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Introduction

This document captures planning information neggdsaprepare a comparative communication perforaan
assessment of vehicle to vehicle (V2V) radio tedbgies such as Cellular V2X (C-V2X) On-Board Ur@iBU) and
Dedicated Short Range Communications (DSRC)/Igetif Transport Systems (ITS)-G5 OBU devices.

DSRC has been the primary technology for V2X arglijgoorted by a large body of research addressiagiety of
topics from the lower-level communications platfairhigher-level applications and their associaealuation.
DSRC is based on standards (e.g. IEEE 802.11p,J2&B5, and SAE 2945/x) that have been defined @tplio
support V2X technologies and in particular imminsafety applications.

C-V2X is a recently standardized 3GPP technologgtd®ype devices and chipsets are currently undeeldpment,
thus soon permitting physical testing of C-V2X aadviding the first opportunity to evaluate perfamee of the new
radio stack. It is the purpose of the test spedtifiey described herein to recommend evaluation-WR2& prototypes
based on the knowledge acquired during the devedopof DSRC. As such, the procedures documentedresere,
to the extent feasible, extracted from the previd8RC testing and evaluation projects conductethamily at the
Crash Avoidance Metrics Partnership (CAMP) overl#st decade.

1 Scope

As the first known physical in-vehicle evaluatiohGV2X, the test specification focuses on commatians
performance. It is presumed that much of the hidgnger research and development for DSRC is diyquittable to
C-V2X and thus does not require independent vatidator example, the testing described will impéatnthe same
or similar message structures and payload - thag haen well established for DSRC or ITS-G5 V2X.iMth
conducting the tests for the purpose of comparing?® and 802.11p based V2X-communications, the @idayers
will not be changed. This also means that the ngessaxchanged during the tests are either the Catbyse
Awareness Message (for the European ETSI ITS Gk)sta the Basic Safety Message (for the DSRC usélae
United States of America).

In addition to the communications-layer testing, va@e included rudimentary application-level tegtio provide
assurance that C-V2X system functions as intendddaidentify unforeseen issues with the highgefantegration.
It is expected that through testing, researcheltgaiin insights into the operations of C-V2X timaay guide additional
research questions and perhaps suggest requiriggh deprovements.

It is also important to note that this test speatfion does not represent a complete duplicatidgheo&ntire work
performed by CAMP and/or others on the developrm&mSRC. Rather, this is a targeted effort thaex$ a specific
set of tests that are believed to be critical talsa@valuating the efficacy of C-V2X communicatiechnology within
the V2V application space. Within this set of tesggplying identical methods from DSRC to C-V2X mmat be
feasible in all instances. This will be indicatedhe respective description of test procedures.

While the first version of this document focusesu2V testing, upcoming versions will also includ@lyVv2P, V2N.

2 References

The following documents contain provisions whidirough reference in this text, constitute provisiohthe present
document.

[1] CAMP VSC2 Consortium, “Vehicle Safety CommunicaenApplications (VSC-A) Final Report: Appendix
Volume 1: System Design and Objective Test,” NHTRblication, 2011

[2] CAMP VSC3 ConsortiuntVehicle-to-Vehicle Safety System and Vehicle BfaitdSafety Pilot (V2V-SP) Final
Report, Volume 2 of 2: Performance TestingiTSA Publication, 2014

[3] CAMP VSC3 Consortium, “Interoperability Issues afhicle-to-Vehicle Based Safety System Project (V2V-
Interoperability) Phase 2 Final Report Volume 1n®aunications Scalability for V2V Safety Developmént
NHTSA Publication 2015

[4] CAMP VSC3 Consortium, “Interoperability Issues afhicle-to-Vehicle Based Safety System Project (V2V-
Interoperability) Phase 2 Final Report Volume 2n®aunications Scalability for V2V Safety AnalysisyHTSA
Publication 2015

[5] CAMP VSC6 Consortium, “Vehicle-to-Vehicle Commurticas Research (V2V-CR) Project Design
Specifications Document,” VSC6 Internal Document @0

[6] SAE International®,Surface Vehicle Standard - On-Board System Reopgings for V2V Safety
Communications,J2945TM/1, Issued 2016-03.
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Channel Busy Percentage
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Emergency Electronic Brake Lights
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File Transfer Protocol

Global Positioning System

Hypertext Transfer Protocol

HTTP Secure
Host Vehicle

Hardware
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Intersection Movement Assist
Inter-Packet Gap

Intelligent Transportation Systems Accesgdra at 5 GHz

Key Performance Indicator
Line-of-Sight

Long-Term Evolution

Medium Access Control
Modulation and Coding Scheme
Multi-Lane Highway Line-of-Sight
Multiple-Input and Multiple-Output

National Highway Traffic Safety Administratio

On-Board Unit
Operating System
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PHY
PSD
PSID
PSCCH
PSCH
PSSCH
RB
RDP
REF
RF
RSRP
RSSI
RV

RX
S-RSSI
SAE
SD
SINR
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SPS
SW
TME
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TX

UE
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V2l
V2N
V2P
V2Vv
V2V-CR
V2V-I|
V2V-SP
V2X
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Over-the-Air

Personal Computer

Packet Error Rate

Physical

Power Spectral Density

Provider Service Identifier

Physical Sidelink Control Channel
Primary Synchronization Channel
Physical Sidelink Shared Channel
Resource Block

Radiation Density Pattern

Reference Device

Radio Frequency

Reference Signal Received Power
Received Signal Strength Indicator
Remote Vehicle

Receive

Sidelink RSSI

Society of Automotive Engineers
Secure Digital

Signal to Interference plus Noise Ratio
Signal of Interest

Semi-Persistent Scheduling Sidelink
Software

Test and Measurement Equipment
Transmission Time Interval
Transmit

User Equipment

Universal Serial Bus

Coordinated Universal Time
Vehicle-to-Infrastructure
Vehicle-to-Network
Vehicle-to-Pedestrian
Vehicle-to-Vehicle
Vehicle-to-Vehicle Communications Research
Vehicle-to-Vehicle Interoperability
Vehicle-to-Vehicle Safety Pilot
Vehicle-to-X

Vehicle Safety Consortium

Vehicle Safety Communications — Applications
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4 Overview
4.1 Approach

The series of tests defined when executed wilkaflr comparison between V2V radio technology wiailso enabling
development, calibration, and validation of simiglatmodels used for analyzing a broader set ofa@@es The
overall test execution approach is documented bakan interconnected work flow presentefligure 1. This is
presented in Preparation, Execution, Analysis,Ewvaluation. This test specification focuses onRheparation and
Execution stages of the workflow. The data captuviidnform the simulation, which then enables thead
evaluation of C-V2X.

