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Whatis V2X ? Ospirent:

\ 4 N
N ITS-G5 /DSRC~ °
Z () .

T ~60% REDUCTION IN CO2 EMISSIONS
Big Data & A S ~90% REDUCTION IN TRAFFIC DEATHS
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V2X Technology Ospirent

Technology Benchmark Summary

‘Congestion  Lab Cabled Congestion Control Pass
Lab Cabled Tx and Rx Tests CV2X better

Field Line-of-Sight (LOS) Range Tests CV2X better
Field Non-Line-of-Sight (NLOS) Range Tests CV2X better
Lab Cabled Test with Simulated Co-channel Interference CV2X better
Lab Cabled Near-Far Test Pass

Field Co-existence with Wi-Fi 80 MHz Bandwidth in UNII-3 CV2X better

Field Co-existing of V2X with Adjacent DSRC Carner Pass

Mainly Supported by US and EU Field Results Summary
Test Procedure Range at 90% Reliability
Cellular V2X i i
Line-of-Sight (LOS) Range 675m 1175m
Non-Line-of-Sight (NLOS) Blocker (5GAA) 125m 425m
(200m) (625m)
Non-Line-of-Sight (NLOS) Intersection 375m 875m
Co-existence with Wi-Fi 80 MHz Bandwidth in UNII-3 300m 625m
(75m)

Co-existing of V2X with Adjacent DSRC Camer 400m 1050m
(100m)
Mainly Supported by China

CV2X radio technology consistently outperforms DSRC.
Reportfrom SGAA

CV2X radio technology consistently outperforms DSRC.

Proprietary and Confidential Spirent Promise Assured a



C-V2X: Market Dynamics

-

@

= Increasing demand for fully autonomous driving and safe vehicles
= Concerns over environmental pollution
= Developments in connected car technology and growing collaborations

Y4

DRIVERS
Jb = Latency/reliability challenges
= Lack of infrastructure for proper functioning
RESTRAINTS

AN

N

v/

OPPORTUNITIES

= Government support for V2X technology
= Advancements in 5G technology
= Developments in autonomous vehicles

AN

Proprietary and Confidential

= Vulnerability to cyberattacks

QOspirent
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Automotive Market Directions
ACES (Autonomous, Connectivity, Electrification, Shared Mobility) Trends

Implications for automotive

QOspirent

Elsoification e e * ACES trends electronics and software Relevance
- e i Autonomous Complex and safety-relevant software 6 4(y of customers would switch
[s—3] driving High-performance computers O OEMs for better autonomous-

JDQ Connectivity Performant in-vehicle network (Ethernet)
Over-the-air updates
Cybersecurity

-' Electrification New electrical package
{s o] New powertrain applications

o)
-

M Shared Features for individualization
? E ll F mobility Keyless entry

'Inciudes battery electric vehicles (EVs), plug-in hybrid EVs, and fuel-cell EVs.
Autonomous driving Shared mobility Source: McKinsey analysis

)

Source: McKinsey, Rewiring car electronics and software Spirent’s FOCUS Area Of SpeCiaI ization

architecture for the Roaring 2020s, August2021 ) ) ) - )
— Expertise in time critical ethernet testing

— Expertise in wireless communications
— In-house GNSS solution

Offering Complete Portfolio

95%

53%
2/3

driving capabilities

of new vehicles sold in 2030 will
be connected

of new vehicles sold in Europe in
2030 could be electric vehicles'

of US customers expect their
shared-mobility usage will
increase over the next 2 years

— AD: V2X Virtual + M1 + GNSS Simulator + Vertex

— Connectivity: STC + GNSS Simulator

Proprietary and Confidential
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Spirent Test Solutions for the Connected Automated Vehicle spirent’

° : GNSS
Y.

GNSS
Simulation

4G/5G Mobile Network
((A)) .. C-V2X, Data
Mobile Network -
Emulation

Smart Road Infrastructure

Traffic
Simulation

Spirent M1 C-V2X Kit

In-Vehicle

Network
Simulation

Spirent M1 Automotive Kit

RF Channel Emulation

Vehicle

Simulation

Spirent M1 Automotive Kit

() sensor (Video, Radar, Lidar, ...) 100/1000Base-T1, 2.5/5G/10G Base T1
—— CAN, LIN, 10Base-T1S

V Actuator (Powertrain, Body, Safety, ...) Coax
Spirent Promise Assured e
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Spirent Automotive Test Expertise Ospirent’

Recognized for innovation & leadership to advance tomorrow’s technologies

O-E -E..__N. ETSI7___ )\
ALLIANCE \ ¥
ZAWC;] W) ((cmn) AUTOSAR
OMNIAIR

o A
-y

INTERNATIONAL.

