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~60% REDUCTION IN CO2 EMISSIONS

  ~90% REDUCTION IN TRAFFIC DEATHS

V2N

V2V V2V

V2P

NB-IoT

eMBB

V2I

LTE-M

Platooning

Remote Driving Automated Driving

Extended Sensors

Big Data & AI HD Maps

What is V2X ? 

ITS-G5 / DSRC
4G  5G
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V2X Technology
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Report from 5GAA

Field Results Summary

Technology Benchmark Summary
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C-V2X: Market Dynamics
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Automotive Market Directions
ACES (Autonomous, Connectivity, Electrification, Shared Mobility) Trends

Spirent’s Focus Area of SpecializationSource: McKinsey, Rewiring car electronics and software 
architecture for the Roaring 2020s, August 2021

‒ Expertise in time critical ethernet testing

‒ Expertise in wireless communications

‒ In-house GNSS solution

Offering Complete Portfolio
‒ AD: V2X Virtual + M1 + GNSS Simulator + Vertex

‒ Connectivity: STC + GNSS Simulator
5
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Spirent Test Solutions for the Connected Automated Vehicle

Sensor (Video, Radar, Lidar, …)

Actuator (Powertrain, Body, Safety, …)

100/1000Base-T1, 2.5/5G/10G Base T1

CAN, LIN, 10Base-T1S

Coax

(C-)V2X

C-V2X, Data

GNSS

4G/5G Mobile Network

Smart Road Infrastructure

Spirent M1 C-V2X Kit

GNSS 

Simulation

Mobile Network 

Emulation

Traffic 

Simulation

Vehicle 

Simulation
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In-Vehicle 

Network 
Simulation

Spirent M1 Automotive Kit

Spirent M1 Automotive Kit
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Spirent Automotive Test Expertise
Recognized for innovation & leadership to advance tomorrow’s technologies
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Test Methodologies

Proprietary and Confidential 8Spirent Promise Assured

Conformance Functional Performance

• Conformance to standard test 
specifications
▪ OmniAir, EU- ITS, CCSA

• Interoperability

• Stability & robustness 

(negative testing)

Products:
• TTworkbench

• TTsuites

• Simulation of in-vehicle network 
components and topologies

• Simulation of road traffic including 

communication behavior
• Simulated mobility

• Functional validation of ECU 
under real world conditions

Products: 
• V2X Virtual
• M1 Appliance

• GSS7000

• Scalability testing
• Congested road traffic simulation

• Channel fading testing

Products: 
• V2X Virtual

• M1 Appliance

• GSS7000
• Vertex

Test Automation
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Spirent V2X Products Overview
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TTworkbench

DSRC (WiFi)
Via Cohda MK5

ITS-G5 (EU)

WAVE DSRC (USA)

C-V2X (LTE-V)
Via Cohda MK6(C)

ETSI C-ITS (EU)

WAVE over LTE-V (USA)

China ITS over LTE-V
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TTworkbench

V2X Virtual

C-V2X (LTE-V)
Via M1 CV2X Kit

China ITS/LTE-V

Wave over LTE-V (USA)

ETSI C-ITS (EU)

Solutions include other components, e.g. for simulated mobility (positioning & timing)

Purpose Software Platforms RF Technology Target Geography
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V2X Conformance Test Solution



Spirent Promise AssuredProprietary and Confidential Spirent Promise AssuredProprietary and Confidential

Conformance Testing – TTworkbench Features
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Common Test Platform: TTworkbench

• Standardized Test Notation & Test Architecture: TTCN-3
• Advanced Toolset for Test Management, Test Automation, Failure Analysis

Multi-Mode Support

• Wireless RF Mode: Proxy HW Device for radio 
(DSRC with different DCC profiles/LTE-V PC5)

• Wired Mode: Direct over Ethernet

All Test Suites Prepared for Full Test Automation via UDP (Upper Tester) / 
TCI Support

• TCIv3 Supported

Same Look & Feel Across Different RF Standards (DSRC or LTE-V PC5)

Available for all Regional Standards

• US WAVE
• EU ETSI ITS

• China ITS

Supports OBU & RSU Testing

Open Framework for Customized Message Set and Test Cases

Test System

Proxy 
Radio
LTE-V 
(PC5) or 
DSRC

TTworkbench IDE 

+ Test Scripts

DUT

GNSS Simulator

Multi-Constellation

GNSS RF
IP/Ethernet
Serial/USB

C-V2X RF
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Conformance Coverage
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TCP

Applications

OmniAir

DME

Message Layer Interaction 

Dedicated Short
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3GPP Scope
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TTworkbench Test Suites: Look & Feel
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V2X Virtual: Functional and 
Performance Testing
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Value Proposition: Testing V2X Apps on the Bench
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• Bringing field test to lab

‒ No need to install multiple RSU reducing requirement for test 
site and making operation more convenient

• Baselining the results

‒ Simulated test scenarios can be reused for on-road vehicles, 
allowing for comparison between simulations and real-world 
test results

• Precision

‒ Testing systems can achieve high precision positioning and 
conduct scenario tests. 

