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Abstract—The sixth generation (6G) mobile systems will be 
the ultimate technology to support any networking requirement. 
6G along with fog computing mobile nodes can support any 
application and use case within the supply chain delivery, 
regardless of the systems of systems complexity. In this paper, a 
holistic end-to-end framework platform based on the 
integration and leverage of 6G and fog mobile systems for 
physically-entangled systems is proposed. The framework 
platform, which relies on 6G fog enabled-delivery drones, 
terahertz communication, and artificial intelligence 
technologies, is described. The framework can be applied for 
highly cooperative, autonomous, and dynamic applications and 
systems such as supply chain’s last mile delivery of goods, 
harbour cranes, and maritime ports to help increasing access to 
goods in general, reduce traffic congestion and energy 
comsumption, and ease CO2 emissions from transportation. The 
proposed framework paves the way towards next generation 
supply chain management including last mile delivery.   
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I. INTRODUCTION  

The significant advances in mobile communication and 
computing systems are changing the industry of transport and 
logistics by providing new solutions for last mile delivery of 
consumer goods in general. As the key stretch of the supply 
chain delivery, the last mile delivery represents up to 50 % of 
distribution costs. Consumer goods are delivered from a point 
of storage like warehouses to a point of sale or directly to final 
costumers’ premises with parcels spending their bulk time in 
transit dead-zone areas and with little real-time information 
provided. Finally, same day or instantaneous delivery 
services of online e-commerce orders cannot be fulfilled by a 
traditional supply chain. As a consequence, new 
technological solutions have become of paramount 
importance in the supply chain delivery management. 
Accordingly, the next wave of technological innovation will 
certainly generate numerous opportunities provided by the 
continuous maturity of technologies based on sixth 
generation (6G) mobile systems and fog computing [1]. The 
latter can provide a full range of services based on artificial 
intelligence (AI), software-defined networking (SDN), 
virtual network functions (VNFs), and virtual as well as 
physical resource orchestrator. This will allow an ultimate 
solution in connectivity, interoperability, and management of 
revolutionary drone- and robot-based delivery supply chains. 

6G systems can support higher capacity, faster transmission 
rates, and better coverage range with greater number of 
installed towers and cells. The combination of 6G and fog 
computing can provide live information to systems and 
delivery drones that can enable, for the first time, follow most 
items from factory to final customer. Accordingly, 6G fog-

enabled drones can transmit and receive real-time information 
about airspace, delivery route, and environmental conditions. 
Moreover, drones can share information in a runtime fashion 
sharing their knowledge to others instantaneously, with 
efficient redistribution of learned tasks accordingly to their 
own flying experience optimizing complex cyber-physical 
systems of systems. Fig. 1 illustrates this challenging scenario 
based on complex systems of systems in transport logistics 
and supply chain. Drones with 6G and mobile fog computing 
capabilities can enable new types of fleet services, open new 
delivery routes, and serve hard-to-reach communities with 
autonomous awareness, analysis and instantaneous response 
to events like weather conditions, obstacles, and other aircraft 
elements. Within this context, in this paper, a holistic 
complete lifecycle framework platform to meet challenging 
requirements of physically-entangled systems of systems in 
supply chains with emphasis on the last mile delivery is 
proposed. The need for creating a ready-to-use platform that 
can be immediately applied for different vertical use cases 
within the last mile good delivery, setting the baseline towards 
a revolution in transport and logistic industries in the long 
term is addressed. Also addressed is the development of a fully 
programmable, modular, agile fog computing system of 
dynamic systems of systems towards a unified framework 
platform for seamlessly deploying services, functionalities 
and managing the infrastructure and software functionalities 
across multiple heterogeneous platforms. The introduction of 
6G and fog mobile nodes for cooperative, autonomous, and 
dynamic applications enables the creation among others of a 
last mile consumer good delivery framework supporting ultra-
reliable connection and nearly zero latency for transmitting 
real-time acquired information. This can help increasing 
access to goods including pharmaceuticals, reduce traffic 
congestion in cities, and ease CO2 emissions from 
transportation. 6G is perceived here as the full concretization 
and implementation of 5G techniques but applied to the entire 
frequency spectrum range. The leverage and integration of 6G 
mobile systems and fog computing technologies are 
introduced here as a prospective framework platform solution 
for complex systems of systems in transport, logistic, and 
delivery systems like, for example, maritime ports, harbour 
cranes, hub airports, warehouses, and last mile delivery of 
goods. The integration of these emerging technologies render  
a new paradigm to tackle complexity in a more cost-effective 
way by helping reducing power and fuel consumption, 
increasing lifecycle, security, reliability, and automation.  
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Fig. 1. Complex dynamical autonomous supply chain delivery drones. 
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II. FRAMEWORK PLATFORM DESCRIPTION  

The system framework concerns fog-based real time control 
of cooperative autonomous drones over 6G mobile systems. 
The use of 6G will allow the maximum performance and 
deliver the necessary networking requirements, fully enabling 
any emerging application in transport logistics and supply 
chain delivery. Indeed, the industry can vastly benefit from 
solutions based on 6G and high-performance fog computing 
capabilities including AI, SDN, and service orchestration. 
Accordingly, the combination of 6G and fog computing 
allows for real-time information to be tackled across 
heterogeneous complex systems for following consumer 
goods from factory to customers enabling the creation of a 
sky-bound logistics network for good delivery.  

