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ETSI and ITU Present Advances in International Optical 
Networks Towards 2030 and Beyond (ION-2030)
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Moderators

• Hiroshi Ota, ITU-T SG15 Counsellor, Switzerland

• Xiang Liu, Hong Kong Research Center of Huawei, China

Panelists

• Vince Ferretti, Corning, United States

Progress of ITU-T ION-2030 for AI, Datacenters, Broadband and Home Networking

• Marcus Brunner, ETSI ISG-F5G Vice-Chair, Switzerland

New Use Cases of Next-Generation Optical Networks in the Era of ION-2030 and F6G

• Yuyang Liu, China Telecom, China

Progress on AI-OTN and ION-2030 for Datacenters Optimized for AI

• Raul Muñoz, Centre Tecnològic de Telecomunicacions de Catalunya (CTTC), Spain

Mutual Empowerment between ION-2030 and AI: ION-2030 for AI & AI for ION-2030



ION-2030: Enabling the Intelligent Optical Network Era

Reference: ITU-T Technical Report on Optical Fibers, Cables and Systems (TR-OFCS).

Reference: https://www.itu.int/hub/2026/02/ion-2030-enabling-the-intelligent-optical-network-era/

The International Telecommunication Union (ITU) has released 
a new framework to guide the evolution of global optical 
connectivity in the age of artificial intelligence (AI).

The framework – International Optical Networks towards 2030 
and Beyond (ION-2030) – was developed by ITU-T Study Group 
15, the expert group responsible for standards on networks, 
technologies, and infrastructures for transport, access, and 
home.

ION-2030 sets out a strategic vision for how optical networks 
should evolve to meet the demands of 6G mobile networks 
(IMT-2030), AI, data centres, broadband access, home 
networking, and integrated sensing and communication (ISAC).

The framework emphasizes the mutual empowerment of AI 
and optical networking, positioning both as drivers of the next 
wave of digital transformation.

https://www.itu.int/hub/2026/02/ion-2030-enabling-the-intelligent-optical-network-era/
https://www.itu.int/pub/T-TUT-HOME-2025-2


ION-2030 for AI & AI for ION-2030

Reference: ITU-T Technical Report on Optical Fibers, Cables and Systems (TR-OFCS).

Reference: GSTR-ION-2030 (https://www.itu.int/pub/T-TUT-HOME-2025-2)

https://www.itu.int/pub/T-TUT-HOME-2025-2
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Submission deadline

15th April, 23:59 CET

ITU ION-2030: Architectures and Standards of Optical Networks for the AI Era 
- Advancing United Nations’ Sustainable Development Goals (SDGs) Symposium 

52nd European Conference on Optical Communication

20 - 24 Sep. 2026 · Málaga, Spain

www.ecoc2026.org
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International Optical Networks towards 2030 and 
Beyond (ION-2030)

Vince Ferretti
Vice Chair Promotion & Coordination

ITU-T SG15
March 2026
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ITU-T SG15: The Leading SDO for Optical Networks

ITU-T
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Q4: Metallic conductors

Q5: Optical fibers and cables

Q6: Optical components & systems
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Q10: Packet transport networks

Q11: Optical transport

Q12: Transport network architecture
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ION-2030: Enabling the Intelligent Optical Network Era

Reference: ITU-T Technical Report on Optical Fibers, Cables and Systems (TR-OFCS).

Reference: https://www.itu.int/hub/2026/02/ion-2030-enabling-the-intelligent-optical-network-era/

The framework – International Optical Networks towards 2030 and Beyond (ION-2030)
was developed by ITU-T Study Group 15, the expert group responsible for standards on 
networks, technologies, and infrastructures for transport, access, and home.

ION-2030 sets out a strategic vision for how optical networks should evolve to meet:
the demands of:
• 6G mobile networks (IMT-2030)
• AI
• data centres
• broadband access
• home networking
• integrated sensing and communication (ISAC)

The framework emphasizes the mutual empowerment of AI and optical networking, 
positioning both as drivers of the next wave of digital transformation.

https://www.itu.int/hub/2026/02/ion-2030-enabling-the-intelligent-optical-network-era/
https://www.itu.int/pub/T-TUT-HOME-2025-2


Key capabilities and architecture

Reference: ITU-T Technical Report on Optical Fibers, Cables and Systems (TR-OFCS).