Preparation

Test Case
Development

l

OBU Development
& Vehicle
Integration

Executmn ...................................... l ........................................................

Test Case
Execution

Simulation = Analysis

S R S ——

EE\aralualticm

Evaluation

y y

Simulation Technol
Calibration and szn n;rgf’f:]
Validation P

Figure 1: Workflow
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Assumptions

The following assumptions have been made in theldpment of this document. Any deviation from these
assumptions must be discussed and accepted wittataeollection and analysis teams prior to inolug the testing.

The DSRC OBU is expected to meet applicable staisdgarticularly the most recent versions of statslas
defined in Section 6.2.1

The C-V2X OBU is expected to meet applicable stadglgparticularly the most recent version of stadgas
defined in Section 6.2.1

Both V2V devices will be capable of either loggithg necessary data or interfacing and providing ttad data
acquisition system for data logging. Any impairngenf the measurement setup should be consideréd. Al
measurement points should be clearly documented.

Test track or other facilities will be available the testing specified

C-V2X OBU communicates directly V2V (Device-to-Deg) using 3GPP R14 Mode 4 and does not rely on
cellular network infrastructure (edge or otherwite)communicate safety messages between otherl&ellu
OBUs (not including security functions which ard mdthin the scope of this test specification)

C-V2X OBU will operate at the same communicatioagfrency (5.9 GHz), b/w (10 MHz), channel (172),
maximum allowed transmit power level (e.g. 20 dBar)C-V2x and DSRC) and message transmit frequency
(10Hz) as a DSRC OBU to ensure that the deviceopaence measures of interest can be compared ptall
DSRC/ITS-G5. Although the test procedures describi¢hin this document are centered around the 342 G
band, methodologies can be used in different fraquéands.

C-V2X and DSRC OBUs will utilize the same antenrfd@ol exhibits a uniform propagation pattern as sl
the same diversity configuration. Chapter 9.1.%gitdetails about antenna characterization tests.

Message payloads will be populated with meanindath to enable application tests (i.e. BSM based da
frames) and be identical for DSRC and C-V2X

All vehicles integrated with OBUs will be the samake and model within a set of tests with antenmasnted
at the apex of the vehicle to minimize the influend vehicle chassis line-of-sight occlusion

Only the DSRC and Cellular OBU device under test{Ip will be transmitting in the allocated 5.9 GHz
frequency band in the open laboratory and tesktemwironments to ensure that the data collectatiértest
environments is not influenced by external factors

GNSS receivers used for C-V2X and DSRC/ITS-G5 OBhall have similar performance (e.g. update rate 10
Hz), particularly timing information.

Radio level tests, with the exception of thosetegldo congestion control, are applicable to boBRO as well as
ITS-G5. Any tests that involve the higher layertpoml stack would be dependent on the specificqualtstack
which is different for various regions. The higleyer tests described in the present version efdbcument focus
on the US stack.
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5 Performance Measures of Interest

The sections below provide the applicable perfoicaaneasures to assess the OBUs communication agést®mn
control performance. Details regarding data elemjafdta logging and data export requirements netedaerive these
measures are detailed in the Requirements section.

5.1 Packet Error Rate (PER) [4]

The PER is the ratio, expressed as a percentagfee oimber of missed packets at a receiver frgeracular
transmitter and the total number of packets quati¢idat transmitter.

A sliding window PER is used to smooth out the sudfiuctuations and obtain an approximate averégjeecdata.
The PER is calculated using the sequence numbéained in each message, and is calculated betwesreaing
Host Vehicle (HV) and a transmitting Remote Vehig)gRV). The PER is calculated and plotted agaiime.

Leto be the PER interval that is divided imosub-windows as shown in Figure 2. The widthwa$ normally set to 1
second. In Figure ZQ_: nx W' wheren is normally set to a 5 second PER valdethe end of each sub-window
intervalW | the number of missed packets and the numbean$tnitted packets are calculated for that sub-windo
The PER is calculated at the end of e€dbr the lasi sub-windows as follows.

PER _ missed se¢ from vehicle i duringw; _n.1, W ] (1)
j-n+l —

total seg# from vehicle i durindw .1, W;]
Where J =1

<« 0 —»

« 0 —»

Figure 2: Sliding Window [4]

Note that PER is undefined if the DSRC receiversdua receive at least 2 BSMs (PER is 100%)@: avindow.
Also, note that the PER metric in this case inctude

» Packet loss due to packets that were dropped fiertransmit queue because a newer BSM arrivecin th
gueue before the previous BSM could be transmittexlto the medium being busy (the DSRC radio’s
clear channel assessment could not detect thatékéum was clear for transmitting before the next
packet arrived)

» Packets lost over the air due to collisions or ffigent signal strength

5.2 Inter-Packet Gap (IPG) [4]

The IPG is the time, calculated at the receivereptessed in milliseconds, between successivessiut packet
receptions from a particular transmitter.

Like the PER, the IPG is calculated between theard¥ the RV, and represents the IPG seen by the ittWraspect to
the RV over the entire test run.

Let "t denote the Coordinated Universal Time (UTC tinteyhich the ' message from a RV is received by the HV,

andr;_; "idenote the UTC time at which tife — 1)t message from the RV was received by the HV, thedRb;
between the€i — 1)t message and th& message is:

IPGi=1;—Ti1 ()
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5.3 Channel Busy Percentage (CBP) [4]

CBP is the ratio, expressed as a percentage, eihtieeduring which the wireless channel is busy. (ienergy level is
higher than the carrier sensing threshold) to #véog of time over which CBP is being measured.

CBP is calculated periodically over a pre-defineddewed monitoring period referred to as ‘ChanBuasyll. The
ChanBusyIntvl for DSRC is expected to be set to 180

CBP can be determined using the clear channelsmses busy fraction defined in the IEEE 802.11pddad as
follows:

(100 X Duration Channel Indicated as Busy)
CBP = (3)
ChanBusyIntvl

Note that CBP is a DSRC specific metric and C-V2iKags Channel Busy Ratio (CBR). Note also thatFOBcludes
channel busy time due to both carrier sensing aedgy detection, but it does not include virtuadichel busy time
based on the Network Allocation Vector definediEEE 802.11.

