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Reconfiguration—aware TCP optimization for LEO satellite Internet
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Abstract In recent years, low earth orbit (LEO) satellite constellations, represented by Starlink, OneWeb, China Satellite Network
Group, and SpaceSail (Qianfan), have developed rapidly and are carrying an increasing volume of Internet traffic. However, the high
mobility of LEO satellites causes substantial variations in link capacity, latency, and packet loss, posing significant challenges to
end—to—end TCP transport. Existing end—to—end transport optimization approaches for satellite networks either require modifications and
upgrades to end host kernels, making large—scale deployment difficult, or are designed primarily for conventional geostationary earth orbit
(GEO) satellites and therefore cannot readily adapt to highly dynamic and time—varying LEO environments. To overcome these
limitations, this work investigates TCP performance enhancement in LEO satellite networks and proposes StarPEP, a reconfiguration—
aware and transparent performance enhancing proxy (PEP). StarPEP proactively regulates the sender's transmission by adjusting the TCP
receive window at the proxy. By jointly exploiting the periodic reconfiguration characteristics of LEO satellite networks and dynamic
variations in round—trip time (RTT) and bottleneck bandwidth, StarPEP effectively improves TCP transport performance without
requiring any modification to end hosts. We implement a prototype of StarPEP on Linux. Trace—driven emulation experiments based on
real-world LEO satellite network measurements show that, in terms of the trade—off between throughput and delay, StarPEP achieves
closer to the Pareto frontier without modifying end hosts. Compared with the classic PEP using Hybla as its congestion control algorithm,
StarPEP reduces end—to—end latency by 94.8%~95.9% while improving throughput by 49.3%~214.0%. Compared with the classic PEP
using LeoCC, StarPEP reduces end—to—end latency by 89.1%~92.6% at the cost of only a small decrease in throughput.

Keywords satellite Internet; TCP performance optimization; performance enhancing proxy

146 www.kjdb.org


http://www.kjdb.org

	1 研究背景与相关工作
	1.1 低轨卫星网络特征及其对传送层的影响
	1.2 端侧拥塞控制算法（CCA）
	1.3 网络侧TCP性能增强代理（TCP−PEP）

	2 StarPEP设计
	2.1 速率与队列感知的稳态接收窗口控制机制
	2.2 路径重构感知机制

	3 实验与分析
	3.1 实验环境设置
	3.2 实验结果分析

	4 未来工作
	5 结束语
	参考文献

