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Abstract: Sixth-generation mobile technology (6G, IMT-2030) is expected to integrate communication, sensing, artificial intelligence, edge computing, non-terrestrial networks and advanced security into a unified network environment. The paper presents the six official IMT-2030 usage scenarios and their enabling technologies, and analyses where 6G can enter military use — from as-is employment in bases and deployed camps to component-wise integration of its technologies at the tactical edge.
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I. Introduction
Military operations are becoming increasingly dependent on the rapid, secure, and reliable exchange of information. Modern forces must coordinate activities across land, air, sea, space, and cyberspace while operating in contested, congested, and degraded electromagnetic environments [8]. Communication systems are no longer used only to transmit voice and data; they increasingly support situational awareness, autonomous control, sensor fusion, cyber defence, logistics, targeting, and command decision support.
The fifth generation of mobile communication introduced enhanced mobile broadband, low-latency communication, massive machine-type connectivity, network slicing, and multi-access edge computing, and its military use cases, the gaps against defence requirements and the initiatives that address them have been examined separately [7]. The transition toward 6G offers an opportunity to extend the role of mobile communications beyond data transport. Unlike previous generations, 6G is expected to integrate communication, sensing, computing, artificial intelligence, security, and non-terrestrial connectivity into a single system concept — characteristics highly relevant to future military systems relying on distributed sensors, autonomous platforms, tactical edge computing, and real-time decision support.
The defence relevance of 6G is being examined actively and from several sides: national perspectives on military communications in the 6G era [13] and reviews of 5G and 6G applications in the military environment [10]; surveys of the enabling technologies and the applications derived from them [9]; cybersecurity and resilience of tactical networks [14], [15], alongside the assessment of emerging and disruptive technologies for NATO operations [12]; and test environments that move the topic from concept toward experimentation — the NATO DIANA network with the 6G Test Centre Finland [11] and the VTT DIANA 6G Technology Centre [16]. The literature thus indicates that 6G should be analyzed not only as a commercial mobile generation, but also as a potential defence system-of-systems technology, which motivates the technology-driven approach adopted in this paper.
The objective of the paper is to provide a structured analysis of possible 6G applications for military communication: it takes the official International Mobile Telecommunications for 2030 (IMT-2030) usage scenarios and the enabling technologies behind them as the starting point and examines the military employment contexts in which they can enter use — an approach appropriate while 6G is still in the research and early standardization phase.
II. 6G as IMT-2030: Usage Scenarios and Enabling Technologies
6G is expected to correspond to the IMT-2030 framework developed within the International Telecommunication Union Radiocommunication Sector (ITU-R). The current reference document for this vision is Recommendation ITU-R M.2160-0, which defines the framework and overall objectives for the future development of International Mobile Telecommunications for 2030 and beyond [6]. According to ITU-R, IMT-2030 extends the IMT-2020 framework by introducing new usage scenarios, enhanced capabilities, and broader design objectives such as sustainability, security, resilience, connecting the unconnected, and ubiquitous intelligence [5], [6].
At the time of writing, 6G is not a finalized radio standard. The IMT-2030 vision describes the expected capabilities and service directions, while the detailed specifications are being developed in 3GPP. Release 20 carries the 6G study work; the Release 21 timeline, approved in June 2026, places package approval and the Stage-1 freeze in March 2027 and the functional freeze in December 2028, so the first normative 6G specifications belong to Release 21 [1], [2].
The evolution from 5G to 6G is not limited to higher data rates. 6G is expected to become a system-level architecture that combines terrestrial and non-terrestrial access, distributed computing, artificial intelligence, integrated sensing, security, and service-aware orchestration. This means that 6G should be viewed not only as a new air interface, but as an integrated communication and computing environment.
A. Usage Scenarios
The official IMT-2030 framework identifies six main usage scenarios [5], [6]:
Immersive Communication;
Hyper Reliable and Low-Latency Communication;
Massive Communication;
Ubiquitous Connectivity;
Artificial Intelligence and Communication;
Integrated Sensing and Communication.