54 Channel Busy Ratio (CBR)

Channel busy ratio (CBR) measured in subframedefisied as follows:

» For PSSCH, the portion of sub-channels in the nesopool whose S-RSSI measured by the UE exceed a
(pre-)configured threshold sensed over subframd®h n-1];

» For PSCCH, in a pool (pre)configured such that PB@ey be transmitted with its corresponding PSSEH i
non-adjacent resource blocks, the portion of tseusces of the PSCCH pool whose S-RSSI measuréteby
UE exceed a (pre-)configured threshold sensed saudrames [n-100, n-1], assuming that the PSCCHlipoo
composed of resources with a size of two consee®RB pairs in the frequency domain.

Note that CBR is a C-V2X specific metric and DSRt{liaes Channel Busy Percentage (CBP).

5.5 Information Age (1A) [4]

IA represents the time interval, expressed in ggllonds, between the current time at a receivethentimestamp,
applied by the transmitter, corresponding to thia ge.g., position, speed, heading) containedeémthbst recently
received BSM from the transmitter.

IA can be a continuous or sampled variable ané fgiven transmitter can be calculated in real tifréesired, at the
receiver. IA is calculated as follows:

TATxRx (t) =t- thRx(kt) (4)
Where:

* k.is the index of most recent data received up tetim

e tryre (ko) is the timestamp corresponding to the data of sanimplexedk,, received from RX at TX

Note that IA:
e Is calculated periodically, normally every 100 ms
* Is lowest when a receiver receives a new BSM frqraréicular transmitter

* Increases linearly with time, until the receivereiwes a new BSM from the transmitter

5.6 Application End-to-End Latency

Application E2E Latency represents the time intkregpressed in milliseconds, between the timeaimsivhen the
Transmitter application delivers the applicatiopdiapacket (e.g., BSM) to the lower layers, in gatar Medium
Access Control (MAC) and Physical Layer (PHY), dne time instant when the application layer packetceived by
the application layer at the receiver (before pagldecoding).
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It is envisioned that when the application layeckmd is delivered to the lower layers (through d@t)Ahat the
application records this time in the Transmittey fibe. This is not a requirement however, it siifips computing the
Application E2E Latency. Time information shall §gnchronized between units using GNSS time infoionat
Similarly, when the receiver application receivias packet it records this time in the Receiverfileg The Transmitter
and Receiver clocks used to read the times wheaghkcation layer delivers/receives the packetulh the API need
to be synchronized. This is critical since theetidince between these two quantities representibiecation E2E
Latency. It should be noted that there are othgiswi@a record the Application E2E Latency and thatitnportant thing
is note when the interval starts and when it ends.

S.7 Relevant measures
In addition to the performance measures of inteesstessment considers the following:

1. Communication properties:
* Received Signal Strength Indicator (RSSI) for DSRC
» Reference Signal Received Power (RSRP) for C-V2X
*  Over-the-Air (OTA) Message Size
2. Relative vehicle-to-vehicle kinematic properties:
* Range
* Speed
+ Elevation
* Heading
3. Device performance:

« Transmit to Receive Message Latency (on PHY MA@tamnethodology needs to be clearly
documented)
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6 Preliminary Test Configuration Requirements

6.1 Device Interfaces

Figure 3 depicts a generalized OBU interface reglio support the test cases defined. Along thesi@é, are the
software stacks where values and configurationsiezessible to other computer systems by way éfgolication
Program Interface (API). In addition, relevant deda also be logged to a file that resides eithea tocal or
mountable file system.

Test Computer

o
(9Y)
c

Communication
Stack

Command and
Control Computer

— Device Interface |jag—o

‘

Position Stack

Data Acquisition
System

L Configuration
Safety Application

ty App Parameter

FTP
Device
| Data Logger : SD Card
i : USB
Figure 3: OBU Interfaces
6.2 OBU

To support the execution and analysis of the ®st€ contained in this document, the followingisaalescribes
requirements that need to be supported by the DBUO This section is organized into the followingpsections:

1. Device Standards
2. Device Interfaces
3. Variables of Interest and Logging

4. Device Parameter Configuration
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6.2.1 Device Standards

The DSRC OBU will comply with all current standafdsused on enablement of V2V safety applicatiagblighted
in the following:

. |EEE 802.11p
|EEE 1609.2

* |IEEE 1609.3
 |EEE 1609. 4
* |IEEE 1609.12
* SAE J2735

* SAE J2945/1

The Cellular OBU will comply with all current staadis focused on enablement of V2V safety applinatiughlighted
in the list below. Exceptions are detailed whergliapble:

+ 3GPPR14
* |EEE 1609.2
* |EEE 1609.3
o Exception of WSA channel switching
 |IEEE 1609.12
 SAE J2735

e SAE J2945/1
o Priority levels from 2945/1 map to 2 of the 8 pities supplied by underlying 3GPP PC5 radio

6.2.2 Device Interfaces

Interfaces for logging, DUT configuration, etc. Mik detailed in a later version of this document.

6.2.3 Variables of Interest

Table 1 shows the primary variables of interestiuseassist in calculation or direct sampling toe tevice
performance measurements. These are the minimuneats needed to be made available by the devicen#plete
list of variables developed by CAMP and used foR@Iesting can be referenced in the VSC6 V2V-CRédetdor
DSRC report [5].

Access to these variables can be made by way AParmvhere an external device can acquire and sherelata.
Additionally, access can be made by way of a dajgihg function that acquires and writes to altesfile (i.e. CSV).
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Table 1: Example for Variables of Interest (see [9]

Log Element

Data representation clarification

Time Stamp

Time stamp will be in "year/month/day-hour:min:ses" format. where the following
ranges apply:

year: 1970-9999,

month: 1-12,

day: 1-31,

hour: 0-23,

min: 0-59,

sec: 0-59, and
ms: 0-999.

Time Stamp in
milliseconds

Millisecond format of ‘TimeStamp’ which is the nueabof milliseconds from 01 Jan
1970 00:00:00 GMT

Pre Encode to Post
Decode Latency

Pre-Encoding on Transmit to Post-Decoding on Reckatency in milliseconds
calculated per figure below.

