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“We built the skeleton of a global network.
Now we must give it a brain and a nervous system.” IFa2026
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FROM CONNECTIVITY TO COGNITION

Each generation expanded what networks could do.
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Future systems require networks that understand intent,
r or , and
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THE INTELLIGENCE CLIMB OF FUTURE NETWORKS

From reactive connectivity to cognitive intelligence

Thinks, reasons, and acts with intent.

12 coGNITIVE Al
o

>  (66/7G) @3 (©] 0{ 208
Reasoning Intont- awareness Wortd models o
Built for Al from the ground up.
Al-NATIVE :
(6G) e o smien S Pt QD satpasing A sl
Oboti functi
_7y AI-ENHANCED P o PR
I (5G+) g} Al os add-on fomedon . :;','m
REACTIVE Responds after the event with no intelligence.
(4G/5G) @ Rule-based @ No learring @ No context @ Afver-event
G% As intelligence rises across layers, b more and impactful.

From Reactive to Al-Native to Al Cognitive Networks
Example: Surgeon in Tokyo operates on patient in Kenya

O, | see lag now. Let me try to fx it
(Bun fixing takes 2 seconds.)

In surgery, 2 seconds = knife moves wrong = patient hurt.

x Fixes problems after damage happens
3K Too slow for life-critical tasks

g

Like a car airbag that opens after you
already hit the tree.
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Al-Native Network (6G) —
Al as Core

@ Goal-Oriented &

Context-Aware

Al Built into All Layers
(PHY to APP)

Single Integrated Learning
System (Learns from Data)

l/i Sel_wptim!zina (Latency,
Reliability, Energy)
O Proactive: intent-aware,
grasp human goals, causal
reasoning

Al-NATIVE: Brilliant
memorization and optimization
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Al-Native Network

Al-Cognitive Network

(Tokyo -» Kenya) &

M understands imtent
“This ks surgery. Zero lag alowed.”

N

It acts proactively, not reactively.

Predicts problems before they happen
Understands intent (surgery = critical)

Switch 1 rescue. Here is why | chose this.*

Reasons about trade-offs
Negotiates between conflicting life-critical tasks

‘ !;’J It leaens from this event for next time.
Explains itself like a human expert.

le acar mal brakes Mmﬂcmy before )

Wise, collaborative decision- m*l»ﬁ.
you hit the deer — not after, ) advanced Al together.

FROM AI-NATIVE TO COGNITIVE Al NETWORKS

From intelligence as a feature to intelligence as a nervous system

Cognitive Wireless Network (76)
— Network as a Nervous

™ Fully Prescriptive: closes the loop
(&) (predict = prescribe —» act)

9 Self-Evolving Architecture: no
0y human upgrades — rewires
itself over time

ogy° Distributed Cognition: every node
@2 thinks ~ no central bottleneck

12 Neuro-Symbolic AL pattem
malching + logic = true reasoning
Incremental + Meta-Learning:

@ learns continuously, doesn't forget,
leamns how to leamn

COGNITIVE = A nervous
system that truly thinks

( Set-Eveiving |
ODisvituted Cognion




NERVOUS SYSTEM OF EVERYTHING

[ One Cognitive Twin is a brain. Many Connected Brains = A Nervous System for the Real World J

DIGITAL TWIN: COGNITIVE TWIN: NERVOUS SYSTEM
BLUEPRINT BRAIN OF EVERYTHING
Understands and reasons Distributed intelligence at scale

g | »

Represents the world

7 Passive long-term simulations

4 Vinat-if analysis, planning,
and offine evaluation

d
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Sensing, processing, and
responding everywhere
Autonomous « Real-time « Scalable

Active, thinks, learns,
" predicts failures,

makes decisions
Real-time cognition & decisioning

From passive models = to intelligent brains — to a living nervous system of everything
Multiple cognitive twins working together as one — perceiving, understanding, reasoning, and acting in the real world.

COGENT: Cognitive Agents for Collaborative Intent

THE COGNITIVE TWIN ARCHITECTURE

NEW WIRELESS INTELLIGENCE

Agent 4 . VANTAGE
(9 Loyer (Cogaitve Twin)
3
Ageon 3 . STRATEGIST
BRAIN
WEAVER WEAVER

Agent 2 ‘ CONDUCTOR METACOGNITIVE

SYSTEM

— LOOP

Agent |
] . REFLEX

Weaver Is the lifeblood.
Making Cognitive Twin s lhving entity -+
Truly sall-sware and optimising wireless networks.