The ION-2030 framework envisions a service-oriented architecture 

combining high performance with intelligence and sustainability. It 

highlights four principal advances:

• Terabit-per-second connectivity and sub-millisecond latency to 

support emerging digital services.

• Integrated sensing, computing, and AI agents within optical layers 

for real-time  awareness and automation.

• Energy-efficient and quantum-resilient designs to ensure long-term 

security and sustainability.

• End-to-end service optimization across multiple network domains 

and layers.

Reference: https://www.itu.int/hub/2026/02/ion-2030-enabling-the-intelligent-optical-network-era/

https://www.itu.int/hub/2026/02/ion-2030-enabling-the-intelligent-optical-network-era/


Standards collaboration

Reference: ITU-T Technical Report on Optical Fibers, Cables and Systems (TR-OFCS).

ION-2030 promotes cross-sector collaboration both within ITU and with 

other standards bodies, including:

• 3rd Generation Partnership Project (3GPP)

• Broadband Forum

• European Telecommunication Standards Institute (ETSI)

• Institute of Electrical and Electronics Engineers (IEEE)

• International Electrotechnical Commission (IEC) 

• Internet Engineering Task Force (IETF)

• Optical Internetworking Forum (OIF).

To support IMT-2030, ION-2030 also supports joint efforts with: 

• ITU’s Radiocommunication Sector (ITU-R) 

• ITU-T Study Group 13 (Future networks)

Reference: https://www.itu.int/hub/2026/02/ion-2030-enabling-the-intelligent-optical-network-era/

https://www.itu.int/hub/2026/02/ion-2030-enabling-the-intelligent-optical-network-era/


Towards sustainable, intelligent connectivity

Reference: ITU-T Technical Report on Optical Fibers, Cables and Systems (TR-OFCS).

ION-2030 contributes directly to sustainable digital infrastructure by combining 

intelligence, energy awareness, and interoperability. Its principles support 

sustainable social and economic development through enhanced efficiency, 

reduced operational costs, and inclusive access to digital services.

“ION-2030 represents a holistic vision for the optical networks of the future,” said 

the ITU-T Study Group15 Chair Glenn Parsons. “It integrates industry demands 

including for IMT, AI and sensing into a unified framework that can support 

humanity’s growing digital and sustainable aspirations.”

ION-2030 (GSTR.ION-2030) complements ongoing work in ITU-T Study Group 

15 on transport network evolution and digital transformation.

Reference: https://www.itu.int/hub/2026/02/ion-2030-enabling-the-intelligent-optical-network-era/

https://www.itu.int/pub/T-TUT-HOME-2025-2
https://www.itu.int/hub/2026/02/ion-2030-enabling-the-intelligent-optical-network-era/


ION-2030 Vision, Characteristics and Features 

Reference: ITU-T Technical Report on Optical Fibers, Cables and Systems (TR-OFCS).

Reference: GSTR-ION-2030 (https://www.itu.int/pub/T-TUT-HOME-2025-2)

https://www.itu.int/pub/T-TUT-HOME-2025-2


ION-2030 Framework: continues to grow and expand

ION-2030
(GSTR.ION-2030)

- Emphasizing the mutual empowerment with AI

Service-oriented management & control (M&C)
- offering E2E optimization across network segments and network layers

For 
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For 

Data

Centers

(GSTR.ION-

aiDC)

For 

Broadband

Access

(G.sup.ION-

aiBB)

For 

Home

Networking

(G.sup.ION-

aiHome)

……

Promotion and Coordination
- both within ITU and with other SDOs

For 

ISAC



Thank you all!

Innovating & Cooperating on ION-2030 in the AI Era

➢Global cooperation and collaboration in 

international standards are essential to the 

realization of the full value of ION-2030 for 

the common benefit of our global society.

➢Opportunity to jointly contribute to ION-

2030 on the key topics of the mutual 

empowerment between AI and ION-2030, 

and ION-2030 for IMT-2030, data centers, 

broadband and more.

