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With the rapid acceleration of global digitaliza-
tion, the sixth-generation (6G) mobile network is
poised to play a pivotal role in advancing industrial
intelligence, fostering high-quality economic devel-
opment, and enabling comprehensive societal digital
transformation. Confronted with the increasing com-
plexity and cost pressures of maintaining and opti-
mizing existing fifth-generation (5G) mobile networks,
as well as the limitations of added-on or patched arti-
ficial intelligence (Al), 6G networks must integrate Al
into their design from the outset. On one hand, native
Al can provide on-demand computing power, data,
and algorithmic support, systematically enabling Al
in the entire life cycle of the network. On the other
hand, the digital twin (DT) of wireless networks fur-
ther bolsters network simulation, dynamics predic-
tion, and performance verification capabilities, tre-
mendously reducing trial-and-error costs. Research
on integrating native Al and DT technologies into 6G
mobile networks is inspiring, and potential key tech-
nical benefits of the development of 6G network au-
tonomy include:

1. The architectures and deployment for 6G auton-
omous networks
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Architectural design and deployment are crucial to
better support autonomy in 6G networks. The service-
based radio access network (RAN) architecture is a
promising approach that leverages Al to enable dy-
namic resource allocation and hierarchical deploy-
ment, meeting diverse task requirements while improv-
ing network flexibility. Additionally, autonomous RAN
frameworks that integrate Al with network DT (NDT)
technologies can significantly enhance network au-
tonomy, equipping networks with enhanced sensing,
analysis, and optimization capabilities. Furthermore,
with the rise of large model technologies, studying
their deployment and optimization in 6G networks has
emerged as a new focal point.

2. DT-enabled Al learning and 6G network
optimization

Integrating Al and DT technologies brings intel-
ligent enhancements to 6G networks while introduc-
ing new optimization challenges. The precise model-
ing and future network state prediction capabilities
of DT networks (DTNs) not only enable high-fidelity
reconstruction of communication environments but
also enhance the network’s adaptability to dynamic
changes. Furthermore, the collaborative optimization of
pricing strategies and task offloading in 6G networks
empowered by native Al and DT technologies can
promote high-level network autonomy while optimiz-
ing the Al training process.
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3. Leveraging Al to enhance 6G network
performance

Al technologies play a significant role in improv-
ing 6G network performance. By optimizing resource
allocation and network configuration, Al can boost
system capacity and significantly enhance communi-
cation efficiency. Additionally, integrating DT with Al
facilitates the development of more efficient wireless
network management solutions, fostering sustainable
development in 6G networks.

Nevertheless, the future application of 6G net-
work autonomy still encounters various challenges.
In this context, the journal Frontiers of Information
Technology & Electronic Engineering organized a
special issue on Al-empowered DT-based network
autonomy. This special issue covers basic theories,
hardware design, system architecture, algorithm op-
timization, and application technologies related to
6G network autonomy. It is intended to promote the
industry consensus on the 6G wireless network ar-
chitecture as well as the standardization and imple-
mentation of related technologies. After rigorous re-
view, eight papers have been selected, including
one position paper, five research articles, and two
correspondences.

To address the challenges of low service effi-
ciency and high operational costs stemming from the
added-on Al in 5G networks, 6G networks must na-
tively support new functionalities such as sensing,
computing, Al, big data, and security while promoting
Everything as a Service (XaaS). Guangyi LIU and
collaborators proposed a framework for a 6G autono-
mous RAN empowered by Al and NDT technologies.
Their work outlined the progression from 5G to 6G
through the integration of native cloud, native Al, and
NDT to enhance network autonomy, intelligence, and
agility. A microservice-based architecture was intro-
duced to enable flexible orchestration and customiza-
tion of services in a cloud-native manner. A native Al
framework was developed to efficiently manage Al
use cases in network operations, ensuring quality of
service for Al applications. Additionally, the imple-
mentation of a DTN served as a virtual environment
for training and tuning Al models, mitigating poten-
tial risks associated with poorly trained models. The
integration of Al and NDT facilitates closed-loop

management and optimization, ultimately advancing
the autonomy of RANSs.

Incentive-based task offloading for DTs in 6G
native Al networks is crucial for enabling high-level
network autonomy and optimizing Al training pro-
cesses. Tianjiao CHEN and collaborators established
a Stackelberg game to model the interaction between
base station operators (acting as leaders) and resource-
limited network entities (acting as followers) to bal-
ance pricing strategies and offloading decisions.
They analyzed the Stackelberg equilibrium to derive
optimal solutions and further employed a deep rein-
forcement learning (DRL) algorithm to handle the
dynamic nature of wireless network environments,
achieving adaptive pricing and task offloading. The
feasibility and effectiveness of the proposed scheme
were validated with numerical results.

