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ABSTRACT 

The evolution of mobile communication networks from 5G to 6G is driven by the growing demand for faster, 

more reliable, and ubiquitous connectivity. While 5G supports applications such as enhanced mobile 

broadband, massive machine-type communication, and ultra-reliable low-latency communication, it is not 

sufficient to meet the advanced requirements of future services .To address these limitations, the Space-Air-

Ground Integrated Network (SAGIN) has emerged as a promising architecture that integrates satellite, aerial, 

and terrestrial networks to provide seamless and wide-area coverage. SAGIN enables unified control, efficient 

resource management, and improved connectivity across diverse environments .However, several challenges 

remain, including high latency, limited flexibility, spectrum scarcity, energy consumption, and issues related 

to mmWave communication. This paper highlights the key features, challenges, and potential technologies for 

6G and SAGIN, aiming to support the development of next-generation wireless communication systems. 
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INTRODUCTION  

The increasing demand for faster, more reliable, and efficient wireless communication has driven the 

continuous evolution of mobile network technologies. The fifth-generation (5G) mobile communication 

network was introduced to support key application scenarios, including enhanced mobile broadband (eMBB), 

massive machine-type communication (mMTC), and ultra-reliable low-latency communication (URLLC). 

With the commercialization of 5G, research has gradually shifted towards the development of sixth-generation 

(6G) networks to meet emerging application requirements. 6G networks are expected to provide ubiquitous 

coverage and ultra-wide-area broadband access, enabling connectivity anytime and anywhere. These networks 

aim to support a wide range of applications such as the Internet of Things (IoT), remote area communication, 

emergency services, and ecological monitoring. In addition, advanced technologies like artificial intelligence 

(AI) and digital twins (DT) are considered essential for improving network operation, management, and 

overall performance. However, the current 5G architecture is not sufficient to support these advanced services 

and the growing number of connected devices. 

To overcome these limitations, the Space-Air-Ground Integrated Network (SAGIN) has emerged as a 

promising solution for future wireless communication systems. SAGIN integrates satellite systems, airborne 

platforms, and terrestrial networks to achieve seamless and continuous connectivity across different 

environments, including urban areas, remote regions, oceans, and airspace. Unlike traditional networks, 
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SAGIN focuses on deep integration at the system, technology, and application levels, enabling unified control 

and data planes, efficient resource allocation, and improved quality of service. 

Despite its potential advantages, SAGIN still faces several challenges. Issues such as high latency, limited 

flexibility, complex protocol structures, spectrum scarcity, energy consumption, and signal propagation 

limitations in mmWave communication remain significant concerns. Therefore, it is important to explore 

effective architectures and advanced technologies to address these challenges and support the successful 

deployment of 6G networks. 

Background and Evolution of 5G to 6G 

The evolution of mobile communication networks has been driven by the increasing demand for high-speed 

and reliable connectivity. The fifth-generation (5G) network was designed to support three primary application 

scenarios, namely enhanced mobile broadband (eMBB), massive machine-type communication (mMTC), and 

ultra-reliable low-latency communication (URLLC). These capabilities have significantly improved data 

rates, connectivity, and communication reliability.With the commercialization of 5G, research has shifted 

towards the development of sixth-generation (6G) networks to meet emerging application requirements. 6G 

is expected to provide ubiquitous coverage and ultra-wide-area broadband access, enabling communication 

anytime and anywhere. It aims to support applications such as the Internet of Things (IoT), remote area 

coverage, emergency communication, and ecological remote sensing. Furthermore, technologies such as 

artificial intelligence (AI) and digital twins (DT) are considered essential for improving network operation, 

management, and performance. However, the current 5G architecture is not sufficient to support these 

advanced requirements, highlighting the need for more advanced and integrated network solutions. The 

transition from 5G to 6G therefore focuses on achieving higher data rates, lower latency, massive connectivity, 

and more efficient network management. 

SAGIN Architecture 

The Space-Air-Ground Integrated Network (SAGIN) is an advanced communication architecture that 

integrates satellite systems, airborne platforms, and terrestrial networks to provide seamless and ubiquitous 

connectivity. Unlike traditional networks, SAGIN enables deep integration at the system and technology 

levels. It consists of three segments: the space segment (satellites) for wide-area coverage, the air segment 

(UAVs and aerial platforms) for flexible communication, and the ground segment for reliable connectivity in 

urban areas. These segments work together to ensure continuous network coverage across different 

environments. SAGIN also integrates the radio access network (RAN) and core network (CN) to form unified 

control and data planes, enabling efficient resource allocation, mobility management, and improved network 

performance. 
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Literature Review 

Recent studies have explored various architectures and technologies for Space-Air-Ground Integrated 

Networks (SAGIN) to enhance communication performance. Software-defined SAGIN and cross-domain SDN-

based architectures have been proposed to support diverse services and multi-layer integration. Key 

technologies such as hybrid architectures, radio resource management, and transparent handover have also 

been investigated. Additionally, 5G-satellite networks based on SDN and network function virtualization 

(NFV) have been developed to improve flexibility and enable multi-path transmission between space and 

ground segments. Standardization efforts by 3GPP in Release-16 and Release-17 have further defined non-

terrestrial network (NTN) architectures, interfaces, and management requirements. Despite these 

advancements, existing SAGIN architectures still face challenges related to latency, flexibility, and protocol 

complexity. 