……



Dr. Marcus Brunner

OFC’26, Los Angeles USA, March, 2026

New Use Cases of Next-
Generation Optical Networks 
in the Era of 
ION-2030 and F6G

ETSI ISG F5G Vice-Chair



Founded in Nice, France

35 years in the ICT sector

3GPP originated from ETSI

More than 900+ members worldwide

Operators, Vendors, Verticals, Governments, 

Universities

From 65 countries and 5 continents

ETSI (European Telecom Standards Institute)
leading SDO in Europe influencing the world



Evolution of Optical Networks towards 2030s (F6G/ION-2030)

Wireless 

¸

¸

Wireless 

Access

Fixed 
Access

Cloud VRVoice Web Video 4K UHDServices

F6G/ION-2030 Vision

F6G/ION-2030 scenarios & req., … 

Optical Standards & Technologies

F5G / F5G-
AdvancedF4GF3GF2GF1G

Fixed 
Network F6G/ION-2030

ETSI ISG F5G (Industry Specification Group – 5th Generation Fixed Network)
F5G-Advanced (deploying): WIFI7 + FTTR + 50G PON + fgOTN + 800G/λ WDM

(New requirements: IMT-2030, AI, DC, Ultra-Broadband, …)

(and beyond)

5G
(IMT-2020)2G 3G

(IMT-2000)
4G

(IMT-Advanced)1G 6G
(IMT-2030)
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ETSI F5G-Advanced Releases 3&4 introduces 31 use cases for the 10Giga era



F5G-A Use Cases for Residential Applications 

See F5G Advanced Use Cases; Release 4 at https://www.etsi.org/deliver/etsi_gr/F5G/001_099/032/01.01.01_60/gr_F5G032v010101p.pdf

Integrated RFID over 

FTTR over FTTR

3D video enabling via 

Intelligent FTTR
On-premises Millimetre

Wave (mmWave) WLAN

Integrated Storage over 

FTTR

• Home Data Storage with Automatic 

Backup, Usage of AI in the Cloud 

• Reading RFID Tags in the Room

• Enabling Various Applications

• 2D to 3D Content Converter

• Synchronized Glasses

• AI improved QoE and energy 

efficiency

https://www.etsi.org/deliver/etsi_gr/F5G/001_099/032/01.01.01_60/gr_F5G032v010101p.pdf


F5G-A Use Cases for Enterprise Applications 

Smart Sensor Cloud for AI 

in Industrial Manufacturing

P2MP fgOTN for premium 

private lines

• Low latency

• High reliability

Smart 

Hospitals/Offices

• High bandwidth

• High security

• High bandwidth, Reading films do not freeze

• High performance, Rounds don't drop the line

• Fine grain OTN over P2MP fibre fabric

See F5G Advanced Use Cases; Release 4 at https://www.etsi.org/deliver/etsi_gr/F5G/001_099/032/01.01.01_60/gr_F5G032v010101p.pdf

https://www.etsi.org/deliver/etsi_gr/F5G/001_099/032/01.01.01_60/gr_F5G032v010101p.pdf


F5G-A Use Cases for Industrial Applications 

Railway Flat wheel 

detection 

Urban Rail Robotics as a ServicePerimeter Inspection

• Fibre Sensing 

• Detection Train Flat Wheel

• Improved Train Safety

• Wide range > 10km; Inherent safety, 

electrical insulation; High sensitivity

• Detection accuracy > 99,9%, With 

the support of AI analysis

• Railway line-network transmission 

network

• Railway line transmission network

• Railway station access network

• Transfer of sensor data to the cloud

• Enable low-latency control of the 

robot from the cloud

• Use of AI in the cloud: training is to 

compute heavy

See F5G Advanced Use Cases; Release 4 at https://www.etsi.org/deliver/etsi_gr/F5G/001_099/032/01.01.01_60/gr_F5G032v010101p.pdf

https://www.etsi.org/deliver/etsi_gr/F5G/001_099/032/01.01.01_60/gr_F5G032v010101p.pdf


F5G-A Use Cases for Optical Network Operation

Energy-efficiency Flash Disconnection 

Localization

Generative AI for F5G-A 

Network Management

Optical cable Co-route 

detection 

• Intelligent Port On/Off

• Energy-aware Re-routing

• Fibre Sensing

• Co-route detection through 

Environmental signals

• Co-cable and Co-trench

• AI-Powered Intelligent Flash 

Disconnection Fault Localization 

in Optical Network

• Intent Classifier

• Digital Twin Sandbox

• Code Generator

See F5G Advanced Use Cases; Release 4 at https://www.etsi.org/deliver/etsi_gr/F5G/001_099/032/01.01.01_60/gr_F5G032v010101p.pdf

