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Abstract: The race to develop the next generation of wireless networks, known as Sixth Generation (6G) wireless, which will be operational in 2030, has already begun. To realize its full potential over the next decade, 6G will undoubtedly necessitate additional improvements that integrate existing solutions with cutting-edge ones. However, the studies about 6G are mainly limited and scattered, whereas no bibliometric study covers the 6G field. Thus, this study aims to review, examine, and summarize existing studies and research activities in 6G. This study has examined the Scopus database through a bibliometric analysis of more than 1,000 papers published between 2017 and 2021. Then, we applied the bibliometric analysis methods by including (1) document type, (2) subject area, (3) author, and (4) country of publication. The study’s results reflect the research 6G community’s trends, highlight important research challenges, and elucidate potential directions for future research in this interesting area.
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1  Introduction

Since the introduction of Second Generation Networks (2G), every future mobile service has been planned several years ahead of its commercial debut [1]. After almost ten years of preparation, 5G networks commenced commercial implementation in 2019. Similarly, the competition for 6G wireless networks, operational in 2030, is already underway. For 6G to reach its full potential in the next ten years, it must be built on current solutions and new technologies [1,2]. Thus, 6G technology is a future mobile communication technology critical to technological advancement [3,4].

Scholars utilize bibliometric analysis for several purposes, including identifying emerging publication and journal performance trends, cooperation patterns, research elements, and investigating the intellectual structure of a specific area in the current study. There seem to be plenty of interesting publications on the 6G topic, so it seems appropriate to conduct a Bibliometrics study based on the empirical Scopus database to determine who the leading research pioneers are interested in understanding the topic of 6G. Also, to identify gaps and redefine the boundaries of new studies. The motivation for this study is to explore and discuss topics related to 6G. Also, this study focuses on identifying the relationship between document type, subject area, author, and country.

To indicate the maturation of the 6G domain, this paper aims to instruct an examination of the 6G domain by furnishing bibliometric information on more than 1000 scientific studies dragged from the Scopus database using R software with Bibliometrics. The number of publications published, citations, research field, keywords, institutions, phrases, and authors were all examined in depth in this study. Hence, this work investigated the 6G by offering a complete examination of 6G research methodologies published on Scopus between 2017 and 2022. The method assesses 6G research, publishing trends, and research subjects.

The contributions of this study are manifold:

▪   Bibliometric study includes 10407 research retrieved from the Scopus database, which consists of all types of articles, including ISI-indexed articles.

▪   Explore the research 6G community’s trends.

▪   Investigate the 6G technologies and applications.

▪   Highlighting the challenges and potential research directions in the 6G field.

2  Methodology

This study’s methodology is divided into four sections: (1) search, (2) result, (3) analysis, and (4) findings. The process and its phases are depicted in Fig. 1. This research begins with using as the primary keyword in the Scopus database. This process defines the research direction of 6G technologies and highlights the database they are interested in [1]. In more, in the phase of search that the Scopus database was chosen for this study since it includes both ISI and Scopus-indexed rank papers. Going to follow that, the outcome phase successfully regained 1407 papers with a limit the publication time of the paper between 2017–2021 years, and the subject areas are the communication field and computer field. The following phase of this study concentrated on revealing the information, respectively. This study focused on different domains, including scrutinizing different document types, subject areas, authors, countries, and network.
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Figure 1: Methodology stages

The second phase, “result,” typically involves compiling a list of all articles that met the inclusion criteria in the search process. This list should include relevant details such as the article title, author(s), publication date, journal or conference proceedings, and other pertinent information. In the third section, “analysis”, the researcher interprets the results and draws conclusions based on the result phase. This may involve using statistical or other analytical methods to identify patterns, trends, or relationships among the data. The researcher should also consider the study’s limitations and potential avenues for future research. Finally, in the fourth phase, “findings”, the researcher presents the key results of the bibliometrics study based on the selected articles. This may include data on the number of articles published in a particular field, the most cited articles or authors, the distribution of research by geographic region, and other significant findings. By providing clear and detailed descriptions of each section of the methodology, the researcher can better understand the research process and the study results.

To create the 6G bibliometric analysis this study used R, a free source statistical tool, to make the 6G bibliometric analysis. The bibliometric package was installed and used in the R desktop application [2]. Many studies have utilized this bibliometrics instrument for their respective study fields [1]. Based on our information, this study uses bibliometric analysis in 6G for the first time. The R application can provide a variety of 6G findings and then visualizations and analysis further below.

Table 1 presents an overview of the output and a bibliometric analysis examining the 6G technology research landscape. It highlights the methodology’s essential steps and the bibliometric analysis’s corresponding outcomes.
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The methodology comprises three primary stages. Firstly, the Scopus database was chosen for sourcing relevant research publications, ensuring a comprehensive and reliable search process. Secondly, the study incorporated articles, conference papers, book chapters, and books published up to 2021, enabling an extensive analysis of the existing research on 6G technology. Lastly, the analysis aimed to discover new pertinent topics, patterns, trends, and relationships within the data, providing insights for future research directions.

On the other hand, the bibliometric analysis concentrated on six major categories. The type of documents category supplies the information needed to analyze various document types, ensuring a well-rounded understanding of the research landscape. By examining subject areas, the analysis aids in better comprehending past and current research trends in 6G technology. The author category pinpoints the most active authors in 6G research based on factors such as keywords, dominance ranking, and total citations.

Additionally, the country category highlights the author’s country and offers information on the country’s total number of papers, publications, citations, and collaboration networks. The network metric is employed to analyze the 6G research landscape regarding network configuration, presenting results based on country collaboration and keyword co-occurrences network.

The bibliometric investigation’s key findings are outlined based on the chosen articles. These insights provide valuable information about the 6G research landscape and help guide further exploration and innovation in the field.

3  Bibliometric Analysis

Bibliometric Analysis, usually called Bibliometrics, is a statistical technique for assessing state-of-the-art or identifying research opportunities black study [3,5]. The major search parameters utilized in the bibliometric analysis include field-specific publication years, document type, language, and area of knowledge. The bibliometric analysis of this study is broken down into five main categories, as shown in Fig. 2. On the other side, Fig. 2 also indicates that there are groups of sub-categories developed under the Authors, Country, and Network categories.
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Figure 2: Bibliometric analysis categories

These sub-categories recreate an essential role in research interpretation and scientific mapping by provoking the bibliometric information used to reveal the impact of the high 6G study that contributes to creating new knowledge. These categories are considered the most commonly used in the bibliometric analysis [5–7], and they were chosen based on the research unit and the study’s objectives. We developed numerous research questions to address this study, as shown in Fig. 3.
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Figure 3: Research questions

The bibliometric analysis outcomes will be discussed in the following subsections below.

