focused primarily on providing 
voice and data services to individuals, next-generation networks are designed to cater to diverse use cases, 
including machine-to-machine communication, mission-critical applications, and massive Internet of Things 
(IoT) deployments [2].   

    Key Technologies Driving Next-Generation Wireless Networks: 

• Millimeter-wave Communication 

• Multiple-Input Multiple-Output (MIMO) systems 

• Network virtualization and software-defined networking (SDN) principles 
 

Millimeter-wave communication utilizes high-frequency radio waves to enable multi-gigabit data rates. 
By harnessing previously untapped frequency bands, millimeter-wave communication provides the 
foundation for high-capacity wireless connections and supports bandwidth-intensive applications. 

To increase spectral efficiency and boost total system capacity, a huge multiple-input multiple-output 
(MIMO) system makes use of many antennas at both the transmitter and receiver. Multiple-Input Multiple-
Output (MIMO) allows for greater data speeds, better coverage, and more capacity in a network by taking 
advantage of spatial multiplexing and beamforming techniques. 

Network virtualization allows for the dynamic allocation of network resources, enabling the creation of 
logical network slices tailored to specific applications or service requirements. Software-Defined Networking 
(SDN) provides centralized control and programmability of the network infrastructure, facilitating efficient 
resource management, traffic optimization, and network orchestration. 

    The next-generation wireless networks goals are: 
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• Latency minimization 

• Global connectivity 

• Massive connectivity 

• Connection reliability 

• Machine learning-based connected intelligence 

• Enormously high data rates 

• Energy efficiency of network devices 
 

    Despite the numerous benefits and advancements, the deployment of next-generation wireless networks 
comes with several challenges and considerations: 

• Spectrum Scarcity 

• Interference Management 

• Energy Efficiency 

• Hardware complexity 

• Deployment costs 

• Security and Privacy 
        Wireless technology has taken a giant leap forward with the arrival of next-generation networks, which 
provide unprecedented speeds, storage capacities, and dependability. The evolution of these superior 
networks is driven by the combination of millimeter-wave communication, huge Multiple-Input Multiple-
Output (MIMO) systems, network virtualization, and Software-Defined Networking (SDN) concepts. However, 
to effectively build and operate next-generation wireless networks, issues like spectrum scarcity, interference 
management, energy efficiency, and security must be efficiently addressed [2]. 

The dataset on wireless communication encompasses crucial attributes such as wireless communication 
parameters, network topology, technology-specific metrics, environmental factors, and application/service 
data. These attributes are collected/generated through diverse methods including field measurements, 
simulations, testbed experiments, and crowdsourcing. However, limitations like the realism of simulation, 
data quality issues, scalability concerns, and privacy/security challenges necessitate careful consideration. 
Providing contextual information, preprocessing the data, interdisciplinary collaboration, and adherence to 
ethical principles are vital considerations to enhance the dataset's utility and ensure responsible conduct in 
wireless communication research. Through comprehensive understanding of these aspects, the dataset 
serves as a valuable resource for assessing the performance and implications of next-generation wireless 
networks and their key technologies. 

 

I. LITERATURE REVIEW 
     The next-generation wireless networks have also discussed by many authors, and scholars in their books 
and articles. Millimeter-wave technology, used in 5G's frequency spectrum release, operates at millimeter-
wave lengths. More spectrum and channel bandwidth might be available at higher frequencies of 1-2 GHz 
and above [3]. With 5G, users will be able to access any service with a single device that can also connect to 
the most fundamental forms of communication. Radio modulation techniques are being developed in 
software and will be included. In this setup, terminals must access many wireless technologies at once, each 
of which combines a unique data stream [4]. Industrial Internet of Things applications are a primary focus for 
5G networks. As 5G begins widespread commercialization, a wide range of sectors will be represented in the 
5G ecosystem [5]. 

    Recently, attempts have been made to implement AI in a 5G network. However, allowing AI in 5G systems is 
only possible through AI-based optimization of existing networks [6,7]. 
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    It is also focused on deep connectivity. The rapid expansion of Internet of Things (IoT) communications from 
5G and beyond is projected to continue in the future years, encouraged by the Internet of Everything [8]. The 
real goal of next-generation wireless networks is to facilitate holographic communication so that users can 
take full use of holographic interactive capability wherever they may be [9].  

