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Road safety globally

Global status of road safetv: Source: Global Status Report on Road Safety 2018 (WHO)

» Each year, 1.35 million people are killed on roadways

' _f';- \\‘
» Every day, almost 3,700 people are killed globally in crashes. éi"“ World Health
More than half of those killed are vulnerable road users
(pedestrians, motorcyclists, or cyclists).

» Higher “rates of road traffic death” in low- and middle-income countries

k89 Organization

» It is estimated that fatal and nonfatal crash injuries will cost the Source: The global macroeconomic burden

} ~ f d injuries: estimat d jecti
world economy approximately $1.8 trillion dollars from 2015-2030. /65 counties (Chen S. Kuhn M. Pretimer

K, Bloom DE; article 2019)

» 132 (out of 175 participating) countries have national strategies for road safety that are funded

» 109 countries have national targets for the reduction of road traffic deaths
» Atrue global social objective!
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Why C-V2X?

Status in Europe:

Figure 1. Observed fatalities and EU targets

European
Commission

60,000+

Source: European Commission (2022) Road Safety targets

ISi Monitori 2022.
Vision Zero: onitoring, June 20

“Our goal is to reduce road deaths to zero by 2050”

» What is the status towards this goal?

(EU target 2030
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» Among other measures

(EU target 2020 |

C-V2X should contribute to this goal
» C-V2Xis a governmental task
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What is C-V2X (CELLULAR-VEHICLE-TO-EVERYTHING)?
Connected mobility use cases and their key performance indicators

Availability

arnin:

» Cars send data to other cars or
/ pedestrians or road infrastructure

i/,
) [
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C-V2X network architecture - ubiquitous connectivity

RSU: Road Side Unit
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P Vehicle to
Infrastructure

Vehicle to
Vehicle to Pedestrian
Network
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V2N: Vehicle to network (Uu interface) V2V: Vehicle to vehicle (Sidelink, PC5)
V2I: Vehicle to infrastructure (Sidelink, PC5)
V2P: Vehicle to pedestrian (Sidelink, PC5)
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TECHNOLOGY SOLUTION FOR C-ITS
MESSAGE TYPES AND SYSTEM REQUIREMENTS

Message Type EU Message Type USA Message Type China

Cooperative Awareness Message
(CAM)
Vehicle status information

(ETSI EN 302 637-2) Basic Safety Message (BSM)

Vehicle status information

Decentralized Environment Optional event flags
Notification (DENM) (S AP, SHE J2E)

Information about specific event
(ETSI EN 302 637-3)

Basic Safety Message (BSM)
Vehicle status information
(T/CSAE 53-2017)

End-to-End Latency: 20ms — 500ms, Message Repetition: 1Hz — 10Hz, Maximum Range: 300m — 1km
Maximum Speed: 250km/h (absolute), 500km/h (relative)

C-ITS: Cooperative Intelligent Transport Systems
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C-V2X APPLICATIONS OVERVIEW

Communication type Abbreviation Service

vav FCW Forward Collision Warning

vavival ICW Intersection Gollision Warning

Vavivz2l LTA Left Turn Assistant

v2 BSW Blind Spot Warning/Lane Change Warning
vav DNPW Do Not Pass Warning

vav Emergency Brake Warning

vav AVW Abnormal Vehicle Warning

vav cLw Control Loss Warning

V2vivzi HLW Hazardous Location Warning

V2l SLw Speed Limit Warning

vz SVW Signal Violation Warning

V21/V2P (P2X) [ VRUCW | Vulnerable Road User Collision Warning
V2vivz2i SDS Sensor Data Sharing

vavival CLC Cooperative Lane Change

V2P (P2X) VRUSP Vulnerable Road User Safe Passing

val CVvMm Cooperative Vehicle Merge

v2i CIP Cooperative Intersection Passing

efficiency v2i GLOSA Green Light Optimal Speed Advisory
V2l IVS In-Vehicle Signage

fpz,\ vzl TJW Traffic Jam Warning
\?j Vavivai Em Emergency Vehicle Warning

v2i CHPVP Cooperative High Priority Vehicle Passing

V2l CVM Cooperative Vehicle Meige

val CIP Cooperative Intersection Passing
V2l RTS Road Tolling Service

v2i DLM Dynamic Lane Management

-

~
y ¢/ <
information vzl VNFP Vehicle Near-Field Payment / / v
and management | V2| GSPA Guidance Service In Parking Area )