3.1 Type of Documents

Table 2 tabulates the main information about the data and document types from the Scopus database, with 1407 articles from 2017 to 2021 related to 6G. Author’s keywords are a shortlist of keywords writers in a publication have used in the complete text to characterize the subject matter of their work [1], where the keywords mentioned in the articles were three times double the articles totaling 4308. The papers had 4245 writers, with 43 single authors per article and 4202 articles having multiple authors per article. According to the findings, articles increased rapidly from 2013 to 2021 and are predicted to climb gradually by the end of 2022. Table 2 is represented visually in Fig. 4 in the form of a graph. In more detail, Fig. 4a presents the authors’ frequency distribution and the number of author appearances in a publication. There were a total of 4245 authors and 6872 author appearances, indicating a high level of participation in the publication. 43 of these author appearances were from single-authored articles, showcasing the work of individual authors. On the other hand, 4202 author appearances were from multi-authored articles, highlighting the collaborative nature of research. In summary, Fig. 4a reveals a high level of participation by authors in a publication, with a mixture of both individual and collaborative efforts being represented.
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Figure 4: Overview of authors, articles, and years in the 6G field including additional information

Meanwhile, Fig. 4b shows the authors’ contributions to a publication, including the total number of author keywords and articles and the frequency of sources. There were 4308 author keywords, 1407 articles, and 319 sources, which shows that the authors wrote about many different things and used many different sources. This highlights the publication’s comprehensiveness and inclusiveness, showcasing the authors’ interdisciplinary approach to their research. The information shows that the authors covered a wide range of topics because it comes from many different fields. Fig. 4c suggests a trend of growth in the publication, with a steadily increasing number of articles being published each year. The sharp increase in 2021 shows a notable acceleration in the publication’s growth. In conclusion, the information presents a picture of growth and expansion for the publication, with a steadily increasing number of articles being published each year, particularly in 2021.

In the same fashion, the data in Fig. 4d indicate high-quality and relevant research being published, with a steady flow of citations and moderate collaboration among authors. The average number of authors per article is 3.02, and the articles per author are 0.331, showing a moderate level of productivity. The articles receive citations soon after publication.

The coupling map generated four clusters of articles identified by references based on the effect of the global citation score and labelled by authors’ keywords using 250 units, a minimal group frequency per 1,000 units of 5, three labels per cluster, and a label size of 0.3, as shown in Fig. 5. On the other hand, four cluster groups refer to the relations between the topics. This classification of clustering also explains the degree of relationship between the topics. Meanwhile, as shown in Fig. 5, it is divided into four quadrants, where every quadrant is discussed as the following:

•   First quadrant (I): These are well-developed topics that play an important role in the organization of the study area. Consequently, they are characterized by high centrality as well as a high density of discussion. For example, 6G and deep learning play as an attractive topic.

•   Second quadrant (II): These are highly developed and specialized subjects, yet they are minor compared to the rest of the field, namely “Niche themes”. This quadrant appears to be dominated by the concept of “knowledge translation”. Knowledge translation involves the cooperation between researchers that aimed to curtailment the gap between research and applied practice. The 6G with the Internet of Things (IoT) is the potential to be a new line of future research.

•   Third quadrant (III): It comprises the emerging and sloping themes represented by low density and centrality, namely “Peripheral themes”. The 6G networks and related topics are growing up. On the other side, cybertwin and 28 GHz are slop down.

•   Four quadrants (IV): It denotes a high degree of centralization and low degree of density, which is currently in its early stages of development but is crucial for the co-production domain. The most obvious finding from the analysis is that the researchers are paying more attention to the blockchain.
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Figure 5: Clustering by documents coupling

The open-access type found that the gold open was more famous, referring to publishing in a fully open-access scholarly journal, as shown in Fig. 6. Conversely, IEEE Access is the first choice for 6G researchers to publish their articles, as seen in Table 3 and Fig. 7. In the same context, the IEEE Internet of Things journal also is considered an attractive journal for researchers to publish their research. On the other side, Table 3 reveals that the other journals listed a lower range in the number of published research. Meanwhile, there was a considerable increase in the number of articles published between 2018 and 2019. Then as well, the graph depicts an increased progression from 2020 to 2021. On the other hand, Fig. 7 contributes to a superior visual outcome by highlighting the period of publishing.
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Figure 6: Open access types
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Figure 7: Source growth

It is evident that there are many other sources with a significant number of articles published, indicating a diverse range of topics and research interests within the technology and science field. The table can be useful for researchers, students, and professionals in the field to identify the most prominent sources for their work and to stay up-to-date with the latest research trends. Overall, the table provides a valuable snapshot of the current state of scientific and technical publications and can aid in navigating the vast array of sources available in the field.

3.2 Subject Area

To better understand the research trend from the past to the present, this part focuses on identifying the most popular topics in the subject area of 6G based on the frequency with which keywords are employed, as illustrated in Fig. 8. The black line goes if the keyword is used with a particular frequency during the given year.
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Figure 8: Trend topics

The flats’ dimensions show the year’s total usage. This figure shows the topics for the last two years to help the researcher discover the research compass direction in 6G. The 6G, blockchain, and deep learning are the most popular topic from 2020 to 2021. The significant analysis and discussion in 2021 revealed that 6G mobile communication is becoming more aware. Meanwhile, the IoT rose a hot topic combined with 6G mobile communication. Fig. 8 also explores how Artificial Intelligence (AI) and wireless communication become a starting topic, whereas AI can utilize the 6G wireless communication area. As a result, the trend topics analysis discovered many new hot topics for researchers who want to work on a new research direction in the 6G area.