(‘ U.S. Department
o

of Transportation

EUROCONTROL

¢ IEEE
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Ospirent

Test Methodologies

Conformance Functional Performance

« Conformance to standard test « Simulation of in-vehicle network « Scalability testing
specifications components and topologies » Congested road traffic simulation
= OmniAir, EU- ITS,CCSA  Simulation of road traffic including « Channel fading testing
* Interoperability communication behavior
« Stability & robustness - Simulated mobility Products:
(negative testing) « Functional validation of ECU * V2X Virtual
under real world conditions * M1 Appliance
Products: - GSS7000
» TTworkbench Products: » Vertex
e TTsuites » V2X Virtual
* M1 Appliance
« GSS7000

Test Automation

Proprietary and Confidential Spirent Promise Assured °



Spirent V2X Products Overview Ospirent’

Purpose Software Platforms RF Technology Target Geography

ITS-G5 (EV)
DSRC (WiFi)
Via Cohda MK5

WAVE DSRC (USA)

TTworkbench
ETSI C-ITS (EV)

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

V2X Protocol
Conformance Testing

WAVE over LTE-V (USA)

China ITS over LTE-V

China ITS/LTE-V

TTworkbench C-V2X (LTE-V)
V2X Virtual Via M1 CV2X Kit Wave over LTE-V (USA)

C-ITS (EV)

+ Functional +
Performance Testing

V2X Conformance

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

Proprietary and Confidential Spirent Promise Assured °
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V2X Conformance Test Solution




Conformance Testing — TTworkbench Features Ospirent’

o ———— —— —

TTworkbenchIDE
+ Test Scripts

GNSS Simulator
Multi-Constellation

A A

Proxy
Radio

DUT

v

i B

LTE-V
(PC5) or §
DSRC
Test System
\\ '’

o o o o o o o o

Proprietary and Confidential

b IR — 5

C-V2X RF
GNSS RF

IP/Ethernet
Serial/USB

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

» TCV3 Supported
Same Look & Feel Across Different RF Standards (DSRC or LTE-V PC5)

Available for all Regional Standards

+ US WAVE
« EUETSIITS
» China ITS

Supports OBU & RSU Testing

Open Framework for Customized Message Set and Test Cases

Spirent Promise Assured 6



Conformance Coverage Cspirent

OmniAir ETSI CCSA
@ Applications ITS Applications Applications
Message B o Message Dictionary ~ [= |2 L === |0 .

Layer/Application 28  (SAE J2945.1/J3161 & J2735) ES|L < 2|E|g 2|5 HESEERENe D Ree

S e o O s g 9 @ = DME
Layer o w 3
____________________ B ————__- - I S NSNS N W e __ |
L .
U>J - WsMP Ut BTP GN6 Rar%eedgﬁgui?ggtion
Network Layer <;E 1%%5%) on Messagse l\%otocol o

ProSe ProSe
Signalli Signallin Signallin
Physical / Access EhEnk 2 2 2 2
Layer

Covered By Spirent 3GPP Scope
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TTworkbench Test Suites: Look & Feel

‘, TTCN-3 Execution Management - TTsuite-WAVE-DSRC/ttcn3/IEEE_1609_3/IFEE_1609_3_Functions.ttcn3 - TTworkbench Professional

QOspirent

" o

File Edit Source MNavigate Search Project Refactoring Run  Window Help

o

o Management 52 |

B

type filter text

Test Case
4 (® IEEE_1609_x_TestCases (runs on ttech's TTmanSe
4 & WsmPacketValidation
4 < TC_16093 WSK_MST BV 01
b g@ TC_16093 WSM_MST_BV 01 01
- g TC 16093 WSM_MST BV 01 02
< TC_16093_WSM_MST_BV_02
b g@ TC_16093 WSM_MST_BV 02 01
b g TC_16093_WSM_MST BV 02 02
- @ TC_16093_WSM_MST_BV 02 03
> g@ TC 16093 WSM_MST BV 02 04
4 < WsmTransmissionParameters
<F TC_16093_WSM_ROP_BV_01
@ TC 16093 WS5M_ROP_BV 01 01
@ TC_16093_WsM_ROP_BV_ 01 02
@ TC_16093_WSM_ROP_BV_01_03
i g TC_16093 WSM_ROP_BV 01 04
£ TC_16093_WSh_ROP_BY 02
@ TC 16093 WSM_ROP_BV 02 01
@ TC_16093_WS5M_ROP_BV_02 02
@ TC_16093_WSM_ROP_BV_02_03
@ TC_ 16093 WS5M_ROP_BV 02 04

