
DAEMON: A network intelligence 
plane for 6G networks

Marco Gramaglia (UC3M)

Workshop on 6G by Hexa-X and ICT-52, January 19th 2023



Outline
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• Integration of NI into the current Architecture

• A NI-native architecture
• The role of the time domain

• The coordination of NI

• The Network Intelligence Orchestrator
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Why NI is fundamental for 6G
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Network Intelligence in 6G

• We are already witnessing the long run towards 6G
• near-zero latency

• apparent infinite capacity,

• 100% reliability and availability

• make the communication infrastructure fully transparent to the service 
provider

• Meeting these requirements entails the increase of the alredy high 
complexity related to management and orchestration
• Traditional human in the loop approaches will not be feasible anymore
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The role of Network Intelligence

• By Network Intelligence (NI) we mean the whole set of smart 
algorithms that will be deployed in 6G networks for 
• automated decision making

• Adapting network resources and functions to 

• the time-varying demand 

• performance requirements 

• All of these shall happen without a need for human intervention

• As many other areas, Artificial Intelligence is considered as the 
enabling technology for NI
• AI is remarkably effective at addressing complex tasks

• A large amount of control and traffic data are available within network 
architectures

• Mostly c-plane, but also u-plane
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The Challenges

• Legacy network management solutions were not designed to cope 
with AI

• Standardization bodies are addressing this issue, but there are at 
least two challenges that need to be overcome

• Design of an end-to-end NI-native architecture
• Go beyond centralized orchestration: NI does not operate in vacuum

• Provide NI directly at Network Function (NF)

• Develop of customized AI techniques that empower practical NI
• AI shall be tailored to the network environment: off the shelf solutions may not 

be effective

• Dedicated loss functions

• Latency guarantees

• reduced requirements in terms of training and computational complexity
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A proposal for a NI-native 
architecture
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The Diagnosis
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The problems

• Too centralized closed-loop models hinder the effectiveness of NI
• It limits the application in a number of critical network management scenarios

• Centralized solutions entail lengthy procedure involving 
• Data gathering at the NF

• Data processing in the c-plane

• Final redistribution of actions

• Result: they may be not affordable

• Need to remove the barrier between different network intelligence 
operating in different domains
• E.g. A Network Orchestrator framework and a smart network controller
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Towards a NI native network architecture

• Unlocking the full potential of NI via coordination of intelligence

• A novel architectural design enables comprehensive coordination 
across NI instances operating across the network infrastructure.
• Leverage on and be compatible with standardization activities by O-RAN, 

3GPP, ETSI. 
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Novel NI orchestration layer 
provides a NI management 
environment to leverage all 
NI models devised in a 
mobile network



NI across network operation timescales

• NI at Orchestrators
• Management of functions and resources at a broad network scope

• Taking decisions that affect large sets of Network Functions, spanning from 
access to core

• NI at Non-Real-Time Controllers
• Operation of less time-critical functionalities at a limited number of sites

• NI operates at a local scope and takes decisions at timescales in the order of 
tens of seconds

• NI at Real-Time Controllers
• NI is implemented much closer to or actually within the user plane

• Controllers trigger highly specialized and lightweight NI algorithms that 
operate within each NF, enabling, network functionalities to operate close to 
the line rate

11



Challenges for the NI Nativeness
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Cross-domain NI orchestration

• NI algorithm selection
• Selecting the best NI algorithm to be run within each NI instance

• Finding the best trade-off concurrently across timescale levels

• NI instance coordination
• exchange of information via dedicated interfaces with the NI instances

• centrally solve trade-offs that may emerge from conflicting objectives in the 
control and data planes

• Federated Learning aspects
• The overall goal is not only the cooperative learning but A NI-Native 

architecture goes beyond federated learning
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Planes

• In contrast with current mobile network 
architectures, we identified the need for 
additional planes that are encompassing the 
different planes of the network
• Security Stratum

• Intelligent Stratum 

• Sensing Stratum 

• Network Stratum

• We considered these elements as so pervasive 
in the future 6G Network that they should be 
explicitly managed in the architectural 
framework
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The NMAPE-K framework

• Intelligent algorithms can be split to identify the specific needs of 
monitoring, decision-making, and enforcement.
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The NIO Framework

• From that, a compound NI Orchestration Framework that captures 
the most important interactions between the algorithms and the 
system shall be introduced
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NIO Taxonomy

• Network Intelligence Function (NIF). Functional block in a network intelligence 
instance that implements a decision-making functionality to be deployed in a 
controller, NFV orchestrator, or Network Function and has well-defined interfaces 
and behavior. A NIF thus corresponds to an individual NI instance that assists a 
specific functionality, and comprehensive lists of NIFs are the ones we define in 
the project.
• Each NIF can be further split into atomic NIF Components (NIF-C) following the NMAPE-K 

scheme

• Network Intelligence Service (NIS). Composition of Network Intelligence Functions 
(NIFs) that has a specific target, usually related to a specific set of targeted KPIs. 
An examples of NISs derived from NI Functionalities developed in DAEMON below.
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NIS KPIs NIFs

Reliable Virtualized RAN Reliability • Reliable distributed unit (DU) for virtualized RAN 
• Orchestration of radio and computing resources in vRANs

Sustainable network operation VNF Energy Savings • Cloud Acceleration for virtualized RAN
• Compute Aware scheduling analytics
• AI-enhanced edge orchestration
• Data-driven resource orchestration
• Multi-timescale network slice reservation

Compute Resource Savings

OPEX Savings

Network capacity management Wireless Capacity Increase • Reconfigurable Intelligent Surfaces Control

Edge orchestration OPEX Savings • Network Service Auto-scaling
• Capacity forecasting



NIO Details

• Following the design of major 
orchestration framework we 
proposed NIO modules and 
interfaces
• NIF Component Manager. The NIF 

Component Manager is in charge 
of handling the lifecycle of the NIF-
Cs. 

• NIF Manager. The NIF Manager, 
instead, has a global view of the 
set of NIF-C that compose every 
Network Intelligence Function

• Intelligence Orchestrator. The 
Intelligence Orchestrator is in 
charge of the lifecycle 
management of the NIS, by 
properly coordinating the NIFs that 
build each of them. 
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An exemplary solution

• The solution based on the vrAIn
algorithm [1]

• Inputs can be categorized and 
configured according to the desired 
behaviour

• Knowledge and plan blocks 
implement the Deep Learning 
algorithms needed by the system

• Thanks to this layout more and 
different algorithms can be 
accommodated into a NIS

[1] Jose A. Ayala-Romero, Andres Garcia-Saavedra, Marco Gramaglia, Xavier Costa-
Perez, Albert Banchs, and Juan J. Alcaraz. 2019. VrAIn: A Deep Learning Approach 

Tailoring Computing and Radio Resources in Virtualized RANs. In The 25th Annual 
International Conference on Mobile Computing and Networking (MobiCom '19). 

Association for Computing Machinery, New York, NY, USA, Article 30, 1–16. 
https://doi.org/10.1145/3300061.3345431



Conclusion and Outlook

• We designed the NI Orchestration Framework, that aims to natively 
handle the NI in the network,

• We designed the basic blocks and procedures, and provide some 
examples of the functionalities.

• As next steps, we plan to further detail the procedures and 
interfaces, as well as providing a real-world proof-of-concept of the 
system.
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