3.3 Author

The authors who were most engaged in the 6G research are listed in this section. This part used the author’s keywords, dominance ranking factor, and total citations. The authors and publications comprising the top twenty rankings are listed in Table 4. As seen in the table, with thirty-eight publications each, the WANG J has the most publications. In the same context, the authors LI J, WANG Y, and ZHANG Y also have listed twenty-nine publications. On the other hand, this section quantified each author’s contribution by examining the dominance ranking factor regarding the number of elements, as shown below.
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3.3.1 Authors’ Dominance Ranking

The Dominance Factor (DF) is a ratio that calculates the proportion of publications with multiple authors in which one author is the first author [6,8,9]. Numerous bibliometric studies have utilized the DF factor in their research [4,7,10]. The DF ranking determines the supremacy of an author in article production. The DF feature is computed by dividing the number of multi-authored publications where the author has been the first author by the total number of publications (Nmf) by the total number of multi-authored publications where the author is the first author (Nmt). This is ignored in the case of a single author, as its value is always “one” for single-authored papers. The math formula for the DF factor is as described in the following:

DF=NmfNmt

Table 5 summarises the list of the top 20 DF authors, led by CHEN Y, who appeared as a first author in seven articles and as one of many authors in nineteen multi-authored articles. This list includes ZHANG J and LIU Y next. The result suggests that CHEN Y, ZHANG J, and LIU Y are the leaders of their research team, as they were the first author of all of their papers (seven for CHEN Y, nine for ZHANG J, and nine for LIU Y, respectively).
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However, by comparing Table 5 (Dominance factor) and Table 4 (authors with a number of articles), the situation is different. Although Wang H and LI J are in the top two in the number of articles, they are ranked 12th and 16th in the Dominance factor ranking. This demonstrates that CEHN Y, ZHANG J AND LIU Y are the most dominant in 6G research.

3.3.2 Author’s Keywords

This section explains the keywords relate to 6G technology. In their research articles, the researchers associated multiple keywords with the 6G. This is vital because it requires us to examine research trends and identify gaps in the 6G field.

Table 6 displays the total number of the author’s keywords within the top twenty positions. The top three in the ranking are 6G, 5G, and 6G mobile communication. The IoT, Blockchain, and AI can be discovered by concentrating on the following keywords. The keyword analysis identifies the study’s other major components. The IoT is a popular topic that appears through numerous studies under the IoT.
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On the other side, Fig. 9 depicts the word TreeMap of terms that drew 6G researchers’ attention. Meanwhile, it demonstrates that the IoT, blockchain, AI, energy efficiency, energy harvesting, and security all contribute to 6G topics. This demonstrates that researchers can focus on combining these domains with 6G to follow new research directions.
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Figure 9: Word TreeMap

The topic dendrogram depicted in Fig. 10 illustrates the hierarchical relationship and order of the keywords that hierarchical clustering generates. The cutting and vertical lines in the figure make things simpler to examine and interpret the various clusters. In addition, Fig. 10 does not seek to identify the exact relationships between sets. Instead, it estimates the approximate number of clusters to facilitate further discussion.
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Figure 10: Topic dendrogram

The diagram shows that 6G areas experiment with IoT. This highlights that the researchers focus on cooperating 6G with IoT in their research field. On the other hand, 6G also combines Artificial Intelligence (AI), machine learning and deep learning. To summarize overall terms, the following picture shows a word cloud that identifies the most popular study topics worldwide.

A word cloud of terms found in 6G article research publications is shown in Fig. 11. General terms such as 6G mobile communication, wireless communication, blockchain, AI, and 5G are emphasized in the diagram. Apart from these broad concepts, the IoT, blockchain, security, deep learning, edge computing, and machine learning are some of the most appealing keywords. The 6G topic has much potential in these sectors and could lead to an increase in 6G articles in the future. In addition, the word cloud covers a variety of energy-related themes, including energy efficiency and energy harvesting. It demonstrates that energy experts believe in 6G and have implemented it in their respective research fields. According to the cloud, millimeter-wave networks are an attractive topic for 6G networks. In addition to the word cloud, the following part includes a multi-field plot between affiliations and keywords in the top 20 rankings, which can determine which nations are interested in the terms.
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Figure 11: Word cloud of 6G keywords

3.3.3 Total Citations

The publications that received multiple citations from other papers and were ranked among the top 20 are listed in Table 7. This information revealed that specific articles received numerous citations in particular years, demonstrating that certain topics are only noteworthy in particular years. Several authors combined 6G technology with other fields; consequently, they only cited relevant works in their research.

[image: images]

Basar is the most-cited article in 2019, having received the most citations (506) of any article in any year. Saad is the second article published in 2020 and has received 450 citations. Various aspects have been cited in more articles. This shows that the papers are important since they provide information and highlight 6G and wireless applications as common study areas. When 6G results are associated with concepts such as machine learning and the IoT, the number of citations changes dramatically.

The data demonstrate that the citations come from various journals, with the IEEE ACCESS Journal being the most referenced and having the highest average TC per year (73.4444). IEEE NETWORK published an average of (52.1111) TC each year. The former journal is primarily concerned with network protocols and architectures, protocol design and validation, network control and signaling, as well as actual network implementations such as Local Area Networks (LANs), metropolitan area networks (MANs), and wide area networks (WANs). The top five IEEE sources, as shown in the table, have excellent citations totaling more than 50 citations. As seen in the table, these IEEE journals are attracting more researchers who should publicize their 6G research, with the IEEE being the most cited source. In addition to citations, the section below discusses which countries are active in 6G research.

3.4 Country

This section discussed the countries that are interested in 6G research. It draws attention to the author’s country, mentioned in the writings. It includes the country’s total number of papers, publications, citations, and collaboration networks. The following sub-section starts with the overall number of articles by country.

3.4.1 Country Total of Articles

Fig. 12 depicts the nations conducting 6G research. China ranks first with 2,568 total articles, followed by the United States (428) and Germany (103). Notable is the fact that these three nations are located on different continents:

1.    China represents the best-ranking country in Asia.

2.    The United States represents North and South America.

3.    Germany marks the highest publication among other countries in Europe.
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Figure 12: Total of articles in the country

This information indicates that each continent has a leading nation in 6G research. The figure also shows that the red-yellow hue is more prevalent in multiple European nations. This indicates that European nations embraced 6G in their research papers more than nations from other continents. Similarly, more European nations are attempting to participate in 6G research, as numerous small red dots surround the continents. This evidence indicates that the number of 6G researchers in Europe is increasing, and we anticipate an increase in publications in the near future.

Asia, like Europe, has a strong interest in 6G research. China dominates the Asian continent, as evidenced by the actual green hues and the total number of articles. This number indicates that, compared to other countries on the continent, these nations have recognized the potential of 6G and contributed their ideas to publications.

3.4.2 Country Publications

This section analyzes the 6G articles in terms of single and multiple publications for each country. It also intends to track the networks of collaboration that emerge when 6G publications are published in different nations. Table 8 shows that some countries have published only a few shared articles, such as Japan, Iran, Iraq, Australia, France, Brazil, Pakistan, Egypt, and Spain. On the other hand, other countries prefer to publish single articles. Table 8 shows that China, India, and the USA are the top three leading countries.
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Meanwhile, Fig. 13 demonstrates that China has the highest MCP and SCP, indicating that it actively publishes in both single and many publications, followed by India and the United States.
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Figure 13: Country collaboration

However, the figure reveals that certain countries are less interested in publishing with others from the MCP standpoint. They were more interested in publishing in the SCP range, where the publication values were more significant than one. It is worth noting that the MCP’s highest values were lower than the SCP’s. This trend demonstrates that most countries prefer collaborating and publishing 6G research in a single country rather than across numerous countries.