LB T agnna wacka nan M an

N

(S

[

5] Test Adapter Parameters 52
type filter text
Name

4 <F Codecs
P& DSRCProxyCodec OER:1997 ASM.1 Codec
5 WSMCodec PER-BASIC-UNALIGNED:1997 AS
45 WSACodec PER-BASIC-UNALIGNED:1997 AS
4% TCICodec OER:1997 ASM.T Codec
4 <& Extemnal functions
4 WaveExtFncs
a & Pors
a4 % UDP Port Provider
a & default
@ UDP_LOCAL PORT
< UDP_LOCAL_ADDRESS
@ UDP_REMOTE_PORT
< UDP_REMOTE_ADDRESS
a & »utPort
@ =UDP_LOCAL PORT
< >UDP_LOCAL_ADDRESS
@ »UDP_REMOTE_PORT
< >UDP_REMOTE_ADDRESS
a < UDP Port Provider
4 & default
@ UDP_LOCAL_PORT
< UDP_LOCAL_ADDRESS
@ UDP REMOTE PORT

AL R

e e

| Last Edit Location (CtrA+Q) |;

E| 5 @& THA|BO T
Runs  INCONC/FAIL Action Retries  Module k=
1 CONTINUE 0 IEEE_1609_3_Te...

1 CONTINUE 0 IEEE 1609 3 Te...

1 CONTINUE 0 IEEE_16093_Te... |=

1 CONTINUE 0 IEEE 1609 3 Te...

1 CONTINUE 0 IEEE 1609 3 Te...

1 CONTINUE 0 1EEE 1609 3 Te...

1 CONTINUE 0 IEEE 1609 3 Te... | |

1 CONTINUE 0 IEEE 1609 3 Te...

5 CONTINUE 0 IEEE_1609_3 Te...

1 CONTINUE 0 IEEE 1609 3 Te...

1 CONTINUE 0 IEEE 1609 3 Te...

1 CONTINUE 0 IEEE_1609 3 Te...

1 CONTINUE 0 IEEE_1609_3_Te...

1 CONTINUE 0 IEEE 1609 3 Te...

El%|lB@ =0

Value Default Description =

DSRC-Proxy DSRC-Proxy Generated ASN...,
Generated ASN....
Generated ASN....

T T Generated ASN....
WAVE External .. 3

IEEE_1609 3_Ty.. IEEE_1609.3 Ty.. Provides comm..

5000 5000 Represents the l...
"127.001" "127.001" ThelP address ...
5001 5001 Represents the ... .
"127.001" "127.001" ThelP address ...
50001 5000 Represents the l...
"10.73.224.145" "127.0.01" ThelP address ...
30172 5001 Represents the ...
"10.73.224156"  "127.0.01" ThelP address ...

IEEE_1609 3 Ty.. IEEE_1609_3 Ty.. Provides comm..

5000 5000 Represents the l..,
"127.001" "127.0.01" TheIP address ...
5001 5001 Represents the ... X,

£ TestData 32 | Dump [ Console

Quick Access | i'd ‘ 2B TTCN-3 Development [E’? TTCN-3 Execution Management ] £ Team Synchronizing

i d=0

Matches 112:32.'44.043 match MsgDEVtoUDP: mw_msgind

-

Expected TTCN-3 Template
[type filter text

MName Value
4 B MsgDEVtoUDP
@ time 2
a4 W frame

a4 B wiFrame

& channelMumber 7

@ timeSlot B

¢ dataRate ?

& recvPwrAntl ?

