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Abstract: The integrated architecture of the fifth-generation mobile communication technology (5G) and time-
sensitive networking (TSN) is widely regarded as a core enabling technology for Industry 4.0. End-to-end determin-
istic transmission in SG-TSN relies on high-precision clock synchronization. However, due to the clock heterogene-
ity between 5G and TSN, particularly the transferability of clock frequency offsets between base stations and TSN
time conversion devices, system-level synchronization errors exhibit time-varying nonlinear characteristics. Current
research lacks effective mechanisms for dynamic monitoring and prediction of synchronization errors. To address
this issue, a 5G-TSN clock synchronization model was established, and a clock synchronization error prediction

mechanism based on long short-term memory (LSTM) was proposed. LSTM's ability to model long-term temporal
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dependencies aligns well with the cumulative and dynamic nature of clock errors, enabling it to predict trends

and identify potential synchronization anomalies effectively. This provides feed forward control support for syn-

chronization compensation and enhances reliability. Simulation experiment results show that on a typical indus-

trial scene simulation dataset, the determination coefficient R* of this method reaches 0.951, and it outperforms

backpropagation neural networks, recurrent neural networks, gated recurrent units, and Transformer models

based on self-attention mechanisms in terms of evaluation metrics such as mean squared error. This work pro-

vides theoretical support for constructing high-precision, adjustable sub-microsecond 5G-TSN integrated synchro-

nization systems.
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