    Ubiquitous connectivity relies heavily on the implementation of SAGS communication. As opposed to deep 
connection, which focuses on the depth of the linked object, ubiquitous connectivity considers the breadth 
of the connected object's distribution [10]. 

    Fiber backhauls communication is not always possible due to geographical isolation. Free-Space Optical 
(FSO) is a cutting-edge method currently being used to successfully establish reliable backhaul connections. 
Free-Space Optical (FSO) transmitters and receivers have characteristics that are comparable to those of 
optical fiber-based systems. Thus, the Free-Space Optical (FSO) and optical fiber systems share similar data 
transport capabilities. The Free-Space Optical (FSO) backhaul network is seen as a competent technology for 
backhaul connectivity in 6G systems [11,12], alongside optical fiber networks. Free-Space Optical (FSO) has 
the potential to facilitate communication at distances greater than 10,000 km. 

   Blockchain is another essential technology for managing the large amounts of traffic expected with 6G 
[13,14]. Distributed ledger technology, of which blockchains are one application, is essentially a distributed 
database administered by a network of computers. A mirror of the ledger is maintained in each processing 
node. Because it operates on decentralized peer-to-peer networks, it doesn't require a single controlling 
server. The information on a blockchain is stored in blocks that are cryptographically linked to one another. 
Essentially, it's a safe, scalable, and reliable alternative to the Massive Machine-Type Communications mMTC 
[15]. As a result, it will provide a plethora of services, such as data provenance, self-regulation of Internet of 
Things communications, and 6G Massive Machine-Type Communications match dependability.  

   Drone base stations, also known as unmanned aerial vehicles, are projected to play a significant part in the 
evolution of 6G. Reliable wireless communications will be made possible in several settings thanks to UAV 
technology. Fire detection, better network connectivity, security, monitoring of pollution, monitoring of 
accidents, and surveillance [16], UAVs can provide several other services. 

   With 6G, users will be able to have conversations that extend above. 3D BSs will also be realized with the 
help of UAVs [17, 18]. The 3D connectivity will be very different from the current 2D networks due to the 
addition of new dimensions with respect to altitude. 

        The ability to recognize the frequent and random fluctuations in environments and the information 
exchange across various device units without interruption is a significant step towards autonomous systems 
[19]. To achieve autonomy, 6G proposes tight integration of sensing and communication. 

        Using Domain Name System (DNS), Internet Service Providers (ISPs) can build specialized virtual 
networks to meet the needs of various sectors, types of equipment, and customer demographics. As a result, 
service delivery can be streamlined for everyone. Due to its ability to support scenarios in which a huge 
number of users are linked to many HetNet’s, Domain Name System (DNS) is the most crucial of the potential 
6G technology [20]. 

        The seventh-generation mobile network, or 7G, will be game-changing. It will establish satellite 
responsibilities for mobile device communication and offer global coverage comparable to that of 6G 
networks. Since satellites likewise constantly circle at precise speeds and orbits, 7G will investigate the 
transition from cellular to satellite system standards and protocols, as well as satellite-to-satellite 
communication technologies. The potential of 7G will be realized once all the necessary standards and 
protocols have been established. It's possible to accomplish this in the generation after 7G, which may be 
labelled 7.5G. The use of live high-definition video broadcasts is yet another method of data collection. This 
may be the most reasonably priced entry point [4]. 



56 

 

The major contributions discussed include the use of millimeter-wave technology in 5G, the integration of AI 
in network optimization, the expansion of IoT communications, the implementation of Free-Space Optical 
(FSO) for backhaul communication, the application of blockchain for traffic management, the role of UAVs in 
6G, the introduction of 3D base stations, the tight integration of sensing and communication in autonomous 
systems, the use of DNS for specialized virtual networks, and the future developments towards 7G networks 
with satellite communication. 