BSM over the air

RX OBE
Secure Verified
Encoded Encoded
BSM BSM

TX OBE

Secure
Encoded
BSM

Decoded
BSM

Encoded
BSM

Security
Function

Security
Function

PreEnc_PostDec_Latency

A
\J

Note: Security function is not in scope for testéirted in this document.

Log record type

MSG_Type indicates record type and it will have ohéhe following values:
RX - received message record

TX - transmit message record

ST - internal statistics record

RXM - per RV periodic records,

CC - per HV periodic for CC

Raw Channel Busy

Measurement of the raw channel percent usage
0-no activity on CH
100-completely saturated

Channel Busy Ratio

As defined in Section 5.4

Received Signal
Strength Indication

Power granularity is in half dBm units.

Reference Signal
Received Power

Defined as the linear average over the power dmutidns (in [W]) of the resource
elements that carry cell-specific reference signétlin the considered measurement
frequency bandwidth.

PLCP Message
Length

Number of bytes in the message. This length conees PLCP header which correspon
to the IEEE 802.11 PLCP Header ‘LENGTH'’ field ftwetappropriate physical layer
referred to in [6]

Transmit Power
Level

The conducted TX power level at the connector ajpglying 'MinSectorAntGain_dBi'
and 'CLoss_dB' to the calculated RadPwr.

Radiated Power

The Radiated Power level after filtering the Raw(BBse_RP eq. 9 in J2945/1) should
the actual transmit power level.

be

Raw Power

The Raw RP value calculated as a funofi@BP, f(CBP), eq. 8 in J2945/1.

Packet Transmit
Interval

Packet Transmit interval calculated by taking tifecence in timestamps between
consecutive TX lines.




Unique OBU_ID
Alias
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The string alias for the OBU from OBU_ID.conf whibhs a maximum size of 10
characters.

If UniqueOBU_Alias can't be identified, then recdtee Radio MAC which has a
maximum size of 17 characters.

Message Sequence

Test data frame in part Il of BSM

Number

Second Mark Data representation is per DE_DSecmmd $AE J2735

Latitude Per $GPRMC NMEA format
Data representation is NOT per SAE J2735

Longitude Per $GPRMC NMEA message
Data representation is NOT per SAE J2735

Elevation Height above ellipsoid (HAE) calculated per $SGPGBMEA message
Data representation is NOT per SAE J2735

Speed In m/s. Data representation is NOT per SAB2

Heading Per $GPRMC NMEA message

Data representation is NOT per SAE J2735.

Distance between
HV and RV

The distance calculated by the HV

1- Upon receiving a message from RV, record thiadée with TXE

2- Record the last calculated distance along wKiVRecords

3- If the Range value is less than 1, then round ioup.

4- If the Range can't be calculated (due to GPS progjéad antenna, etc.), thenldg

zero to indicate that the Range is Unavailable

Packet Error Rate

Number of received packets during the PER measurepagiod (VPERInterval). The
max value is defined based on the assumption tdgntransmit at most at 10 Hz, and
the vPERInterval is 5 sec.

Number of lost packets during the PER measurenmang (vVPERInterval). The max
value is defined based on the assumption that nioalesmit at most at 10 Hz, and the
vPERInterval is 5 sec.

Actual PER over vPERInterval. This value is caltedbvia PER(K), eq. 3, from SAE
J2945/1.

Inter Packet Gap

Minimum inter packet gap latency between two coutee received packets from a
particular sender during the vPERInterval.
The min and max values were defined based on tivFa®ITxInterval_ms

Maximum inter packet gap latency between the twuseoutive received packets from g
particular sender during vPERInterval.
The min and max values were defined based on ti¢Fa®ITxInterval_ms.

average inter packet gap latency, calculated inrtteg-Packet latency section, over the
measurement period vPERInterval .

The min and the max values were defined basedeoratige of the
BSMPartlTxInterval_ms.

Event Flag

Event Flag = 1 indicates the presence of at leastevent.
Event Flag = 0 indicates that all events are absent

Tracking Error

HV'’s estimate of RV’s error in tracking HV calcutat per section 6.3.8.2 'Calculate
Tracking Error' in J2945/1.

Transmit
Probability

Packet transmission probability, p(k) per eq. 32845/1, for the HV based on the
tracking error.

Critical Event TX
Decision

HV'’s decision to transmit packet based on CritiEaeénts.

Dynamics
Transmit Decision

HV’s decision to transmit packet based on Vehicjm&mics
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Max ITT Transmit | HV's decision to transmit packet based on Max ITT
Decision

Channel Quality The average Packet error rate from all RVs withiERRange per J29451(k)
Indicator calculation description.

Smooth CBP Percentage of channel utilization observed by tWeaHer being smoothened, CBP(k) e
2 calculation per J2945/1.

ES)

HV Local Position | Indicates that HV'’s position estimation is in pregs per 'Calculate Tracking Error'
Estimation section in J2945/1.

HVEstimation = 1 Coasting in progress

HVEstimation= 0 No coasting in progress

HV Remote Indicates that HV’s Remote estimation is in prognesr 'Calculate Tracking Error'
Position Estimation | section in J2945/1.

HVRemoteEstimation = 1 Coasting in progress

HVRemoteEstimation = 0 No coasting in progress

Previous TX Result| HV's assumption about its previous transmissiotemeined per Appendix A.8.1
'‘Assumption of Latest HV State Information at RmMsJ2945/1.

1 = success
0 = failed
Max ITT Maximum Inter Transmit Time, Max_ITT(k) calculatpdr eq. 7 in J2945/1, based on the

smoothened vehicle density in range.

Vehicle Density in | Number of RV’s observed in the PER Range, N(k),gg&tion 'Vehicle Density in Rang
Range (N)"in J2945/1.

1%

Smoothened Vehicle density after Smoothening the number of RWs(k) eq. 6 in J2945/1, observef
Vehicle Density in | in the PER range.

Range

MsgRate Message Transmission Rate

BSMUserPriority Defines the Access Categories being used. Validegahre:
0,3 = AC_BE (Best Effort)

1,2 = AC_BK (Bkgrnd)

4,5 = AC_VI (Video)

6,7 = AC_VO (Voice)

GPS status on Indicates whether a valid GPS positioning solut®uanavailable (0) or available (1)
whether available o
not

Horizontal dilution | Indicates the HDOP to reflect quality of positiaiwion on the 2-D plane.
of precision Set to 0 when GPS is unavailable.

