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    6G wireless communications represents the next leap forward in digital
connectivity, aiming to create a deeply integrated cyber-physical world that
supports intelligent applications beyond the scope of current 5G networks.
With ambitious goals including ultra-high data rates, sub-millisecond latency
and the seamless integration of sensing, computing and AI, 6G is set to
revolutionize how humans, machines and environments interact. However,
realizing this vision presents significant technical, economic and regulatory
challenges. Breakthroughs in terahertz communication, intelligent surfaces,
advanced MIMO, integrated sensing and distributed AI are essential,
alongside global cooperation for spectrum policy and infrastructure
development. As research intensifies and pilot projects begin to take shape,
6G promises not only enhanced communication performance but a
transformative foundation for future societies built around intelligent, real-time
digital ecosystems.
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shaping the wireless environment by reflecting and focusing signals toward
users, thereby improving coverage and spectral efficiency in challenging
propagation scenarios. Additionally, 6G will incorporate advanced MIMO
techniques such as ultra-massive MIMO and cell-free MIMO, enhancing
capacity, spatial diversity and connectivity. Integrated sensing and
communication (ISAC) is another anticipated pillar of 6G, enabling the same
signal to be used for both communication and environment sensing, opening
new frontiers in vehicular safety, industrial automation and environmental
monitoring.

   Further, the role of edge computing and distributed intelligence will become
central to the operation of 6G. Edge nodes, equipped with AI capabilities, will
process data close to the source, thereby reducing latency, conserving
bandwidth and enhancing user privacy. Blockchain and quantum
communication technologies may also be integrated into the 6G ecosystem to
provide robust, secure and tamper-proof communication. Space-Air-Ground
Integrated Networks (SAGIN), comprising terrestrial towers, Unmanned Aerial
Vehicles (UAVs), High-Altitude Platforms (HAPs) and low-Earth orbit
satellites, will be vital for ensuring global coverage, especially in remote and
underserved areas. This multi-layered and heterogeneous infrastructure will
ensure that 6G is not limited to urban areas but becomes a truly global
communication system. Moreover, energy efficiency and sustainability will be
foundational goals for 6G, driving the development of low-power
architectures, energy-harvesting technologies and AI-driven network
optimization to reduce the carbon footprint of future networks.

   As 5G wireless networks continue to expand across the globe, the need for
a more advanced communication paradigm is becoming increasingly evident.
While 5G promises ultra-low latency, high data rates and massive
connectivity, emerging applications such as holographic communications,
immersive Extended Reality (XR), digital twins, remote robotic surgery and
fully autonomous systems are expected to exceed its capabilities within the
next decade. This has catalyzed global research initiatives toward the
development of sixth-generation (6G) wireless communication systems,
anticipated to roll out around 2030. 6G is envisioned not as a mere evolution
of 5G, but as a revolutionary framework that integrates advanced wireless
technologies with intelligent, context-aware services that can dynamically
adapt to user needs, environments and applications. It aims to create a fully
connected and intelligent world where communication is instantaneous,
ubiquitous and seamlessly embedded into daily life. This article discusses the
vision of 6G, the primary technical challenges that must be overcome and the
key technologies expected to shape its architecture and performance [1].

    The vision of 6G communication systems is anchored on the convergence of
communication, computing, control and sensing, all within a highly intelligent
and autonomous framework. It is expected to offer unprecedented features
including terabit-per-second data rates, sub-millisecond latency, ultra-high
reliability (up to 99.9999999%), energy efficiency and support for up to 10
million devices per square kilometer. Unlike previous generations focused
primarily on human-to-human or human-to-machine communication, 6G will
also emphasize machine-to-machine and machine-to-environment interactions,
playing a crucial role in enabling smart cities, intelligent industries and fully
autonomous transport systems. One of the most transformative elements of 6G
will be the incorporation of Artificial Intelligence (AI) at every layer of the
communication stack from physical layer signal processing to high-level
resource management and network optimization. AI will enable networks to
learn, reason and make autonomous decisions in real time, reducing human
intervention and improving service delivery in dynamic environments [2].

     To support such ambitious capabilities, 6G will rely on several cutting-edge
technologies. Terahertz (THz) communications, operating in the frequency
range of 100 GHz to 10 THz, will provide the ultra-wide bandwidth necessary
for terabit-level data rates and high-resolution sensing applications. The use of
THz frequencies will require new materials, antenna designs and propagation
models, as THz signals suffer from high attenuation and are highly susceptible
to atmospheric absorption. Complementing this will be Intelligent Reflecting
Surfaces (IRS), which are programmable metasurfaces capable of dynamically 
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