3.4.3 Country Collaboration Map

Fig. 14 shows country collaboration worldwide, with black indicating the presence of cooperation in that country. Collaboration with foreign countries is more common in dark black.
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Figure 14: Country collaboration map

It is worth noting that the countries with the most 6G publications also have the highest cooperation rate, implying that they have shared knowledge and aided one another in obtaining scientifically valuable findings. Because of legislation and practices, the United States, the United Kingdom, Australia, China, and a few countries in Europe had the highest networking rates among other countries. Thus, partnerships between countries will boost the number of publications.

3.4.4 Country Total Citations

This section lists the 6G publications that received citations from other researchers in the top 20 global rankings. Table 9 displays the total and average number of article citations. It sorts by the total number of citations, from most to least. China is ranked first, followed by the United States and India.
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Table 9 shows that some countries had a low total number of citations but a high average number of article citations. Finland (70–35), Australia (115–8.85), and Italy (75–2.78) are the countries concerned. This evidence reveals that these three countries published a small number of publications, yet each piece earned a large number of citations from throughout the world. It also demonstrates that these countries wrote high-quality blockchain articles rather than a large number of them.

On the other hand, Fig. 15 resembles both the total and average number of citations. It highlights the total number of citations with a spectrum of colours (grey, yellow, and black) and the average number as a circle. The total number of citations is a measure of the frequency with which a specific article has been cited, and it reflects the significance and recognition of an article in the scientific community. The average article citations represent the average number of citations received by an article. It indicates how well an article performs relative to other articles covering the same subject. The greater the average article citations, the greater the article’s impact on the field of study. A higher total number of citations indicates that the article has a greater impact, and a higher average number of citations indicates that the article is more successful than others in the same field. Together, the two metrics help researchers evaluate the success of an article and 6G network researchers. In contrast to the preceding subsection (country publications), the United States only published 67 articles but received an exceptional 906 citations. It surpassed India, which published a greater number of publications but fewer citations than the United States. In the same context, the United States has higher average citations than China, but China published more articles overall.
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Figure 15: Country with total citations on the world map

The data reveals that the United States has published in high-quality journals, attracting citations and references from other scholars. The following part presents network collaboration between nations, keywords, and affiliations in the purpose of discovering the relationship between these countries.

Scientific knowledge is a complex system, and as a result, it requires a network structure to define the relationship between its primary constituents. This section presents a network-based bibliometric analysis of the 6G. It comprises a country’s collaboration network and a network of keyword co-occurrences. This network was built so that the movement of the different nodes connected might be seen.

3.5 Network

Scientific knowledge is a complex system. As a result, it requires a network structure to define the relationship between its primary constituents. This section presents a network-based bibliometric analysis of the 6G. It comprises a country collaboration network and a network of keyword co-occurrences. His network was developed to understand the activity of the different nodes connected.

3.5.1 Country Collaboration Network

Fig. 16 demonstrates a track of collaboration networking circles to identify actively collaborating countries. The collaboration network illustrates how the authors’ co-authorships connect them to the network. The country collaboration network is extraordinarily beneficial for fostering collaboration, sharing resources, and combining knowledge. By accessing international research, researchers can stay abreast of the most recent trends and discoveries in their field while exchanging ideas and techniques with professionals from around the globe. This helps to foster a global collaborative environment and increases research potential. The collaboration network also provides an online platform for connecting peers from various countries and regions, thereby creating invaluable information, data, and ideas resource. The network is useful for increasing awareness of various research topics, making discoveries more accessible and widespread, and fostering collaboration between international research organisations. In addition, we were able to determine which nations actively collaborate on 6G research within multiple nations and which nations prefer to conduct 6G research independently without collaboration.
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Figure 16: Country collaboration layout network

The total number of articles is represented by the colored circle in each network node, as shown in the picture. According to the graph, China is the country that collaborates the most in the publication of 6G articles, followed by the United States, India, and the United Kingdom. As shown in the diagram, several lines are connected in the upper part of the collaboration network. Compared to countries in the lower portion, this indicates that the countries in the top part were actively interacting.

Italy, Denmark, Pakistan, Canada, Australia, India, Hong Kong, Japan, Nigeria, and Korea comprised the majority of the countries in the upper section. This means that Asian countries chose to work with others rather than publish in a single country regarding publishing publications in 6G research activities.

3.5.2 Keyword Co-Occurrences Network

This study also looked at the keyword co-occurrence network. The keywords co-occurrence network analysis shows the relationship between terms in the literature, revealing the field’s knowledge structure [28]. Hence, Fig. 17 shows the data needed to determine which fields were associated with 6G research, and it establishes the network’s keyword co-occurrences.
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Figure 17: Keyword co-occurrences network

The authors include “6G” as a keyword rather than “6g” mobile communication, as shown in the picture. The reason for this is that 6G is a novel term that was previously excluded from the global language. As a result, there are variations in the keyword. Despite this, both phrases relate to the same word, 6G. The researchers integrate 6G with numerous keywords in the figure, showing that they combine 6G with multiple research topics. Machine learning, mmwave, IoT, energy efficiency, uncrewed aerial vehicles, and blockchain are some sectors involved in 6G research efforts.

3.5.3 Affiliation Collaboration Network

As illustrated in Fig. 18, the colored node in the network indicates the participation of universities and colleagues from various nations.
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Figure 18: Affiliation collaboration network

China’s Beijing University of Posts and Telecommunications collaborates with the Chinese University of Electronic Science and Technology, Shanghai Jiao Tong University, Nanyang Technical University, and Nanjing University of Aeronautics and Astronautics. While the purple color shows that the king saud university of Saudi Arabia collaborates with fujian normal university from China. In the same context, king saud university has a partnership with the University of electronic science and technology of china. On the other side, Princeton university in the USA has a partnership with the peking university from the chain. Meanwhile, the Peking university has cooperated with Tsinghua university in china. From Bangladesh, Southeast University has collaborated with Shandong regular university and Shandong university in china. Furthermore, the xidian university and northwestern polytechnical university in China have cooperated with Tohoku university in Japan.

As a result, this figure shows that Chinese institutions prefer to collaborate with their own countries, and scientific collaboration with colleges in various countries is hesitant. As a result, more cooperation between institutions in other countries that deal with 6G technology is required.

