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Background

Neural Radiance fields (NeRF) by Google uses a few shots of photos to 
produce view synthesis.

I.e., train a neural network using a few ray traces of light to predict the light 
paths of other TX/RX pair in the same environment.

Question: can we do the similar things for communication radio waves?



Challenges from Light to Radio Waves

● Microwaves are more prone to be reflected, diffracted, and scattered.

● For light, only amplitude/real-value signal is considered. For radio waves, 
phase/complex-value signal is needed.

● The RX model is different: antenna (array) vs million-pixel camera

Need to update the underlying tracing model – nontrivial new design.



NeRF2: Neural Radio-Frequency Radiance Fields

● A new tracing model for radio waves

● Single antenna & multi antenna RX model

● “Turbo-learning”: data augmentation using NeRF2

● NeRF2 application: BLE RSSI/localization prediction and MIMO CSI prediction 



Design: Modeling the Radiance Field

P: location
δ: attenuation index of the voxel

Then, given a fixed RX node, 
what it multipath profile will look 
like (output) for a chosen TX 
location (input variable)?



Radiance Field Modeling Key Principles

● Discretize the 3D space into small pixels: “voxels”
● A radio wave hits voxels, undergoes attenuation, and breaks into new radio 

waves (unevenly towards new directions)
○ Attenuation: a function of the voxel itself (e.g., its material)
○ Radiance: a function of the voxel and the incoming wave



Radiance Field Modeling Using Neural Network



After knowing how to derive δ and S, building the trace 



Electromagnetic Ray Tracing Model

Aggregated signal from the trace:

Expand H:



Electromagnetic Ray Tracing Model

Convert to log scale for easy 
computation:

Therefore, we have (to a 
single RX antenna):



Visual Illustration



RX Antenna Model: Single Antenna

Loss Function: L

R: from the ray tracing
R hat: the measured 
ground truth

Ω: directions that the 
antenna can cover
GRX (𝜔): the antenna 
directivity



RX Antenna Model: Phase Array

“Sensitivity” of hearing from a particular direction (relative power) 



A Mini Benchmark



Turbo Learning – Application of NeRF2



AoA Estimation Evaluation

Input: TX location → NN → Spatial Spectrum → AOA Profile



AoA Estimation Evaluation



BLE Localization

Input: TX location → NN → Spatial Spectrum → RSSI

Multiple RSSIs → BLE Localization



BLE Localization



MIMO CSI Prediction (FDD)

Input: TX location → NN → Spatial Spectrum → Uplink CSIs

Uplink CSIs → Downlink CSIs



Questions

Do you think the complexity is tractable in complex environments? I think the radio wave number 
can go exponential after many scattering.

Let’s check Perusall.



My Opinion

Surely the work is beautiful and very educational.

I think the computational complexity is highly dependent on the environment. When the environment gets 
complicated, the computation will be very intense I guess.

Every training is only for a particular environment. Small change will invalidate the trained network.