V2l DDS Differential Data Service 1 Y
val PDC Probe Data Collection
v2i RTS Road Tolling Service
val DLM Dynamic Lane Management
vav CPM Cooperative Platooning Management ‘ I A

Note: Applications may vary according to region.
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C-V2X APPLICATIONS OVERVIEW

Communication type Abbreviation Service

vav FCW Forward Collision Warning

vavival ICW Intersection Gollision Warning

Vavivz2l LTA Left Turn Assistant

v2 BSW Blind Spot Warning/Lane Change Warning
vav DNPW Do Not Pass Warning

vav Emergency Brake Warning . .
vav AVW Abnormal Vehicle Warning Vehicle to pedestrian (V2P)
vav CLw Control Loss Wﬂl'ﬂiﬂg p Vulnerable ruad user
V2vivzi HLW Hazardous Location Warning . . .
7 SLW Speed Limit Warning collision warning
vz SVW Signal Violation Warning "
V21/V2P (P2X) [ VRUCW | Vulnerable Road User Collision Warning
V2vivz2i SDS Sensor Data Sharing

vavival CLC Cooperative Lane Change

V2P (P2X) VRUSP Vulnerable Road User Safe Passing

val CVvMm Cooperative Vehicle Merge

v2i CIP Cooperative Intersection Passing

L

efficiency v2i GLOSA Green Light Optimal Speed Advisory
'\ V2l IVS In-Vehicle Signage
f 4} V2l TJW Traffic Jam Warning
‘7, Vavivai Em Emergency Vehicle Warning
\’ j val CHFVP Cooperative High Priority Vehicle Passing
V2l CVM Cooperative Vehicle Meige
val CIP Cooperative Intersection Passing

V2l RTS Road Tolling Service
v2i DLM Dynamic Lane Management

information vzl VNFP Vehicle Near-Field Payment
and management | V2| GSPA Guidance Service In Parking Area
vzl DDS Differential Data Service
val PDC Probe Data Collection
v2i RTS Road Tolling Service
val DLM Dynamic Lane Management
vav CPM Cooperative Platooning Management

Note: Applications may vary according to region.
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C-V2X APPLICATIONS OVERVIEW

P>

Communication type Abbreviation

I' ot

Service

vav FCW
Vavival ICW
V2viv2i LTA
V2 BSW
vav DNPW
vav
vav AVW
vav CcLw
V2vivai HLW
Vel SLw
vzl SVW
V2I/V2P (P2X)
V2viv2i
vavival CLC
V2P (PZX) VRUSP
val CVMm
vzi CIP

SDS

efficiency v2i GLOSA

'\ val VS
f val TJW
v2Viva1 [EVW]
i CHPVP
val CVM
val cIP
V2l RTS
vzl DLM

information vzl VNFP
and management | V2| GSPA
Vel DDS
V2l PDC
vl RTS
vzl DLM
vav CPM

Note: Applications may vary according to region.
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Forward Collision Warning

Intersection Gollision Warning

Left Turn Assistant

Blind Spot Warning/Lane Change Warning
Do Not Pass Warning

Emergency Brake Warning

Abnormal Vehicle Warning

Control Loss Warning

Hazardous Location Warning

Speed Limit Warning

Signal Violation Warning

Vulnerable Road User Collision Warning
Sensor Data Sharing

Cooperative Lane Change

Vulnerable Road User Safe Passing
Cooperative Vehicle Merge

Cooperative Intersection Passing

Vehicle to infrastructure (V2I)
> Emergency vehicle warning

Green Light Optimal Speed Advisory
In-Vehicle Signage

Traffic Jam Warning

Emergency Vehicle Warning

Cooperative High Priority Vehicle Passing
Cooperative Vehicle Meige

Cooperative Intersection Passing

Road Tolling Service

Dynamic Lane Management

Vehicle Near-Field Payment
Guidance Service In Parking Area
Differential Data Service

Probe Data Collection

Road Tolling Service

Dynamic Lane Management
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Vehicle to network (V2N)
P> Advance traffic information P2
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RSRP: Reference Signal Receive Power
TCU: Telematics Control Unit

C-V2X / PC5 communication paths and
what are the pain points?