4  Review of 6G and Recent Studies

In 6G, the 5G paradigm will be further enhanced and expanded. Moreover, the 6G system will improve user QoS (Quality of Service) and increase performance by multiples above 5G. Theoretically, the 6G network could serve as a worldwide communications hub. The per-user bit rate in 6G is expected to be around 1 Tbps (terabits per second). The simultaneous wireless connectivity provided by 6G is estimated to be 1,000 times greater than 5G. It is expected that, in addition to the KPIs of 5G communication systems, 6G will necessitate the development of new key performance indicator (KPI) drivers. Many KPIs from the 5G system will be applicable to the 6G system. However, the 5G KPIs must be revisited, and new KPIs for 6G must be considered. Several KPI classes are currently difficult to define for 6G and are expected to be finalised by future research.

Fig. 19 visualizes the comparison between 4G, 5G and 6G [29–31]. Some academic and industry researchers set the following KPIs for 6G communication: peak data rate of 1 Tbps, radio latency of 0.1 ms, battery lifetime of 20 years, device connectivity of 100/m3, traffic increase of 10,000 times, energy efficiency of ten times, maximum outage of one out of one million, and 10 cm indoor and 1 m outdoor positioning precision.
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Figure 19: Comparison between 4G, 5G and 6G

The ongoing network traffic explosion and emerging applications and devices (Internet of everything or machine-to-machine (M2M) connections) are unlikely to be sustained by the current generation of wireless communication. The next generation of wireless communication systems (sixth generation (6G) networks) is being introduced to support such massive internet connections with diverse requirements regarding data rates, reliability, latency, intelligence, security, and energy efficiency. However, 6G wireless communications networks will necessitate advanced scientific research.

As depicted in Fig. 20, the 6G scientific community has been very active in elaborating visions and perspectives around enabling technologies and specifications for a few years. They have recently investigated many other critical aspects of 6G related to the blockchain, the IoT, AI, antenna, micro/nanotechnologies, healthcare, security, and privacy.
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Figure 20: Recent studies in 6G

As 6G mobile networks become virtualized and cloud-based, they will serve as the foundation for the Internet of Everything. However, as communication technologies have advanced, malicious parties’ threats have become more sophisticated, making security a major concern for the future 6G era. Despite massive efforts by researchers to improve security and authentication protocols, systems continue to be vulnerable to new intrusions and attacks. As a result, blockchain technology is expected to be one of the leading supporting technologies for providing a secure and unique network to 6G-enabled devices, transactions, and applications [32–34].

The Autonomous Vehicle (AV), also known as Vehicle-to-Everything (6G-V2X) communication, is a recent research topic in the IoT with 6G [35–37]. With the ever-increasing mobile internet traffic and services, the rapid growth of Autonomous Vehicle (AV) technology and the integration of edge computing pose new challenges [38–40]. Tackling such challenges through customized edge computing services is critical research in 6G Vehicle-to-Everything (6G-V2X) communication [41–43].

On the other hand, research on 6G networks and AI has already begun in industry and academia (AI) [44,45]. AI has thus been used as a new paradigm for designing and optimising highly intelligent 6G networks. The 6G scientific community has adopted an AI-enabled intelligent architecture for 6G networks that are divided into four layers (intelligent sensing layer, data mining and analytics layer, intelligent control layer, and smart application layer) [25,46,47].

The 6G security communities also combine AI to empower health solutions for efficient, cost-effective, and technology-based strategies [48–50]. For instance, the combination of 6G and AI has the potential to manage dementia successfully (a general term for the impaired ability to remember, think, or make decisions that interfere with doing everyday activities) in patients until a cure becomes available [51–53].

Furthermore, making 6G visions a reality will necessitate using previously unseen strategies in developing Hardware-Software (HW-SW) systems, leveraging increased functional abstraction of HW, leading to its partial reconceptualization [54–57]. In the 6G scenario, microtechnologies and nanotechnologies are expected to play pivotal roles as devices, systems such as Micro/NanoElectroMechanical Systems (MEMS/NEMS), and materials, with a particularly significant estimated impact on network edge architecture [58–60].

With the deployment of more and more 5G networks, the limitations of 5G networks have been found, which undoubtedly promotes the exploratory research of 6G networks as the next-generation solutions. These investigations include the fundamental security and privacy problems associated with 6G technologies [48,58,61,62]. For instance, the SDN controllers used to manage and control UAV networks are easy targets. Furthermore, eavesdropping attacks, hijacking attacks, spoofing attacks, and DDoS attacks can also occur in many 6G applications [63,64].

Additionally, 6G researchers were also working on 6G antenna specifications (Terahertz (THz) frequency band (0.1–10 THz), that will be used in the 6G wireless communication system. It is crucial to support the user demand for higher data rates and ultra-high-speed communication for many future applications [65–67].

5  Bibliometric Discoveries in 6G Filed for Challenges and Future Research

The main goal of this bibliometric analysis is to determine how studies have evolved in terms of the type of documents, subject areas, authors, country, and network in the field of 6G. The number of articles expanded fast from 2013 to 2021, according to the type of document results. Furthermore, by the end of 2022, it is expected to raise the research number to about 6G. Blockchain, millimeter-wave, intelligent surfaces, and edge computing are predicted to have the most research impact with 6G. On the other hand, the open-access type discovered that the gold open, which refers to publishing in a completely open-access scientific publication, was more well-known. For the subject area, and according to a 2021 study, 6G mobile communication is becoming a more popular topic.

In the same vein, the IoT became a hot topic when integrated with a 6G mobile connection [67–69]. AI and wireless communication have become the newest trend topic, with artificial intelligence taking advantage of the 6g wireless communication region [70–72]. As a result of the trend topics study, researchers who want to work on a new research direction in the 6G field will find many new seductive themes. China, the USA, and Germany are the countries that have the most publications. In the same context, China, India, and the USA cooperate most with other countries and have the highest total citations in 6G publications. We could identify more particular study topics and read the most cited publications using the primary keywords, allowing us to assess the most active areas.

The scope of 6G research is intimidating to those already involved or considering becoming involved. We have already started looking into new topics and concepts to address these issues. There is an awareness that there is a limit to the number of Massive MIMO antennas that can be crammed into a small area to provide high bandwidth gain and network coverage in a compact manner. Holographic Radio Frequency (RF) systems will also be investigated in the future to boost spectrum efficiency and gain [73,74]. Cyber risks should not be overlooked regarding security, particularly in large-scale interconnected situations like the IoT, autonomous cars, etc.