Sait-Aware

@ Coltatsrativ @ Adaptive A Aub
o pressmpebpetomety ’

@ Trustworthy
erinnanin shabie
poyssay prpe-tevey

Think of this as the nervous system of a human being mapped to a network
All agents share one Metacognitive Loop —
the Weaver watches all, the Vantage remembers all, the Reflex acts on all.

I.  F. Akyildiz and Tugce Bilen, "COGENT L
Beyond 6G Sy ", submitted in June 2026.

al Cog Agents tor Intent-Driven Autonom
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THE FIVE COGNITIVE AGENTS

One thinking network built from five agents, five timescales, one continuous feedback loop

WEAVER — The Wisd (e c gent

Watches every agent at once, metaleamns across them, and continuously improves the whole system — the metacognitive layer that ties
the network together.

©

VANTAGE
The Memory
HOURS - DAYS

Simulates and predicts future
network states
Leamns from historical + real-
me lelemetry

O

STRATEGIST
The Brain
MINUTES - HOURS

Turns human intent into
network strategy
Negotiates goals, SLAs &
priorities

Feeds: Conductor

Five agents, one cognitive loop — each fast enough for its job, all coordinated by Weaver.

o

CONDUCTOR
The Nervous System
MS - SECONDS

Executes strategy in real Sme
Orchestrates beams, rousing
handovers, sicing

Feeds: Refex

5

REFLEX
The Muscie Memory
MICROSECONDS

Reacts instantly — no
reascning invoived

Local channel, power, MCS &
HARQ decisions




COGENT: THE FIVE-AGENT COGNITIVE ARCHITECTURE

One architecture — five agents — five timescales — from muscle memory to strategic vision

The hippocampus
memory and

nd
memory

Network Memory

( Al Mothods: I Mothods: Al Mothods: Al Mothods: othods:

| TinyML, neuromorphic MARL, FL, GNNs LLMs, Intont e 2 GNNs, Transformers, Mota-| lnnlnlnn (MAML),
computi SOm com mo generative Al, DTs online RL. anomaly
HW-aware Al dotection, Foge- Winkloy

( D.Dlﬂvmﬂl (N!IID!') Dc'?lwm.nl (RESIDES):
| RU / DU oar-RT RIC, MEC /
| Bn-obanu UE cmpul Edge Clusters, BSS,

Roglonal), ore Cloud Al D-AI'= Istribut
Domain controllors

ontrol Centers. ors — N across clou mlgo

D(:Dlwmal'nl Rlllb!‘)} [D?lwmm llllnli)] Dlghyln'nl ll.:nl.)

clouds or regional nd dovice:
| agaregators
-0.5ms ~10ms-100ms ~100ms-1% ~seconds 1o hours ~hours to days
= . i
0.5ms 10ms 100ms 18 hours days

| @ A Y OF INTELL : CLOUD THINKS. EDGE REACTS. LEARNS IT ALL. ]
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CURRENT STATE of 5G/6G
Al-Native Systems
TassoN 5. VANTAGE 2. CONDUCTOR
(Learn) (Inlerprel)
BULK RAW DATA P . 2
High Data Volume, Limited Contest ckects o envbonmantal. e and v _". -
AR || acose A Five-stage COGENT
R D =Y 1;5 Metacognitive Loop for s Cpseratovent ""..:.f:..,?‘""
2 v | Al-Native Networks e s e 108
..zn <o S | ol
o - SICURITY
Siloed Al Agents, Fragmented Security
e e 4.STRATEGIST N Sesife. 3. WEAVER
PERIODIC UPDATE (Act) 3 (validate & Explain)
3 Execites intent based deciuons, XAI-based validation Proactively
MANUAL CROSS-DOMAN TUNmG | 25 e v checks fo secury prvacy, i,
Perlodic Updates, Manual Coordmation
COGENT Metacognitive @ S 7@ m O @ =
Loop I AL, BANEVAUDATOR:  REALTMELANG:  WTONT AUTOOMY:
Think Twice Meaningful Data Irtegrated View Trust & Safety
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BEFORE: AFTER COGENT:
Failures & Inefficiency Self-healing Autonomy & Optimization
% g? Failures = Hours of Downtime * (b Self-healing autonomy (ms-secs)

O Al Optimization;
g Static, wasteful Q m energy savings

resource allocation o
@ a7 Predictive

k’& Reactive ﬂ%ﬁ‘ Five specialized agents each

with its own timescale
X One giant Al model tries . Q Legacy device support via cognitive
to do everything wrappers; no HW upgrades needed

2 Lower cost, less waste,
. ® Devices need full Al capability; &g longer battery life

expensive HW upgrades

° Proactive security




GRAND CHALLENGES

What must we solve to make this vision real?

