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Creating a deterministic (understood as end-to-end time sen-
sitive, reliable, resilient, and predictable) network, remains 
a challenge for cellular networks, especially in an industrial 

context. Wired deterministic communication standards have 
already emerged. In this scenario, Time Sensitive Network-
ing (TSN), Deterministic Networking (DetNet), and 5G have 
specified mechanisms for interworking with those standards. 
However, the available support of 5G in conjunction with TSN 
and DetNet is not sufficient for future end-to-end time-critical 
applications.

Network programmability is key in supporting emerging 6G 
networks in achieving their promises of increased performance 
and flexibility at a lower cost. Deep network programmability is 
expected to characterize the new generation of mobile networks 
(6G), currently under development, towards supporting extreme 
performance requirements and service-specific operations.

Enriching next-generation (6G) mobile networks with data 
plane programming capabilities can bring significant benefits 
with regards to network slicing and multi-tenancy, dynamic traffic 
engineering, offloading network functions to the data plane, etc. 
Coupled with edge computing solutions and advanced machine 
learning algorithms for network automation can help to over-
come network performance limits, e.g., in terms of latency and 
deterministic delivery.

This Special Issue is intended to present research efforts on 
how future 6G networks can be more resilient, reliable, and 
time sensitive, while benefiting from additional flexibility through 
advance network programmability techniques, which can also 
be used to support deterministic networks. In response to the 
open call, we were pleased to receive 30 submissions from 
which ten articles were accepted for this issue. The large number 
of submissions is a proof of the high level of interest in advanced 
topics in mobile communications.

While advancements like 6G and Time Sensitive Networking 
(TSN) have greatly reduced communication latency, the pro-
cessing at end devices remains a significant source of unpredict-
ability due to the limitations of current operating systems and 
network interfaces. In [A1], Rovelli et al. analyze various state-
of-the-art OS-bypass methods such as RDMA, XDP, and tradi-
tional UDP sockets to understand their capabilities, limitations 
and configurations in ensuring low-latency, deterministic packet 
handling. The authors also propose a high-level architecture 
which offers a homogeneous datapath to support deterministic 
processing in 6G end devices.

Testing the deterministic performance of TSN and Det-
Net protocols and standards require advanced experimental 

environments, hardware and software tools that can provide 
high precision time and high throughput. In [A2], Vogt et al. 
describe and evaluate an open source traffic generation solution 
to test precision time standards, reliability and scheduling capa-
bilities. The proposed TFTG tool is able to produce traffic with 
nanoscale precision and it has the flexibility to abstract different 
topologies and scenarios with accuracy and scalability.

Current 5G RAN designs introduce inefficiencies due to their 
“fat Layer 2” architecture, limiting effective IP traffic control and 
resource management. In [A3], Chen et al. propose a novel 
architecture that merges User Plane Function (UPF) capabilities 
directly into the RAN through an Integrated User Plane (IUP) 
and its associated Integrated Data Flow Control (IDFC) sublayer. 
The IUP enables programmable traffic control and resource allo-
cation through the O-RAN framework. Evaluations reveal a 50% 
reduction in both latency and overhead, and the architecture 
supports seamless interworking with non-3GPP networks, mak-
ing it a compelling blueprint for programmable, resilient next-gen 
mobile networks.

Integrating 5G into TSN/DetNet networks introduces packet 
delay variations (PDVs) that undermine QoS guarantees tradi-
tionally achievable in wired settings. In [A4], Egger et al. analyze 
these challenges and propose two complementary solutions: 
Packet Delay Correction within the 5G system and a novel wire-
less-aware TSN scheduling approach that accounts for PDV 
characteristics. The paper also introduces a data-driven predic-
tion framework for delay behavior, enabling scalable and deter-
ministic network design. These strategies significantly improve 
reliability and performance in wireless TSN environments and 
open new avenues for future standardization and research in 6G 
time-sensitive networking.

