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Research has always evolved…
…so should we



3

Sionna 2.0

• Sionna 1.0 built on TensorFlow
• 55,000 lines of code 
• 123 files, 84 classes, 1388 functions, 30 tutorials
• Manual migration estimated at 18 person-months

• Automated workflow via agentic coding tools
• Cursor with Claude Opus 4.5 LLM
• Module-by-module translation
• Ensure 1300+ unit tests pass

• Migration in one person-month
• Token cost ~2000$

• Now, could probably be done in less than a week!

https://nvlabs.github.io/sionna/

Migration to PyTorch
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From 3GPP 38.901 Specification to CUDA
Automated implementation of calibrated channel models

Claude Code, Opus 4.6
Autorun (Sandbox)

48h/1500$

Calibrated channel simulator (Python/CUDA)Specifications

Where Claude struggled:
• Complex nested tables
• Description of calibration metrics in prose
• Hexagonal grid with 57 sectors, wrap-around, user drops

All due to lacking “machine-friendliness”

Can this be done for the full 5G/6G specs?
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The Agentic 3GPP Backoffice
Automated evaluation of new LDPC BG3 candidates in CUDA

Reported in R1-2604257.docx Reproduced with Codex (GPT-5.5)

~0.1dB degradation
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The AI Telco Engineer
Exploring Agentic AI for Wireless Research

Given a problem, generate best algorithm according to user-defined metric

The AI Telco
Engineer

Task
description

Evaluation
tool

Ranked set of
algorithms

• Task description defines the wireless communication problem for the agentic framework  

• Evaluation tool runs the generated algorithm and computes its performance metric

https://github.com/NVlabs/the-ai-telco-engineer

https://github.com/NVlabs/the-ai-telco-engineer
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The AI Telco Engineer
Agentic AI framework

• Idea-driven framework: An orchestrator generates ideas that are distributed to parallel agents

• Use LLMs to explore algorithm designs for a user-provided wireless problem  

• Workers run in a containerized sandbox and iteratively improve designs via trial and error  

• User-defined evaluation is immutable (code + data) to prevent metric gaming  

Task
description

LLM
agent

Container

Tools output

Run code

Edit filesystem

Access Sionna 
documentation

Evaluate

Orchestrator

Worker
𝑀

Worker
𝑀 − 1

Worker 
4

Worker 
3

Worker 
2

Worker 
1

Idea 1 Idea 2 Idea 𝑁...

...

Generated algorithms
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Toward Agents with Hardware-in-the-Loop
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Sionna Research Kit
Realize ideas in an actual 5G network

Affordable (6-8k$)

GPU-accelerated

Quick start in an afternoon

ARM CPU GPU

Unified Memory

OAI L1/L2/Core

USB 3.0Cable/Antenna

Channel

5G Modem NVIDIA DGX SparkUSRP

Fronthaul

Applications

Tutorials

Blueprints for own experiments

Open source
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The Economics of Training Data
Start with simulated data, and don't stop there

Cost

Stochastic channel models

Ray tracing

Testbed

Real world

Stochastic / 3GPP / AWGN 
Diversity
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Sionna Research Kit
Real-time channel emulation integrated in the OpenAirInterface Radio Unit (RU)

Real-world RF impairments
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Emulated multipath propagation
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Task: Link Adaptation
State-of-the-art performance in 8 hours for 100$

• Metric: Average spectral efficiency over 50 ray-traced channel sequences of 3000 time slots

• Algorithm has only access to ACK/NACK history

~3.4% higher spectral efficiency vs. OLLA

Implement an MCS (Modulation and Coding Scheme) selection controller for link
adaptation that maximizes spectral efficiency while maintaining a target Block
Error Rate (BLER). Your goal is to maximize throughput (spectral efficiency in
bits/s/Hz) while keeping the long-term BLER below or equal to 10%. [...]
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From Python to OAI in Minutes
Automated agentic conversion of the link-adaptation algorithm to OAI Plugin

Original algorithm was never exposed to long sequences of (N)ACKs during evolution Agent fixes (N)ACK history to 64 observations
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Hierarchical Agents
Leveraging simulations, digital twins, and real networks as evaluation tools

Link-level Simulation

Algorithm Evolution
sec/min

Python Code
(e.g., Sionna Block)

Digital Twin

Full-stack Integration
min/hrs

C/CUDA Code (e.g., 
OAI Plugin)

Data for
better Simulator

Real Network

Sim2Real Gap
hrs/days

Data for
better Digital Twin
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What’s Possible with Unlimited Tokens?
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Project “nanoRAN”

Provide access to
• 3GPP TDocs 38.XXX
• OpenAirInterface & Sionna Research Kit
• OCUDU 
• Aerial CUDA accelerated RAN (L1)

Agentic AI to write minimalistic 5G stack

Bring up a minimalist 5G NR gNB (nanoRAN) on a
USRP B210 that lets a real Quectel RM520N-GL
modem attach to an OAI 5GC over a cabled n78
link and run stable iperf. The gNB is greenfield
— Karpathy-style single-purpose code, unified-
memory IQ fast path, nanobind-only bindings,
every CUDA kernel paired with a Python
reference. The MVP bar is one modem, one ping.
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Implement. Debug. Repeat.
Can agents implement their own 5G stack?

Auto-run for 4 weeks (with interrupts)

• Claude Code (Opus 4.7) and OpenAI Codex (GPT 5.5)

• Most time spend on debugging and running the system(!)

• Token cost <10k $

Observations

• Internal debugging with OAI as reference

• RFSim mode is used a lot (~digital twins)

• Efficient hardware usage (“AT commands”) & RF debugging

• Human guidance still needed(!)
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Project ”nanoRAN”

Repository structure
• 79% Python 
• 1% CUDA
• 18% C/C++
• 2% Shell
• ASN1 used as external dependency

Connects to OpenAirInterface 5G Core

Current challenges
• Individual testability of blocks
• Digital twins & closed-loop testbeds
• Real-time & RF debugging

It’s not an autonomous stack only from TDocs yet!

First step towards a fully agentic 6G stack
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Hello World?
World’s first ping over a fully agentic 5G stack
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Research at the Speed of Inference

Open research problems New era of wireless R&DOpen tools, platforms & twinsAgentic code generation

+ =+
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> pip install sionna
> make sionna-rk


