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The resource scheduling in Low Earth Orbit (LEO) satellite communication systems using Beam

Hopping (BH) technology is a continuous, long-term allocation process. Unlike geostationary earth orbit (GEO)

satellites, LEO satellites exhibit high-speed mobility relative to the ground during communication. The design

of BH patterns typically occurs within regular time windows, ranging from tens to hundreds of milliseconds,
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leading to the switching of satellite-to-cell interaction links during certain BH periods. This switching implies
that cells migrate between satellite coverage areas, each with varying capacity and delay requirements, which
inevitably affects the performance of the receiving satellite. Additionally, the requirements of migrating cells
during the switching time slot are directly related to the resource tilt provided by the source satellite before the
switch. Therefore, there is a strong correlation between the BH pattern design strategies for different satellites,
requiring multi-satellite joint resource scheduling to maintain service quality of cells in regions affected by
migration.

Methods In order to characterize the demands of joint scheduling for multiple satellites and maximize the
minimum traffic satisfaction rate, an optimization problem is proposed for dynamic scenarios involving satellite-
to-cell interaction link switching. This optimization problem simultaneously considers co-channel interference,
traffic demands with differentiated temporal and spatial distributions, and traffic delay—all factors that affect
the service quality of BH systems. To solve this NP-hard problem, a design algorithm of Multi-Satellite Joint
BH Pattern based on Resource Adaptive Tradeoff Allocation (RATMJ-BHP) is proposed. First, an inter-
satellite joint scheduling framework is proposed to model the complex impact of cell migration on satellite
resource scheduling, transforming the multi-satellite scheduling problem into a single-satellite BH pattern
design problem. Then, within this framework, a weight design method for multi-satellite joint scheduling is
proposed, which quantifies the intensity of service urgency based on the capacity and delay requirements of
cells. Finally, this joint scheduling weight is used to design the BH pattern.

Results and Discussions  Based on the optimization problem modeled in this paper, the satellite optimization
region is divided into two areas: the stable region and the immigration region. A comprehensive evaluation,
considering both regions within individual satellites and across adjacent satellites, is essential for analyzing the
performance of the proposed algorithm. Thus, this paper examines the simulation results from two perspectives:
the minimum traffic satisfaction rate and the variation in the minimum traffic satisfaction rate across different
regions. Additionally, convergence speed is a key indicator of the algorithm’s performance; therefore, the
number of iterations required to produce results for each time slot is counted. The key contributions of this
research are as follows: Firstly, the average and maximum convergence times of the proposed algorithm are
significantly lower than those of the enumeration method, demonstrating its efficiency in terms of time
complexity (Table 3). Specifically, with three satellites, the maximum complexity value of the proposed
algorithm is 39.05, compared to that for the enumeration method. Secondly, the proposed algorithm
outperforms the comparison algorithms in terms of minimum traffic satisfaction rates under different load rates,
with a minimum value above 69.34% across various satellites (Fig. 3a) (Fig. 4a) (Fig. 5a). These results show
that the RATMJ-BHP algorithm effectively ensures high traffic satisfaction rates for cells in affected regions,
demonstrating robustness across different traffic demand rates. Thirdly, the proposed algorithm exhibits a
smaller disparity in minimum traffic satisfaction rates across regions, with values remaining close to zero, unlike
other algorithms. This indicates its ability to maintain high traffic satisfaction rates for most cells in service
areas (Fig. 3b) (Fig. 4b) (Fig. 5b). Finally, simulation results from both perspectives demonstrate consistent
performance across different satellites and varying traffic demand rates, highlighting the general applicability of
the proposed algorithm in LEO satellite BH systems.

Conclusions  This paper addresses the design of BH patterns for dynamic scenarios involving satellite-to-cell
interaction link switching. To meet the demands of multi-satellite joint resource scheduling in such scenarios,
while considering performance factors such as co-channel interference, traffic demands, and traffic delay, the
RATMJ-BHP algorithm is proposed. Simulation results show that the proposed algorithm effectively ensures
the service quality of cells in migration-affected areas, and its lightweight design demonstrates broad
applicability within LEO constellations. This paper contributes to the design strategy of BH patterns in
dynamic scenarios during long-term resource scheduling processes, offering a solution to maintain continuous
high-quality service to cells throughout prolonged satellite motion. It provides a reference for the design of long-
term beam scheduling strategies in LEO satellite BH systems. However, several challenges remain in resource
scheduling strategies for LEO satellite BH systems. For instance, the relationship between resource scheduling
across BH periods and its impact on long-term system performance has yet to be fully explored. Additionally,
while the proposed algorithm focuses on resource scheduling for the forward link of LEO satellite systems,
further research is needed for uplink scenarios.

Key words: Low Earth Orbit (LEO) satellite communication system; Beam hopping; Resource scheduling
strategy
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