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Let’s look the evolution of RAN…
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Legacy RAN (2G, 3G)
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Let’s look the evolution of RAN…
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Let’s look the evolution of RAN…
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• O-RAN Alliance’s mission is to to re-shape the RAN industry 

towards more intelligent, open, virtualized and fully 

interoperable mobile networks

• Based on two core principles
▪ Openness

▪ Intelligence

• Flexibility by design
• Open interfaces and APIs

• 3GPP Split 7-2x

Quick Peek: O-RAN Architecture

• Non-real-time RIC (>1s) – rApps

• Near-RT RIC (10 ms – 1s) – xApps

• Real-time RIC* (<10 ms) – d/µApps*

RAN Intelligent Controllers (RICs)
• Abstract the networks

• Allow telecom operators to 

implement custom control logic

* Not standardized yet. Under review in nGRG RS-02 research item

EdgeRIC
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Big Push! AI-RAN – Nvidia/Nokia Effect!

Images are AI-generated

Versatility

Mini data 

centers

New revenue?

• Run AI models

• Perform edge analytics

AI-RAN (Likely to happen in 6G!)

Flexibility

Disaggregated 
(O-RU+O-DU+O-CU)

Virtualization

Softwarization

Open

Physical AI

Open

Interfaces

GPU



NextG Wireless Lab @ NC State University

AI-RAN Expected to Evolve within O-RAN

So, AI-O-RAN convergence seems to 

be already happening!

O-RAN
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AI-O-RAN R&D areas (from my lens!)

AI and *Apps 
• AI-RAN, NVIDIA-NOKIA partnership!

• VINES – Open Network for verticals!

Automated O-RAN Testing (particularly, IOT) 
• NOFO1 served as a major catalyst!

O-RU
• NOFO2

O-RAN Integration Automation

…
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(AI) *Apps

• rApps – in Industry!

• xApps – (mostly) in Lab/Academia!

• We have developed  several (ML) xApps (and rApps and 
µApp/dApp )

• Interference Classification (IC) xApp [IEEE 

MILCOM 2023] *Best demo award

• Radar Detection xApp [IEEE JSAC’23]

• SPARC – IC xApp + RB scheduling µApp 

[ACM CoNext’24]

• IMPACT xApp [Demonstrated at NTIA RIC 

Forum in March 2024] 

• mmWave Beam Switching xApp [IEEE 

DySPAN’24]

• UE Positioning xApp*

• Handover x/rApp*

• Energy Saving rApp*

• ISAC dApp

• …
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How to build best-fit AI/ML models?

AI/ML is everywhere in 
telecoms now! 

Network orchestration, 
management, 

PHY/MAC optimization!

We are NOT an AI/ML 
expert! 

Lots of  Guesswork and 
Gruntwork!

ML Engineering is time-
consuming

Several weeks to 
months!
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NeuralSmith: Accuracy Performance on 
Representative Wireless Dataset
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NeuralSmith: Accuracy Performance on 
Representative Wireless Dataset
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NeuralSmith: Key TakeAways!

• Simplified process: Upload your dataset and get a production-ready 
ML model-fast, simple and hassle-free. No Guesswork, No 
Gruntwork!

• Fully interactive: users can interact via user-friendly conversation!

• Local-first, Privacy-First: User’s data never leaves their machine! 

• Top 2% ML model on MLEBench-Lite
• Performs consistently better than SOTA models, and in a fraction of time!
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ORANSight – Foundational LLMs for O-RAN

• Publicly available on HuggingFace: https://huggingface.co/NextGLab

• P. Gajjar and V. K. Shah, ORANSight-2.0: Foundational LLMs for O-RAN. In IEEE TMLCN 2025.

• P. Gajjar, V. K. Shah. ORAN-Bench-13K: An open-source benchmark for assessing LLMs in open radio 

access networks. in IEEE CCNC 2025.

https://huggingface.co/NextGLab
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ORANSight-2.0

• ORANSight-2.0 (O-RAN Insights) aims at developing specialized foundational 
LLMs tailored for O-RAN.

• Built on 18 models spanning – Mistral, Qwen, Llama, Phi and Gemma – ranging 
from 1B to 70B parameters

• RANSTRUCT – a novel RAG-based instruction-tuning framework to generate high-
quality instruction-tuning datasets.

