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Evolution towards flexible & scalable network as the foundation for Cloud/Green/Al-native

Scalability of Telco Infra,
Service agility, Openness

Cloud-Native

Virtualized RAN/Core,
Evolved SBA,

Energy Efficient Open interface, etc.

Architecture for Net Zero

& Sustainabilit
/ Al-Assisted Network &

Al-Enabling Infra

Green-Native | Al-Native

Energy Saving Solutioh Telco Edge Al,
Low power H/W parts Al-RAN, etc.

——Flexible-8-Scalable-Networl—

Generation Mix (Migration) & Monetization (6G for Al services)

* Lessons from 5G commercial & Forecast on ICT industry evolution

* ITU-R Recommendation: 6G Framework, 5G Vision

[ Key Considerations in Designing an Overall 6G Architecture ]
X Source: SK Telecom 6G White Paper “View on Future Al Telco Infrastructure,” Oct. 2024, download : https://bit.lv/4eYSOt1

Source: SK telcom
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Transforming Traditional RAN into Intelligent, Adaptive, and Revenue-Generating Platforms

@ Al App. @ Al App.
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Figure 1. AI-RAN: Al and RAN integration
Source: Softbank AI-RAN White Paper



Connectivity (Carrier Grade) Computing (Best Effort)
oG Internet
E— oy &
D — U—& Cloud
el Server

200+ msec

Connected Computing (Carrier Grade)

- oo Al-RAN

* VRAN
ﬁ
~ 20 msec * Al Inference

Source: AI-RAN Alliance



Al-RAN and Integrated Communication and

Computing for 6G

Source: T-Mobile

RA &I-Igor-RANI

Air interface, Link
adaptation, RRM,

mobility
—management——
Al Native
Computin
Al-ynng .A.N Cloud Native Al-fnd-Rlﬁ\l
Edge computing, management
Programmable for Realtime
APP developers, Al orchestration, Energy
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Al-RAN - Transforming RAN with Al

Al-and-RAN

Al-on-RAN

Al-for-RAN

Al and RAN
sharing the same
infrastructure

& Al

|
K ran

Al applications
enabled by RAN

APP
e

Al for the
enhancement of
RAN

Asset Utilization
Source: AI-RAN Alliance
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New Applications
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Spectral Efficiency
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WG1: Al-for-RAN Rl

* Improving RAN Performance with Al

* |[dentify and explore Al applications in the RAN for
improving its performance (spectral, energy,
processing and system efficiency)

* Focus on Al-native RAN as the network evolves
towards 6G with Al (potentially) at every layer

* Leverage and advance AI/ML efforts in 3GPP
standards and related industry initiatives

Source: AI-RAN Alliance
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Al-for-RAN: Enhancement of RAN with Al

Individual Cell Inter-Cell Coordination
B

Full Stack Al Acceleration

BT A ©
BT A O
BT A O
BT A O

/\ Enhanced
Channel Estimation Distributed

Al-RAN

- +Al €D

TDD
Full Duplex

Non-colocation

CA
Frequency m MIMO
- O W T T
Time 'E
~
mmEm ﬁﬁjfﬁﬁ* EFE\[E S T
Layer uL

Source: AI-RAN Alliance
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WG2: Al-and-RAN

« Sharing equipment between RAN and Al

* Explore the use of converged computer-and-
communications infrastructure to run RAN and Al
(e.g., GenAl) workloads simultaneously

« Aim to increase platform utilization for RAN
workloads while creating monetization
opportunities by running Al on the same compute

cluster

Source: AI-RAN Alliance



Al-and-RAN: Comparison with MEC

So

Integration with Al infrastructure: Al-and-
RAN integrates Al-specialized infrastructure
optimized for both RAN and Al
computations, whereas MEC typically relies
on generic computing infrastructure.
Scalability and Flexibility: Al-and-RAN offer
greater scalability and flexibility in supporting
both RAN and Al workloads, as well as in
dynamically managing resources between the
two different types of workloads.

Security and Data Localization: Al-and-RAN
place a stronger emphasis on data security
and localization, particularly for Al
applications requiring sensitive data to be
procg\?_iep\%%ﬂse to the data source.

urce. lance
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Al-and-RAN Orchestrator

Al-RAN
Stack
Al Apps

- Workload

- .

Al-RAN Computing
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 New Al Applications enabled by RAN

* RAN for Al, exploring how Al-applications like
edge Al and real-time inferencing can be run on
RAN infrastructure.

* Goal is to ensure that RAN can meet the needs of
low-latency Al applications, especially, for the
most prominent examples/use cases (e.g.,
autonomous driving, smart cities, etc...)

Source: AI-RAN Alliance
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Al-on-RAN: Bridging Al Applications with AlI-RAN

SourcFﬁmCI

RAN network APIl: Serve as the critical
interface between Al applications and the
RAN system, facilitating real-time interaction
between the two. It will provide essential
metrics and capabilities, allowing Al
applications to adapt dynamically to changing
network conditions.