V2V |/ V2P direct communiction (no infrastructure involved)

» How far the vehicles can see each other?
Coverage — RSRP?

» What PC5 messages the cars transmit?
» PC5 message sent/received in time?

» Do the vehicles (TCUs) behave correctly
in field compared to a reference?

V2| communication (via infrastructure — road side units (RSU)) _
RSU RSU locations:

» What is the coverage of the RSU — RSRP? Intersections (traffic
» Is there any interference? lights), construction
» Are the RSU PC5 messages correct? P/ sites, ...
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Business pain points: who is paying for what? $7

V2V [ V2P direct communication

» HW/SW: Telematics Control Units (TCU) embedded in vehicles incl. antenna system

» Buyers of vehicles may pay for enhanced safety features (and efficiency and convenience)
» But V2V will probably not happen without V2I

V2| communication via RSUs
» HW/SW: Road Side Units (RSU) connected to traffic management systems
» Who should pay for this critical C-V2X infrastructure?

— No RSU operator gets money from subscribers / vehicles

— Ecosystem ?

Rohde & Schwarz Safer roads by verifying critical C-V2X infrastructure and communications



Ecosystem: who are the players in C-V2X?

>
>
>
>
>
>
>
>
>

TCU Supplier

Bosch

Continental

Denso

Ford

Harman

Huawei

LG

ZTE

...and many others

VVyVYyVYVYyVYYVYYVYY

RSU Supplier

Askey

Cohda Wireless
Commesignia
Harman

Huawei

Kapsch

Siemens

ZTE

...and many others

Certification

CATARC
Dekra
TUV

VVYVVVVVVVVYVYVYYVYYVYY

OEM / Car
Manufacturer

Audi
BMW
Daimler
GM

Fiat
Ford
Honda
Jaguar-Landrover
Nissan
Renault
Toyota
Volvo
VW

RSU Operator

» Government entity
(e.g. in China)

» Virginia Department
of Transportation

» City municipality
» American Tower

» Road operator (e.g.
Autostrade Italy)

Different company types
Different reach
Business cases?

» Road Safety is a governmental task (like traffic lights) — maybe indirect payment via taxes

Rohde & Schwarz

Safer roads by verifying critical C-V2X infrastructure and communications



CONTENT

» C-V2X: the “why” and the “what”
» C-V2X pain points

» A bit of technology

» Real field measurement results
» C-V2X Test Solutions

» Conclusion




Communications types in 4G LTE and 5G NR to support
automated driving

[ Advanced C-V2X Services (5G NR V2X Rel. 16 /17) ] [Basic Safety Service (LTE-V2X Rel. 14)J
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C-V2X [ PC5 measurements for each PSCCH / PSSCH
occurance

» LTE-based: Broadcast, no bi-directional communication
» Example of V2X stations broadcasting messages with a period of 100 ms

B PSCCH M PSSCH

Frequency i V2X Station 3

(RB) ofdmSymbol o 1 2 3 4 5 6 7 8 9 10 1 12

V2X Station 2

V2X Station 1

Subframes

OfdmSymbol o 1 2 3 4 5 6 7 8 9 10 1 12 13
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» Scanner was placed in
vehicle #1 with RX antenna
on the top of the roof

» The trial was conducted with
different car driving speeds
(same speed for both cars)

Vehicle 2

» High doppler shift due to
opposite driving directions of
the vehicles

» Question: What is the C-V2X / PC5 coverage?

Rohde & Schwarz Safer roads by verifying critical C-V2X infrastructure and communications



Vehicle approaching scenario 90 / 70 kmph - RSRP Analysis

2D Chart View:2

0 Chart 1 5 =
-[dBm]  Top N RSRP [<Auto> @551401]\Mbr 1]
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Second vehicle | C
. Chart 2 I la =
could be received B ir pecaras osoeielt O 10

70 km/h 70 km/h
e~

Vehicle #2 Vehicle #2
was visible for was visible fqr was visible for
25 s=486m 25s=486m 20s=500m

Speed / km/h

00:20:20 00:20:40 00:21:00 00:21:20 00:21:40 00:22:00 00:22:20 00:22:40 00:23:00 00:23:20 00:23:40 00:24:00 00:24:20 00:24:40 00:25:00 00:25:20
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Vehicle approaching scenario 110 / 90 kmph - RSRP Analysis