Alternative approaches to increasing security without slowing down data transmission are being investigated. Advanced wireless blockchain authentication and Quantum Key Distribution will be researched to secure the end-to-end communications channel. The likelihood that 6G will benefit from OWC communications research is high. It will create a reliable system resistant to interference while providing a fast and secure wireless channel. The 6G design recognizes the risk of introducing overhead to data traffic and jeopardizing QoE and QoS [74–76]. Because of the potential added overhead, quantum computing and quantum machine learning may be developed enough to provide the proper balance of processing power [75,77,78].

In addition, researchers in the field of 6G are also attempting to improve energy efficiency and energy harvesting. As a result, designing a long-term 6G network is challenging as it needs to simultaneously offer significantly more data at higher speeds while also meeting extremely strict energy efficiency goals. This means that the amount of energy used to transmit a bit must be significantly lowered simultaneously as the transmission speed increases.

Sixth Generation (6G) wireless technology will deliver a foundation for linked devices and automation systems, from self-driving vehicles to unmanned aerial vehicles (UAVs) [39,79,80]. According to our bibliometric analysis, 6G researchers are also engaged in UAVs, also known as drones. UAVs play many important parts in our current area [79,81,82]. Examples of UAVs applications are package delivery, media production, real-time surveillance, and remote building. Hence, 6G researchers need to investigate and involve 6G with UAVs in their experiments [81,83].

Based on the tremendous bibliometric analysis, 6G is a fertile environment for many new topics for researchers wishing to begin researching 6G technology. Fig. 21 shows many new research directions, where every topic is considered ambiguous when connected with the 6G networks. Based on this figure, the researchers need extra effort to make 6G applicable to these topics and challenges as follows:
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Figure 21: Research directions

5.1 Higher Data Sending Rates in Terabits/Second over Higher High-Frequency THz Bands

Terahertz is required for intercommunication between nodes and applications, which can assist in increased data rates and low-delay. This is possible with a 6G communication system [17]. However, the issue with THz frequency generation is that its value is pretty low for photonics-based devices that create optical signals and quite high for electronic units that generate microwave signals. Caused by graphene’s electrical and optical characteristics, the creation of THz frequency signals becomes feasible with the advent of new graphene-based technologies [84–86]. In the same context, the movement suffers from spreading loss due to the growth of electromagnetic waves, which is a concern. This loss increases by a factor of four based on the distance between two nodes and the operating frequency, which causes a low data rate latency [87–89].

5.2 Intelligent Radio

6G networks must be more adaptable in today’s environment. One of the most important features of 6G is the capability of the network’s transceiver algorithms to be decoupled from the hardware. The software-defined method can contribute to the intelligent 6G interface [28,90,91]. Smart antennas can boost system performance by automatically modifying wave patterns based on CSI. Software Machine learning algorithms can remotely control future antennas and metamaterial [92–94]. Through intelligent operations, software-defined cognitive radios can deliver reliable wireless communications based on environmental information. Machine learning may be incorporated into cognitive radios’ spectrum detection, interference analysis, dynamic bandwidth resource management, and power control [95–97]. Machine learning approaches can optimize the end-to-end physical layer functionality and self-optimization [98–100].

5.3 Physical Layer Design

The 6G network’s physical layer can provide a solid basis for high-speed data exchange. As a result, 6G will necessitate implementing effective physical layer services that can coexist with confidential and broadcast services [84,101,102]. Thus, shifting to higher radio frequencies is thus one of the challenges that must be examined. In the same context, the physical layer is also required to handle data rates in mobility scenarios that necessitate coping with far lower coherence times [103–105]. Transmission intervals will be significantly compressed due to ultra-low latency requirements. Meanwhile, the hardware architectures for the physical layer in 6G are a challenge [92,106,107].

5.4 Artificial Intelligence for 6G

According to the bibliometric data presented in Table 6, Figs. 10 and 11, a large number of 6G experimentations involve artificial intelligence, machine learning, and deep learning. This demonstrates that artificial intelligence is anticipated to power 6G networks. 6G networks offer faster, more reliable, adaptable, and more efficient connections. 6G networks will also use artificial intelligence to process high-level data faster than current 4G and 5G networks. AI-assisted networks will be able to recognize patterns that current networks cannot, enhancing the efficiency and security of data transmission [108,109]. In addition, 6G networks will use machine learning to self-heal and continuously adapt data flow management to enhance the user experience [108,110,111]. Lastly, 6G networks will continue to employ AI-assisted virtual (or augmented) realities Country collaboration network, a crucial enabler of AI in the physical world [112–114].

6G will go beyond existing mobile internet designs by supporting omnipresent AI services for devices between the network core and edge infrastructure [3,115,116]. Furthermore, AI approaches such as machine learning and deep learning will be used to build and optimize 6G infrastructures, protocols, and processes [27,24,117]. More precisely, 6G will use AI approaches to do its role while also enabling apps that run on computationally complex and data-hungry AI models via low-latency and high-bandwidth channel communication channels to specialized hardware [24,118,119].

5.5 6G Security

Security has been a prominent concern to secure persons, and data from the first generation of mobile communications has been a prominent concern [25,26,120]. The most prominent security concerns during the start of cellular communications were intruders, denial of service, freeloaders, rough access points, eavesdroppers, and a few others [27,28,121,122]. However, as time passed, the security risks grew increasingly complex. A security breach can result in financial, social, and psychological damage, depending on who or what in the network gets targeted [92,123–125]. Hence, with the support of diversified system-level security against distributed denial of service, a more secure network architecture should be designed to handle the identification of billions of connected devices and 6G users [115,126,127]. A new trust model is needed to provide a confidence layer between the 6G user, 6G network, and 6G services [13,123,128].

Therefore, 6G researchers utilized blockchain. The words ”blockchain” appear in Table 6, Figs. 10 and 11 of our bibliometric analysis. This indicates that 6G researchers intend to utilize blockchain technology to enhance internet security, privacy, and trust. 6G networks can decentralize data storage and transmission via blockchain, allowing for more secure data sharing and communication without the need for centralized authorities or third parties. Distributed ledger technology (DLT) can be implemented in 6G networks to achieve end-to-end (E2E) encryption and data integrity, ensuring that only authorised parties with the proper credentials can access data. This strengthens network security against data manipulation and malicious attacks. Additionally, 6G researchers employ blockchain-based authentication, authorization, and other security protocols to ensure that only authorized entities and processes have access to data and services. This enhances the security of both network data and communications between user devices and the 6G infrastructure.

