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Abstract_

Holographic communications (HTC), as the ultimate paradigm of human interactions in the
metaverse, requires a major leap in network infrastructure. This paper presents a review-
analytical approach to provide an integrated framework for identifying and classifying HTC
requirements. First, the evolution of media from 2D to XR and the metaverse is reviewed, and
gaps in terabit bandwidth, sub-5ms latency, sub-microsecond synchronism, and multi-ninth
reliability are identified. Then, a hierarchical multi-layer architecture including sensors, edge
processing (MEC), 6G/THz networks, and cloud services is introduced and its role in
reducing motion-to-photon latency and ensuring temporal consistency is analyzed. Next,
novel solutions such as neuro-semantic compression, predictive rendering, and distributed
concurrency are reviewed and multi-dimensional QoS/QoE metrics are proposed for technical
and perceptual evaluation. Security, privacy, and threats such as 3D forgery are also covered
with solutions such as federated learning and blockchain, and finally, a roadmap for HTC
commercialization beyond 2030 is presented.
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