 

2. Related Work 

     The next-generation wireless networks have also discussed by many authors, and scholars in their books and 
articles. Millimeter-wave technology, used in 5G's frequency spectrum release, operates at millimeter-wave 
lengths. More spectrum and channel bandwidth might be available at higher frequencies of 1-2 GHz and above 
[3]. With 5G, users will be able to access any service with a single device that can also connect to the most 
fundamental forms of communication. Radio modulation techniques are being developed in software and will be 
included. In this setup, terminals must access many wireless technologies at once, each of which combines a 
unique data stream [4]. Industrial Internet of Things applications are a primary focus for 5G networks. As 5G 
begins widespread commercialization, a wide range of sectors will be represented in the 5G ecosystem [5]. 
    Recently, attempts have been made to implement AI in a 5G network. However, allowing AI in 5G systems is only 
possible through AI-based optimization of existing networks [6,7]. 
 
    It is also focused on deep connectivity. The rapid expansion of Internet of Things (IoT) communications from 5G 
and beyond is projected to continue in the future years, encouraged by the Internet of Everything [8]. The real goal 
of next-generation wireless networks is to facilitate holographic communication so that users can take full use of 
holographic interactive capability wherever they may be [9].  
    Ubiquitous connectivity relies heavily on the implementation of SAGS communication. As opposed to deep 
connection, which focuses on the depth of the linked object, ubiquitous connectivity considers the breadth of the 
connected object's distribution [10]. 

Table 1 Table 1G 2G and 3G Comparison Table 

Generations 1G 2G 3G 4G 

Start 1970-84 1990-
2003 

2000-
2003 

2010 

Frequency 800-
900Mhz 

850-
1900Mhz 

1.6-
2.5Ghz 

2-8Ghz 

Service Voice 
only 

Voice, 
data, 
MMS 

High 
speed 
internet 

VOLTE, 
Video 
calling 

Multiplexing FDMA TDMA, 

CDMA 

CDMA MC-
CDMA 

Switching Circuit Packet Packet Packet 

Data Rates 2kbps 10-
473kbps 

384kbps-
30mbps 

200mbps-
1gbps 
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Technology Analog Digital, 
GPRS, 
EDGE 

GSM, 
3GPP 

LTE 

 
 
    Fiber backhauls communication is not always possible due to geographical isolation. Free-Space Optical (FSO) 
is a cutting-edge method currently being used to successfully establish reliable backhaul connections. Free-
Space Optical (FSO) transmitters and receivers have characteristics that are comparable to those of optical fiber-
based systems. Thus, the Free-Space Optical (FSO) and optical fiber systems share similar data transport 
capabilities. The Free-Space Optical (FSO) backhaul network is seen as a competent technology for backhaul 
connectivity in 6G systems [11,12], alongside optical fiber networks. Free-Space Optical (FSO) has the potential 
to facilitate communication at distances greater than 10,000 km. 
   Blockchain is another essential technology for managing the large amounts of traffic expected with 6G [13,14]. 
Distributed ledger technology, of which blockchains are one application, is essentially a distributed database 
administered by a network of computers. A mirror of the ledger is maintained in each processing node. Because it 
operates on decentralized peer-to-peer networks, it doesn't require a single controlling server. The information on 
a blockchain is stored in blocks that are cryptographically linked to one another. Essentially, it's a safe, scalable, 
and reliable alternative to the Massive Machine-Type Communications mMTC [15]. As a result, it will provide a 
plethora of services, such as data provenance, self-regulation of Internet of Things communications, and 6G 

Massive Machine-Type Communications match dependability.  
   Drone base stations, also known as unmanned aerial vehicles, are projected to play a significant part in the 
evolution of 6G. Reliable wireless communications will be made possible in several settings thanks to UAV 
technology. Fire detection, better network connectivity, security, monitoring of pollution, monitoring of accidents, 
and surveillance [16], UAVs can provide several other services. 
   With 6G, users will be able to have conversations that extend above. 3D BSs will also be realized with the help of 
UAVs [17, 18]. The 3D connectivity will be very different from the current 2D networks due to the addition of new 
dimensions with respect to altitude. 
        The ability to recognize the frequent and random fluctuations in environments and the information exchange 
across various device units without interruption is a significant step towards autonomous systems [19]. To 
achieve autonomy, 6G proposes tight integration of sensing and communication. 
        Using Domain Name System (DNS), Internet Service Providers (ISPs) can build specialized virtual networks to 
meet the needs of various sectors, types of equipment, and customer demographics. As a result, service delivery 
can be streamlined for everyone. Due to its ability to support scenarios in which a huge number of users are 
linked to many HetNet’s, Domain Name System (DNS) is the most crucial of the potential 6G technology [20].  
        The seventh-generation mobile network, or 7G, will be game-changing. It will establish satellite 
responsibilities for mobile device communication and offer global coverage comparable to that of 6G networks. 
Since satellites likewise constantly circle at precise speeds and orbits, 7G will investigate the transition from 
cellular to satellite system standards and protocols, as well as satellite-to-satellite communication technologies. 
The potential of 7G will be realized once all the necessary standards and protocols have been established. It's 
possible to accomplish this in the generation after 7G, which may be labelled 7.5G. The use of live high-definition 
video broadcasts is yet another method of data collection. This may be the most reasonably priced entry point 
[4]. 
 
