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Abstract: With the rapid iteration of 5G and 6G communication technologies and the explosive growth of emerging applications such as the
Internet of Things (IoT), metaverse, and autonomous driving, the data traffic of mobile terminals has shown an exponential growth trend.
The centralized data processing mode of "terminal—cloud" in the traditional cloud computing architecture can no longer meet the service
requirements of latency—sensitive and computation—intensive applications. Mobile Edge Computing (MEC), as a new architecture that sinks
computing, storage, and communication resources to the edge of the network, can effectively shorten the data transmission distance, reduce

network congestion, and improve service response speed by deploying caching resources at edge nodes close to end users, making it a core
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technology to solve the above dilemmas. As a key link in the resource optimization of MEC systems, the caching strategy directly determines

the resource utilization rate of edge nodes, user quality of service (QoS), and the overall operational efficiency of the system. However, the
MEC scenario has inherent characteristics such as strong user mobility, dynamically changing service request patterns, limited resources of
edge nodes, and complex multi—node collaboration. Traditional static caching strategies and dynamic caching strategies based on statistical
rules are difficult to achieve optimal allocation of caching resources due to the lack of adaptive capacity and global optimization capacity for
dynamic changes in the environment.Deep Reinforcement Learning (DRL) combines the feature extraction capability of deep learning and
the sequential decision—making capability of reinforcement learning. It can independently learn the optimal decision—making strategy through
continuous interaction with the environment in an unknown dynamic environment, without relying on prior knowledge and fixed model
assumptions, which is exactly suitable for the dynamic, uncertain, and complex needs of MEC caching decisions. Based on this, this paper
conducts in—depth research on the caching strategy based on deep reinforcement learning in mobile edge computing, aiming to solve the
problems of poor adaptability and limited optimization effect of traditional caching strategies in dynamic scenarios, and improve the service
performance and resource utilization efficiency of MEC systems.This paper first systematically sorts out the relevant basic theories of mobile
edge computing and deep reinforcement learning, clarifies the core architecture, caching mechanism of the MEC caching system, as well as
the core principles and typical algorithm characteristics of DRL. Secondly, according to the core needs of the MEC scenario, a DRL—based
MEC caching decision model is constructed, the optimization objectives and constraints of caching are clarified, and a DRL framework
adapted to the MEC scenario is designed, including the specific design schemes of state space, action space, and reward function, realizing
intelligent decision—making for dynamic selection, update, and replacement of cached content. Then, to address the problems of
high—dimensional state space and unstable training process in the MEC scenario, the DRL algorithm is specifically improved, the neural
network structure is optimized to enhance the feature extraction capability of high—dimensional states, and the experience replay and target
network strategies are improved to enhance training stability and convergence speed.To verify the effectiveness and superiority of the
proposed caching strategy, this paper builds an experimental environment based on a simulation platform, selects typical traditional caching
algorithms and existing DRL caching algorithms as benchmarks, and carries out a large number of comparative experiments and robustness
tests from three core indicators: cache hit rate, average access latency, and system energy consumption. The experimental results show that the
proposed DRL—based MEC caching strategy can significantly improve the cache hit rate, reduce the average user access latency and system
energy consumption in different scenarios such as different user request patterns, different edge node resource configurations, and difterent
user moving speeds. Compared with traditional caching strategies and existing DRL caching strategies, the performance improvement effect is
significant, and it has good adaptability and robustness.Finally, this paper summarizes the research results, analyzes the deficiencies in the
current research work, and puts forward future research directions combined with the development trends of MEC technology and DRL
technology, including multi—edge node collaborative caching optimization and exploration of privacy protection mechanisms combined with
federated learning, providing reference for subsequent related research. The research work of this paper has important theoretical significance
and practical application value for promoting the intelligent development of MEC caching technology and improving the service quality and
resource utilization efficiency of edge computing systems.

Keywords: mobile edge computing, deep reinforcement learning, caching strategy, dynamic decision—making, resource optimization, quality of
service
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