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Abstract

This study analyzes the system’s data synchronization delay and network load characteristics, based on a practical
implementation case of a virtual reality (VR) service supporting a large-scale, multi-participant environment. While
previous studies have focused on delay compensation in small-scale environments, this study explores a 5G-based
low-latency transmission architecture and virtualized server resource optimization strategies applied in actual
commercialization. This system addresses bottlenecks that arise when multiple users connect by introducing the QUIC
protocol’s 0-RTT connection and active QoS control mechanism. Furthermore, it ensures consistent interaction by
integrating a preloading strategy based on point-in—time prediction with hybrid positioning technology. Analysis results
demonstrate that the proposed synchronization model maintains a transition delay of less than 800 ms and positioning
accuracy of less than 2 m, even in large-scale, dense environments, providing a stable user experience.

B keywords : Virtual Reality ; Multi-user Environment ; Data Synchronization ; Network Load Analysis ; Low-latency
Transmission
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