THE SCALABILITY
PROBLEM

Can we build Al
that is fast, light,
and smart enough
for the real world?

THE TRUST
PROBLEM

Can we trust the
decisions these
Al systems make?

THE INTEGRATION
PROBLEM

2y
L

Can we weave this
intelligence into
the world that

already exists?
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GRAND CHALLENGE: The Trust Problem

Can we trust the decisions these Al systems make?

Transparent box with visdie gears

Trustworthy Al for
Security & Robustness

Improve transparency of
black box models
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GRAND CHALLENGE: The Integration Problem

Can we weave this new intelligence into our existing world?

FOUNDATION MODEL
Large Language Models

05,0  pre-trained on massive,
multi-modal network data.

1. HYBRID Al APPROACHES
+ Combining model-based

optimization with
data-driven learning.

L 4

)\ 2. LACK OF INFORMATION THEORY
* No unified theory linking
‘computation, learning.

@" ‘° and communication for
Computseion

3. STANDARDIZATION &
# INTEROPERABILITY
* Lack of standardized
Alinterfaces hinders
model sharing across
vendors.

THE
INTEGRATION
PROBLEM

50/60

4=4. B s

@/ gration is the bridge b
* Interoperable @ Adaptive
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today’s

@ scatable

* Enabling 5G/6G to work
with legacy 4G systems

2 Future-Resdy

Loarming  Communication  Al-native systoms.

@ 4. HYBRID ENVIRONMENTS
* Meta-loarning for quick
adaptation across
diverse environments.

5. LEGACY SYSTEM COEXISTENCE

and tomorrow’s intelligence.

o8 Built for the Res! World




ETHICS & STANDARDS

REGULATORY REALITY CHECK FOR COGNITIVE NETWORKS

NO STANDARD TODAY

1. EU Al ACT

HIGH-RISK Al SYSTEMS

Purpose: Ensure safe, transparent
and accountable Al in the EU.

Cognitive networks are

How do we design standards
that are future-proot, global =
and technology-aetral?

Goal: Create open, intoroperable and
sacure standards for cogratre ratworks

KEY OPEN QUESTIONS

Al agents?

than the regulatory systems

How do we define kabisty
in & workd of autoncmous

3. LIABILITY & GOVERNANCE

LIABILITY GAP

1f two agents disagree and a packet drops,
who is legally responsible?
The carrier? The Al vendor? No answer today.

No logal framework for
mutl-agent decisions.

Mow do we align innovation
speed with regulatory
roackress?

asigned to govern them.
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Phase 1: Foundation Phase 2: Integration Phase 3: Maturity
2025-2028 2028-2032 2032-2040
( ) ( ) ({:}5 ( )
+ Single-domain COGENT « Full five-agent hierarchy « Full sea-to-space COGENT
* VANTAGE + REFLEX + Metacognitive Loop + UDA, NPT, Shared
prototype fully operational Cognitive Ontology
+ WEAVER overlay for + Multi-domain pilot N Foundation Model for
monitoring (terrestrial + satellite) Wireless Networks
+ O-RAN integration: + O-RAN enhancement: + O-RAN cognitive
STRATEGIST as rApp, CONDUCTOR as xApp, extension standardized
REFLEX on O-DU cross-RIC WEAVER
Standardization Standardization Standardization
&P e & 3
3GPP 0O-RAN 3GPP ITU-R ITU-R CCSDS 3GPP
Rel. 19/20 WGN Rel.21/22  IMT-2030 WRC-27 Rel. 23+
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A FINAL THOUGHT

We have built the skeleton of a global network.
Now, we must give it a brain and a

nervous system.

THE SKELETON J'  THE NERVOUS SYSTEM:

Al that learns

I/, Fiber optics
&) Snsossion ALt oar
g9 Coll towers Digital twins
A on mountains that simulate
and predict
Semantic
% oo understanding
in orbit that captures
meaning
UKime Motacognitive
allo.) cablesin loops thet
the deep

Iy
447 we create something new: a living, thinking digital world.

o\ When we connect skeleton to nervous system,

We built the network to connect people. Now we must tea

not because it’s cool, but because the world is

and too complex for us to manage alone. IFA'2026

IFA'2026