These usage scenarios show how IMT-2030 expands the IMT-2020 concept. IMT-2020 was primarily organized around enhanced mobile broadband, ultra-reliable and low-latency communication, and massive machine-type communication. IMT-2030 preserves and extends these directions, while adding stronger emphasis on ubiquitous connectivity, artificial intelligence, and integrated sensing [6].
Immersive communication extends the enhanced mobile broadband concept of 5G. It is intended to support high-quality interaction between humans, machines, and digital environments. Typical civilian examples include extended reality, holographic communication, immersive collaboration, remote presence, and high-fidelity digital services.
Hyper reliable and low-latency communication extends the ultra-reliable low-latency communication concept of 5G. It is intended to support applications that require very high dependability and minimal delay, such as industrial control, robotic systems, cooperative mobility, and critical automation.
Massive communication is related to the connection of very large numbers of devices, sensors, machines, and low-power nodes. It extends the massive machine-type communication concept of 5G and is expected to support more efficient, scalable, and energy-aware connectivity.
Ubiquitous connectivity refers to the ability to provide communication coverage across different environments, including remote regions, rural areas, maritime zones, airspace, and areas without dense terrestrial infrastructure.
Artificial intelligence and communication is a new IMT-2030 usage scenario. It reflects the expectation that artificial intelligence (AI) will become an integral part of future networks. In 6G, AI may support radio resource management, beam selection, channel prediction, traffic routing, anomaly detection, energy optimization, spectrum management, and service orchestration.
Integrated sensing and communication is one of the most distinctive 6G usage scenarios. It means that the same radio system can be used both for communication and sensing. Radio signals may support localization, movement detection, object tracking, environmental mapping, and radio-frequency awareness.
B. Enabling Technologies
Several technological enablers support the IMT-2030 vision. Sub-terahertz and terahertz communication are being studied for extremely high data rates, short-range high-capacity links, and high-resolution sensing. These frequency ranges also introduce technical challenges, including high path loss, atmospheric absorption, blockage, hardware complexity, and beam alignment.
Non-terrestrial networks are another important part of the 6G concept. They include low Earth orbit, medium Earth orbit, and geostationary satellites, high-altitude platform stations, airborne nodes, and other non-ground-based access elements. Their role is to extend coverage, improve continuity of service, and integrate terrestrial and non-terrestrial connectivity.
Reconfigurable intelligent surfaces are engineered surfaces that can modify radio propagation by reflecting, steering, focusing, or shaping electromagnetic waves. They are studied as a possible method for improving coverage, reducing interference, supporting localization, and adapting the radio environment.
Edge and distributed computing are also central to the 6G concept. By moving computation closer to users, devices, sensors, and access nodes, edge computing can reduce latency, reduce the need to transport raw data, and support real-time processing. Artificial intelligence may use these distributed computing resources for resource management, mobility prediction, traffic routing, anomaly detection, and service orchestration.
Security is expected to remain a fundamental component of the 6G architecture. Future systems will need strong identity management, secure network functions, protection of AI models and management interfaces, crypto-agility, and preparation for post-quantum cryptographic migration. Quantum key distribution may be relevant for selected high-value links, but post-quantum cryptography and flexible security architectures are expected to be more broadly applicable.
Thus, 6G can be understood as an emerging IMT-2030 system concept that combines new usage scenarios with enabling technologies such as advanced spectrum use, non-terrestrial connectivity, edge computing, artificial intelligence, integrated sensing, reconfigurable radio environments, and advanced security.
III. Military Employment of the 6G Vision
6G will reach the military as a complete commercial product: a deployed network that delivers its services — the usage scenarios — by means of its enabling technologies. For the military user, the practical question is therefore not how to redesign 6G, but where it can enter use as it is, much as a commercial excavator is employed unmodified as an excavator, for example in the construction of field camps. This section therefore analyses the military employment of 6G context by context, from the most permissive environments to the most contested.
