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Mega LEO
constellation

Beam hopping Satellite 
communication System

• Shorter delay
• Higher rate
• Denser coverage
• Limited on-board resources

Background and Challenges

Features
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Compared
to GEO

Challenges Intra-satellite and inter-satellite interference
cannot be neglected.

Problem How to obtain load balance with optimized
resource allocation for a multi-beam mega 

LEO constellation?
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Common Approaches
Existing Methods:
Ø Borrow single-satellite scheme from GSP system:

• Independent decision-making by different satellites
• seriously beam interference neglected, low resource utilization
and load imbalance

Ø Consider inter-satellite interferences:
• Classical approaches:

ü Dynamic programming [1], Convex optimization[2]
• Solution space increases drastically with the number of
satellites and beams, leading to local optima.

• Poor timeliness and inflexible: As cover area changes, it
requires re-modeling and iterative solving.

1. Y. Wang, M. Zeng, and Z. Fei, “Efficient resource allocation for beam-hopping based multi-satellite communication systems” Electronics, vol. 12, no. 11, 2023.
2. Z. Lin, Z. Ni, L. Kuang, C. Jiang, and Z. Huang, “Multi-satellite beam hopping based on load balancing and interference avoidance for NGSO satellite communication systems,” IEEE

Transactions on Communications, vol. 71, pp. 282–295, Jan 2023.

Our approach:
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Deep Reinforcement Learning + Digital Twin
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Digital-Twin based architecture of LEO multi-beam hopping system

System model 

Buffer queue

Stored traffic
Average queue delay
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Physical Constellation

DT on the ground
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The architecture of LEO multi-satellite beam-hopping system

• Signal-to-noise ratio (SINR) [2] for a cell

• Throughput  𝑇ℎ!
",$ :

(1)

(2)

the intra-satellite 
beam interference

the inter-satellite 
beam interference

Channel capacity
or link rate

Stored Traffic
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Objective function:

Load gap: MDP design

Problem formulation

State Space

Traffic matrix Delay matrix

Action Space

Reward Function

(3) (7)

(8)

(9)

Satellite coverage matrix

(6)

(5)

(4)
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Average queue delay:
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Buffer queue

…
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Ø Random Beam Hopping [4](R-BH): In the R-BH method, each
satellite randomly selects 4 cells from the 19 available cells to serve in
each time slot.

Ø Greedy Beam Hopping [5](G-BH): In the G-BH method, each
satellite selects the 4 cells with the highest traffic volume from its
coverage area to serve in each time slot.

Ø Periodic Beam Hopping [2](P-BH) : In the P-BH method, each
satellite periodically serves different cells according to a predetermined
beam-hopping sequence.

Ø System throughput: the total number of packets transmitted by the system per unit time.
Ø Load gap between satellites: the difference between the load of the largest and least load satellite in a multi-satellite system
Ø Delay: the average queuing delay of packets in the cache queue for cells.

Performance Evaluation
Simulation Parameters Settings Baseline Algorithms

Performance Metrics

[4]. Z. Lin, Z. Ni, L. Kuang, C. Jiang and Z. Huang, "Dynamic Beam Pattern and Bandwidth Allocation Based on
Multi-Agent Deep Reinforcement Learning for Beam Hopping Satellite Systems," in IEEE Transactions on
Vehicular Technology, vol. 71, no. 4, pp. 3917-3930, April 2022.

[5]. J. Zhang et al., "System-Level Evaluation of Beam Hopping in NR-Based LEO Satellite Communication System,"
2023 IEEE Wireless Communications and Networking Conference (WCNC), Glasgow, United Kingdom, 2023.
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The normalized reward value.

Queue delay of each satellite.

Throughput of each satellite

Performance Evaluation

Throughput
(Mbps)

Queue delay
(ms)

Load gap
(Mbps)

G-BH 16319
0.79%

12.33
48.4%

294.6
70.1%

R-BH 12281
33.9%

11.72
45.8%

144.3
44.2%

P-BH 15233
7.9%

6.5
2.3%

210.6
61.3%

MA-BH(ours) 16449 6.35 80.4
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• Propose a multi-agent beam hopping algorithm for a LEO

satellite system, based on a digital-twin architecture.

• Consider both inter-satellite interference and intra-satellite ones.

• Optimize jointly the system load gap and queue delay to achieve

load balance between satellites while keeping high overall

throughout.

Conclusion
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Any comments and discussion
is welcome

My Email:
Luojt2008@gmail.com；
Luojt@cqupt.edu.cn
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