Problems in Existing Systems 

The existing Space-Air-Ground Integrated Network (SAGIN) architectures encounter several significant 

challenges that hinder their overall efficiency, scalability, and performance. One of the primary issues is high 

latency, which is mainly caused by the large physical separation between the Radio Access Network (RAN) 

and the Core Network (CN). This separation increases the round-trip time (RTT), resulting in delays in data 

transmission and poor performance in latency-sensitive applications such as real-time communication and 

mission-critical services. In addition to latency, the architecture also suffers from low flexibility. The space, 

air, and ground segments operate in a relatively independent and rigid manner, making it difficult to 

dynamically adapt to changing network conditions, user demands, or varying workloads. This lack of 

adaptability reduces the efficiency of resource utilization across the network. Another critical challenge is the 

use of complex and heterogeneous protocols across different segments. Since each layer—space, air, and 

ground—follows distinct communication standards and technologies, it leads to increased system complexity 

and difficulties in seamless integration and interoperability. Managing such diverse protocols requires 

additional overhead and sophisticated coordination mechanisms. Furthermore, limited control over 

distributed network components poses another challenge. Due to the decentralized and multi-layered nature 

of SAGIN, it becomes difficult to achieve centralized management and efficient resource allocation. This 
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limitation affects the network’s ability to optimize performance, ensure reliability, and maintain quality of 

service. 

Overall, these challenges highlight the limitations of existing SAGIN architectures and emphasize the need 

for more advanced, flexible, and efficient solutions to enhance network performance and integration. 

 

 

Proposed Model  

The proposed model aims to overcome the limitations of existing Space-Air-Ground Integrated Network 

(SAGIN) architectures by introducing a more flexible, efficient, and low-latency framework. In this model, 

the core network functionalities are shifted closer to the edge, reducing the dependency on distant ground-

based core networks. This approach helps in minimizing the round-trip time (RTT) and significantly improves 

overall network latency. The architecture enables better integration between space, air, and ground segments 

by allowing more coordinated and dynamic communication among them. Unlike traditional systems with rigid 

structures, the proposed model supports flexible deployment and adaptive resource management, which 

enhances system responsiveness to changing network conditions and user demands. Additionally, the model 

simplifies protocol operations by reducing the complexity associated with multiple heterogeneous 

communication standards. A more unified and streamlined communication mechanism is considered, which 

improves interoperability across different segments of the network. 

The proposed system also enhances control over network components by enabling more efficient management 

and allocation of resources. This leads to improved performance, better quality of service, and increased 

reliability. Overall, the proposed model provides a more scalable and efficient solution to address the 

challenges of existing SAGIN architectures. 
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 Challenges 

 High Latency: The large communication distance between space and ground segments results in increased 

round-trip time (RTT), which negatively impacts delay-sensitive and real-time applications.  

Spectrum Management: The integration of space, air, and ground layers significantly increases the demand 

for efficient spectrum allocation and utilization, making spectrum management a critical challenge.  

Energy Constraints: Spaceborne and airborne platforms operate under limited power resources, which 

necessitates energy-efficient communication and processing mechanisms.  

Protocol Complexity: The coexistence of heterogeneous technologies across different network segments 

introduces complexity in protocol design, interoperability, and overall network management.  

Security and Privacy Issues:Data transmission across multiple interconnected layers increases the 

vulnerability to security threats, thereby requiring robust mechanisms to ensure data integrity and privacy. 

Future Directions 

Future research in SAGIN aims to improve network performance, flexibility, and scalability for 6G 

applications. One important direction is the integration of advanced technologies such as artificial intelligence 

and machine learning for efficient resource management and intelligent decision-making. Another key area is 

the development of more flexible and adaptive network architectures that can dynamically respond to 

changing network conditions. Enhancing interoperability between space, air, and ground segments is also a 

major focus to ensure seamless communication. Moreover, efforts are being made to reduce latency and 

improve energy efficiency through optimized network designs.  

The adoption of new communication technologies and innovative approaches will play a significant role in 

overcoming existing limitations and enabling next-generation networks. 
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Conclusion  

In conclusion, the transition from 5G to 6G emphasizes the increasing demand for more advanced and efficient 

communication systems. Although 5G enables a wide range of applications, it remains insufficient to address 

the evolving requirements of future networks. The Space-Air-Ground Integrated Network (SAGIN) emerges 

as a promising approach by enabling the integration of space, air, and ground segments to achieve seamless 

connectivity and enhanced coverage. However, several challenges, including latency, system complexity, and 

energy consumption, continue to limit its full potential. 

 Therefore, the design of flexible and efficient network architectures, along with the adoption of advanced 

technologies, will be crucial for the effective realization of next-generation 6G communication systems. 
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