User 

Prompt
Classif ier

Content  Database

Generator

Task-specific Query

Validator

API Client

Client CodeValidation

API Client Code

Interpreter
Device-Reply

Output

Human

readable

Response

LLM  copilot

Digital Twin

F5G-A MCA Plane

F5G-A Underlay Plane

F5G-A Service Plane

ConfigurationMonitoring

https://www.etsi.org/deliver/etsi_gr/F5G/001_099/032/01.01.01_60/gr_F5G032v010101p.pdf


© ETSI

F5G-A Proof of Concept Projects

PoC Team Members

Industrial PON Telemetry Streaming Optical Service Networks Cloud visual inspection 

Cloud control of AGV E2E M&C for VR service PON energy saving

https://docbox.etsi.org/ISG/F5G/Open/PoC_Material/F5G_PoC_List_2025ff_V0_0_4_clean.docx

E2E M&C for Gaming

F5G-A end-to-end management and control 

for Building Cloud AR/VR Gaming Service 

(50G-PON, fgOTN, NFV/Cloud)

Shown at MWC’26

LLM for managing Optical Networks Intelligence for Fibre to the Room

Large Language Model based 

management of Optical Networks 

(telemetry, configuration, orchestration 

for optical networks)

Shown at OFC’26

Intelligent FTTR for improved QoE, application 

identification, energy saving, multi-AP 

coordination, privacy preservation.

Shown at OFC’26

https://docbox.etsi.org/ISG/F5G/Open/PoC_Material/F5G_PoC_List_2025ff_V0_0_4_clean.docx


ETSI Whitepapers on AI for Fixed Networks

https://www.etsi.org/media-library/white-papers

https://www.etsi.org/media-library/white-papers


The Road to F6G

Summary Presentations

Coordination between F6G and 
ION-2030 ongoing

Contribution of ETSI F5G-A Use 
cases to ITU-T SG15

Workshop on F6G held

Further discussion on F6G 
ongoing

https://www.etsi.org/newsroom/blogs/entry/f6g-next-generation-optical-network
https://docbox.etsi.org/ISG/F5G/Open/F5G%20External%20Presentations%202025/F6G%20Workshop%20(October%202025)


© ETSI

Industry Trend: 

Move to 10Gbit/s

• Improving quality and 

performance (application-

specific)

• Addition of AI capabilities 

everywhere

• 10Gbit/s everywhere for 

everybody

F5G Advanced

Key Technologies

• Wi-Fi 7

• FTTR, FTTO, FTTM

• 50G-PON

• fgOTN and 800G

• Intelligent and autonomous 

E2E management

• Energy-efficiency through 

all-optical networking

Outlook

• F5G-A Release 5 in progress

• New Use Cases in 

preparation  

• Enhancing the F5G-A 

Architecture (AI, All-optical, 

Integrated Computing)

• Further Discussion on the 

F6G/ION-2030 Vision

Summary: F5G Advanced for 10Gbps Everywhere

F5G Advanced Boosts Industrial Intelligence



©ETSI 2026 – All rights reserved Follow us on: 

Thank you for your attention

https://www.youtube.com/user/ETSIstandards
https://twitter.com/ETSI_STANDARDS
https://www.facebook.com/etsi.standards
https://www.linkedin.com/company/etsi?trk=biz-companies-cym


China Telecom Research Institute 

Dr. Yuyang Liu, Editor of GSTR.ION-aiDC

March 2026

Progress on AI-OTN and ION-2030 for 

Datacenters Optimized for AI

OFC ETSI and ITU Present Advances in International Optical 

Networks Towards 2030 and Beyond (ION-2030)



Development of optical network

The explosive growth in business demand brought about by AI technology will result in AI traffic accounting for 62% of the total 

global network traffic by 2033. AI and network technology are gradually evolving from independent to collaborative.

