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Abstract:  For the multi-user uplink access scenario in low-earth orbit (LEO) satellite networks, the system faces sig-
nificant challenges arising from large-scale user populations, stochastic traffic arrivals, heterogeneous information timeli-
ness requirements, and stringent onboard constraints. To address these issues, this paper proposes an age of information
(Aol)-based dynamic user scheduling and resource allocation algorithm, aiming to guarantee information timeliness while
effectively reducing the long-term average transmit power. Specifically, under random packet arrivals modeled as Bernoulli
processes, the long-term average transmit power minimization problem is formulated subject to constraints on users’ maxi-
mum long-term average Aol, the per-slot number of scheduled users, and quality-of-service (QoS) requirements. The result-
ing optimization problem jointly considers user scheduling, beamforming, and power allocation, and is characterized by
long-term objectives and constraints as well as coupling among optimization variables, which renders it intractable for di-

rect solution. To overcome this challenge, Lyapunov optimization theory is employed to transform the original long-term
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problem into a per-slot drift-plus-penalty minimization problem, enabling online decision-making while ensuring the long-
term satisfaction of Aol constraints. Furthermore, to mitigate the exponential growth in scheduling complexity with respect
to the number of users, a spectral clustering-based grouping method is developed based on users’ angular information,
which groups spatially weakly correlated users together to reduce intra-group interference and enhance transmission reliabil-
ity. On this basis, a low-complexity dynamic scheduling policy is designed via a scheduling cost function that jointly incor-
porates users’ Aol states, packet arrival characteristics, and estimated power consumption, achieving a balanced tradeoff be-
tween information freshness and power consumption. For the resource allocation stage, the non-convex coupling between
beamforming and transmit power of pertinent scheduled user set is addressed by leveraging the S-procedure and Taylor se-
ries expansion, whereby the original non-convex constraints are transformed into convex forms, yielding an optimal QoS-
satisfied and power-constrained resource allocation algorithm. Simulation results demonstrate that, compared with fixed-
size scheduling, greedy Aol-based scheduling, and minimum mean square error-based schemes, the proposed algorithm ef-
fectively satisfies information timeliness requirements while significantly reducing the long-term average transmit power un-
der various user scales and Aol constraints, establishing the proposed algorithm as an effective and superior solution for
multi-user LEO satellite access.

Keywords: LEO satellite networks; uplink access; Aol; dynamic user scheduling; resource allocation; Lyapunov op-
timization
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Figure 1 System model
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