Optimizing RAN Performance: Determine
the optimal resource like RAN slice for Al
applications. Eg, low-latency slice for real-time
Al applications and high-throughput slice for
data-intensive Al applications.

Monitoring RAN Performance: Monitor
delay, throughput and reliability to optimize

%YQ&HAII%:MQI applications. Eg, model

Al Applications

Open Network API
(incl. RAN Slicing)

Al-RAN stack
with Network API

Al-RAN Computing
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Nvidia — Leading the AI-RAN Movement

NVIDIA AI Aerlal ARC-] for deployment of AI RAN

ymmon So ire | Scalable Hardware )pen Architecture

NVIDIA Cloud Functions (NVCF) Orchestrator from partner

NVIDIA NIM Other. vDuU vCu UPF RIC

\5 o=
- R .
\ “\\\\\\ Aerial CUDA-Accelerated
\ \ RAN

NVIDIA Al Enterprise

Cell-site / Distributed RAN Aggregated sites Centralized RAN

A NVIDIA

Source: Nvidia



Softbank AI-RAN Deployment

SoftBank

AITRAS System Elements

<A NVIDIA.

Utilized NVIDIA’s various assets
including NVIDIA GH200 and

AITRAS Orchestrator NVIDIA Al Enterprise

o)
'(— FUJITSU
Edge Al Apps RAN L2/L3 Software

RAN L1 Software

NVIDIA Al Enterprise NVIDIA Al Aerial

& RedHat

Virtualization Platform

el
<AnVIDIA. Arm FUJITSU
Realized 20 cells NVIDIA GH200

on a single server T Radio Unit [E

© 2025 SoftBank Corp.

Source: Softbank

W,o‘ )) Base
Zsr Station

L

@V
i

Al and image recognition have long been
capable of detecting people and vehicles

(
[
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Al-RAN Data Cente

Distributed
Al Data Center

@E:r) )} Base

Station

Standing still

A taxi
bihind
the car

Multimodal Al

Multimodal Al enables situational awareness
The movement of numerous vehicles can
reveal ongoing events in a city



Al-RAN Alliance Labs

V1AVI

VIAVI Solutions

VALOR
(VIAVI Automated Lab-as-a-Service For Open RAN)
Update for Al-RAN Alliance

F2F Meeting, Espoo, June 25

@ @ Public Wireless Supp
3 pA

INNOVATI_ N F

This project is funy

KEYSIGHT
’

=N
\\ l
Keysight Al Lab: /// “;
Update to Al- RAM A&léhce f
June 18, 2025, Hel/s Ki \\H

@FCP =SS
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Institute for the Wireless
Internet of Things
at Northeastern University

Northeastern Open6G Solutions for the AI-RAN Lab

Website: open6g.net

i~ Al-RAN-Alliance Endorsed Lab
AI-RAN SUTD Lab

June 2025

©AI-RAN ALLIANCE



Al-RAN for Token
Communications




Al Trends — Token-based Processing
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SINGAPORE UNIVERSITY OF

TECHNOLOGY AND DESIGN

Tokens are the fundamental units of processing in generative & large language model-based applications.

Next

Language/Generative Model

semantic v

. Visual “/ . ‘Text

context agel’]UC Tokens N N Tokens
Vision Tokenizer Text Tokenizer

Image Text

4 Emerging Al Trends

reasoning multimodal
2023

draft-and-verify

>
d}@" SPEECH RECOGNITION r

SOSSI DEEP PERCEPTIOIN

77  MEDICAL IMAGING
(D) -

Source: Nvidia

GENERATIVE Al

DIGITAL MARKETING

2012 ALEXNET PERCEPTION Al | coNTENT CREATION

PHYSICAL Al

SELF-DRIVING CARS
GENERAL ROBOTS

2025

AGENTIC Al

CODING ASSISTANT
CUSTOMER SERVICE

PATIENT CARE ,

Agent OS

MCP Server1 | ETRNION

MCP Server 2 ™ Gmail
Wieb
APl
Operator
Remote
b8

y

LM LM

MCP Protocol |



Al Trends — Token-based Communication
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To address the shift from bits to tokens, token-aware communication & token-level multiple access have emerged

Next
Tsl)((ens ‘
semantic Language/Generative Model

i Visual Text
ConteXt agentlc Tcl:)sltl:ns‘ ‘ Ti)l((ens
Image Text

Emerging Communication

reasoning multimodal

draft-and-verify

Source: Huawei, MediaTek

Token COmmumcatlons

111e Concept af Tt roconess Comminiatons

WIMEmboc&‘SeﬂW

tevel
— Mmmmmamﬁc
1. Pwet - Msmmmmﬂemdwm

o

2. The semanfic representation in the
F s mummumeunmwmmmmm
4. The token can be considered as the atom for connectivity

S umwundsmmmﬁsalmﬂplennwy

6. The transformer is the encoder and decoder for the effectiveness communications ‘

— - R

' Mvanclng'l'owards .

