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Abstract: Multi-beam low earth orbit (LEO) satellite communication systems have attracted significant attention due
to their wide coverage, high throughput, low latency and low deployment cost. In this paper, user clustering, hybrid wide-
spot beam scheduling and precoding issues are investigated for rate splitting multiple access (RSMA)-based multi-beam
LEO satellite communication systems. Considering intra- and inter-cluster similarities, a user clustering strategy based on
an improved mean shift algorithm is proposed. Initial clustering results are firstly obtained according to the geographic dis-
tribution of users and the coverage area of satellite spot beams, and a clustering evaluation function is constructed by incor-
porating intra-cluster dispersion and inter-cluster distance, a Gaussian kernel-based parameter adjustment mechanism is de-
signed to dynamically tune parameters according to the evaluation results, thereby achieving a synergistic optimization of in-
tra-cluster user compactness and inter-cluster separability. Then, a dual spatial-scale resource allocation strategy is further
developed based on the determined user clustering strategy. Specifically, at a large spatial scale, the problem of wide-beam
coverage for multiple user clusters is studied. Taking both the inter-satellite transmission performance differences and user
access performance into account, the system cost function is modeled, and the wide-beam coverage problem is formulated

as a system cost function minimization problem, which is solved using the branch-and-bound method. By systematically de-
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composing the search space and exploiting upper- and lower-bound pruning strategies, the feasible solution space is progres-

sively reduced to obtain the set of user clusters for wide-beam coverage. At a small spatial scale, based on the wide-beam

coverage strategy, spot beam scheduling and precoding schemes are designed for individual user cluster. The spot beam

scheduling and precoding problem is formulated as a long-term satellite cache queue length minimization problem and de-

composed into a precoding subproblem and a spot beam scheduling subproblem, solving them in sequence. For the precod-

ing subproblem, the objective function is initially transformed into a convex form by introducing relaxation variables. For

the non-convex constraints, we apply the first order Taylor expansion method to transform the constraints into convex ones,

and the convex constraints involving nonlinear product terms are further transformed into second-order cone constraints,

leading to a convex problem that can be efficiently solved using toolkits. Regarding the spot beam scheduling subproblem,

it is modeled as a Markov decision process and the spot beam scheduling strategy is determined using the proximal policy

optimization (PPO) algorithm. Simulation results validate the effectiveness of the proposed algorithm.
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Figure 2 Improved mean shift algorithm-based user clustering results
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