Two observations run through the analysis. In static and protected contexts, the 6G vision applies as a whole, and the usage scenarios transfer to the military domain almost one-to-one. As the environment becomes mobile and contested, the scenarios — service categories shaped by civilian markets — stop transferring directly, while the enabling technologies continue to be usable as generic components of larger military systems such as C4ISR architectures, sensor grids, and multi-layer transport networks. The analysis culminates in Table 1, which summarizes both observations.
A. Permanent Military Installations
Permanent bases, garrisons, training grounds, and logistics centres are the environment closest to the civilian deployments for which 6G is designed, and the military user here is essentially a demanding enterprise customer of a private 6G network. Massive communication becomes the Internet of Military Things: monitoring of fuel, ammunition, vehicles, access control, surveillance, power supply, and infrastructure condition, together with predictive maintenance of platforms and tracking of assets across the supply chain. Artificial intelligence and communication keeps this dense network self-optimizing and provides anomaly detection in both the radio and the cyber sense. The load is carried by energy-efficient massive radio access, edge computing for local aggregation, network slicing that separates administrative, security, and operational traffic, and reconfigurable intelligent surfaces that shape coverage inside hardened or underground structures.
Training grounds and simulation centres add the immersive dimension: extended-reality mission rehearsal, distributed training across sites, and augmented maintenance procedures, supported by local edge rendering and short-range sub-terahertz links of very high capacity. Logistics centres employ hyper reliable and low-latency communication for autonomous vehicles and handling robots inside the perimeter, with AI analytics above them and non-terrestrial backhaul for remote depots. Security requirements remain — secure device identity, zero-trust access, and the ability to isolate compromised devices — but they are met with the mechanisms that 6G already provides for critical civilian infrastructure.
Representative applications:
Smart-base Internet of Military Things and perimeter security;
Extended-reality training and mission rehearsal;
Predictive maintenance and logistics tracking;
Autonomous intra-facility logistics;
AI-based network management and cyber anomaly detection.
B. Deployed Camps and Expeditionary Operations
Deployed camps and expeditionary bases recreate the services of a permanent installation at reduced scale and without fixed infrastructure. The network arrives as deployable equipment — a containerized core with edge computing and mast- or vehicle-mounted radio nodes — and delivers all six scenarios in miniature: augmented command posts and battlefield digital twins, camp-wide sensor and logistics connectivity, coordination of unmanned support platforms, and remote expert assistance for medicine and maintenance.
The enabling technologies determine whether this is practical. A sub-terahertz wireless backbone can replace fibre runs inside the command post that would otherwise take hours to install; non-terrestrial networks provide reach-back — low Earth orbit constellations for capacity, geostationary links as fallback; edge computing keeps mission services running locally when reach-back is lost; and quantum-safe cryptography with sovereign key management protects traffic that must transit commercial space segments. The employment model is a “network in a box”: commercial hardware as it is, with a hardened configuration — emission control, reduced beacon activity, national cryptography, and accreditation.
Representative applications:
Rapidly deployable “network in a box” for camps and staging areas;
Augmented command posts and battlefield digital twins;
Camp perimeter surveillance combining communication and sensing;
Satellite reach-back under sovereign cryptographic control;
Remote medical and technical expert assistance.
C. Tactical Edge and Manoeuvre Operations
The tactical edge is the context furthest from civilian assumptions: nodes move, spectrum is contested, infrastructure may be destroyed, and the network itself is a target of electronic warfare and cyber attack [3]. Employment of 6G as a complete product is no longer possible here. What remains valuable are selected services and, above all, the enabling technologies as components of larger military systems.
The mechanisms of hyper reliable and low-latency communication support coordination of unmanned aerial and ground vehicles, swarm operation, and supervised autonomy, provided they are combined with tactical edge computing for local decision-making and multi-path routing across terrestrial, airborne, and satellite links. How long an unmanned platform can hold such a role is set by its onboard power source, whose options and limits are reviewed in [4]. AI-native networking contributes self-configuration and self-healing: detection and classification of jamming, prediction of link degradation, rerouting, and prioritization of mission-critical traffic — capabilities that also serve electronic-warfare and spectrum-management tasks. Integrated sensing and communication turns the communication nodes themselves into sensors for battlefield awareness, drone detection, convoy protection, and radio-frequency mapping, provided that deception-resistant processing and emission control are added. Sub-terahertz pencil-beam links offer high-capacity, low-probability-of-intercept exchange between platforms in formation, and reconfigurable intelligent surfaces can restore coverage during operations in urban terrain.
