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Architectural Autonomy: The Final SEASON
Control Plane Infrastructure
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The SEASON project has officially released its final report on the control plane
infrastructure (Deliverable D4.3), marking the transition to fully self-managed, sustainable,
and high-capacity optical networks. This infrastructure serves as the "brain" of the project,
coordinating a complex array of network domains to support beyond-5G services

A Unified Hierarchical Architecture

The SEASON control plane adopts a hierarchical approach to manage a diverse multi-
domain landscape. This unified architecture integrates:

> Radio Access Network (RAN): Managed via the RAN Intelligent Controller (RIC)
for mobile service optimization.

> Spatial PON (SDM-PON): A dedicated controller manages spatial channels, scaling
capacity up or down based on real-time traffic demand to maximize energy efficiency.

> MBoSDM & Optical Transport: High-capacity Multi-Band over Space Division
Multiplexing is controlled through specialized SDN agents and controllers, enabling
dynamic switching across the C, L, and S bands.

» IPoWDM: Simplifies the network by eliminating ROADMSs where possible and
controlling coherent pluggable modules directly through a unified SDN framework.

SEASON

Innovation Highlight: NetDevOps & MAS

A standout achievement is the implementation of NetDevOps and Multi-Agent Systems
(MAS) exhibiting:

» Incremental Change Management: NetDevOps allows for automated, version-
controlled network configuration, reducing manual intervention and error

> Near-Real-Time Intelligence: Distributed MAS agents operate close to the data
plane, proactively anticipating performance degradation and triggering autonomous
reconfigurations to maintain strict Quality of Service (QoS).

Performance Breakthroughs

> Service Provisioning: Multi-domain connectivity setup time achieved in <1 second
(control plane only), a significant reduction over serialized methods.

> CI/CD Efficiency: The NetDevOps pipeline execution time is <10 minutes—three
times faster than manual CLI-based configuration.

> Data Compression: Intelligent telemetry aggregation provides a >90%
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compression ratio without losing critical information.

> MBoSDM Control: Agent configuration for simple operations completed in
approximately 100ms

Telemetry and Al: The Fuel for Network Intelligence

/ Pervasive Monitoring and Streaming Telemetry

The SEASON control plane relies on a sophisticated telemetry framework that feeds real-
time data into its decision-making engines.

Flexible Agents: Standardized SDN agents for DPUs, transceivers, and MBoSDM nodes
stream data using YANG models and protocols like MQTT and NETCONTF.

Multi-Domain Visibility: Telemetry is aggregated from the RAN (O-DU/O-CU), PON, and

\_optical layers, providing a comprehensive view of network health.

/ Advanced Operational Tools

Multiband Digital Twin (OCATA): Uses machine learning to simulate signal propagation
across the C, L, and S bands, enabling precise Quality of Transmission (QoT) estimation
before services are provisioned.

LM-Powered Analysis: In a cutting-edge experiment, Large Language Models (LLMs)
were integrated into the telemetry system to analyze complex network data and assist in fault

\ localization through natural language interfaces.

//Orchestrating the End-to-End Service
The Transport Network Orchestrator (TNQO), based on TeraFlowSDN (TFS), acts as the

master coordinator.

Intent-Based Control: High-level service "intents" (e.g., "create a 10Gbps low-latency
slice") are received by the TNO.

Cross-Layer Mapping: The TNO maps these intents into specific configurations for the
individual domain controllers.

' Rapid Restoration: In failover tests, the system successfully restored the first service within
\ 10 seconds of a hard failure.

"The SEASON architecture demonstrates that integrating CI/CD, AI-driven
digital twins, and hierarchical SDN can deliver the ultra-responsive,

sustainable networks required for the 6G era.”

Release Date: September 30, 2025 Project Website: www.season-project.eu
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