Number of satelliteg Identifies the total number of satellites visibberéflect the quality of position solution.
Set to 0 when GPS is unavailable.

Safety Alert Define the triggered safety alert
0 =EEBL
1=IMA
2=FCW

6.2.4 Device Parameter Configuration

Provided inTable 2below are the minimum configurable variables thaymeed to be changed to support a given test
scenario. A complete list of configurable itemseleped by CAMP and used for DSRC testing can bereeted in
the VSC6 V2V-CR Project for DSRC report.

Generally, the DUT will be configured to the spamdfstandards. The device parameter configurasioreéded to
support test cases where certain TX characteriséies to be adjusted to generate a form of chanteeference.
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Table 2: Device Parameter Configuration and defaulsettings

Configurable Item Default Value

TX Power 20 dBm

TX Frequency 10 Hz

TX Channel 172

RX Channel 172

User Priority 5 = BSMs with no Critical Event Flags

7 = BSMs with > 1 Critical Event Flags

Typical Packet Size 150 — 190 bytes

*If using BSMs, only configure the pad byte
in the TDF to account for security when
security is disabled

[

Data Rate Technology specific
Congestion Control On
Safety Application Alerts On
Security Off

Note: Security overhead is taken into account
in some tests described in this document by
adding padding bytes to the messages.
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7 Test Cases - Overview

Based off the collection of work performed by CAMRder VSC-A, V2V-SP, V2V-| and V2V-CR programs, tiest
cases presented in the subsequent sections pwthod in which devices can be objectively evalland
compared against. In addition, test case analysigiata logs could be used to develop, validat@oamecalibrate
simulation models for the given radio technology.

The collection of test cases is provided in th&/&hicle Characterization section. Tests to prefarén-Vehicle
Characterization and to perform technology readingt be performed in the Lab, however, they avedescribed
here. In-Vehicle Characterization are tests desigaevaluate the device: communication range, mblatongestion
and safety applications in real-world configuratioRrovided below is a list of the sections andesgonding test
cases:

» Device and Technology Readiness Characterization
0 Basic Bench Cabled RF Tests
o Congestion Control Lab Tests
0 Adjacent/Non-Adjacent Channel Interference Lab Jest
* In-Vehicle Characterization
0 TestTrack
o Safety Application Demonstration
0 Public Roads
For each individual test case, the format will asgandard template consisting of the followingises:
e Background
* Assumptions
* Setup
+ Test Execution
* Unique Tests to be Conducted
* Required Documentation of Results
+ Evaluation Criteria

» Estimated time to complete
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8 Test Cases - Device Characterization

The following sections focus on test cases thatadtarize the device’'s RX/TX, latency and proceggiarformance in
a laboratory environment. In particular, the tekscribed in this section are focused on charaatgrthe Physical
(PHY) and Medium Access Control (MAC) layers ofimtechnology, including interference scenariosl an device
performance in a high density radio congested enumient. Evaluation measures shall reference ingstndards, if
available, for the given radio technology, suchEsE 802.11p and SAE J2945/1 for the DSRC and 3BPP/ PC5-
LTE for C-V2X.

Upon execution and collection of test log data fbese test cases, analysis could be used to msdistelopment and
validation of simulation models for the given ratkghnology.

The guiding principle for a test in general is thatust be applicable and repeatable for differadio technologies.

8.1 Basic Bench Cabled RF Tests

In this section the focus is on test procedurefopmed in the lab in the cabled RF environment. #s procedures
are described as C-V2X test procedures, howeweesthct same tests shall be carried out for DSRC.

8.1.1 Cabled Transmission and Reception Test with varying payload sizes
8.1.1.1 Background

The purpose of this test is to verify that C-V2Xites can transmit and receive varying C-V2X messaxyer PC5
Interface.

8.1.1.2 Assumptions

Operating system time of both the transmitter aeiver box is synchronized to the common cloalf. (6&PS) with
an error of no more than 1ms.

8.1.1.3 Setup

This test uses a lab cabled setup as shown ingheefbelow. A C-V2X Device 2 (receiver) is configd to receive
data from C-V2X Device 1 on an ITS band (chann&)With a Bandwidth of 10 MHz. It is recommendeditht least
RF shield boxes be used to isolate the device=ring of RF leakage.

e Settings on the C-V2X Device 1 [Transmit Radio]:

o Application layer configured to generate messagesdeliver to the lower layers with 100 ms
periodicity.

o Varying Packet lengths

= Smaller packets (150 — 190) bytes for 4 transngtsions followed by larger (250-300)
bytes for one occasion (in a specific test pacizet should remain constant). This shall
model the expected load when security measuresratged.

= Repeat the above data pattern for the duratioheofest.
o Transmit on ITS band Channel 172 with Bandwidti@MHz

0 Appropriate transmit power and attenuation addezhgure DUT input of -50 dBm (when signal is
present)

» Settings on the C-V2X Device 2 [Receive Radio]
o Configured to Receive on the same ITS band (i.en@al 172) of 10 MHz bandwidth.
0 Receive Radio in C-V2X will listen on all occasions

+ Data Collection at TX
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o OS Timestamp for each transmitted packet (ITS $tack

o0 Sequence number of the transmitted packet (ITK)stac
» Data Collection at RX

o OS Timestamp for each received packet (ITS stack)

o0 Sequence number of the received packet (TS stack)

0 Receive signal power for each received packet

Attenuator
A 4
Device 1 Device 2 (DUT)
Transmitter Receiver
(Transmit configured (Receive the data
data stream) stream, collect stats)

3 A

GPS simulator
or GPS antenna

Figure 4: Test Setup
8.1.1.4 Test Execution

1. Configure the Attenuator so that received poweth@receiver entity is -50dBm.
2. Configure the Transmit Device with the data stredimterest
a. Transmit power for the Transmit device remains tamsat 20 dBm.

b. Data Stream is a sample SPS based Transmit Floargihg payload sizes sent periodically every
100ms.

