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INTRODUCTION, MOTIVATION & CHALLENGES  

 New Technologies entering the car:

• Safety

• Information

• Entertainment

• Connectivity 

• Autonomous Driving
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Introduction, Motivation & Challenges  

RED Coexistence

Antenna System
Functionality 

Parallelization 

&

Test time optimization

Key requirements of a test concept

Combined Radio • Proximity 

• In-Device

• Quality Assurance

• User Experience
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Introduction, Motivation & Challenges  

 Vehicle level measurement challenges:

- Conducted or over-the-air (OTA)

- Size of the vehicle

- Number of radio systems and electronic systems in the vehicles 

- Source of Interference and use case reproduction

Antenna port 
Combin

er

EMI signal wanted signal

UUT

UUT Antenna  

EMI signal wanted signal

Conducted UUT measurement setup OTA UUT measurement setup

OTA
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Introduction, Motivation & Challenges  

Source: Car radio antennas: Where have they gone?

https://www.torque.com.sg/features/car-radio-antennas-where-gone/

External embedded antenna

Wi-Fi, GPS, RKE, TPMS,

Cellular communication 

Internal Embedded Antenna

Wi-Fi, Bluetooth 

Antenna Position

https://www.torque.com.sg/features/car-radio-antennas-where-gone/
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Introduction, Motivation & Challenges  
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Introduction, Motivation & Challenges  
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Introduction, Motivation & Challenges  

 Test & Measurement challenge

- Field to lab (Anechoic Chamber)

- Over-the-air (OTA) setup

- Interference Signal Type
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Measurement Parameters

Combined Radio Equipment 

- Inside (in-car)

- Outside

• RF Output power

• Spectral power density

• Transceiver spurious emissions

• Receiver blocking

• Coexistence 

RED parameters assessment (complementary with 

BS)

Receiver blocking (inside / 

outside)

Communication

Tester

Spectrum 

Analyzer

Signal Generator

ETSI EN 301893 at 5GHz  

• 10 Parameters

ETSI EN 300 328 at 2.4 GHz 

• 13 Parameters
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Measurement Method

1. RF output power 

2. Spectral density

3. Spurious Emission

Chamber 
Calibration

Measurement 
Procedure

Result 

documentation
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OTA test setup for vehicle level testing 

 Over-the-Air chamber calibration setup

LNA

𝑆41

𝑆21
𝑆31L

N
A

VECTOR

NETWORK

ANALYZER
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OTA test setup for vehicle level testing 

RX

antenna

Test instrument 

rack

Interference

antenna

10m EMC chamber

Cellular 

& 

non-

cellular

connection

SPECTRUM

ANALYZER

COM. 

TESTER

SIGNAL

GENERATOR

POWER

AMPLIFIER

SWITCH
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Component level testing
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Vehicle level testing
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Measurement Results

Effective radiated power (a) and equivalent isotropic radiated power (b) (c) of

radio equipment for the three measured sub bands.

(a) (b) (c)
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Measurement Method

4. Receiver Blocking

5. Co-existence

Test scenario

Definition

Connection &

Measurement 

Result 

documentation
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Risk Assessment and Test Scenario Definition

High Risk

Moderate Risk

Low Risk

Risk assessment matrix example
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OTA test setup for vehicle level testing 

 Over-the-Air co-existence measurement setup 

To 

Communication 

tester WLAN 

signal

Blocking 

signal

To Signal Generator

R&S®SMW200AR&S®CMW500

Blocking antenna

Adjustable position
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OTA test setup for vehicle level testing 
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OTA Test measurement in the vehicle   

Calibration:

Blocking and coexistence measurement:

i. WIFI hotspot antenna in glove box and client antenna passenger seat  

ii. Measurement of the sensitivity power and desensitization 

iii. EMI antenna is placed inside and outside the car 

iv. Measurement of the blocking with CW signal as unwanted and coexistence with LTE signal as 

wanted

EMI-antenna TX-

antenna 

RX- antenna 

𝑆41

inside

outside

𝑆31

R&S®ZNA

𝑆211 23 4

over-the-air WIFI

𝑆31 - 52 dB

𝑆41 - 28.5 dB
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Measurement Results

OTA blocking setup: superposition of the wanted and interferer signal
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OTA Test measurement in the vehicle   

Results of PER:

 Blocking test:

 Coexistence test:

In-band Out-of-Band

2412 MHz 2440 MHz

CW (– 30.62 dBm) 12.8 % 0.8 %

Inside Outside

LTE UL:

2505 MHz

LTE DL: 

2606 MHz

LTE UL:

2505 MHz

LTE DL:

2606 MHz

LTE 7 (– 15 dBm) 1 % 0.6% 0.9 % 0.2 %
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OTA Test measurement in the vehicle   

Sensitivity Test

WLAN ch1

BW=20MHz
LTE Band-7

64QAM

TP=54Mbit/s 

BPSK 

TP=6Mbit/s 

64QAM

BW=20MHz

16QAM 

BW=5MHz 

Baseline PER 2% - 70 dBm -88 dBm - 100 dBm -109 dBm

Max PER 10% - 74 dBm -92 dBm - 102 dBm -111 dBm

Sensitivity + 6 dB - 68 dBm -86 dBm - 96 dBm -105 dBm
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Additional Parallel Measurement Possibility

Additional Measurements 

1. IP connection security analysis

2. User experience testing 
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ADDITIONAL PARALLEL TESTING POSSIBILITIES  
IP CONNECTION SECURITY ANALYSIS
TEST SOLUTION

26
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OVER VIEW SCREEN
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1:  Application

2: Connection group 3: Domain name

4: Geolocation of 

server - Country

5: Protocol /

Indication encrypted 

or unencrypted 

channel

6: Data statistics

8: Details about 

SSL/TLS

Handshake

7: Data statistics7: Connection 

Details
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IP-BASED GEOLOCATION 
MAPPING OF AN IP ADDRESS TO THE REAL-WORLD GEOGRAPHIC 
LOCATION

28

Test solution details

Connection Details:
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ADDITIONAL PARALLEL TESTING POSSIBILITIES  
USER EXPERIENCE TESTING 

January 27, 2020CMW-KM052 - IP Connection Security29
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USER EXPERIENCE TESTING 
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1. Original Video

2. 140 km / hr

3.  At cell edge
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Conclusion

Take Away points:

1. OTA setup introduced and methodology explained

2. Chamber calibration setup introduced and explained

3. Co-existence and Blocking test setup introduced and method explained

4. Measurement Results were discussed

5. Additional Measurement 
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Thank you for your attention 