2D Chart View:2 o *

Chart 1 Ala T =
 [dgm] Tap N RSRP [<Auto> @55140[1]\Mbr 1]
- [dgm] Top N RSRP [< Auto> @55140[1\Mbr 2]

5
=)

Other vehicle RSRP

RSRP /dBm

N

Second vehicle

]

Chart 2
| o BT Speed-R&S GPS Device[1

[ 2
could be receivdd IR =
]

&1

N\ 90 km/h

—

VehiCI.e.#Z Vehicle #2
was visible for was visible for
15 s =458m 20s=500m

Speed / km/h

00:00:20 00:00:40 00:01:00 00:01:20 00:01:40 00:02:00 00:02:20 00:02:40 00:03:00 00:03:20

» Approaching vehicle C-V2X messages can be received in the range of 450 to 500m (line of sight)
» Non-line of sight scenarios (street canyons) to be analyzed
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Support of C-V2X Scanning in ROMES4
C-V2X scanner message view and ITS message decoding

» Every scanner measurement is represented by a line in the C-V2X Scanner Message View
» By double-clicking on one line, message details will open in a dedicated window

C-V2X Scanner Result

UTC Timestamp L2 Mac Source

UTC Timestamp
Frame Number

» AIll ITS stacks (China, US, Europe) supported in ROMES4

Rohde & Schwarz Safer roads by verifying critical C-V2X infrastructure and communications



ITS message decoding is available

vehicleClass

classification: passenger-Vehlcle-TypeUnknown (18]

safetyExt

2

pathHistory

13, 3 LS8 pad

. eventHazardLights: False

. eventStopLineviolation: False

. eventaBsactivated: False

. eventTractioncontrolLoss: False

. eveptstabilitycontrolactivated: False
. eventHazardousMaterials: False

. eventReservedl: False

eventHardBraking:

. eventLightsChanged: False

. eventWipersChanged: False

. eventFlatTire: False

. eventDisabledvehicle: False

: False

-] initialPosition

pos

lat: 481259149 (48.1259149 degrees)

long: 115124831 (11.5124831 degrees)

elevation: @ (e.@ m)
transmission: unavailable (7)
speed: @ (9.88 m/s, .88 mph)
heading: 18841 (135.51 degrees)
gccelset

leng: 2e81 (unavailable)

lat: 2eel (unavailable)

vert: -127 (unavailable)

yaw: 32767 (327.67 degree/s)
brakes

brakeradel: unavailable (@)

tractien: unavailable (&)

abs: unavailable (@)

scs: unavailable (@)

brakeBoost: unavailable (@)

guxBrakes: unavailable (@)
size

width: 19 (1.98 m)

length: 428 (4.38 m)

» ITS message decoding in combination with RF measurements

helps verifying C-V2X communication

Rohde & Schwarz Safer roads by verifying critical C-V2X infrastructure and communications




» Delay between message generation EEESsEEt=
(car 1) and reception (car 2)? - : > «BER?
UTC Timestamp H Jul 13, 2822 18:53:18.738 ~
» Time delay can vary due to message [inigug . = UTC time stamp:
gueuing on the TCU and multipath T S Reception of the message
propagation (RF level)

~ 20 ms OWL

-] tbs
- payload
version: 3
=] ContentType: unsecuredData (BxZe)

Length: 196 UTC time stamp:

=] headerInfo

» C-V2X is safety relevant and nid: eoooost ___ &Y MeSS?g? generf’ﬂlon time

generationTime

latency shall be under control! expiryTiness: 26:

Rohde & Schwarz Safer roads by verifying critical C-V2X infrastructure and communications



One-way-latency reference measurements — example 2

» Depending on the message priority )
(ProSe Per Packet Prioritiy — PPPP) | +cRBaR
. UTC Timestam H Jul 13, 2822 18:53:49.278 "

a certain latency needs to be ensured Eiuinaten : UTC time stamp:

Direct SubFrame Number

-> 5GAA/SAE/ ... RS-RSST (dém) : Reception of the message

PSCCH
C-V2X Scanner Result PSCCH RS-CINR (dB)

s LB PSCCH RSRP (dBm)
-

PSCCH Resource Block Range

PSSCH Decoded Sucessfully 8 True el Moerndad ©eac e £017ar

4

. 10

SCI Format 1
Fayload 8 1288 gell 1182 1118 8211 188¢ 2828 ITS Message List ~—~ 107 l I IS OWLI
h .