Each of these employments requires defence-specific adaptation: redundancy and spectrum agility against jamming, explainability and human oversight for AI-based control, protection of the sensing function against decoys and spoofing, and fallback modes for operation under disconnected, degraded, intermittent, and limited (DDIL) conditions.
Representative applications:
Coordination of unmanned systems and swarms with edge autonomy;
Self-healing tactical networks with jamming detection and classification;
Battlefield sensing: drone detection, convoy protection, radio-frequency (RF) mapping;
Low-probability-of-intercept platform-to-platform links;
Mission-critical traffic prioritization under electronic attack.
D. Maritime and Air Operations
Maritime and air operations lie beyond terrestrial coverage by definition, and the entry point for 6G is ubiquitous connectivity through non-terrestrial networks. Multi-layer combinations — low Earth orbit for capacity, medium and geostationary orbits for reach-back, high-altitude platforms and airborne relays for persistent regional coverage — can form the transport layer of naval task groups and air packages, with ships and aircraft acting as network nodes. Within a formation, sub-terahertz links support high-capacity exchange of sensor and mission data, and integrated sensing contributes to the air and surface picture. Adoption here is component-wise: space and airborne links face latency, weather, and Doppler constraints and can be jammed, spoofed, or physically attacked, so the architecture must degrade gracefully, switch frequency bands, and preserve essential services.
Representative applications:
Multi-layer non-terrestrial network (NTN) connectivity for naval task groups and air operations;
high-altitude platform stations (HAPS) and airborne relays for persistent regional coverage;
High-capacity intra-formation data exchange;
Sensing-supported air and surface situational awareness.
E. Disaster Relief and Support to Civil Authorities
Disaster relief and support to civil authorities is the context in which military 6G equipment is used exactly as designed, in its full commercial posture. The same deployable nodes and non-terrestrial backhaul that serve expeditionary operations restore connectivity in disaster zones; massive communication connects responder devices and environmental sensors; immersive services deliver remote expert guidance through collapsed infrastructure; and interoperability with civil agencies comes naturally, because the network is built to the same commercial standard they use. This dual-use context is also the peacetime proving ground on which military operators gain experience with the technology.
Representative applications:
Rapidly restored coverage in disaster zones;
Drone-based assessment and sensor feeds;
Coordination of military and civil responders;
Remote expert guidance for rescue and medical teams.
Table 1 summarizes the analysis across the employment contexts.
Table 1. Employment of the 6G vision across military contexts: services, technologies, and degree of as-is use
	Military Employment Context
	6G Services Used (Usage Scenarios)
	Key Enabling Technologies
	Degree of As-Is Employment

	Permanent bases and garrisons
	Massive communication (IoMT, perimeter security), immersive communication (training), AI and communication
	Edge computing, indoor RIS, network slicing
	Full as-is use, as a private campus network

	Training grounds and simulation centres
	Immersive communication (XR mission rehearsal), hyper reliable and low-latency communication (robotics)
	Edge rendering, short-range sub-THz links
	Nearly as-is

	Logistics centres and supply chains
	Massive communication (asset tracking), hyper reliable and low-latency communication (autonomous vehicles)
	Edge computing, AI analytics, NTN backhaul
	As-is with procedural adaptation

	Deployed camps and expeditionary bases
	All six scenarios at reduced scale
	Deployable core, NTN reach-back, quantum-safe security
	“Network in a box”: as-is hardware, hardened configuration

	Tactical edge and manoeuvre operations
	Selected services only
	NTN, edge autonomy, AI-native routing, ISAC
	Component-wise: as-is employment ends here

	Maritime and air operations
	Ubiquitous connectivity, integrated sensing and communication
	Multi-layer NTN, ISAC
	Component-wise

	Disaster relief and support to civil authorities
	Ubiquitous connectivity, massive communication
	Deployable nodes, NTN
	Full as-is (direct dual use)


The table makes the gradient of usability explicit. The question is not whether 6G is militarily applicable, but in which form: the same product moves from full as-is employment in permanent installations, through hardened-configuration use in deployed camps, to purely component-wise integration at the tactical edge and in maritime and air operations. The variable that drives this transition is not the technology itself but the environment — mobility, adversary pressure, and the absence of infrastructure.
