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The Challenges  of 5G OTA (Over The Air)
Meas urements  for ICV (Intelligent connected vehicles )
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Why is  Automotive OTA Tes t Neces s ary?

10 year ago Today’s  ICV
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Why is  Automotive OTA Tes t Neces s ary?

Confused autonomous  vehicles  
getting los t on San Francis co road

Dozens  of Autonomous  Vehicles  Getting Los t on a dead-end s treet



4Copyrigh t © 2017-2022 AeroGT Labs Corpora tion .  All Rights Rese rved



5Copyrigh t © 2017-2022 AeroGT Labs Corpora tion .  All Rights Rese rved 5Copyrigh t © 2017-2022 AeroGT Labs Corpora tion .  All Rights Rese rved

Why Full Vehicle OTA Meas urements  is  Critical?
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The goal of the MIMO tes t is  to measure/evaluate the 
real wireles s  performance of the car in a real-world 
multipath environment

Multipath Environment

BASE STATION

DIRECT PATH

REFLECTED PATH
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Four Levels  of Automotive OTA Tes t
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Challenges  of Automotive OTA Meas urement

Large s ize DUT 
direct far field meas urement becomes  
difficult.

Eccentricity is s ue
conventional Spherical Wave Expans ion method 
cannot s olve the eccentricity then tes t error is  large

SISO tes t
how to perform EIRP and EIS tes t in near field

MIMO Throughput Tes t  
Rebuild a  real-world trans mis s ion channel in an 
anechoic chamber
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AUT/ DUT at Different Pos itions

Clas s ic SWE
Sampling Sphere = Radiation Sphere
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ESTIMATED NUMBER OF PROBES*
Frequency Small car Large truck

410MHz 49 68

7.125GHz 851 1178

* M. Berbeci, P. Pelland and T. Leifert, "Challenges  for the 
Automotive Indus try on MIMO OTA Tes ting," 2020 Antenna 
Meas urement Techniques  As s ociation Sympos ium (AMTA), 
Newport, RI, USA, 2020, pp. 1-5.

MPAC Solution for Automotive MIMO tes ting
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Base Sta tion
Emulator 

(BSE)

Channel 
Emulator

2x2 MIMO tes t s teps :
1. Antenna patterns  

meas urement   
2. OTA Throughput 

Meas urement

Antenna 
patterns

Recv1

Recv2
Calibra tion Matrix 
A

Invers e  Matrix  
M

Target: 
 trans1 s ignals  only be s ent to recv1，
 trans2 s ignals  only be s ent to recv2

dire c t ly 
conne c t

dire c t ly 
conne c t

Equa l To

Result: 
 trans1 s ignals  only be s ent to recv1，
 trans2 s ignals  only be s ent to recv2

Radiated Two Stage (RTS) Theory
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RTS bas ed MIMO OTA tes t 
s olution for ICV is  the only 
realis tic technique available 
today

Features :
Theoretically correct, 
international s tandards
Small error, s table, cos t-
effective, s imple s ys tem

Radiated Two Stage Method – Patented Technology

DUT

PAS

)(θTxPAS )(θTxG )(θRxPAS

Channel
Emulator
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 2021 "Temperature Effects  in OTA MIMO Meas urement," in IEEE Trans actions   
 2020 "Invers e Matrix Autos earch Technique for the RTS MIMO OTA Tes t," in IEEE Trans actions  
 2020 "A 2×2 MIMO Throughput Analytica l Model for RF Front End Optimization," in J ournal of Communications  

and Information Networks , 
 2020 "3-D Printing Conformal K-Band Lens  Antenna for a  Smart Parking Space Detection Sys tem," in IEEE 

Trans actions   
 2020 "Rugged Linear Array for IoT Applica tions ," in IEEE Internet of Things  J ournal 
 2020 "Calibra tion Loop Antenna for Multiple Probe Antenna Meas urement Sys tem," in IEEE Trans actions   
 2020 "Review of the EMC As pects  of Internet of Things ," in IEEE Trans actions   
 2020 "Tota l Is otropic Sens itivity Meas urement in Switched Beam Antenna Sys tems ," in IEEE Trans actions   
 2020 "Small Anechoic Chamber Des ign Method for On-Line and On-Site Pas s ive Intermodula tion Meas urement," 

in IEEE Trans actions   
 2019  "Directional Antenna With Cons is tent H-Plane Dual-Band Beamwidth for Wi-Fi Applica tions ," in IEEE 

Trans actions   
 2019  "An RTS-Bas ed Near-Field MIMO Meas urement Solution—A Step Toward 5G," in IEEE Trans actions   
 2019 "OTA Meas urement for IoT Wireles s  Device Performance Evaluation: Challenges  and Solutions ," in IEEE IoT 

J ournal, 
 2018 "Dual-Band Directional Slot Antenna for Wi-Fi Applica tion," in IEEE Trans actions  
 2018  "A Decompos ition Method for MIMO OTA Performance Evaluation," in IEEE Trans actions  on Vehicular 