The diversity of tasks poses significant challenges
for future 6G networks, necessitating dynamic and
customizable RAN architectures. Chunjing YUAN and
collaborators proposed a service-based RAN archi-
tecture that enables decoupled RAN functions tailored
to specific tasks, driven by Al optimization. Leveraging
graph theory and a minimum spanning tree approach,
they developed a decoupling scheme for the RAN
control plane, achieving high cohesion and low cou-
pling among functions. Additionally, an integration
decoupling scheme for the RAN and core network was
introduced to address signaling bottlenecks in the Ng
interface. This architecture offers flexibility and effi-
ciency comparable to that of monolithic RANs while
enhancing capabilities in service scheduling, hand-
overs, and security.

Xing ZHANG and collaborators proposed a
DT-empowered satellite-terrestrial integrated net-
work (STIN) to address challenges in dynamic re-
source allocation stemming from network complexi-
ty and user mobility, facilitating seamless global
communication coverage. The proposed model fea-
tures multi-layer DT deployment to enhance flexibili-
ty and reduce system latency. By employing a multi-
agent RL (MARL) algorithm, they optimized the de-
ployment strategy, achieving significant latency re-
duction under varying network conditions. The po-
tential of DT-driven solutions for dynamic network
optimization was effectively demonstrated.
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The DT channel (DTC) can accurately describe
the electromagnetic wave propagation of the air inter-
face and is the underlying foundation of DTN. How-
ever, environmental information is multi-dimensional,
making its relationship with the channel highly com-
plex. Jianhua ZHANG and collaborators proposed a
unified method for constructing radio environment
knowledge inspired by electromagnetic wave proper-
ties, with the aim of simplifying the relationship be-
tween the environment and channel for 6G DTNs.
Their approach effectively reduced environmental in-
formation redundancy through a scatterer determina-
tion scheme based on random geometry and quanti-
fied electromagnetic wave contributions such as re-
flection, diffraction, and blockage. Their lightweight
convolutional neural network (CNN) based path loss
prediction task demonstrated the method’s effective-
ness, with a small prediction error and a short test-
ing duration. This work enhances the construction
of DTCs by addressing environmental complexities.

Optimizing the deployment of large language
models (LLMs) in edge computing environments is
essential for enhancing privacy and computational
efficiency. Rongpeng LI and collaborators presented
an innovative model-based RL (MBRL) framework
for dynamically optimizing the splitting point of LLMs
in edge computing environments. They analyzed the
impact of various splitting points in mainstream open-
source LLMs and proposed a reward surrogate model
to mitigate computational costs associated with fre-
quent performance evaluations. The proposed frame-
work significantly improved the balance between infer-
ence performance and computational load under vary-
ing network conditions. This work provides a structured
approach to LLM deployment across heterogeneous
devices, offering promising applications for smart cities
and the industrial Internet of Things.

Yannan YUAN and collaborators proposed a uni-
fied data collection framework based on the 6G data
plane (DP) to tackle the inefficiencies of fragmented
data collection in 5G. They demonstrated the uplink
efficiency of the DP protocol stack using a 6G user
equipment (UE) prototype and highlighted the incr-
easing efficiency gains with larger data packets. The
two-sided data collection mode incentivizes providers,

enabling DT UE to reduce DT network resource
overhead. By integrating ASN. 1 for small datasets
and ProtoBuf for large ones, the framework ensures
scalability.

Accurate prediction of future network status is
crucial for DTN to facilitate proactive decision-making.
Nengwen ZHAO and collaborators proposed TSNet,
a Transformer-based foundation model tailored for
time-series data, to address the limitations of tradi-
tional statistical and learning-based methods. TSNet
adapts the Transformer architecture for network pre-
diction tasks by incorporating frequency learning at-
tention and time-series decomposition blocks. They
also validated TSNet’s achievement of superior zero-
shot prediction accuracy by comparison with fully su-
pervised methods, with further improvements attain-
able through fine-tuning.

Finally, we would like to express our sincere
gratitude to the authors, reviewers, and others for
their support and valuable contributions to this issue,
including the editorial staff, the guest Editor-in-Chief,
Prof. Ping ZHANG, and the guest editors, Profs. Yong-
ming HUANG, Jun WANG, Yang YANG, Hong-
gang ZHANG, Yan ZHANG, Yong LI, and Jinkang
ZHU, and Dr. Tao CHEN, for their dedicated ef-
forts and insightful guidance.
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