AI and Network

AI Network Network for 

bearing

Network for 

development

Network for 

application

AI for 

optimization

AI for

experience

AI for

service

0%

10%

20%

30%

40%

50%

60%

70%

80%

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Net new AI applications AI-enhanced applications – AI traffic 

AI-enhanced applications – non-AI traffic Conventional applications traffic

AI traffic trends

Source: Omdia, Al Network Traffic Forecast 2023-33



All optical network 3.0 for AI era

China Telecom AON 3.0: Center around “All-Optical Intelligent Connectivity”, commit to building an all-optical intelligent 

connection system with the following three visions, lay a solid foundation for the network infrastructure in the AI era

AON 3.0

Space-Ground-Sea 

Convergence

Optical-Sensing-Service 

Convergence

Optical-Cloud-Intelligence

Convergence

By deeply coupling optical

communication with optical sensing,

the transition from a “connection

channel” to a “perception hub” can

be realized, driving the shift of optical

networks from a passive transmission

model to a paradigm that combines

active sensing and differentiated

services.

Optical networks support the efficient

connectivity of massive amounts of data,

and enable deep integration with cloud

resources through intelligent upgrades.

Through multi-dimensional network integration

technologies, space-based optical networks

(satellite communication), airborne optical

networks (aerial platforms), ground optical

networks, and submarine optical networks can

be organically coordinated.



Core: build a DC-centric optical network

Medical data

LLM

Smart 

City

Multi type network 

services

Spine switch

Super-Spine

Switch

Storage

...

...

...

...

OCS

Datacenter access

Flexible and reliable massive data 

transmission to realize low 

latency computing for users

Datacenter intra-connection

Ultra large-scale networking 

based on OCS with high 

bandwidth, low power, low latency

Datacenter inter-connection

Based on the 800G/1.2T or 

beyond, together with RDMA to 

support lossless network

CO

Network empowers computing, to build high quality DC networks 

Leaf

switch



Architecture of DC-centric optical network

ION-2030 for DC (GSTR.ION-aiDC): Build an intelligent optical network spanning access, within, and across data centers, 

integrating DCA, DCN, and DCI to support large-scale AI training, real-time inference, and cloud workloads.

KPIs
• Bandwidth: 800Gb/s/λ between DCs

• Latency: millisecond connections to DCs

• Reliability: Lossless restoration/protection

• Flexibility: ROADM/OXC/WSS enabled 

all-optical routing

• Efficiency: Energy-and-resource-efficient 

architectures (OCS-based DCN)

• M&C: AI-assisted intelligent M&C

Provided by China Telecom

Source 1: ITU-T GSTR.ION-2030, 2025.10

Source 2: ITU-T GSTR.ION-aiDC, under study 

(Yuyang Liu and Raul Muñoz)



AI-OTN: empowering future optical network

AI-OTN: Aims to build an intelligent optical transport network that efficiently carries AI workloads (N4AI) while using AI to 

optimize and automate network operation (AI4N).

Data plane

Control plane

Mgmt 

Plane

Intelligence plane

Sensor

Service awareness

Network awareness

Optical sensor perception

Computing

resource

NE scale resource

Network scale resource

AI Inference

Alarms, config, billing, performance, security

Storage, sensor and computing management 

Data trafficing

Electrical (fgOTN/OSU, ODUk, FlexOP)

optical (λ, sub-λ，FlexRate/FlexGrid)

Security

Resource 

discovery

Signaling 

protocols

Routing 

protocols

PCE SLA assurance

AI apps (within-network)/agents
Fault management agent, service assurance agent, etc.

Model Life Cycle 

Management

Computing task

orchestration

Data

Management

AI Applications (external of networking）

Service intent/SLA negotiation



New feature: Intelligent plane is introduced

Intelligent plane

AI Inference

AI apps (within-network)/agents
Fault management agent, service assurance agent, etc.

Model Life Cycle 

Management

Computing task

orchestration

Data

Management

Intelligent plane of AI-OTN: Responsible for AI apps (agents), network state perception, intelligent analysis, and policy 

generation, enabling AI-driven optimization, decision-making, and closed-loop control of the network.