The major contributions discussed include the use of millimeter-wave technology in 5G, the integration of AI in 
network optimization, the expansion of IoT communications, the implementation of Free-Space Optical (FSO) for 
backhaul communication, the application of blockchain for traffic management, the role of UAVs in 6G, the 
introduction of 3D base stations, the tight integration of sensing and communication in autonomous systems, the 
use of DNS for specialized virtual networks, and the future developments towards 7G networks with satellite 
communication. 
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 Figure 1 Innovation 

The evolution of mobile networks, from 1G to 6G. It argues that 6G will bridge the gap between the demands 
of society and businesses in the 2020s and beyond, and what current technology (5G and its predecessors) 
can provide.In other words, 6G is expected to be significantly faster and more advanced than previous mobile 
network generations. This will allow it to support new applications and services that are not possible with 
current technology. 

 

3. Used Approach 

To understand the history, importance, advantages, and disadvantages of 5G, 6G, and 7G wireless networks, we 
conducted a comprehensive review of academic literature. Our methodology comprised several key steps: 
 
Literature Review: We systematically searched and reviewed scholarly articles, books, conference papers, and 
white papers related to 5G, 6G, and 7G wireless networks. Databases such as IEEE Xplore, Google Scholar, and 
SpringerLink were used to source relevant publications. The selection criteria included the relevance to next-
generation wireless networks, recent publications (from the last ten years), and peer-reviewed status. 
 
Qualitative Analysis: We employed qualitative analysis techniques to identify the key themes, trends, and insights 
from the literature. This involved coding and categorizing information related to the technological advancements, 
benefits, challenges, and methodologies associated with 5G, 6G, and 7G networks. We used NVivo software to 
assist in managing and analyzing qualitative data. 
 
Comparative Study: To demonstrate the distinction between traditional wireless networks and next-generation 
systems, we conducted a comparative analysis. This involved comparing various aspects such as data 
transmission speeds, latency, network architecture, and application scenarios between 4G (as a representative 
of traditional networks) and 5G/6G/7G networks. 
 
Expert Interviews: To supplement the literature review, we conducted semi-structured interviews with experts in 
the field of telecommunications and wireless networks. These experts included academic researchers, industry 
professionals, and policymakers. The insights gathered from these interviews provided additional depth and 
context to our analysis. 
 
Case Studies: We included case studies of real-world implementations and trials of 5G and emerging 6G 
technologies. These case studies highlighted practical applications, benefits, and challenges faced during 
deployment. The case studies were sourced from industry reports, news articles, and technical reports from 
telecommunications companies. 
 
Data Synthesis: We synthesized the qualitative data from the literature review, expert interviews, and case studies 
to draw comprehensive conclusions about the state of next-generation wireless networks. This synthesis helped 
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to highlight the significance, utility, and value of these technologies in various sectors such as healthcare, 
transportation, and smart cities. 
 
Challenges and Solutions: We identified common obstacles in the deployment and operation of next-generation 
wireless networks. Through our analysis, we proposed potential solutions and approaches to overcoming these 
challenges. These solutions were based on existing research, expert opinions, and successful case studies. 
 
Validation: To ensure the reliability and validity of our findings, we cross-verified the information from multiple 
sources and sought feedback from subject matter experts. This iterative process helped to refine our conclusions 
and ensure the robustness of our study. 
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