5.6 Internet of Things

Regarding the internet of things (IoT), Table 5 lists IoT three times among the top 20 words. This demonstrates that 6G network researchers must adopt the Internet of Things (IoT) in order to realise its full potential of the IoT [81]. 6G’s ultra-high speeds and low latency will enable massive data transfers and allow IoT devices to communicate much more quickly than in the past [81]. The distributed network architecture of 6G will allow for more efficient distribution and management of system resources, making it ideal for enabling billions of IoT devices across a large geographical area [129]. By employing shorter wavelengths, 6G will enable higher data transfer rates, allowing IoT applications to process data faster than ever. In addition, 6G will improve end-to-end security and privacy, particularly when IoT devices communicate. This will ensure that only authorized parties have access to sensitive information. In addition, 6G will support a large number of simultaneous connections, which will be advantageous for the Internet of Things as the number of connected devices continues to increase [130–132].

6G will be a key enabler for future IoT networks and applications since it will offer wireless coverage and connect all applications, sensors, etc. [107,118]. Compared to the 5G mobile network, the 6G mobile network of the next generation is anticipated to provide more coverage and greater flexibility to facilitate IoT connections and service delivery [130,133,134]. However, 6G must offer real-time transmission in a dynamic environment with less latency for real-time applications [89,123,126]. Also, energy harvesting strategies that use renewable energy sources will be beneficial for developing green environmental solutions for the IoT-6G system. The integration of IoT-6G faces many challenges, which are also related to security, hardware, quality of service, and others [29,80,135]. Thus, this topic needs to get more attention and spend more effort to build a thriving environment for connecting IoT with 6G.

5.7 Connected Vehicles and Transportation

One potential research issue with using the 6G network in future transportation is ensuring secure and reliable connectivity for autonomous vehicles and other connected devices [87]. The large amounts of data transmitted by these devices will require high bandwidth and low latency to prevent accidents and ensure safe operations [126,136,137]. Additionally, the network must be able to handle interference from other devices and physical obstructions to maintain a stable connection [126]. Regarding utilization, the 6G network can be leveraged in various ways to enhance the capabilities of future transportation systems. For example, it can provide real-time traffic updates and navigation assistance to autonomous vehicles, enabling them to make smarter driving decisions [43,60,138]. The high bandwidth and low latency offered by 6G can also enable real-time communication between vehicles and other road users, helping to prevent accidents and improve overall traffic flow [129,130]. The 6G network can also provide high-definition mapping and real-time weather updates, helping autonomous vehicles navigate safely in adverse weather conditions [136].

5.8 Software-Defined Networking (SDN)

SDN is a key technology in developing 6G networks. In SDN, the network’s control plane is separated from the data plane, allowing for centralized control and management of network resources [81]. This results in more efficient use of network resources and improved network performance. One of the main benefits of SDN in 6G networks is the ability to create virtual networks within a shared physical network infrastructure through network slicing [139–141]. This allows for dedicated resources for specific use cases or applications, improving network efficiency and supporting new and innovative use cases [14,142,143]. SDN technology aims to make 6G networks more flexible, scalable, and efficient while supporting new use cases and applications [144]. By centralizing control and management of network resources, SDN can improve network performance and provide users with a more efficient and reliable network experience [145]. Moreover, SDN in 6G networks can also support the creation of new and innovative use cases and applications, such as developing smart cities, autonomous vehicles, and IoT [146]. The combination of SDN and 6G technologies is expected to bring about a new era of highly efficient, flexible, and secure communication and transportation networks.

6  Limitations

The most pertinent limitation of this evaluation is the number and type of studies included and the identification of the source databases, even though the selected sources are dependable and representative on a broad scale. Second, a summary of research on various 6G applications does not always represent how they are used or what effects they have. In conclusion, this study looks at where 6G research is now and where it could go in the future.

7  Conclusion

The bibliometric technique used in this research was quite helpful in examining and presenting a complete picture of the 6G field. On the other side, since the data for this study is gathered from the Scopus database, there is a probability of losing out on important information. This constraint should motivate academics to seek methods to get data from numerous databases using more specific keywords to conduct a more thorough study. Meanwhile, although bibliometric methods are objective and repeatable, they need less in-depth knowledge than qualitative procedures. Citation and co-citation analytics, for instance, provide the most cited sources but not the rationale for the citation. So, the conceptual map highlights the main ideas but does not explore the paper’s content in detail. The output of this study also can aid in identifying new study fields.

The type of document data shows a rapid increase in articles from 2013 to 2021. 6G research will focus on blockchain, intelligent surfaces, edge computing, IoT, etc. The open-access type found that publishing in a fully open-access scientific journal was more popular. 2021 research shows 6G mobile communication is getting increasingly prevalent. When combined with 6G mobile, the IoT becomes a big topic. AI and wireless communication are the newest trends, with AI able to use a 6G wireless connection. The trend topics analysis will help 6G researchers uncover new attractive ideas. China, the US, and Germany are the most published countries. Also, China, India, and the USA have the most collaboration and 6G citations.

In conclusion, we identified numerous study subjects and examined the most referenced papers using primary keywords to estimate the most active areas. Thus, this study can assist researchers, especially those new to the 6G domain, in adopting interdisciplinary strategies with numerous scientific fields and technologies.
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No. of articles

IEEE ACCESS

IEEE INTERNET OF THINGS JOURNAL

SENSORS AND ACTUATORS B: CHEMICAL

IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY
IEEE NETWORKS

IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS
IEEE WIRELESS COMMUNICATIONS

SENSORS (SWITZERLAND)

IEEE COMMUNICATIONS MAGAZINE

SENSORS

IEEE VEHICULAR TECHNOLOGY MAGAZINE

CHINA COMMUNICATIONS

IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION
SYSTEMS

IEEE TRANSACTIONS ON WIRELESS COMMUNICATIONS
NANOTECHNOLOGY

IEEE COMMUNICATIONS LETTERS

IEEE TRANSACTIONS ON COMMUNICATIONS

APPLIED SCIENCES (SWITZERLAND)

OPTIK

IEEE TRANSACTIONS ON INDUSTRIAL INFORMATICS
JOURNAL OF ALLOYS AND COMPOUNDS

ELECTRONICS (SWITZERLAND)

IEEE COMMUNICATIONS STANDARDS MAGAZINE

IEEE WIRELESS COMMUNICATIONS LETTERS
MATERIALS LETTERS

OPTICAL MATERIALS

WIRELESS COMMUNICATIONS AND MOBILE COMPUTING
PHYSICAL COMMUNICATION

JOURNAL OF MATERIALS SCIENCE: MATERIALS IN ELECTRONICS

COMPUTER COMMUNICATIONS

JOURNAL OF ALLOYS AND COMPOUNDS

ELECTRONICS (SWITZERLAND)