@ recvPwrAnt2 |4
a4 & data

4 @ match
a B (decoded)
2 B subtype
a o null

return FncRetCode {
var FncRetCode v_ret := e_success;

tc_ack.start(p_waitTime);
alt {
[]1 LtPort.receive(
mw_msgInd(
p_data,

¢

TTCN-3 Graphical Logging 22 [E 7701

MTC SYSTEM

[EEE 1609..] [EEE 1609..]
12:32:43.793 utPort Mﬁ‘—b' utPort
12:32:43,794 < tc_ackis.0)
12:32:43822 utPors {4 feCEVETCMsg 1 400
12:32:43,824 ¢ te_acki0.03)
12:32:43.829 = te_ackis.0)
12:32:44,037 tPort ue-L2telve MegDEVIQUDR! o
12:32:44,038 (e o S LT
12:32:44.046 —te ackio.215)
12:32:44,047 ass_»"WS with the corfect version number indicating 3 was transmitted.”
12:32:44,053 utport——send TEIMsG 4 oo
12:32:44,055 5¢te_ackis.0)
12:32:44.061 o Received unexpected messdge. [gnoring! ***
12:32:44.079 utport [ ECEVETCMSg oy

Data

| .ty'pa filter text

Mame Value
4 B MsgDEVtoUDP
@ time 1476756012518270
4 W frame

4 B wiFrame
& channelMumber 172
@ timeSlot 2
& dataRate 1
@ recvPwrintl  -40
@ recvPwrAnt2 0
a4 F data 03007F0AB3DCEEF3FADEDE
s B (decoded)
4 B subtype
4 H nulN
@ ve 3
" [transport

Press 2 to focus

6@ @
GRS

m

[¥) TEEE 1609 3 Fu.. 2 = 0

HERHO-|HBe|FF v= 0

Proprietary and Confidential
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spirent

V2X Virtual: Functional and
Performance Testing




Value Proposition: Testing V2X Apps on the Bench Ospirent

 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

Proprietary and Confidential

ted. Simulatio without hardw st a virtual Device Under Test,
ual ﬁDmnwﬂ

= @LTA HV makes a left turn when In danger of colliding with RV (CN)
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Spirent V2X Virtual Solution Ospirent

« C-V2X platform for functional & performance testing Hardware

V2X Virtual Software ° 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

GSS7000

Vertex Channel

Emulator -
s BETE C-V2X Emulator Software
g Bt
CVaX Hardware Plafform IVN » Modular test and automation platform_
—— V2X RF (LTE -V/5G PC5/Uu) . Conformaqce & functional test scenarios
— IVN: CAN/AUTO ETHERNET * Open architecture for 3rd party functions
— GPSRF (Timing & Positioning) (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

Proprietary and Confidential Spirent Promise Assured @



Spirent C-V2X HiL Test Salient Features Ospirent

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 forthe 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

Proprietary and Confidential Spirent Promise Assured Q



Complete V2X Scenario Emulation Ospirent’

| [ V2X Scenarios Test Library ] Ospirent"“
Scenarios &

Test Cases . _ PG
[ V2X Scenarios Emulation Software ] - 7D+ “““““““ M

Protocol V2X Protocols Interaction Emulation arry

Emulation [ (Network, Message, Security) (O Splrent

(" . ) 4 ] . p q . .

Low Layer | GNSS Emulation IR In-Vehicle BUS I Splreﬂt

Emulation ¢ — Y ( ) :

V2X Communication V2X Channel Emulation Osplrent

Proprietary and Confidential Spirent Promise Assured @



Supported Scenarios in V2X Virtual

VRUCW: Vulnerable Road User Collision Warning _ﬂ

FCW: Forward Collision Warning

& In-Progress Tests

O

spirent’

EBW: Emergency Brake Warning A Tesngsenares
EVW:Emergency Vehicle Warning e B 5 A A (©)
ICW: Intersection Collision Warni ng Abloermal Vehiccxiwami“g (AW 1| Blind Spot Warning (BSWILCW CN) €Q Jinfeng FCW Control Loss Warning (CLWCN) | | Do Not Pass Warning (DNPW CN) | | EMerBeny B"’Ck;)wam‘"g Lol

GLOSA: Green Light Optimal Speed Advisory

RLVW:Red Light Violation Warning

Expects a warning about remote vehicle
which has enabled "warning/hazard
lights", is standing still or moving slowl...

Expects a warning when thereis a
danger collision with a vehicle in the
blind spot during a lane change

Expects a warning when there is a
danger of a rear-end collision with a
remote vehicle (RV) in the same lane..

Expects a warning when there is a
danger collision with a vehicle which is
out of control

Expects a warning when there is a
danger collision with a vehicle in the
opposite lane while overtaking.

Expects a warning about a remote
vehicle which performs an emergency
braking which may effect the own...

