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Federated Learning User Scheduling and Resource Optimization
in Cell-Free Networks

WANG Huahua, HUANG Yexia™, LI Ling, WANG Jiacheng

(School of Communication and Information Engineering, €hongqing University of Posts and Telecommunications, Chongqing 400065, China)

[ Abstract] When implementing Federated Learning (FL) in a cell-free network environment, user scheduling and
resource allocation strategies are, crucial for optimizing system time overhead, improving user reachability, and
accelerating FLL convergence rate. To address the issue of uneven resource allocation, this study designs an
optimization scheme that combines user scheduling, CPU processing frequency, and power allocation. This scheme
aims to achieve fair resource,allocation by maximizing the minimum user rate in the system, thus enhancing FL
performance. The joint optimization problem is decomposed into two subproblems: user scheduling and power
allocation. For user scheduling, this study proposes a greedy scheduling algorithm based on 2-means clustering to
comprehensively evaluate channel conditions and data "value” of users and categorize users into different groups.
Subsequently, for the resource occupation situation, a personalized CPU processing frequency allocation plan is
developed for users within each group based on their resource occupancy. Finally, by independently executing user
scheduling within each group, user selection is performed efficiently and precisely, and the complexity of user
selection is effectively reduced via early grouping. For power allocation, this study introduces a Bisection Method-
based Power Allocation (BM-PA) algorithm. This algorithm not only considers fairness among users but also
prioritizes resource-constrained users to ensure that they can obtain superior resource allocation. The BM-PA
algorithm achieves fast convergence of power allocation using a low-complexity iterative optimization process,
significantly improving the resource utilization efficiency without deteriorating the system performance. In this
study, a reasonable user scheduling strategy serves as the foundation for obtaining optimal solutions for the power
allocation subproblem. This study adopts an alternating iteration method that allows independent optimization in
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each subproblem while considering the solution of the other subproblem. Via multiple rounds of iterative

optimization, this interdependent relationship ensures that power resources are reasonably allocated to users who

need them the most or are most likely to effectively utilize them, thus enhancing the overall system performance.

This study realizes joint optimization solutions that significantly improve overall system performance. Simulation

results show that compared with the baseline algorithm, the proposed algorithm exhibits outstanding performance

in terms of downlink achievable rates-the average improvement reaches up to 103.34% under optimal conditions.

Additionally, the uplink achievable rates improve by up to 102. 78%. Furthermore, the proposed algorithm can

save 67.44% of the FL task training time on average compared to the baseline algorithm, particularly when the FL

learning model accuracy reaches 90%, wherein the time overhead of the proposed algorithm is minimal.

[Key words]) cell-free network; Federated Learning (FL); user scheduling; A-means clustering; resource optimization
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