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Abstract

This paper presents the design of a Very Low Earth Orbit (VLEO) satellite constellation for global
low-latency communications. Operating in VLEO offers notable advantages: significantly lower signal
path loss and propagation delays than higher LEO orbits, along with a comparatively lower radiation
environment. However, the VLEO regime also entails critical challenges. Below 450 km, atmospheric drag
and atomic oxygen (AO) corrosion become dominant constraints. Without continuous thrust, satellites
would rapidly deorbit, and AO-induced material degradation shortens spacecraft lifespans. To tackle these
challenges, we consider equipping each satellite with an RF Helicon-based plasma thruster, a propulsion
system that generates thrust by “breathing” in atmospheric gases, ionizing them, and then accelerating
the ions through the exhaust. These air-breathing electric propulsion (ABEP) systems enable sustained
operation in VLEO by continuously compensating for drag. If successfully implemented, ABEP systems
could dramatically impact satellite lifecycle costs, as their operational duration would no longer be limited
by onboard propellant. Additionally, their electrodeless design provides resilience against AO corrosion,
addressing one of the most significant material degradation concerns at these altitudes. The deployment
of ABEP-equipped satellites could serve as a catalyst for new VLEO applications by extending mission
lifetimes and reducing reliance on frequent satellite replacements. Building on this premise, we analyze
how ABEP systems influence constellation design for global communications. Specifically, we develop
an altitude sensitivity model to optimize cost-performance trade-offs, considering key operational factors
unique to VLEO. One of the primary constraints is the reduced coverage footprint at lower altitudes,
which necessitates a higher number of satellites to maintain global connectivity. This increases deployment
and replacement costs, raising concerns about long-term economic sustainability. Additionally, frequent
satellite deorbiting contributes to atmospheric pollution, as burning debris releases aluminum oxides
that can erode stratospheric ozone. To address these challenges, we present a simulation framework that
evaluates constellation performance and lifecycle costs across different altitudes and system configurations.
This framework enables a quantitative assessment of service performance against operational expenditures,
incorporating metrics such as coverage, latency, and satellite replenishment rates. Our results highlight an
altitude range where ABEP technology can balance latency improvements, operational longevity, and cost
efficiency. Finally, we discuss the necessary technological advancements to realize this system, including
more efficient RF Helicon thrusters and advanced materials resistant to AO degradation. In summary, our
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findings suggest that, given these innovations, VLEO constellations have the potential to deliver global,
low-latency connectivity with strong commercial viability.
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