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Abstract: In the cell-free massive MIMO (CF-mMIMO) networks, characterized by differentiated service require-
ments, highly dynamic conditions, and decentralized resource deployment, the efficiency of distributing multi-dimensional
network resources during CF-mMIMO caching deployment is constrained. To address this, this paper conducts research on
the problem of diverse content caching and multi-user association in decentralized CF-mMIMO scenarios. First, based on
the coupling relationship between content caching and user association, models for content caching, user association, and
multi-dimensional resource allocation are studied and established. Second, given the stochastic and time-varying network
environment and incomplete network state observations, the content caching, user association, and resource allocation prob-
lem are abstracted as a distributed partially observable Markov decision process (POMDP) with the objective of maximizing
network efficiency. Taking into account the diverse content caching requirements and wide spatial differentiation, a multi-
agent deep reinforcement learning algorithm based on graph attention network is further proposed for strategic learning and
optimization of content caching, user association, and multi-dimensional resource allocation. Finally, simulation results con-
firm that the proposed algorithm significantly enhances performance in terms of network efficiency, system throughput and
cache hit rate.
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