IEEE COMMUNICATIONS STANDARDS MAGAZINE

IEEE WIRELESS COMMUNICATIONS LETTERS
MATERIALS LETTERS

OPTICAL MATERIALS

WIRELESS COMMUNICATIONS AND MOBILE COMPUTING
PHYSICAL COMMUNICATION

JOURNAL OF MATERIALS SCIENCE: MATERIALS IN ELECTRONICS

COMPUTER COMMUNICATIONS

105
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34
28
26
26
26
24
23
22
21
21
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21
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11
10
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16
14
13
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13
12
11
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Table 8: Country with 6G publications

Country (top 20) Articles SCP MCP
(Single country publications)  (Multiple country publications)
CHINA 432 309 123
INDIA 95 77 18
USA 67 48 19
KOREA 48 30 18
CANADA 28 12 16
JAPAN 28 22 6
ITALY 27 16 11
TURKEY 25 15 10
UNITED KINGDOM 22 10 12
IRAN 18 14 4
SAUDI ARABIA 18 9 9
GERMANY 16 10 6
FINLAND 15 8 7
AUSTRALIA 13 5 8
FRANCE 13 3 10
IRAQ 13 10 3
BRAZIL 11 7 4
PAKISTAN 11 4 7
EGYPT 10 7 3
SPAIN 10 6 4
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Table 4: Authors with a number of articles

No. Authors (Top 20) No. of articles
1. WANGJ 38
2. LIJ 29
3. WANG Y 29
4, ZHANGY 29
5. LIUY 27
6. WANG X 26
7. ZHANG ] 26
8. LI X 23
9. ZHANG X 23
10. ZHANG H 22
11. LIY 21
12. LIUJ 20
13. CHEN Y 19
14. WANG H 19
15. ZHANG L 18
16. WANG S 17
17. WANG Z 17
18. ZHANG S 17
19. HUANG] 16
20. LIZ 16
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Table 9: Country with a total of citations

Country Total citations Average article citations
CHINA 3333 7.72
USA 906 13.52
INDIA 845 8.89
TURKEY 748 29.92
KOREA 355 7.4
SAUDI ARABIA 299 16.61
JAPAN 276 9.86
FRANCE 266 20.46
FINLAND 181 12.07
PAKISTAN 177 16.09
SINGAPORE 161 40.25
UNITED KINGDOM 156 7.09
CANADA 146 5.21
AUSTRALIA 115 8.85
ITALY 75 2.78
NIGERIA 70 35
IRAN 58 3.22
PORTUGAL 54 6.75
GERMANY 52 3.25
LEBANON 43 43
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Table 7: Articles that receive citations

Ranking Reference Journal Total citations TC per year
1 [8] IEEE ACCESS 506 126.5
2 [9] IEEE NETWORK 450 150

3 [4] IEEE ACCESS 393 98.25
4 [11] IEEE COMMUN MAG 363 90.75
5 [12] IEEE VEH TECHNOL MAG 338 84.5

6 [13] NAT ELECTRON 239 79.667
7 [14] IEEE NETWORK 234 58.5

8 [15] ACS NANO 224 37.333
9 [16] IEEE VEH TECHNOL MAG 216 43.2
10 [17] IEEE COMMUN MAG 206 68.667
11 [18] IEEE J SEL AREAS COMMUN 203 67.667
12 [19] IEEE WIREL COMMUN 169 56.333
13 [20] IEEE VEH TECHNOL MAG 160 40

14 [21] PROC IEEE 149 49.667
15 [22] SENS ACTUATORS, BCHEM 149 29.8
16 [23] PROC IEEE 144 36

17 [24] IEEE ACCESS 133 33.25
18 [25] IEEE WIREL COMMUN 131 43.667
19 [26] IEEE TRANS COMMUN 129 43

20 [27] IEEE J SEL AREAS COMMUN 117 39
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Table 1: Comparisons between categories of methodology and bibliometrics

Categories of

Function

Categories of

Function

methodology bibliometric analysis

Search Selecting scopus Type of documents Supplies details for analyzing
database various document categories

Result Articles, conference, Subject area To better comprehend past
book chapters, and and current research trend
books were published
up to 2021

Analysis Figure out prospects to  Author Identifies the authors who
investigate new were most active in 6G
pertinent topics, research based on the
patterns, trends, and author’s keywords,
relationships among the dominance ranking factor,
data and total citations

Findings Outlines the key Country It highlights the author’s
findings of the country as well as the
bibliometrics country’s total number of
investigation based on papers, publications,
the chosen articles citations, and collaboration

networks
Network This metric equips the

bibliometric analysis of the
6G in network
configuration. It draws the
results based on the country
collaboration and keyword
co-occurrences network
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Table 6: Author’s keywords

Author keywords (top 20) Articles
6G 188
5G 47
Mobile communication 46
Internet of Things 43
Blockchain 25
Wireless communication 24
Artificial intelligence 23
Security 22
Deep learning 21
Machine learning 20
Edge computing 19
Internet of Things (IoT) 19
Iot 19
Optimization 18
Resource management 18
Servers 18
Task analysis 18
Massive mimo 17
Terahertz 15
6G networks 14
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Table 2: Main information

Main information No. Explanation Label in Fig. 4

ARTICLES

Articles 1407  Total number of articles (b)

Sources (Journals, Books, etc.) 319 The frequency distribution of sources  (b)
(journals, books, etc.)

AUTHORS

Author’s keywords 4308 Total number of keywords (b)

Authors 4245  The authors’ frequency distribution (a)

Author appearances 6872 The number of author appearances (a)

Authors of single-authored 43 The number of single-author per article (a)

articles

Authors of multi-authored 4202  The number of authors of (a)

articles multi-authored articles

Articles per author 0.331  The average distribution of the number (d)
of articlesper author

Authors per article 3.02 The average number of authors in each (d)
article

Co-Authors per article 4.89 The average number of co-authors in (d)
each article

CITATIONS

Average citations per article 9.028  The average number of citations in each (d)
article

Average citations per year per 3.981  The average number of citations in each (d)

article year for each article

Collaboration index 3.11 (d)

YEARS

Publication years Number of articles in each year (source z
Scopus)

2017 88 (c)

2018 110 (c)

2019 131 (c)

2020 291 (c)

2021 787 (c)

Average years from publication  0.879
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Table 5: Author’s dominance

Rank by DF  Author

Dominance factor

Multi authored First authored Rank by articles
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