SLW: SpeedLimit Warning

CLW: Control Loss Warning

AVW: Abnormal Vehicle Warning

Emergency Vehicle Warning (EVW
CN)
Expects a warning when an emergency
vehicle (RV) with active blue light
approaches the HV.

:

Forward Collision Warning (FCW
CN)
Expects a warning when thereis a
danger of a rear-end collision with a
remote vehicle (RV) in the same lane...

3

Green Light Optimal Speed
Advisory (GLOSA CN)
Expects real-time optimal advisory
speed information in case of a green
signal ahead of the HV.

A

Hazardous Location Warning
(HLW CN)
Expects a warning to the HV driver when
the HV approaches potentially
dangerous locations, like ponding und...

Dif

ICWFCW(CN)

Expects a warning when driving into an
Intersection and a remote vehicle is

approaching the same intersection fro...

A

In-Vehicle Signage (IVS CN)
Do expect the roadside unit (RSU) sends
out local road data information, as well
as the corresponding traffic signage...

HLW:Hazardous Location Warning

IVS:In-Vehicle Sighage

TJW: Traffic Jam Warning

mf

Intersection Collision Warning
(ICW CN)
Expects a warning when there is danger

of collision with side wise trafficinan
intersection.

®

Left Turn Assist (LTA/LCW CN)
Expects an LTA warning when the Hv
makes a left turn and is in danger of

collision with a remate vehicle.

3

Red Light Violation Warning
(RLVW CN)

Warns the driver when a vehicle passes
through a signalized intersection

Speed Limit Warning (SLW CN)
Expects a warning to the HV driver when
the speed limit is exceeded, reminding
the driver to slow down.

==
==
Traffic Jam Warning (TJW CN)

Expects a warning when DUT
approaches a road congestion.

A

Vulnerable Road User Collision
Warning (VRUCW CN)
Vulnerable Road User Cellision Warning
means that the host vehicle (H) is in
danger of colliding with surrounding..

VNFP: Vehicle Near-Field Payment

Proprietary and Confidential
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C-V2X HIL — Functional Scenario Simulation Ospirent

C-Va2XxX M1

Ethernet

Scenario Simulation Software: LTA

DUT |
V2X OBU/RSU  * g

Proprietary and Confidential Spirent Promise Assured @



FCW Testing with CarMaker

B https://10.67.100.41:30221/sir X+

& c

B https://10.67.100....

ot

10.65.24.241

A &% | htps://10.67.100.41:30221/simulation/1896713078

QOspirent

= é FCW-Same Lane directly in front (CN)

__ Duration B s
/4@ 000 : 00 : 20 : 000 o
\ Hour Min Sec Ms
\»4 Status: In-Progress

Waiting for DUT GPS fix (still 0.1 m)
A Scenario Parameters

V¥ Run-time Data
® out

Speed: ——

IPGMovie - 'spirentdemo-virtualbox' online X

File View Scene Camera Help (=1}

ed: 0 messages

rated: 0 messages

CarMaker - Test: /ho.../sp.../Do.../CM.../Da.../Te...[FCW_Same_Lane_Directly_In_Front_C...

Settings Help

41PG

time o0 event: O ms.
time to event: 0 ms

& to event: O ms

o

»
=
(=]
©
=

O EXERNFEEENANE o H @

Proprietary and Confidential

Maneuver
20 Driving

e

Car: DemoCar_FCW
Typical, unvalidated data for passenger car
Equipped with ADAS demo controllers for AEB, FCW,

Select ‘

Trailer: Select ‘

Select ‘

[ |
Bul\‘er 33 S MB 482 s
I —J

Save

Status: (1.0%)
Idle
Time: 200

— Simulation ———— Storage of Results
Perf:  ¥realime Mode: ¥|collect only
Distance: 328 47

K
®
ltfn

EETG;'J

acy: 15.05m Events observed/expected: 0%

M spirentdemo@spirentdemo-VirtualBox: ~/Downloads (0]

PROXY -> V2X Virtual: Terminating
Simulation

Awaiting new simulation load from V2X Virtual
V2X Virtual -> PROXY: received 4 bytes from 10.67.100.41:63386
Received termination request

Awaiting new simulation load from V2X Virtual
V2X Virtual -> PROXY: received 83 bytes from 10.67.100.41:39875

buf = /home/spirentdemo/Downloads/CM_Demo/Data/TestRun/FCW_Same]
ne_Directly_In_Front_CN
ScriptControl: LoadTestRun /home/spirentdemo/Downloads/CM_Demo/Data/Tes
n/FCW_Same_Lane_Directly In_Front CN 1
PROXY -> V2X Virtual: sending 4 bytes to 10.67.100.41:39875

Awaiting simulation start from V2X Virtual

23:10
2022/9/14

~ B 7 = d Ml I

J &= & 5§
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Vertex Ospirent’
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 poortransmit conditions and if the tx and rx adhere
to the minimum standards.