Technology
 2018  "Horizonta lly Polarized Antenna for Calibra tion of a  Multiple Probe Antennas  Meas urement Sys tem," in IEEE 

Trans actions   
 2018 "An Equivalent Circuit Model to Analyze Pas s ive Intermodula tion of Loos e Contact Coaxia l Connectors ," in 

IEEE Trans actions

We hold 150+ patents , and published 280 papers  on Antenna noise temperature, NF-FF trans formation, Fas t s ens itivity measurements , RTS and  Absorbers

Total Solution for Automotive OTA Tes ting
from tes t a lgorithm to s oftware platform, from key component to whole s ys tem

MIMO OTA Sub-Working Group
Certification Program Working Group (CPWG) Contribution

Contribution Number MOSG200405
Contributor's  Name
(Company Name) 

Thors ten Hertel, Ya J ing (Keys ight Technologies ), Yihong
Qi, Wei Yu (General Tes t Sys tems ), Pat Connor 
(Qualcomm Incorporated), J os e M. Fortes  (Rohde & 
Schwarz)

Contribution Date May 19, 2020
Contribution Type (P) Propos al
Contribution Intent (E) Endors ement
Contribution Title On including RTS into the MIMO OTA Tes t Plan

CTIA Certification Program Working Group
Contribution

Contribution Number MOSG171204
Contributor's  Name Moray Rumney (Keys ight Technologies ), Thors ten Hertel 

(Rohde & Schwarz), Penghui Shen (GTS) 
Contribution Date December 3, 2017
Contribution Topic Inclus ion of RTS into MIMO OTA tes t plan
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Challenges  of Automotive OTA Meas urement

Large s ize DUT 
Direct far field measurement becomes  difficult.

Eccentricity is s ue
If conventional Spherical Wave Expans ion method cannot 
solve the eccentricity then tes t error is  large

SISO tes t
How to perform EIRP and EIS tes t in near field

MIMO Throughput Tes t  
Rebuild a  real-world transmis s ion channel in an anechoic
chamber

Spherical near field s ampling 
+ 

Near field to far field trans formation

Cus tomized Tes t Probe + 3D calibration
 Wide probe beam width (beam is  required to cover the entire DUT)
 Low Cros s  polarization ra tio (Cros s  polarization a t a  wide angle)
 High Probe beam s ymmetry 
 Calibration of the 3D pattern of the probe in the NF-FF trans formations

Optimized NF-FF 
trans formation algorithm
 Antenna aperture coupling theory based EIRP/ EIS tes t 

MIMO Throughput Tes t  
 Radiated Two Stage (RTS) MIMO method
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Next-Gen Full-Vehicle OTA Tes ting Solutions  

ARC + ARMS SOLUTION  | Multiple probes  are fixed us ing electrical 
switching, and coordinate with the rotation of the vehicle on the 
turntable to perform 3D wireles s  performance tes t

PRINCIPLE Spherical near field s ampling + NF-FF + RTS MIMO

SPEED Fas t

ACCURACY High

MEASURABLE 
ITEMS

1) Pas s ive measurement  
2) ICV SISO  
3) ICV MIMO 4X4 measurement (patented) option 
4) GPS rela ted OTA tes t

ARC + ARMS SOLUTION 



16Copyrigh t © 2017-2022 AeroGT Labs Corpora tion .  All Rights Rese rved

Next-Gen Full-Vehicle OTA Tes ting Solutions  (upgrade)

ROBOT SOLUTION | An antenna is  placed at the end of the movable 
robot and integrates  with an EMC turntable to perform 3D wireles s  
performance tes t – add OTA tes t functions  to an exis ting EMC chamber

PRINCIPLE Spherical near field s ampling + NF-FF

SPEED Normal

ACCURACY Normal
Mechanical accuracy can match a  large chamber, 
but the accuracy depends  on the EMC chamber 
materia l  

MEASURABLE 
ITEMS

1) Pas s ive measurements
2) ICV SISO
3) ICV MIMO 2X2 measurement (patented) option
4) EMC tes t (patented) option 

ROBOT SOLUTION 
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Integration with Dynamometers

◉ OTA Test with Chassis Dynamometers

◉ Powerful, unique solution

◉ Vetted with automotive experts at 
major OEMs

◉ Closest thing to OTA testing a vehicle 
under real world conditions as 
possible
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MaxSign_Auto Automatic Tes t Software
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RESOURCES

Web: www.aerogtlabs .com

Linkedin: https :/ / www.linkedin.com/ company/ aerogt-labs

Video: Next-Gen Automotive OTA Tes t:  https :/ / youtu.be/ Gr1hojkvRmE

Contact: info@ aerogtlabs .com

http://www.aerogtlabs.com/
https://www.linkedin.com/company/aerogt-labs
https://youtu.be/Gr1hojkvRmE
mailto:info@toyotechus.com
http://www.aerogtlabs.com/
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