• Test large scale scenarios

‒ On-road simulation testing can simulate large vehicles, 
verifying systems ability to handle large amount of data
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Spirent V2X Virtual Solution
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• C-V2X platform for functional & performance testing

• Spirent M1 Appliance
• Multi-RF support (8 Radios)
▪ PC5 (V2V, V2I, V2P)
▪ Uu (V2N - Roadmap)
▪ Multiple Radios realise the parallelism with 

transmission of signals with different strength, SNR
▪ Enables large scale stress and performance testing 

Hardware

• Modular test and automation platform 
• Conformance & functional test scenarios
• Open architecture for 3rd party functions 

(Traffic Sim, Vehicle Sim, GNSS Sim, Test Control)
• Built in protocol stack of different regions

(China, US, EU)
• Integration with traffic scenario simulators – IPG 

CarMaker, Hexagon Virtual Test Drive 

C-V2X Emulator Software
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Spirent C-V2X HiL Test Salient Features

V2X Virtual

• Execute predefined test cases for V2X Day 1  applications. Easy interface for creating custom scenarios. 
• Easy integration with external traffic simulators to create highly realistic virtual test-driving V2X scenarios

• Test V2X security features of the participating OBUs & RSUs

M1

• Dedicated C-V2X RF equipment with advanced timing accuracy – multi RF with 8 Radios

• In-vehicle Network and Rest-Bus simulation via CAN FD/ Automotive Ethernet for controlling and observing Device 

GNSS

• Accurate position simulation for the V2X ECU under test using Spirent’s GNSS simulator
• Also simulate various atmospheric conditions that can have an impact on the accuracy of the GNSS receiver of the ECU 

under test
• Supports upto 256 channels

• Signal accuracy of ±3mm pseudo range

Vertex 

• Re-create realistic RF channel conditions on the bench using Spirent Vertex Channel Emulator integrated into the test bed

17
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Complete V2X Scenario Emulation

V2X Communication V2X Channel Emulation

GNSS Emulation In-Vehicle BUS

V2X Protocols Interaction Emulation
（Network, Message, Security）

V2X Scenarios Emulation Software

V2X Scenarios Test Library

Low Layer 
Emulation

Protocol 
Emulation

Scenarios & 
Test Cases
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Supported Scenarios in V2X Virtual
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VRUCW: Vulnerable Road User Collision Warning

FCW: Forward Collision Warning

EBW: Emergency Brake Warning

EVW: Emergency Vehicle Warning

ICW: Intersection Collision Warning

GLOSA: Green Light Optimal Speed Advisory

RLVW: Red Light Violation Warning

SLW: Speed Limit Warning

CLW: Control Loss Warning

AVW: Abnormal Vehicle Warning

HLW: Hazardous Location Warning

IVS: In-Vehicle Signage

TJW: Traffic Jam Warning

VNFP: Vehicle Near-Field Payment
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C-V2X HIL – Functional Scenario Simulation
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Scenario Simulation Software: LTA

Ethernet

BSM
RSM

SPAT

RSI
MAP

C-V2X M1

PC5 (5.9GHz)

DUT
V2X OBU/RSU
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FCW Testing with CarMaker
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Vertex 

22

Fading – Why this is important in C-V2X testing

Fading – Variation of attenuation of the signal due to 
multipath propagation or presence of  obstacles.

- Signal attenuation 

- Doppler deviation

- Signal arrival phase difference

Its important to test safety related data messages are received 
even under poor transmit conditions and if the tx and rx adhere 
to the minimum standards. 

The Vertex channel emulator operates in several different 
fading modes. 

Channel 
Models

Classical Channel Models: These channel models are 
suitable for narrowband technologies. 

Geometric Channel Models: These channel models are 
suitable for wide bandwidth, multiple antenna technologies. 

MIMO OTA Channel Models: These channel models are 
suitable for MIMO over the air chamber tests. 
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Realism is Key: Multi-RF vs. Single-RF

23

Typical Multi-RV Scenario:
Each RV needs one dedicated 

RF Channel

Traditional Wireless 

Network Emulator 

Solution
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Channel Scenarios Emulation
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Channel Model
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Integration Test Result
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• Testing result

‒ The chart shows the distance 

between HV and RV-1 when 
HV(DUT) send out the first 

warning message. 

‒ When adding channel emulation, 

the distance is shorter, which 
means that the brake distance 

may not be enough and cause 

the collision. 

• Conclusion

‒ When the OBU has big message 

loss during V2X applications, it 
will greatly influence the function 

and performance of the DUT. 

Unit: meter
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Complete Scenario Integrated V2X HIL
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Positioning Scenarios

• Urban canyon

• Tunnel

• High bridge

• Open area 
…

Functional Scenarios

• FCW

• ICW

• LTA

• BSW/LCW
…

Channel Scenarios

• Urban roads

• Express

• Roundabouts

• Indoor parking 
…
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Complete Scenario Integrated V2X VIL(with Dyno)
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Simulation SW Road Traffic

Environment
Sensor (GNSS & V2X）

Vehicle Dynamics

Realtime HW

Ethernet

GNSS Simulator（GSS7000）

Ethernet

Channel Emulator
（Vertex）

HV GNSS RF

V2X Signal Emulator (M1）

HV GNSS

Simulated RV & 
RSU Messages

Simulated RV & 

RSU Messages incl. 
Channel Emulation

Torque/Speed

Dyno Control 
System
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Resources

• Webpage: Connected Vehicles, V2X & C-V2X

• Datasheet: V2X Virtual Test System

• Blog: Putting V2X Drive Tests in the Fast Lane

• Webinar: Automotive Ethernet & V2X Validation

• White Paper: How should the automotive industry test V2X systems?

• Solution Brief: V2X Testing

• For more details, please contact support@spirent.com

https://www.spirent.com/products/test-connected-vehicles-v2x-and-cv2x
https://www.spirent.com/assets/datasheet-v2x-virtual-test-system
https://www.spirent.com/blogs/putting-v2x-drive-tests-in-the-fast-lane
https://www.spirent.com/assets/webinar-automotive-ethernet-and-v2x-validation
https://www.spirent.com/assets/wp_how-should-the-automotive-industry-test-v2x-systems
https://www.spirent.com/assets/u/brief-v2x-testing
mailto:support@spirent.com
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