The boundary at which as-is employment ends is also the point at which defence-specific engineering begins. Below that boundary, adoption is mainly a matter of procurement, configuration hardening, and accreditation; beyond it, adoption becomes a system-of-systems integration problem, in which 6G technologies are combined with military waveforms, legacy radios, and sovereign security architectures. Military 6G should therefore be treated as a spectrum of employment models rather than as a single deployment, and its practical value comes from choosing the right model for each context.
IV. Discussion
The analysis shows that each usage scenario has a possible military interpretation, but this interpretation becomes complete only when the scenario and its enabling technologies are considered together, in the employment context in which they would actually be used — as the context-by-context analysis in Section III demonstrates.
This distinction between scenarios and technologies has practical consequences for defence planning. The usage scenarios will be redefined by commercial markets and may change substantially before deployment; the enabling technologies — non-terrestrial networking, sub-terahertz radio, reconfigurable intelligent surfaces, edge computing, AI-native management, and quantum-safe security — are the stable elements that defence organizations can track, test, and integrate as components of larger systems. Military value will therefore be captured primarily at the system-integration level, not by importing civilian services unchanged. This technology-driven approach is appropriate because 6G is still in the research and early standardization phase.
The integration of communication, sensing, AI, and edge computing also creates new engineering and operational challenges. If these functions become tightly coupled, an attack or malfunction in one layer may affect the whole system: jamming may degrade communication, spoofing may mislead sensing, cyber attacks may compromise edge nodes, and adversarial data may manipulate AI models. The future military use of 6G must therefore be treated as a system-of-systems engineering problem, not only as a communication problem.
A gradual transition from 5G to 6G is therefore expected. Technologies such as 5G-Advanced, private 5G networks, non-terrestrial network integration, multi-access edge computing, integrated sensing research, and AI-based network management can serve as intermediate steps, helping defence organizations evaluate operational concepts, develop testbeds, study security implications, and prepare for future 6G standardization.
V. Conclusion
6G has the potential to become a major enabler of future military communications. Its expected capabilities — AI-native networking, integrated sensing and communication, non-terrestrial connectivity, high-capacity links, tactical edge computing, and quantum-safe security — correspond closely to the needs of future multi-domain operations.
This paper approached the topic from the technology side by analyzing the IMT-2030 usage scenarios and the enabling technologies behind them. The analysis shows three things: the six usage scenarios can be interpreted as defence capability drivers when combined with specific technological enablers; the enabling technologies themselves transfer to the military domain directly, as components of larger systems; and the employment of 6G as a whole follows a gradient — from as-is use in bases, training grounds, and deployed camps to component-wise integration at the contested tactical edge.
The main conclusion is that 6G should not be understood only as a faster mobile network: its military importance comes from the convergence of communications, sensing, artificial intelligence, distributed computing, non-terrestrial networking, and advanced security, which can create new forms of situational awareness, autonomous coordination, spectrum adaptation, and human–machine interaction.
At the same time, commercial 6G will not automatically become a military communication solution: defence use will require adaptation to contested electromagnetic environments, cyber threats, infrastructure limitations, interoperability requirements, and sovereign control, and existing tactical radios, satellite communication (SATCOM) systems, and software-defined radio (SDR)-based gateways will remain important. The most realistic perspective is to view 6G as a future system-of-systems layer that connects people, machines, sensors, platforms, AI services, and non-terrestrial assets — complementing and extending existing military communication systems rather than replacing them. If developed deliberately and with defence-specific constraints in mind, 6G can provide the foundation for future intelligent, resilient, and multi-domain military communication systems.
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