Practice@DCA: OSU for access

A comprehensive service bearer by introducing flexible mapped optical service units (OSUs) with low latency and high reliability

M-OTN/OSU

DC DC

DC DC

All optical low latency, high reliability, quality customer access
2H

2B

2C Service

Internet BackboneMetro

OSU : Optimizing latency and service packing Flexible bandwidth configuration
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Compared to ODU, single station latency is reduced by~50%

Compared to VC, single station latency is reduced by~80%
Lossless adjustments: finer granularity, larger range, and 

faster speed

Time

BW

OSU: 2M~100G

2.6M

Step

2~126M  (63*VC12)

48~1152M (24*VC3)

150~1200M（8*VC4）

N*1.25G

VC12

VC3 

VC4 

ODU 

10~1190M  (119*10M)fgODU



Practice@DCN: OCS for DC

OCS-based DCN

Spine Spine

Leaf Leaf Leaf

TOR
GPU

GPU

…

TOR
GPU

GPU

…

TOR
GPU

GPU

…
TOR
GPU

GPU
…

OCS×N

⚫ Large scale: Network scale can reach millions of GPUs in the future

⚫ Easy Evolution: Rate independent, support 400G, 800G, 1.6T, etc

⚫ High reliability: no optical module, reduced failure rate by 17%+

⚫ Low power consumption: all-optical switching, saving about 20% of 

network power compared to three-layer fat trees

Field and lab results

8.21

7.18

GPU P2P latency reduced 

by 14%

(us)

14%↓

Reduce optical modules

Reliability up by 17%↑

1.17x

50%↓

Rate independent

Supporting 400G/800G/1.6T

19%↓

Power consumption reduced 

by 19%

Conventional  OCS Conventional  OCS

Conventional  OCS Conventional  OCS

China Telecom has completed the world's first operator DCN architecture based on optical circuit switching (OCS)



Practice@DCI: Distributed AI tasks

• All optical direct communication and all optical 

exchange between intelligent computing clusters.

• 800G/λ

• C+L spectrum

• 96T/fiber

• Full stream packet loss monitoring

• Precise flow control of switches

• 50ms WSON

• Intelligent M&C

• Agile network resilience, 

automatic business 

building and dismantling

AIDC

AIDC AIDC

35.74
33.04

16.98

35.97
33.19

17.11

0

20

40

97% 

Liquid - cooled intelligent computing 

server & liquid - cooled cabinet

73%

Intra - DC networking 

equipment,10%
Electromechanical support,9%

New equipment for 

distributed network, 8%

Economically Viable

Offering a low-cost solution for intelligent computing infrastructure construction



Practice@DCI: 50ms WSON

1

2

Channel Wavelength (nm) Time (ms)

CH1 1524.46 43.21

CH7 1531.47 43.24

CH20 1546.89 43.33

CH40 1571.22 44.42

➢ We have further conducted a four-site field trial (with 

training and inference), and the results have been 

submitted to JOCN as an invited paper.



Summary and Outlook

◼ (AON 3.0) AI workloads are reshaping datacenter traffic patterns and driving the evolution

of network infrastructures, so an all-optical intelligent connection system is introduced.

◼ (ITU-T GSTR.ION-aiDC) Future optical networks are becoming datacenter-centric,

integrating DCA, DCN, and DCI to support large-scale AI computing.

◼ AI-OTN provides the key transport capabilities—high capacity, deterministic performance,

and intelligent operation—to enable this architecture.

◼ Continuous innovation and deployment of AI-OTN will accelerate the evolution toward

intelligent optical networks for AI-era all optical network (AON 3.0).

◼ GSTR.ION-aiDC is now conducting a correspondence activity (15 Mar 2026 - 31 May 2026,

ITU-T SG15 Q6) led by Co-Editor Raul Muñoz of CTTC. Contributions Welcome!
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PROJECTED TOTAL GLOBAL NETWORK TRAFFIC: 
NETWORK PARADIGM SHIFT IN THE AI ERA

Omdia "AI’s Impact on Wide Area 
Networking“ Dec 2025

Aggressive projection: 
• The big flip: AI is projected to eclipse 

conventional traffic around 2031.
• AI traffic will account for 79% of total 

global traffic in 2035

Conservative/Moderate projection:
• AI traffic represents 30% of total global 

traffic in 2034.
• AI-related traffic becoming the primary 

growth engine (CAGR 23% vs 15%)

Nokia"Global Network Traffic 
Report“ Dec 2025
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AI DATACENTER CHALLENGES: ENERGY AND WATER CONSUMPTION

Runaway energy demand

• Data center electricity use is projected to grow 15% per 
year through 2030

• Over 4× faster than the rest of the economy.