The 6G systems can establish networking conditions to 
fully support any sort of use/business cases, applications, and 
solutions, consequently supporting ultimate performances 
with no need for defining key performance indicators like in 
legacy systems. To do so, 6G systems will implement the full 
basket of technologies being currently developed for 5G [1]-
[4], such as massive multiple-input and multiple-output 
schemes, beamforming techniques and photonic integrated 
transceivers, and in addition, 6G employs the entire suitable 
frequency spectrum range, including the terahertz (THz) 
region. Thus, 6G is perceived here as the full concretization 
and implementation of 5G technologies but also operable in 
the entire frequency spectrum range.  

 6G systems employ the THz frequency region for 
communication so as to satisfy real-time traffic demand in 
heterogeneous complex networks and to ease the current 
spectrum scarcity. The THz range between 300 GHz and 3 
THz has an order of magnitude above 5G millimeter-wave 
mobile systems and offers tremendous bandwidths, capacity, 
and high-speed wireless transmissions up to several terabits 
per second [5]. 6G mobile systems using THz signals can 
transmit in a non-line-of-sight fashion and be robust against 
environmental impairments such as turbulence and fog 
weather conditions. 6G THz transceivers can be accomplished 
by means of graphene to enable generation, modulation, and 
detection of THz waves. The transceivers become very 
compact with sizes of a few centimeters, and the 6G THz 
antennas are miniaturized with size of few hundreds 
nanometers (λ ~ 1 mm for 300 GHz), which is ideal for 
consumer good delivery by drones. The latter, can concentrate 
efforts mostly in the payload of parcels to be delivered instead 
of a bulky heavy drone due to cumbersome traditional mobile 
communication hardware. The drones also have nanosensors 
based on 6G THz systems. Fig. 2 illustrates the platform with 
6G THz mobile systems with drones performing real-time 
communication via THz waves to deliver parcels in the last-
mile. The fog mobile node is based on AI, SDN, VNFs, 
orchestration, slicing, and security. Individual fog-enabled 
drones are used to deliver goods to final consumers at their 
door step reducing costs of last-mile delivery services. 
Handover information with real-time updates are exchanged 
among several delivery drones from different mobile cells. 
The drones receive updates on airspace, delivery route, and 
environmental conditions. The drones are self-aware, peer-
aware, and self-organazing with inflight reprogramming 
capabilities in real-time to ensure the success of a given shared 
task when working in cooperation like in a drone delivery 
fleet. The platform enables high-volume commercial drones 
carrying substantial payloads, and ensuring safety, security 

and reliability. The 6G realises the planning tasks to the fog-
based system, including data from on-board cameras, sensors, 
and lidars that are analysed by AI algorithms. AI can cope 
with unmodelled dynamics, unpredicted situations, and route 
impairments, leading to significantly larger motion precision. 
The drones, equipped with compact 6G networking 
components, will be able to reach the front door of final 
consumers with weekly good deliveries. The drones, have 
components running on batteries with long life offered by 6G 
enhancing their efficiency in transportation and coping with 
challenging physical constraints in payloads, flight times, 
speeds and drone sizes.  

AI enhances the way that different physically-entangled 
systems involved in the last-mile delivery service cooperate 
and communicate. AI-based algorithms can cope with hand-
tuning requirements, real-time adaptation to fluctuating 
environments, and vast amounts of traffic data. For example, 
one delivery drone or entity can provide multiple pre-defined 
options and respond to a dynamically complex environment 
in a deterministic manner. This can be useful for improving 
the last-mile delivery sub-systems in a grant-free adaptive 
way. Accordingly, sub-systems can intelligently adjust the 
configuration after detecting different pre-defined service 
indicators. AI can further decrease the complexity of a set of 
subsystems proving capability to fully interact with the 
environment in such a way that a drone can learn how to make 
appropriate responses, even when it faces unknown scenarios, 
tasks, or operational conditions. Moreover, a drone in this 
framework can recognize the owner of a parcel or the final 
delivery point thanks to the AI scheme. The platform 
framework based on several fog capabilities improves system 
efficiency, involving precision system planning, capacity 
expansion forecast, coverage auto-optimization, smart 
virtualized resources, dynamic fog system resource 
scheduling, and optimized slicing functionalities. As the drone 
flying path of a delivery environment is highly dynamic, with 
several different elements and system disturbances, accurate, 
real-time, instantaneous data acquisition and processes, ultra-
low latency position information, and high-mobile system 
reliability are function critical. However, the framework 
leveraging 6G THz and fog mobile systems can support such 
complex sub-systems of systems allowing delivery drones and 
robots to constantly exchange abstracted information so as to 
dynamically and instantaneously adapt their own real-time 
environmental perception with predictions also of future 
environmental conditions.  