Priority HE
Resource Reservation 8 1
Frequency Resocurce Location g 14
Time Gap

L= ; -] thspata

ITS Message 1

Retransmission Index 1oad
-] payloa
Mac PDU Dissector is starting version: 3

SL-SCH MAC Header - V_Field: 3 L2 pestination ID length _— \
SL-SCH MAC Header - R_Field: 8 -] ContentType: unsecuredData (exse)

SL-SCH MAC Header - L2 Source ID: 12467868 Length: 196 UTC tlme Stamp

SI _SrH_Mar Header - 17 mestinatinn Tn- 1

4 =] headerinfo

e T Message generation time

generationTimess: I?.E!QZ-BT-‘-:[B 15:53:45.153555'(584?54434153555:

> Latency evaluat|0n essentlal for expiryTimess: 2822-87-13 18:55:49.163888 (584794734163888)
proper C-V2X verification
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» BER [%] per message =
L2 Mac Source 1D - RSS! (dBm) ) SSCH RSRP (d... | PSSCH BER {* i received bItS Wlth errOrS/
total number of bits

» Bit errors can occur due to
bad radio conditions such
as low power level or signal
to interference ratio

» Monitoring the BER helps evaluating whether TCU can still decode the message

Rohde & Schwarz Safer roads by verifying critical C-V2X infrastructure and communications




Spectrum measurements — monitoring C-V2X spectrum

» |dentification of interferers

» How busy is the C-V2X
spectrum?

» Real-time spectrum analysis
/ waterfall diagram beneficial

» Qualitative status of load in the C-V2X system at the measurement location

Rohde & Schwarz Safer roads by verifying critical C-V2X infrastructure and communications



WHAT

ROMESMAP Route Track View

C-V2X Scanner Message View

Top N RS-ONR.[List of best RSUS[1\Dr 1] * R8s V2X Scanner (TSMEJ[1) = Value: 23.204E QN i L UTC Trmestamp 12 Mac 5

o o) ] [e) )
ERead XK G2 & L@ &9 s
1402 Apr11,20220953:2.. 45007 -80.52 3382 - - ﬂ [a *
t £ 1403 Apr 11. 2022 09:53:2 45001 -:1 53 : 18.08 UTC Timestamp H Apr 11, 2822 @9:53:27.857 -
1404 Apr 11,2022095532... 45002 T 16.59 FinTeE D i e

1405 Apr 11,2022 09:553:2... 45003 7183 16.12 Direct subFrame number : 2s7E
1406 Apr 11,202209532.. 45004 8111 651 RS-RSST (dem) T 7237
1407 Apr 11,2022 09:532... - . 469 —
1408 Apr 11,2022095532.. 45006 17.14 e T
1409 Apr 11,2022 2. |45007 13.05 PSCCH RSRP (dam)
1410 Apr 11,2022 095533 45001 2057 PSCCH Resource Block Range
1411 Apr 11, 2022 085533... | 45002 208 9%rru narndsd SiresefiTn
1412 Apr11,202209533.. 45003 19.34
Baseline Straey : s d . 1413 Apr 11,2022 09:53:3... 45004 X 02.70 14,66
1414 Apr 11,2022 09533 45005 416 S [T 1
1415 Apr 11,2022 09:533... | 45006 7 2205

= 1416 Apr 11,2022095533.. 45007 1763
Signal: Top N RS-CINR [List of best RSUS[1]\Mbr 1] 1417 ppr 11, 5 63.43 35 16.98 eless proprietary
Device: R&S V2X Scanner (TSME][1] - 1418 Ao 11, 202209533 e ity
it a8 1 . : 5I3l lessa e

[30.00; 30.00] M th 1419 Apr 11,2022 095533... 3 . 3 16.59

O [10.00; 30.00( a WI Scanner 1420 Apr 11,2022 09533 .10 .
O (-1000; 10.00 5

)
B 2000 6 00 1421 Apr 11,2022 09:533.. | 45005 74 0.32 FAT {mm
850,00, 30,000 1422 Apr 11,2022 09533 1857 LAY .