As 6G networks promise deeper programmability and intelli-
gence, vertical industries are poised to benefit from a new class 
of network-native applications. In [A5], Charpentier et al. explore 
the concept of 6G Apps as intelligent middleware that abstracts 
network complexity through APIs, leveraging enablers like AI, 
network exposure, and edge computing. A case study on tele-
operated vehicles illustrates real-world potential, demonstrating 
how 6G Apps can optimize QoS and adaptability. The paper 
outlines critical challenges and research opportunities, position-
ing 6G Apps as vital tools for innovation and service orchestra-
tion in future programmable networks.

Meeting the stringent demands of 6G services requires 
advanced resource orchestration techniques that ensure efficien-
cy, resilience, and scalability. In [A6], Fryganiotis et al. present 
an MPC-based framework that optimizes slice resource allo-
cation over a receding time horizon, minimizing power con-
sumption, latency, and reconfiguration costs. To ensure practical 
deployment at scale, they introduce a proxy-based adaptation 
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of MPC that improves decision speed without sacrificing per-
formance. Simulation results validate the approach’s effective-
ness in dynamic 6G environments, offering a forward-looking 
orchestration strategy aligned with emerging virtualization and 
monitoring capabilities.

With the rise of programmable data planes and AI-na-
tive networking in 6G, learning-based routing mechanisms 
are poised to replace traditional policies. In [A7], Polverini et 
al. introduce a decentralized forwarding approach that lever-
ages Q-learning and in-band telemetry to dynamically select 
the lowest-latency path at line rate. Their method, compatible 
with programmable switches, significantly reduces queuing 
delays—by up to 85%—under both synthetic and real-world 
topologies. This work underscores the promise of in-network 
machine learning for delay-sensitive services while outlining 
open challenges around transport-layer impacts and ASIC 
implementation.

As 6G networks grow in complexity with virtualization 
and slicing, accurate modeling becomes critical for service 
assurance. In [A8], Calvillo-Fernandez et al. present a new 
Network Digital Twin (NDT) model that incorporates virtu-
alization effects and leverages attention-enhanced GNNs to 
better capture complex dependencies. Their framework out-
performs state-of-the-art techniques in predicting service KPIs 
across diverse vertical applications. The proposed NDT is 
robust to changing network conditions, offering a powerful 
tool for proactive slice management and a path toward more 
reliable monitoring and orchestration (M&O) in highly dynam-
ic environments.

The integration of space, aerial, and terrestrial networks 
opens up new possibilities for 6G connectivity, but demands 
novel architectures for time-sensitive communication. In [A9], 
Peng et al. propose a hierarchical design that unifies heteroge-
neous TSN clusters into a seamless, end-to-end delay-sensitive 
platform. The STTSN enables predictive low-latency connec-
tivity and supports computing task offloading, IoT slicing, and 
multi-domain cooperation. Beyond introducing core archi-
tectural modules, the paper outlines technical challenges in 
mobility management and dynamic configuration, offering a 
forward-looking vision for global QoE-driven service continuity 
in the 6G era.

As 6G networks embrace full programmability, traditional 
SDN-based virtualization falls short in managing increasingly 
dynamic infrastructures. In [A10], Chen et al. survey emerging 
techniques that enable virtualization over programmable data 
planes. These programmable network hypervisors (PNHs) allow 
tenants to deploy custom virtual networks with fine-grained con-
trol. Through an experimental testbed using hardware switches 
and complex topologies, the study demonstrates that PNHs 
achieve higher acceptance rates under heavy loads compared 
to legacy solutions. The paper also identifies current limitations, 
providing a roadmap for advancing virtualization in scalable, 
resilient, and deterministic 6G environments.

We would like to thank all the authors who submitted their 
research to this Special Issue. As Guest Editors, we thank all 
the peer reviewers for their time and the excellent job they did, 
which was of tremendous help to ensure the high quality of this 
Special Issue. We are also grateful to the Editors-in-Chief, Prof. 
Jiming Chen and Chonggang Wang, for their continuous and 
prompt support in the development of this Special Issue. Last 
but not least, we hope that all readers find the articles in this 
issue informative, interesting, and useful.
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