Cooling + water crisis

• AI heat densities are outpacing air cooling;

• The shift to liquid cooling could push global data center
water use to 450M gallons/day by 2030—equivalent to 
the needs of 5 million people.

IEA" Energy demand from AI “ Apr 2025
WEForum, “The AI-energy nexus will determine AI’s impact”, Dec 2025
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TOWARDS A SUSTAINABLE AI: 
DISTRIBUTED AI WITH GEO-DISTRIBUTED DCs

OCS-based AI 
Datacenter 

(AI DC)

< 1 km

Link Length (DCI)

Regional 
multi-cluster AI DC

2-40 km

(Medium-reach)

Backbone 
multi-cluster AI DC

100-1000 km

(Long-reach)

OCS

… … … … … …

Aggregation 
Block

Aggregation 
Block

OCS OCS

up to 2 km 

(Short-reach)

Local 
multi-cluster AI DC
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SUSTAINABLE AI: DISTRIBUTED DCs WITH ONE-HOP OPTICAL DC 
ACCESS CONNECTION (DCA) AND DC INTERCONNECTION (DCI)

One-Hop Datacenter Access (DCA): 
User-DC

Core
DC 

Core Network
Metro Network

ONU

One-hop DCI: 
Edge/Regional/Backbone 

DC-DC

P2MP

P2P

PON
ONU

Core
DC 

Edge DC 

Residential

Industry

Enterprise

6G
Antenna

Regional
DC 

Hospitals

Central 
Office

6G
Antenna

Far Edge
DC

Regional
DC 

Far Edge
DC
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TRAFFIC REQUIREMENTS DRIVEN BY DISTRIBUTED 
AI/LLLM WORKLOAD

Scenario Traffic Type Latency Sensitivity
Bandwidth 
Requirements

Resiliency Impact Traffic Dynamism

Training
(Intra-DC and 
multi-cluster
GPU Parallelism)

GPU-to-GPU 
synchronization 
(all-reduce, 
tensor/pipeline 
parallel flows across 
GPUs and nodes)

Ultra-Critical —
sub-µs latency 
needed to avoid GPU 
idle time

Ultra-High — 400–
800+ Gbps/GPU for 
large-scale LLMs

Very High — loss of 
gradient/state sync 
corrupts training 
and forces restart

Structured
Dynamic —
deterministic, 
iteration-driven
communication
patterns

Training 
(Cross-DC 
Checkpoint & 
State Sync)

Checkpoint 
transfers, 
model-state 
replication across 
datacenters

Important — high 
latency slows 
training recovery 
and increases 
RPO/RTO

High — large 
periodic bursts 
(tens–hundreds of 
GB)

Very High —
missing/corrupted 
checkpoints 
require rollback or 
retraining

Structured 
Dynamic —
predictable 
scheduled bursts

Inference 
(Client–Server 
North–South 
Traffic)

User prompts, 
context retrieval 
(RAG/KV), token 
streaming

Ultra-Critical —
directly impacts 
end-user latency 
(<100 ms typical 
target)

Low → Moderate
— depends on 
prompt size, 
request rate, cold 
starts

High — timeouts 
or dropped 
responses degrade 
user experience

User-Driven 
Dynamic — shaped 
by QPS spikes and 
human-driven 
request patterns

Inference 
(Intra-DC 
Multi-GPU East–
West Traffic)

KV-cache sharing, 
model sharding, 
inter-GPU 
coordination

Critical — affects 
token generation 
speed and 
throughput

Moderate — lower 
than training but 
rising with 
multi-GPU 
inference

Moderate —
impacts 
performance but 
not model 
correctness

Structured
Dynamic — stable
intra-session sync
patterns

The AI era 
requires 

deterministic, 
high-

performance, 
and 

autonomous 
optical 

networks.
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GENERAL PRINCIPLES FOR AI-READY OPTICAL NETWORKS

• Optical networks are not just pipes, but intelligent, adaptive infrastructures enabling the AI era.