Wil others 123° 02' m,_unlmn 1423 Apr 11,2022 09:533.. | 45007 71.74 14.32 et

1424 Apr 11, 2022055533 18.58 Dedicated short message
Position: natavallable ] X A8 e 11 302 NO-E22 ; 1090

C-V2X Scanner Result

QuUISIE YIS aunjes 98]

1000 Sig

ITS Message List

ssih BuLg

2022 09:53:3...

JBULBDS SO

1lwn

C-V2X Scanner Top N View:1 R&SV2X Scanner (TSMEJ[1] 2D Chart View:1

Top N: show all TopN Pools - Auto Width Chart 1 Al =
*| 94,03 [dBm] Top N RSRP [<Aut

Center Frequency [MHz]  EARFCH.. L2MacSourceID  RS-RSSI [dBm] RSRP[dBm] RS-CINR [dE]
5920,00 55180 45006 -66.47 9428 2008
5920,00 55180 45001 -65.80 -93.57 18.58
5920.00 55190 45002 -65.97 -93.73 18.88
5920,00 5510 45003 -66.00 -93.36 19.20
5920.00 55190 45007 -71.58 -99.44 15.72
5320.00 55190 45004 -75.91 -103.87 12.20
5920,00 55150 45005 8453 114,02 432

C-V2X sources;
average KPI

saladold | mala HEYD 07

KPI over time
(e.g. RSRP)

Top N RSRP [<Auta>@55190(1]\Mbr 1] dBm
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C-V2X | PC5 scanner -

\ Y/
\ /
\ Y/

Roadside unit (RSU)
mounted on a traffic light

Cars with PC5 communication module

Rohde & Schwarz

field test scenario

) GNSS is used for
synchronization

R&S®ROMES4
v" RSRP / power

v" CINR / quality
v’ V2X L2 Source ID

C-V2X / PC5 receive

antenna (in-field)
GNSS R&S®TSMx6 with

antenna C-V2X [ PC5
scanning capability
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Extensive R&S offerings for testing of C-V2X use cases
From lab, R&D, production to field test

- 3GPP RF 3GPP PROTOCOL CAICT TESTING TCU APPLICATION E2E APPLICATION
;:: % :3*: Allows customer to validate 3GPP Protocol Test Cases CAICT ITS Conformance Testing using CMW500 and Enables OEM to test
hardware using Rx and Tx leveraging CMW500 Test package from Neusoft Vector CANOE.Car2X complete Car, offering a
Scalable measurements capability protocol testing features for the China Market system. Simulated quick transition from lab to
based on 3GPP 36.521-1 and test automation tools focused on Message, environment allows real proving ground, simulating
Network and Application TCU software to be used 150+ Cars
_'< >'_ Security. with key interfaces
. (Ethernet, CAN) and
Precise & protocols (AutoSAR etc.)
Repeatable
0 fHee e B : VECTOR > _
@_ & . s i i VECTOR >
Performance Smmms L L u {_
optimized

E2E Application
TCU Application

ITS Stack
3GPP Stack
3GPP PHY

Rohde & Schwarz Test Focus

Required functionality



.rohde-sch : Iv2
SUMMARY wowag0hcie-schwarz.comimnt

C-V2X should contribute to the global goal to reduce the number of road traffic deaths

C-V2X is more a governmental task than a clear financial business case. C-V2X
ecosystem e.g. for road infrastructure is complex and country-/region-dependent.

ITS message decoding + RF reference measurements is a unique combination for
C-V2X communication verification = - very important for RSUs, too!

Message latency + BER + spectrum measurements add more value to characterizing
C-V2X communication - very important for RSUs, too!

Network Scanners TSMx6 offer this unique combination for RSU site acceptance and
as reference measurements what the TCUs can achieve

» Rohde & Schwarz is your One-Stop-Shop for C-V2X lab, R&D, production
tests and in-field performance verification

Rohde & Schwarz Safer roads by verifying critical C-V2X infrastructure and communications


http://www.rohde-schwarz.com/v2x

Find out more

www.rohde-schwarz.com/v2x
www.rohde-schwarz.com/mnt
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