3. Record the data collected by TX and RX device astimeed below in a log file
a. OS Timestamp for each TX/RX packet
b. Sequence number of the TX/RX packet
c. Receive signal power for each RX packet
8.1.1.5 Unigue Tests to be Conducted
Run this test using:

1. Two (2) C-V2X devices for the test

8.1.1.6 Required Documentation

Utilizing the data collected from log files, or @vged from any OBU user interface, fill in the @dling table. PER is
computed from both the TX and RX data logs. The Imemof missing (not received) packets is dividedh®/number
of the total packets transmitted. The IPG statistmomputed from the RX logs. The latency is cotagdrom both TX
and RX logs.
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Table 3: Basic Cabled Tests Documentation

No. of Transmitted | No. of Received | Calculated | Calculated at Calculated at
pkts/s reported pkts/s reported | at Receiver | Receiver Receiver

%age of packets %age of packets

C-V2X Transmit C-V2X Receive | oep o meeting IPG meeting Latency
Device Device threshold threshold

(histogram of IPG) | (histogram of delay)

8.1.1.7 Evaluation Criteria

Evaluation criteria is a successful decode oftedlgayload lengths on RX entity.

8.1.1.8 Estimated Time to Complete

Table 4: Estimated Completion Time

Task Estimated Time Notes

Assumes basic device setuf

Test setup 10 minutes has taken place

Test execution 30 minutes Cellular?

Includes file acquisition,
Test Analysis 60 minutes script execution, metric
generation and analysis

Total 100 minutes

8.1.2 Clean Channel Cabled Transmission and Reception Test across
power levels

8.1.2.1 Background

The purpose of this test is to verify that C-V2Xixes can transmit and receive C-V2X messagesP€érinterface
at different received powers and assess End toSEatistics.
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8.1.2.2 Assumptions

Operating system time of both the transmitter aweiver box is synchronized to the common clodl. (&PS) with
an error of no more than 1ms.

8.1.2.3 Setup

This test used a lab cabled setup as shown irigheefbelow. A C-V2X Device 2 (receiver) is configd to receive
data from C-V2X Device 1 on the ITS band (Chann&)with a Bandwidth of 10 MHz. Each C-V2X OBE dhzd
placed in a RF shielding box to account for possi®tF leakage.

»  Settings on the C-V2X Device 1 [ Transmit Radio]:

0 Application layer configured to generate messagelsdeliver to the lower layers with 100 ms
periodicity.

o Packet length is constant within the range 1504186s (in a specific test packet size should remain
constant).

o Transmit on ITS band with Bandwidth of 10MHz

0 Appropriate transmit power and fixed attenuatiodetito ensure DUT input of -50 dBm

» Settings on the C-V2X Device 2 [ Receive Radio]
o Configured to Receive on ITS band (e.g., centequeacy 5,860 MHz) and Bandwidth of 10 MHz.
0 Receive Radio in C-V2X will listen on all occasions
+ Data Collection at TX
o OS Timestamp for each transmitted packet
0 Sequence number of the transmitted packet
+ Data Collection at RX
o OS Timestamp for each received packet
0 Sequence number of the received packet

o Receive signal power for each received packet
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*  Attenuator
A 4
Device 1 Device 2 (DUT)
Transmitter Receiver
(Transmit configured (Receive the data
data stream) stream, collect stats)

h A

GPS simulator
or GPS antenna

8.1.24

Figure 5: Test Setup

Test Execution

Calibrate the insertion loss between the two deviesetting the attenuator to 0dB measuring the \ath
both cables connected to the attenuator. This waili®e the fixed insertion loss of the cables ati&nuator
setup

Calibrate the TX power of C-V2X Device 1 via prognaing
a. Transmit power for the transmit device remains tamts
Adjust overall path loss (insertion loss plus aft&or value) to be 45dB
Vary the attenuation in steps of 10 dB
a. Near sensitivity reduce step size to 1dB
b. Continue the test till observed PER is 100%
Record the Statistics as mentioned below on the2&-devices for each path loss setting in a log file
a. OS Timestamp for each TX/RX packet
b. Sequence number of the TX/RX packet

c. Receive signal power for each RX packet

Note : Tests should be conducted at room temperé®lr degrees Celsius +/- 5degrees)

8.1.25

Unigue Tests to be Conducted

Run this test using:

2.
8.1.2.6
Utilizing

Two (2) C-V2X devices for the test

Required Documentation

the data collected from log files, or @pged from any OBU user interface, fill in the @dling table. PER is

computed from both the TX and RX data logs. The Imemof missing (not received) packets is dividedh®/number
of the total packets transmitted. The IPG statistimomputed from the RX logs. The latency is cotagdrom both TX

and RX

logs.
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Table 5: Required Documentation
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No. of

No. of

Calculated

Calculated

Calculated

Calculated

Transmitted Received| at at at at aCtalg:gclzaetisgr
pkts/s pkts/s Receiver Receiver Receiver Receiver
ackets
C-Vv2X C-Vv2X cep (%) ﬁ‘aéc‘;?rt‘z i i
- - 3 for DSRC meeting
C:ﬁﬂeu(agg) Transmit Receive Rg(wsg?nal PER % IPG Latency
Device Device | P CBR(%) | threshold | {hreshold
for C-V2X .
(histogram (histogram
of IPG) of delay)
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8.1.27 Evaluation Criteria

Evaluation criteria is a successful decode oftalgayload lengths on RX entity.

8.1.2.8 Estimated Time to Complete
Table 6: Completion Time
Task Estimated Time | Notes
Test setup 10 minutes ﬁ;?tj;?(eei tl)a?si:cedevice setu
Test execution 30 minutes Cellular?

Includes file acquisition,
Test Analysis 60 minutes script execution, metric
generation and analysis

Total 100 minutes

8.1.3 Cabled Transmission and Reception Test with added Channel
Impairment

8.1.3.1 Background

The purpose of this test is to verify that C-V2Xides can transmit and receive C-V2X messagestbeaPC5
Interface with an AWGN Channel Impairment Modelrgeapplied between the transmit and receive C-VéXaks.

8.1.3.2 Assumptions

The operating system time of both the transmitter ceiver boxes is synchronized to a common dlegk, GPS)
with an error of no more than 1ms.

8.1.3.3 Setup

This test uses a lab cabled setup as shown inghefbelow. A signal generator (SigGen) is usedewerate AWGN
in the frequency range of the channel, and Devi@re&iver) is configured to receive data from @evl on this same
impaired channel.