Awareness

• Evolve from a best-
effort pipe to a 
service- and 
application-aware 
fabric. Understand 
SLAs (bandwidth, 
latency, jitter, loss, 
availability), learn 
traffic 
requirements and 
map them to 
appropriate paths, 
priorities, and 
slices.

On-Demand

• Connectivity and 
capacity are 
instantiated, 
scaled, and 
released on 
demand via intent-
based APIs for DC 
operators, OTTs, 
verticals, and 
orchestrators.

Assurance

• Deterministic 
provisioning 
guarantees: 
bandwidth, 
latency/jitter.  Once 
a connection is 
established, 
performance 
should be stable 
and measurable 
end-to-end to keep 
SLA. 

Resilience

• Anticipate
degradations, 
reconfigure paths 
in near real time, 
and sustain service 
continuity without 
eroding 
performance

AI-native 

• AI/ML is embedded 
across the stack to 
predict demand, 
anticipate risk, and 
optimize resources.
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User PC 1

User PC 2

Application Server 2
(Best Effort)

Application Server 1 
(Premium)

OLT (CE)

fgOTN Edge fgOTN Edge

POP1

FTTR
/ONT

FTTR
/ONT

Access 
network  

IP network for best-
effort services Cloud

PE Router PE Router

fgOTN optical 
network for 
premium services

fgOTN controller
(Huawei NCE-T)

K8s 
controller

IP transport
controller

Access network
controller

(Huawei NCE-FAN)

E2E Network Orchestrator (TFS)

E2E Service Orchestrator (OSM)

CAMARA

AggNet Controller

(after user approval, and upon closed-loop operation) 
Upgraded service path, through the fgOTN Optical 

Transport Network

IP-based best-effort service path, 
through the IP Transport Network

telemetry analytics

telemetry

user prompt

closed-loop operations
user prompt

Switch

POP2

ETSI F5G PoC OPEN-SOURCE AND STANDARD-BASED NaaS PLATFORM 
FOR F5G-A NETWORKS  WITH CLOUD IMMERSIVE APPLICATIONS

25
H. Rahimi, et al Demo paper at OFC 
2025 and ECOC 2025

On-demand user provisioning 
of QoD VR-gaming services 
through CAMARA (Premium 

and Best-Effort).

End-to-end network slice 
provisioning with guaranteed 
QoS, integrating both access 

and transport slicing.

Real-time service telemetry 
with AI-driven analytics for 
traffic prediction and early 

SLA-violation detection.

Fully autonomous closed-loop 
control enabling SLA assurance 
with adaptive, optimized service 

management.
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ION-2030 TR.ION-aiDC EDGE-AI OTN UNIT FOR SUPPORTING 
DISTRIBUTED AI AT THE NETWORK EDGE

Reference: Raul Muñoz, Juan Pedro Fernández-Palacios, and Xiang Liu, “Edge-AI 
architecture with scalable OTN for the distributed intelligence vision of ION-2030”,      

ITU-T Q6/15 interim meeting contribution WD06-49 (Feb. 2026).
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SCALING EDGE-AI OTN TO SUPPORT Nx100G SERVICE EXPANSION 
AND HOSPTIAL USE CASE

Reference: “Edge-AI architecture with scalable OTN for the distributed intelligence vision of ION-2030”, ITU-T Q6/15 interim meeting contribution WD06-49 (Feb. 2026).

This architecture aligns with ION-2030 
objectives such as full flexibility, 
distributed intelligence, service-
oriented transport with guaranteed 
SLA, and high energy efficiency 
(demand-driven allocation)
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CONCLUSIONS

• AI is redefining network requirements, shifting global traffic patterns, accelerating East–

West flows, and driving unprecedented pressure on optical transport.

• LLM workloads create heterogeneous traffic classes, from sub-µs structured GPU 

synchronization to bursty user-driven inference, requiring differentiated, SLA-aware 

transport.

• Best-effort networking is no longer viable; AI/LLM workloads demand deterministic, 

high-performance, and autonomous optical connectivity end-to-end.

• Next-generation optical networks must be AI-native, integrating real-time awareness, 

closed-loop assurance, predictive control, and intent-based automation.

• ION-2030 provides the blueprint for sustainable, scalable, and service-oriented optical 

infrastructure enabling the global AI expansion.
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Thank you!  Questions?

Raul Muñoz, PhD
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Research Director (R4)
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