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Abstract With the rapid development of the satellite communication technology, satellite-
terrestrial integrated networks (STINs) have become a key development direction for developing
the next-generation global network. As a key component of this technology, low earth orbit
(LEO) satellites are becoming a focus of global industry and academia, owing to their distinct

advantages such as low latency and broad coverage. It is expected to be combined with terrestrial
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communication networks to achieve a global coverage. However, satellite communication still
faces several challenges, especially the frequent changes in the STIN topology caused by the high-
speed movement of LEO satellites in near-Earth orbits. Frequent mobility handovers between
space-to-ground and inter-satellite links have become a key technology challenge impacting the
continuity of communications. To address the problem, previous studies have used multi-agent
deep reinforcement learning approaches, which leverage multi-objective optimization and
distributed architectures to adapt to large-scale satellite network scenarios. Although these
methods have made progress, existing studies still have limitations in state modeling and feature
extraction, particularly in not fully utilizing network structural information, which restricts the
effectiveness of handover decision-making. This limitation makes it difficult for existing methods
to fully exploit their potential in the face of complex network structures. This paper proposes a
multi-agent collaborative handover method based on heterogeneous graph representation for
STINs, termed MA-HGDQN, aiming to enhance state representation and decision-making
performance. The core idea of this method is to express the STIN as a heterogeneous graph
composed of multiple types of nodes and relationships, effectively capturing the network's
complex topology. By using a heterogeneous graph attention network to extract low-dimensional
embedding vectors of topological features as the state input for each agent, the system's
understanding of network structures and decision-making accuracy is significantly improved. On
this basis, this paper also proposes a multi-agent collaboration mechanism, combining agent
contribution quantification and homogeneous agent parameter sharing strategies to achieve
communication performance optimization and system load balancing. Through this collaboration
mechanism, different agents can better cooperate to address the handover issue in large-scale
networks, ultimately optimizing communication performance and enhancing system stability. In
terms of fitting performance, the proposed method focuses on the “pre-handover” stage,
increasing the proportion of handover experience while significantly reducing computational load ,
which results in a simulation time reduction of 88% compared to the A2C algorithm. In terms of
handover performance, compared to the MA-DQN algorithm without the introduction of
heterogeneous graphs, MA-HGDQN shows significant improvements in the number of
handovers, communication interruption times, and system load fairness. Specifically, the
cumulative number of handovers decreases by 10%, communication interruptions decrease by
45%, and system load fairness improves by more than 11%, demonstrating clear advantages.
Additionally, this paper also validates the applicability of the proposed algorithm under actual
application scenarios. Experimental results demonstrate that the proposed MA-HGDQN
algorithm maintains stable performance under various network conditions. Experimental results
demonstrate that the algorithm maintains a stable decision time under different constellation
configurations and user scales, with consistent handover frequency and access performance,
demonstrating its broad adaptability and effectiveness in practical applications.

Keywords satellite-terrestrial integrated network; heterogeneous graph representation; handover
control; load balancing; multi-agent deep reinforcement learning
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Background

BackgroundIn recent years, the integrated satellite and
terrestrial systems have been widely discussed by industries and
academics. Driven by the demand for ubiquitous coverage,
massive connectivity, and high data rates in the forthcoming 6G
era, communication networks aim to merge terrestrial
infrastructure, airborne platforms. and satellite constellations,
creating a multi-layer communication network architecture. A
central and persistent challenge in managing the highly dynamic
and heterogeneous networks is mobility management, specifically
the handover control.

In this paper, we summarize the existing handover control
methods in satellite-terrestrial integrated networks (STINs) and
conduct an in-depth comparison of the strengths and weaknesses
of various methods. Existing multi-agent deep RL algorithms,
such as MA-DQN, often suffer from noisy local observations and

unstable policy convergence due to implicit learning of inter-node

intelligent network, network artificial intelligence and

ubiquitous mobile computing.
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relationships. To address this issue, we proposed an intelligent

handover control method based on heterogeneous graph

representation and multi-agent collaboration. Heterogeneous
graphs can simultaneously characterize multiple types of nodes
(such as satellites, ground stations, and users) in STINs and
their heterogeneous relationships (such as inter-satellite links and
links) ,

reflecting the complex topological structure and multi-dimensional

satellite-to-ground thereby more comprehensively
interaction characteristics of the network. The representation
vector generated by the heterogeneous graph attention network
can effectively optimize the state input of reinforcement learning.
Besides, we design a multi-agent architecture to achieve
collaborative optimization, making the algorithm adaptable to
applications in large-scale satellite-terrestrial integrated networks.
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