* Channel Impairment settings on the Signal Gene(&igiGen):
o Configured to generate AWGN across the entire 1@Mbehdwidth of the channel
» Settings on Device 1 (Transmit Radio):

0 SPS (Semi-Persistent Scheduling) based transmitvlith a periodicity of 200ms (Note: equivalent
to setting a periodic stream at 100ms period fheotechnologies)

o Packet length of 150 — 190 bytes
o Transmit on ITS band (Channel 172) with bandwidth@VHz
o Transmit power set at 20 dBm

o Appropriate fixed attenuation added (“Attenuatdmbe/n in figure) to ensure that Device 1 TX power
at DUT input is -50 dBm

»  Settings on Device 2 (Receive Radio):
o Configured to receive on ITS band (Channel 172hwandwidth of 10 MHz

o All measurements of receiving side performancedare on this device.
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Data Collection at TX (Device 1):

o OS timestamp for each transmitted packet

0 Sequence number of each transmitted packet
Data Collection at RX (Device 2):

o OS timestamp for each received packet

o Sequence number of each received packet

SigGen
L

Combiner

A\ 4

Attenuator

A 4

Device 1
Transmitter
(Transmit configured
data stream)

Device 2 (DUT)
Receiver
(Receive the data
stream, collect stats)

GPS simulator
or GPS antenna

8.1.34

Figure 6: Suggested Test Setup for AWGN Channel

Test Execution

Note: Tests should be conducted at room temperédrdegrees Celsius +/- 5 degrees).

1.
2.

Configure the Signal Generator to generate AWGMsxthe entire 10 MHz bandwidth of the channel.
Configure the Transmit Device (Device 1) with ttetadstream of interest:
a. Transmit power for the Transmit device remains tamtsat 20 dBm.

b. Application layer message (e.g. BSM) to be senbgérally every 100ms. Packet length shall be
such that there is a one-to-one correspondenceebatpacket and message; the packet size should
remain constant throughout the test.

Set the Signal Generator to produce zero AWGN panvidre channel.

Set the Attenuator to an attenuation value sudhttigareceive signal power measured at DUT inptiGs
dBm.

Adjust the power of the noise produced by the Si@®nerator in order to exercise performance across
different levels of channel impairment as follows:

a. Setthe Signal Generator to produce -70 dBm/Hz\WGN power in the channel.

b. Measure/calculate PER at Device 2.
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c. Adjust the Signal Generator to increase the AWGNgrdan the channel (suggested step size 5
dBm/Hz).

d. Measure/calculate PER at Device 2 (should be gréfzde before).
e. Repeat steps ¢ and d until PER reaches 100%.

6. Record to a log file the statistics as mentionddw®n the Receive Device (Device 2) at every npmeer
value:

a. OS Timestamp for each TX/RX packet
b. Sequence number for each TX/RX packet
8.1.35 Unigue Tests to be Conducted
Run this test using:
1. Two (2) C-V2X devices for the test
8.1.3.6 Required Documentation
Utilizing the data collected from log files, or @vged from any OBU user interface, fill in the odling table.

Table 7: Required Documentation

Signal No. of No. of
Generator | Transmitted | Received Calculat'ed Calcu]ated at Calcu]ated at
k K at Receiver | Receiver Receiver
Setting pkts pkts
%age of packets %age of packets
Noise PSD meeting IPG meeting Latency
TX Device | RX Device | PER % threshold threshold
dBm/Hz .
(histogram of (histogram of
IPG) delay)
8.1.3.7 Evaluation Criteria

Evaluation criteria is to assess and compare TXX&aRtivity of the TX Device and RX Device, resp&ety, across
the noise power range. In addition, the purpose measure reported PER values at the RX devittesipresence of
the injected noise stream.

8.1.3.8 Estimated Time to Complete

Table 8: Completion Time

Task Estimated Time Notes

Test setup

Test execution

Test analysis

Total
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8.2 Congestion Control Lab Test

The following test scenarios are recommended feesmng performance in a radio congested environhfalicases
listed here are V2V without network infrastructeaverage):

* V2V congestion control in lab environment: regu8M broadcast (section 8.2.1)
e V2V congestion control in lab environment: criti&®M broadcast (section 8.2.2)

A full emulation of outdoor/test track large sctdsting in a lab environment is not practicable ttuthe conflicting
requirements of space for emulating a full-scas¢ ¥8. adding attenuation (for reducing the requphysical
distances) affecting the behavior of the distridutengestion control algorithm. Therefore, thedading approach can
be used:

- Perform lab testing as described in this sectich devices (antennas) close to each other, witiddihg
additional attenuation, thus creating a highly emjed RF congested environment.

- ldentify the limits at which performance severeggdades with congestion control algorithms
0 switched off
0 switched on

- Carefully document in both cases the KPIs and caphe logs from the devices.

- Use the above information as inputs for develogirsimulation which would allow scaling up.

The tests are aimed at showing that the congestintrol algorithm works well and improves the systgerformance.
In that sense each test described below will beuwdrd first without and then with the congestiontcol algorithm
turned on.

The lab tests are used to identify the practicaitéi of communication in a congested environmemd, $o to define the
setup (number of devices) for a field/track tegittBtest scenarios shall then be repeated indtfiatk environment.

8.2.1 V2V Congestion Control in lab environment — Regular BSM
broadcast

8.2.1.1 Background

The purpose of this test is to verify that V2V (LTEV2X Mode 4 or DSRG@devices can transmit and receive BSM
messages in a congestion challenged channelassismed that C-V2X devices will be communicatingrahe PC5
interface without cellular network assistance (ofitoverage, Mode 4).

A BSM message should reach 300m to 500m from #hrestnitter V2V device according to simulations resatated in
TR 36.885 and TR22.885.

