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Integrated Sensing and Communications in O-RAN

• Integrated sensing and communications (ISAC) 

is being considered as a key capability for 6G

• Networks as a sensor

• Commercial and defense applications

• Sensors market estimated at 300B by 2030

RAN

UEPhysical 
domain

• What is the ISAC control plane?

• What is the life-cycle management for ISAC algorithms?

• How can vendor and operators collaborate to advance 

ISAC operations?

• Gap: How can the O-RAN architecture support ISAC? 

https://www.bccresearch.com/market-research/instrumentation-and-sensors/sensors-technologies-markets-report.html



Enabling ISAC with an Open AI-RAN Architecture

(4) ISAC algorithms life cycle 
Customize and deploy different sensing applications

(3) ISAC-enhanced radios
Swap and replace RUs 

(1) Real-time access to PHY/MAC data
Plug-and-play algorithms with access 
to stack signals

(2) AI pipelines
Data, training, 
testing for ISAC

(5) Dynamic stack configuration
Optimize connectivity and sensing services
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System challenges toward ISAC



O-RAN Architecture Limitations to Deliver ISAC

Key to introduce new services to be monetized

No interactions with the user plane

• IQ, bits, bytes, packets

• Cannot be used by the RICs 

because of data rate, security, 

privacy constraints

Inference on user 

plane data enables 

advanced spectrum 

and RF sensing, 

analytics

No real-time control plane

• O-RAN interactions with the control 

plane only extend to near-real time 

and above

Limit sensing, dynamic optimization, 

coordination at multiple time scales, 

observability 



The Role of dApps in ISAC
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dApp Research Reports 

Use Cases Review

ISAC

Physical layer security 

Spectrum sensing

Real-time scheduling 

Energy efficiency

Customizable AI/ML for RAN

Interference detection

Beam management

Architectural and Interface Requirements

User and control plane inputs

Control knobs and parameters

Use Cases and Requirements

Architecture

Preliminary Architecture and Procedures

Open-source Prototype

Lifecycle Management

16 contributors, 7+ reviewers, 13 O-RAN members across RS-02, nGRG TOC



dApps - Current Status

2022

•Original dApp paper - propose the idea, discuss some use cases, present early architecture
S. D'Oro, M. Polese, L. Bonati, H. Cheng, and T. Melodia, "dApps: Distributed Applications for Real-time Inference and Control in O-RAN," IEEE Communications Magazine, vo. 
60, no. 11, Nov. 2022

2023

•Further research and development

•O-RAN nGRG: proposed and approved research item in RS-02 Architecture (RI06)

2024

•Architecture and prototype development

•O-RAN nGRG: first research report on dApp use cases

2025+

•Released the first open-source dApp prototype

•Developed and published dApp use cases

•First paper on dApp architecture 
A. Lacava, L. Bonati, N. Mohamadi, R. Gangula, F. Kaltenberger, P. Johari, S. D’Oro, F. Cuomo, M. Polese, and T. Melodia, "dApps: Enabling Real-Time AI-Based Open RAN 
Control, Computer Networks, 2025

•O-RAN nGRG: second research report on dApp architecture

•NVIDIA, Parallel Wireless and others develop and release dApp capabilities as part of their stack



dApp Open-Source Framework

https://openrangym.com/tutorials/dapps-oai• Enable research on real-time 

RAN control

• Extend dApp library for 

different use cases



dApps are real

Programmable End-to-End Automated AI-RAN Infrastructure
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D. Villa, I. Khan, F. Kaltenberger, N. Hedberg, R. Soares da Silva, S. Maxenti, L. Bonati, A. Kelkar, C. Dick, E. Baena, J. M. Jornet, T. Melodia, M. Polese, and D. Koutsonikolas, "X5G: An 

Open, Programmable, Multi-vendor, End-to-end, Private 5G O-RAN Testbed with NVIDIA ARC and OpenAirInterface," IEEE Transactions on Mobile Computing, 2025
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Deliver real-time ISAC performance

Benchmark on 2 different increasing 
variables:

• Size of the indication message

• Size of the payload of the control action

Analyze total and stepwise latency

Key insights:

• Average control loop always below 410 𝝁s

• High data/control throughput

• Flexible framework supporting multiple 

use cases

• Limited overhead (<0.05%)



• High resolution local spectrum awareness

• Parallel data decoding + spectrum sensing via IQ mirroring

Spectrum classification use case

O-RU

F1-c F1-u

Open Fronthaul

O-CU-CP O-CU-UP
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I/Q mirroring

E2
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environment
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Input
(IQ samples)

DU

Functions

Spectrum measurements

Local spectrum report (gNB)

D. Uvaydov, M. Zhang, C. Robinson, S. D'Oro, T. Melodia, and F. Restuccia. "Stitching the Spectrum: Semantic Spectrum Segmentation with Wideband Signal Stitching", {IEEE INFOCOM 2024 - IEEE Conference on Computer Communications



5G Spectrum Coexistence via ISAC and d/xApps
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dApp demo globecom
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Sensing the Physical World With dApps

ISAC rendering of person walking
generated by radio waves

D. Villa, M. Belgiovine , N. Hedberg, M. Polese, C. Dick and T. Melodia, "Why Wait for 6G? Intelligent 5G CSI-based ISAC with Real-time GPU-driven dApps on NVIDIA ARC-OTA," In progress, 2025



dApps for localization



Spectrum Sensing & 

Classification

Waveform classification and 

interference detection

Human Activity Detection

Skeleton estimation and body 

mask segmentation

Environmental Sensing

Rainfall and flood monitoring

Anomaly & Security Detection

Jamming and spoofing 

detection

UAV & Vehicular Tracking

Drone trajectory tracing and 

vehicular perception

Health & Wellness Monitoring

Contactless sleep and vitals 

monitoring

Industrial Automation

Robot positioning and real-

time control

dApps & ISAC Use case summary



Conclusions

Thanks!

• dApps enable extend xApps/rApps to 

support/enable real ISAC

• Wide adoption in academia and industry 

already

• Local processing reduces overhead and 

threat surface

• Vendors control what is exposed (APIs, 

params, KPMs)
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Architecture



• Embedded in High-PHY layer 
as a GPU-accelerated dApp

• Real-time inference for 
interference detection

• No impact on any ongoing 
UL/DL pipelines

• Seamlessly sharing GPU with 
RAN operations

• Tested and deployed on the 
X5G OTA testbed

Real-Time Interference Detection
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UL PHY 
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• User data
• Control data when UCI enabled
• DMRS for channel estimation
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P
R

A
C

H

P
U

C
C

H

SR
S

P
U

SC
H

O-RU

InterfO-RAN 
Inference Engine

I/Q samples, RSRP, RSSI,
CB errors, SINR, CB count, 
MCS index, MCS Table Index

Interference 
Detection

Interfering 
UE

Attached
 UE

dApp

N. Neasamoni Santhi, D. Villa, M. Polese, and T. Melodia. "InterfO-RAN: Real-Time In-band Cellular Uplink Interference Detection with GPU-Accelerated dApps", Proc. of ACM International Symposium on Theory, Algorithmic Foundations, and Protocol 

Design for Mobile Networks and Mobile Computing (MobiHoc) 



Real-Time Interference Detection

• 91% accuracy at sub-
millisecond speeds (650 𝜇s)

• Seamless integration with 
both NVIDIA Aerial’s 5G NR 
stack and OpenAirInterface
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