• Key Techniques: Finetuning + RAG 

• O-RAN: 116 Specification Documents*

• 3GPP: 14560 Specification Documents*

• The srsRAN Project (and OAI*)

• ORANSight-2.0 models are available on HuggingFace: https://huggingface.co/NextGLab

• Dataset available on GitHub: https://github.com/prnshv/ORAN-Bench-13K

• ORANSight-R will be available soon!

https://huggingface.co/NextGLab
https://github.com/prnshv/ORAN-Bench-13K
https://github.com/prnshv/ORAN-Bench-13K
https://github.com/prnshv/ORAN-Bench-13K
https://github.com/prnshv/ORAN-Bench-13K
https://github.com/prnshv/ORAN-Bench-13K
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ORANSight-2.0 Pipeline

1. Pre-trained LLM Model Selection

2. RANSTRUCT Framework for Dataset Creation 

3. Fine-tuning with QLoRA

4. Evaluation with ORANBench and srsRANBench
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ORANSight-2.0 against LLM baselines
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ORANSight-2.0 against Telecom-specific 
LLM models

ORANSight-2.0 (best) outperforms state-of-the-art by 27.96%

ORANSight-Qwen-2.5: 32B for ORANBench

ORANSight-Gemma-2: 27B for srsRANBench
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Sample 
Generated 
Questions
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ORANSight

currently has a 

maximum context 

window of 128k 

tokens, allowing 

us to work with a 

maximum of 

roughly 96k 

words.
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ORANSight

supports code 

generation with 

high fidelity in 

multiple 

languages, with 

an emphasis on 

C++, and Python
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ORANSight

combines the 

underlying Mistral-

7B with a Phi-3.5 

Vision, to create a 

dual LLM setup 

making the entire 

process 

substantially 

resource efficient.
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• A. Ganiyu, P. Gajjar, and V. K. Shah, AI5GTest: AI-Driven Specification-Aware Automated Testing and Validation of 5G O-

RAN Components. In ACM WiSec 2025.

• A. Ganiyu, P. Gajjar, V. K. Shah, DEMO: AI5GTest: LLM based Automation for 5G O-RAN Testing. In ACM WiSec 2025.

AI5GTest

AI-Driven Specification-Aware Automated Testing and Validation of 5G 

O-RAN Components
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• O-RAN Testing, particularly IOT, is a MUST!

• O-RAN ALLIANCE WGs (TIFG and WG5) have documented various test cases for 
IOT and other E2E testing, these documents often 

• cross-reference multiple O-RAN ALLIANCE, 3GPP (and sometimes, ETSI and ITU-T) 
specifications 

• are fragmented, incomplete and prone to human interpretations

• Current approach (including, OTICs) involves manually running tests, 
capturing packet files from the 5G network, and checking if all signaling 
messages conform to the specified specification standards. 
• Take several weeks to months to conduct such manual O-RAN testing approach

Background and Motivation

Open Testing and Integration Centres (OTICs) – collaborative hubs for verification, integration, testing, badging and 

certification of O-RAN components
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• Under NOFO1 award, we aim to develop AI5GTest - AI-assisted testing 
framework for O-RAN components. 

• Current AI5GTest capabilities 
• Automated generation of expected procedural flows for test cases 

• Automated validation of signaling messages against established standards, 
reducing manual overhead and enhancing testing consistency and scalability

• Automated identification of root causes of test failures by analyzing deviations in 
execution flows and providing insights for debugging.

State-of-the-art manual approach is time-consuming and prone to human error.

Background and Motivation
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Overview of Manual Testing Process

Other standard specifications – ETSI, ITU-T

Step 1: Load/Read a test case

Step 2: Access and 
extract specification

Step 3: Execute test case, 
obtain KPIs, logs, pcaps

Step 4: Compare and verify
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O-RU
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TC Formatter

Test Case 
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TC Repository

Expected Procedural Flow

Explanation on failure 
cause

Tshark
Dissect packets 
• MAC NR
• E1AP

• F1AP
• NGAP

O-DU – vendor Y

O-CU - vendor X

Test Orchestrator

Packets 
capture/ 
extraction

4

Validation

Val-LLM

Pass Debug-LLM

Test Case 
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No

5

DUT

✓ Interoperability
✓ Functional
✓ End-to-end

1 2

6

7 8
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Top-k relevant 
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Procedure Flow 
Generation

3

AI5GTest Framework
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Example Test Case: UE Initial Attach/5G SA 
Registration of a single UE

• The purpose of the test is to 
verify the full registration 
procedure of a single UE.