The Vertex channel emulator operates in several different
fading modes.

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

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

MIMO OTAChannel Models: These channel models are
suitable for MIMO over the air chamber tests.

Proprietary and Confidential Spirent Promise Assured e



Realism is Key: Multi-RF vs. Single-RF Ospirent

G G Gy G

Traditional Wireless
Network Emulator
Solution

} 2 o 5 5 - WEEmE=ST
M e

(Spirent: cuaiiaus -

Typical Multi-RV Scenario:
- - Each RV needs one dedicated
RF Channel

Proprietary and Confidential Spirent Promise Assured @



Channel Scenarios Emulation Ospirent

Pathloss(dB) vs Distance(meter)

= Channel Model

110
100 e
90 Power Deiay Profile
80 / N
70 0
60 -
50 i -
=
— 40 5.3
NOOARNARNARADRN NN NDLOND LA z
OO ADDIOOANOODLLANOILLDADDOOANDTLLADITLL AN AN® Q.
: N eR8NEIggoReuwsTdroorovT oA $-40
Build Channel B
Model based on
Scenario - = ; e
[ o] Fuoed
T 0 ] 1 et -80
Parameters - o )
BSTEE 2o a ae ot
85788 120 a an Fivad
20 o T Fooes
a} 12 Fwer
a Foced

‘:Ospléen‘t Sk bk o ‘

Vertex
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Integration Test Result COspirent

 Testing result HV speed=40km/h HV speed=120km/h
— The chart shows the distance Test Without Without With
between HV and RV-1 when Time Channel With Channel Channel Channel
HV(DUT) send out the first Emulation Emulation Emulation Emulation
mar:ggngdr;];ssiﬁ;nel emulation L 8.2 4 il o163
the distancegis shorter, which | 2 48.36 18.97 137.8 37.46
means that the brake distance 3 47.59 33.39 136.88 42.15
may not be enough and cause 4 48.15 48.4 136.91 41.09
the collision. 5 47.78 18.16 131.38 42.97
. Conclusion 6 48.66 25.94 130.18 50.68
— When the OBU has big message / 46.32 215 136.26 34.06
loss during V2X applications, it 8 47.12 21.94 137.32 32.54
will greatly influence the function 9 49 722 39 38 135.55 46.24
and performance of the DUT. 10 48.55 31.93 133.15 40.85
AVG 48.004 28.202 135.264 39.967
Unit: meter

Proprietary and Confidential Spirent Promise Assured @



Complete Scenario Integrated V2X HIL Ospirent

/F unctional Scenarios\

o FCW V2X Virtual Software

) |CW GSS7000
« LTA —
- BSW/LCW =

Vertex Channel
Emulator

808 a0 &0 |
B i
35 o3 > 8% o8

i s a s “ias o
e i
e haa o oes

> -
/Positioning Scenaricb /Channel Scenarios\ :
C-V2X Hardware Platform VN
 Urban canyon e Urban roads —— V2X RF (LTE -V/5G PC5/Uu)
—— IVN: CAN/AUTO ETHERNET
 Tunnel ° Express —— GPS RF (Timing & Positioning)
« High bridge * Roundabouts
« Open area

- L

Proprietary and Confidential Spirent Promise Assured @



Complete Scenario Integrated V2X VIL(with Dyno) Ospirent

GNSS Simulator (GSS7000)

| Simulation SW Road Traffic : = HV GNSS RF

Environment
Sensor (GNSS & V2X)
Vehicle Dynamics

HV GNSS

Ethernet

EthernetI . 3 o Lo L
V2X Signal|[Emulator (M1)
: Simulated RV & Dyno Control
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Putting V2X Drive Tests in the Fast Lane

By: Bhargovi Srinivasan

June 28, 2023 - 5 min read

« 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 e
- White Paper: How should the automotive industry test V2X systems? ”'mcmm
« Solution Brief: V2X Testing

Reduce Expensive and Time-
consuming Field Testing

gndce  WEBINAR
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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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