Though traditional networks consist of fully built switches 
in which the software and hardware are designed by a specific 
vendor in a closed-wise solution, the developed fog mobile 
node relies on neutral software and hardware components to 
create an agnostic, interoperable, and resilient system. In 
another words, the fog node and its entire functionalities (AI, 
SDN, VNFs, and orquestration) is transparent to the platform 
hardware components. As part of the fog node, SDN 
techniques enable network hardware with dumbness in the 
sense that they are used to transmit information regardless of 
the solution, vendor, and used hardware, being fully 
operational from the fog node [6]. Indeed, SDN and AI 
functionalities are key enablers for the provision of parallel 
services in complex systems. The SDN networking paradigm 
along with IA is leveraged to have control over the data flow. 
On the top of that, the leverage of 6G and fog mobile systems 



enables network topology to be changed on demand, and 
consequently adapting to the changing needs of different 
conditions, traffic, and urban environments. SDN renders 
another level of network flexibility with its topology changing 
dynamically and with a programmable network control and 
efficient traffic orchestration [6]. SDN along with VNFs 
create any type of services throughout virtualized resources. 
Moreover, the framework platform allows virtualization of its 
constituent 6G infrastructure assets into software-controllable 
entities over neutral hardware equipment. This can seamlessly 
interface the interacting facility user with the entire underlying 
6G environment, ensuring that a diversity of wireless 
communication technologies can be served and fog network 
logic can be used for dynamic and de-centralized service 
deployment. Its capability of accommodating in a dynamic 
manner, user service logic on the network comes to fulfill the 
requirement for network resilience and transparency so as 
network agnostic services can be provided either locally on 
specific network branches or at a global level. 

Furthermore, the 6G fog platform supports a cross-layer 
orchestration of physical, computational, and storage 
resources within each different dependable sub-system. In this 
way, network slicing, on demand service allocation, and 
virtualization, take into account the physical spectrum, 
computational and storage resources, sensor gateways, nano 
mobile cells and cloud servers to enable the appropriate 
placement of VNFs, security, and service orchestration 
depending on sub-system requirements. This enables services 
across all sub-systems to be provisioned and managed cost-
effectively via a unified management and orchestration 
framework. In addition, this includes full automation of all 
operational processes and tasks related to the placement and 
lifecycle management of different services. System 
architecture openness and fog computing enable software re-
usability and dynamic services orchestration, while an open 
embedded software architecture with virtualization and 
orquestration capabilities allows for hosting of service 
components in the form of virtualized functionalities. All the 
system virtualized functionalities implemented in the fog 
computing node are controlled by a unified open orchestration 
scheme, enabling an agile, modular, and programmable sub-
system of system capable of adapting to different service 
requirements. This is further responsible for fully automating 
all operational processes and tasks related to the lifecycle 
management of heterogeneous sub-systems functions.  

The orchestrator manages and coordinates the creation of 
fog computing services, involving multiple functionalities, 
across diverse sub-systems. The orchestrator interacts with 
virtualization, coordinating the allocation and setup of the 
computing, storage and network resources, which are 
necessary for the instantiation and interconnection of VNFs. 
The widely varying underlying technologies of the platform 
framework can support network slicing by devising, 
implementing and evaluating network slicing schemes that 
explicitly consider the multitude of heterogeneous system 
components, design operation, requirements, and 
technologies, with SDN controllers exchanging information 
across sub-systems.  

CONCLUSIONS 

A novel platform framework based on 6G and mobile fog 
node systems was proposed. A new definition of 6G mobile 
systems was introduced. The integration and leverage of 6G 
and fog node technologies can bring unique benefits and be 
the key enabler of unforeseen cooperative, autonomous, and 
dynamic applications and use cases. This combination is a 
paradigm shift for the development of an end-to-end lifecycle 
sub-system of system framework to revolutionize the supply 
chain delivery industry. This will enable new opportunities not 
only in the last mile delivery, but also in transport systems like 
harbour cranes, maritime ports, and hub airports helping 
increase access to goods in general including pharmaceuticals, 
reduce traffic congestion and energy consuption, and ease CO2 
emissions from transportation. 
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Fig. 2. 6G and fog mobile technologies for lat-mile drone delivery within highly dynamic, cooperative, and autonomous complex systems of systems. 
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