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プレゼンター
プレゼンテーションのノート
6G Digital Twin – Definition

When we look at 6G deployment, we assume a heterogenous network deployment with terrestrial and non-terrestrial coverage, including the core network elements and functions and the radio access network, either distributed or localized. The network is designed to maintain old applications such as mobile broadband, voice, mobility, but will add new applications such as metaverse, XR, VR and can serve smart cities, smart grids, autonomous vehicles, and/or private industrial IoT deployments. 
A digital twin or, better a Network Digital Twin (NDT) will need to create a dynamic, virtual replica of the physical network’s infrastructure, operations, and lifecycle that mirrors, simulates and interacts with the physical network in real time enabling continuous interaction between the digital and its physical environments counterpart [7]. 
The Figure in the slide represents in more details the interaction between physical, digital, and human world. 

The process begins in the physical network composed of physical entities, such as buildings, roads, and infrastructure. These entities are equipped with various sensors and devices that continuously generate real-world data. This data encompasses a wide range of information, including traffic patterns, energy usage, environmental conditions, and more. Once the data is generated, it undergoes data aggregation, where it is collected from multiple sources and combined into a centralized database. This database serves as a structured repository, ensuring that the data is organized and readily accessible for further analysis. 

The next step is to create a virtual network, which is a key component of the digital twin. This network is a virtual replica of the physical world, built from models reflecting the real physical network and continuously updated via the real-world data, to reflect its current state, operating conditions, and changes over time. Once built, the virtual network allows for the simulation of various scenarios and the generation of synthetic data, which can be used to fill gaps in the real data or to test different conditions and outcomes. The virtual network provides a realistic environment and a rich dataset for the human world to work on. Analysis and management test tools can simulate various scenarios in the virtual network, testing how different conditions or settings might impact the physical network in a risk-free environment.
 
For example, it can simulate different network configurations to find the optimal setup to achieve the best performance in terms of latency, bandwidth, or energy efficiency. The results may create a series of optimization policies that can be suggested or applied automatically to the physical network to achieve the simulated optimized conditions. In addition, updated models designed by the analysis tool can be applied to the virtual network, taking into account the insights gained by the optimization process.

An AI/ML layer wraps around the physical, digital and human worlds, demonstrating how AI is set to play a transformative role in the development and operation of 6G networks by influencing various layers and components in multiple ways. For instance, AI can enhance signal processing, coding, and modulation techniques, leading to improved data transmission efficiency and reduced latency. AI/ML algorithms can train on the real-world and synthetic data to simulate various scenarios, testing how different conditions or settings might impact the physical network. Additionally, AI can automate network management tasks, such as predictive maintenance and fault detection, leading to more resilient and self-optimizing networks. 

It is worth noticing that, due to the complexity of modern wireless networks, it is challenging to establish a single digital twin encompassing the entire wireless network. Consequently, a common manageable solution is to segment the wireless network and create digital representations for individual components such as the core network, network topology, RAN (Radio Access Networks), and user behaviors [8].
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Simulator Versus Digital Twins: Key Differences 
A digital twin functions as an advanced simulator. However not all simulators are digital twins. The key differences between a digital twin and a simulator will be discussed here, with an emphasis on the level of abstraction we can achieve, the data being used, the interface with real-world objects and systems, and the degree of scalability [3].
Simulator
Often in the design phase, simulators are used to evaluate and analyze processes, systems, or products. They utilize mathematical models based on the laws of physics, known as Physics-Based Models (PBM), allowing them to achieve various levels of abstraction. 
For example, behavioral abstraction models the overall behavior of a system without delving into detailed interaction, while, for example, protocol abstraction focuses on the interactions between components through communication protocols. 
The main sources of input data for these simulators are physical attributes, design specifications, and environmental conditions. Typically, simulators do not interact with data from physical objects; once programmed or trained, they operate independently from the real-life process. 
Simulators can handle larger models, but their ability to seamlessly integrate multiple systems is typically inferior to digital twins.
Digital Twin
A digital twin improves PBMs using statistical, machine learning, artificial intelligence and other methodologies. Digital twins can be classified by their level of abstraction, which determines the detail and scope of the virtual representation.
There are different types of digital twin which fulfill different roles, at different levels, within an overall ecosystem. At the component level, a digital twin represents individual parts of a system, making it useful for detailed analysis and optimization of specific components. Asset-level digital twins encompass entire assets and are ideal for monitoring and maintaining the performance of these systems, including, for example, predictive maintenance. System-level digital twins model entire systems, including the interconnection between multiple assets, and are used for optimizing system-wide performance and understanding interactions between different components. Process-level digital twins represent entire processes, such as manufacturing workflows or supply chains, helping to optimize and manage complex processes to improve efficiency and reduce bottlenecks. Finally, enterprise-level digital twins cover the entire enterprise, integrating various systems and processes, and are used for strategic decision-making, enterprise-wide optimization, and aligning operations with business goals. 
Digital twins rely on operational data collected from sensors in real-time and historical data sources. Interfaces for real-time interaction with the physical world are supported, providing insights on performance, maintenance needs, and future enhancements. Additionally, they are designed to be highly scalable and capable of integrating various processes and systems.
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EXata Digital twin & Streaming Demo
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