• The test focuses on the 
procedure of ‘Initial 
registration’ as defined in 
3GPP TS 38.401 Clause 
4.2.2.2.2.

Fig. 3GPP TS 38.401: Procedural flow for successful UE Attach 
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Eg 1: UE Initial 
Access 
procedure

• Retrieved Document 
Rank: 1

• Specification 
Location:
docs/38401-gb0.docx
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Document: 

docs/38401-gb0.docx

Page: 20, 21
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Gen-LLM Prompt: Give the procedural flow for 
initial UE attach in gNB-CU-DU architecture?
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Eg 2: Registration of a single eMBB network slice 
in the 5G SA network

• Retrieved Document 
Rank: 1

• Specification 
Location:
docs/O-RAN.TIFG.E2E-Test.0-
R003-v05.00.pdf
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Document: docs/O-

RAN.TIFG.E2E-Test.0-R003-

v05.00.pdf

Page: 34,35
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Executed Test Cases
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Evaluation: 
Gen-LLM

• Gemma Score (based on Bert 
Score) for evaluation:

• Uses a Gemma-2B instance (context 
length: 8k tokens) and L2 Norm.

• Gemma Score Range:

• 8.33% of samples fall in the 0-5 
category, 

• 12.5% in the 5-10 category, 
• 45.83% in the 10-15 category, 
• and the remaining 8 samples are in the 

15-20 category.



NextG Wireless Lab @ NC State University

Gen-LLM 
Demo
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Result of Val-LLM – TP
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Result of Val-LLM and Debug-LLM – TN

TC: UE Initial Attach over E1 and F1 Interface
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Validation (Val-LLM and Debug-LLM)
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Val-LLM 
Demo
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AI5GTest Timing Evaluation

On average for each test case,

• Gen-LLM: ~33.44 seconds

• Val-LLM: ~3.06 minutes

• Debug-LLM: ~41.873 minutes

• AI5GTest total testing time: ~3.5 minutes, and ~45 minutes (+ debugging)

• Manual approach, as per [1], ~15 hours per test case.

[1] Aspire Technology, “Stimulating open ran adoption: Accelerating validation, optimization and deployment,” Aspire Technology, Tech. 
Rep., 2021, Accessed: March 5, 2025.
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AI5GTest: From Lab to Field

• AI5GTest – an AI-powered, specification-aware testing framework that 
automates procedural flow generation, signaling validation, and root 
cause analysis. 

• AI5GTest significantly reduces manual effort and enhances test 
consistency and scalable validation of O-RAN implementations.

• Currently being integrated in ORCID T&E center (and VALOR*)!
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Thanks to My Awesome NextG 
Lab Team!

(and  Collaborators)

We are grateful to our sponsors
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Concluding Remarks

AI-O-RAN is already happening – C-RAN, V-RAN, O-RAN, AI-RAN …
• Things look uncertain/chaotic, but, I think it’s good chaos! 

• From lab validations to field trials all will contribute to the success of AI-O-RAN.

Similar to Linux and Android, AI-O-RAN will thrive! 
• University labs, small vendors, hobbyists, and governments! Niche market, value proposition

The way OS transformed the entire computer world, and AI-O-RAN will 

transform the cellular networks! 
• Once AI-O-RAN is deployed, going from 6G to 7G in the future, for example, will probably just be a 

software update**!

Software is eating the world!
- Marc Andreesen, WSJ, 2011 

(AI is eating the software), and Software is eating the world!
AI-O-RAN is eating the (Telecom) world! 

It just seems to be a matter of time!
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Contact

Vijay K. Shah, Ph.D.

vijay.shah@ncsu.edu

vijay.shah@wisightslab.com

info@neuralsmith.com

Questions

mailto:vijay.shah@ncsu.edu
mailto:vijay.shah@wisightslab.com
mailto:info@neuralsmith.com
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