Paradigm shift of mobile industry
1980 1990 2000 2010
16 26 - = 4G
S— N N Nit? N

Analog > Digital Voice > Data  internet -> Streaming  MBB > Beyond MB8  Bit -> Token?
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Challenges — Distributed & Heterogenous Al

g 5 g g g 4
Q. Can token communication unify dispersed, heterogeneous Al resources for collective use? | ¢~ ¢ © @ chacrT

®
Speculative Decoding with LLM and SLM

Large Language Model (LLM): Thought for 2m 415
high latency, but precise

Cloud Al (36,000 TOPS)

Assistant deepseek-ri-distill-1lama-8b 72’000 TPS/server
(LlaMA 4 400B)

Thought for 26.05 seconds

On-Site Al (2,000 TOPS)

On-Device Al (50 TOPS)

30-45 TPS
(LlaMA 2 7B)

MediaTek

Dimensity 9400
y e

( \\"(“

%CX7 NVLink2
ARC-Compact (G1 CPU LAGP :
mpact 500 aoret PV (G ARC-1 (C1<oo->B200 GPU)

Source: Nvidia, MediaTek, Qualcomm, Tesla
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Challenges — Disembodied Edge/Cloud Al =7 =

Q. Can embodied on-device Al communicate tokens with disembodied cloud Al?

Cloud Al:
high intelligence, but disembodied

( W ( (. ”\ )?w

Enabling communication with
embodied Cloud Al requires:

Real World
(Physics) :
¢ Perception
e Actuation
Channel .
¢ Physics
¢ Channel

Actuation

pedéeption x
_ N J )
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Challenges — Twinned Al QEEER

Q. How can we synchronize digital-physical worlds, despite limited access to high-fidelity environmental information?

PV VO,

ial information mis

Real World

* Fusion of real

world and
synthetic data
 Natural and

artificial cognition




Future Communications R&D
Programme (FCP)
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Programme (FCP) hosted by SUTD

SUTD integrates design, Al and technology into a holistic, interdisciplinary education and research experience. This unique approach
encourages our students to push the boundaries of innovating solutions to real-world problems.

FCP was set up in May 2021 with $S$68.7M initial investment from the government
» Through research grant calls: Build up Singapore’s communications and connectivity R&D capabilities.
» Establish international stature by partnering and participating with established countries, companies and committees.

» Through translation grant calls: Build/grow companies to keep pace with developing/translating innovative applications and
services.

Thuvaiim~nba O AALhAlA [ . [ 1 oo . = e Trrn ope .
N TN Ly 2%22%:st:‘;";::5‘.’;;“9f;f;:z'::.f:éaﬁc?*" RERSHEARIRE #H B & CNBC C.
B EREARE —HBEMRR

G

FUTURE TECH ASIA

Singapore is launching a $50 million
program to advance research on Al and
cybersecurity

PUBLISHED TUE, JUL 13 2021 1:22 AM EDT
UPDATED TUE, JUL 13 2021 10:57 PM EDT

Saheli Roy Choudhury
@SAHELIRC

FCP received S$20M additional investment from the government in 2025 to continue

capability building and grow collaborations. 04
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Research Fellow
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FCCLab Testbed: Key Features — Al-Native Design s RSB

Al-enabled / Software-defined: deployable in Success stories (thanks to our Al-native design):

virtualized environment & leverage Al for intelligent

: + FCCLab is the only team from Asia in the main stage of RIC
orchestration

Forum 2024 (organized by US NTIA), presenting its Al-based
. _ _ rApp for mitigating network interference
Reconfigurable: customizable for diverse use cases PP Sang

& adapt to changing environment / user needs
Al-based SMO can help

operators automatically
optimize their networks

FCCLab is among the first AI-RAN Alliance labs in the world

Policy SO uServices (FCAPS)  Portal AAF

ge Router, Data Route LOG

[HV-] VES/File Collector (FCAPS) | Database

O-Cloud
resource pool: SMO

FCCLab Testbed is software-defined &

xApps and rApps running on
RAN Intelligent Controller (RIC)
allow Al / software companies
to accelerate the innovation

in the telco ecosystem

""""""" . reconfigurable, following an Al-native architecture

TR 5G Core Network 3(

\ 4

Software Community)

PP

O-RAN reference architecture (source: O-RAN

26



Beyond 5G, Programmable and Al RAN Innovation
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The Future Communications Connectivity Lab (FCCLab) @SUTD is an all-in-one store

that provides full services in:

: N

Research &
Development

Innovation with 5G, 6G,
programmable and Al

RAN

o )

4 N

Test & Integration

io,

Certification, verification,
and interoperability

\ )

: A

System Integration

ﬁ’&?

=4

System design with Al and
technologies maximizes

performance and business
success

27



Testbeds and Platforms TFCP Sums
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Multi-Vendor 5G Open RAN
Networks

Asia & Pacific OTIC in Singaporé

E2E RIC Test strategic pillars

ite from VIAVI

Open Source Programmable 5G RIC/xApp/rApp Testing
k Netwc?rk / K Metaverse Testbed / K Capabilities / waritime Shipboard OT Testby




FCC Lab & AI-RAN Lab Equipment
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Thank you!