Therefore, for this consideration, we take a higtilgllenging scenario, considering an effective wamication range
of 500m. The following table gives the rough estienaf vehicles that we can fit in this range bysidering a normal
freeway of five lanes as well as the two widestiays in the world:

Table 9: Estimated Number of Cars

Freeway with 5 lanes| Katy Freeway in USA Cﬁi‘rl]a
Number of lanes of travel in a single direction 5 26 50
Average vehicle length (m) 5 5 5
Spacing between vehicles (m) 15 15 15
Assumed PC5 communication range (m) 500 500 500

1For brevity some parts of this section are spetifi€-V2X.
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Max number of vehicles to be considered
within the communication range of 500m,
vehicles travelling in a single direction 250 1300 2500
Max number of vehicles to be considered
within the communication range of 500m,
vehicles travelling in both directions

(i.e. total number of vehicles within 500m of a
given DUT) 500 2600 5000

Consequently, in the following lab tests, we stdth the equivalent load of 50 devices and incraaselually up to a
configurable number N of simulated devices. Thaieaf N should be such that any increase in N waotdorovide
any additional information in terms of behaviortleé system and that the behavior for larger vatdiesmulated
devices can be extrapolated based on the informat®asured for values at or below N. The value shall be
estimated from cross-validated system simulatidhe. success of the test will also depend on thétgad the match
between the lab tests and the system simulatiattsesvhich is open to further study.

8.2.1.2 Assumptions

This test case focuses on either DSRC or LTE C-WRXle 4 operation where no LTE coverage is availémg-of-
coverage).

For C-V2X, the devices are pre-configured with TilaRX resource pools. Resource pools should begroefl such
that the setup described below is possible.

The operating system time of all devices is syneized to a common clock (e.g., GPS) with an erfarcomore than
1ms. This requirement ensures that end-to-enddgteetween the transmitter and receiver can be unedsvith an
accuracy of 2ms. (This requirement does not rétathe requirement of the PHY layer synchronizajion

All devices operate in the same channel (e.g. ahlakif?).

8.2.1.3 Setup

There are two alternative setups possible fordbadst:

- Over the air setup, using module/manufacturer piexviantennas

- Fully cabled setup, using RF cables and arrayplifers and combiners to connect all required devito each other

Both setups have their advantages and disadvantdgewer the air setup is in many aspects clasarctual live
environment, however it is to some extent influehbsg the particular lab environment in which is&t up. A cabled
environment provides a more controlled environnaamt repeatability, however it is further from réfd-behavior of
the system and may be even more challenging topsiet larger scale (hundreds of devices).

Neither setup can fully emulate a large scalevidtbt actual vehicles on a test track. Thereforés iecommended to
use lab tests and setups in combination with farghraulations, to provide the best inputs for attigdd testing.

Note: The following describes only the cabled labesup:

NOTE: In this setup a number of reference devicesuged (sometimes referred to as “REF”), and theipose is to
generate the traffic that will provide the congdst@vironment. In addition, two devices under (E&iT) are
used, referred to as DUT1 and DUT2.

In this setup:
« All devices will be cabled up and connected to eabler via splitters and combiners.
* Adequate insulation needs to be used to prevekadgss.

* The setup needs to use splitters/combiners thiafystiie requirements in the frequency range of 2xV
operation.

A cabled up test is preferable mainly due to tHie¥ang reasons:

a. Provides a deterministic way to recreate resultscdebug scenarios.
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b. Provides results that will eventually be usefuldomparison and repeatability.
c. Provides deterministic hooks for attenuation betwaesired devices / set of devices.

Also in the cabled RF environment, the use of tis&riduted congestion control algorithm will not fagly comparable
to an actual live environment, due to the fact,tf@ta given REF device, the transmission tha¢deives from other
REF devices in its vicinity will generally be moattenuated than it would be in an actual live emvinent (e.g. the
typical 15-20 dB isolation between ports of an Ribiner; e.g. in some cases the variable attersiatetiveen rows
“far from DUT” will make the rows seem farther fraach other than they would be in an actual liwerenment). This
in turn impacts the performance of the congestmmirol algorithm and thus the device.

For control of the experiment, either or both af fhllowing might be used:

e External PC/laptop units

e Connection of the modules/devices by wired LAN g¥ @Hz Wi-Fi to a central control equipment
The OS timestamp of all devices shall be synchexhtzy a common GPS source.
A diagrammatic description of the setup is provitbetbw. Notes for reading the diagram:

* The devices labelled “UE” are reference devices.

* “VA” stands for “variable attenuator”.

e« DUT1 and DUT2 are shown as “HV” and “RV”, respeetliy.

1xN
Splitter / w3
Combiner Splittar/

Mx1
Splitter /
Combiner

TxN
Splitter/ Splitter/
Combiner combiner

Variable
Attenuators ) ‘ Mx1

Splitter/
Combiner

Variable

Attenuator

TxN 3 _m
splitter / SRy
. combiner
Combiner

TxN
Splitter/
Combiner

Splitter/
Combiner

Figure 7: Lab Setup (HV is DUT1 and RV is DUT2)

The setup above can be extended to accommodatgea taimber of devices following similar logic, ngiand
cascading more splitters/combiners and attenuataisonnecting to the overall grid.

The following settings on the devices are appliedbt both over the air and cabled setups.
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e Settings on Device 1 (DUT1) and Device 2 (DUT2):

0 Periodic based packet transmit flow with a peridgiof 100ms (in LTE C-V2X an SPS (Semi-
Persistent Scheduling) flow shall be configurechwpieriodicity of 200ms)

o Transmit on ITS band (e.g., center frequency 5)461x) with bandwidth of 20MHz; transmitting
regular BSM messages

o Transmit power is controlled by the device, scoasdt artificially influence behavior of the conges
control algorithm

o Configured to receive on ITS band (e.g., centeqiemcy 5,860 MHz) with bandwidth of 10 MHz
o Packet length of standard BSM message
0 Using static GPS

» Adjustable attenuator (“Variable Attenuator” at faght side of diagram) is used to simulate différdistances
between DUT1 and DUT2.

» Settings on the reference devices:

o Periodic based transmit packet flow with a peridgiand load specified in such a way as to emulate
multiple devices (e.g., 5 or 10) using the chanhkis can be done in multiple ways:
(1) Varying the periodicity from 100ms to a smallerue|
(2) Varying the packet or transmission size (instea@5®f-400 bytes multiply by a factor);
(3) A combination of the two.
It is important to characterize the load of theerefice devices in terms of how much higher loag the
produce compared to DUTs as well as capture thsystem simulations that accompany this lab test.

o The variable attenuators (in cabled RF setup)hbeilset depending on the following:
a) The number of “real” devices each REF device eraslat
b) The real-world “distance” to be emulated betweengpecific REF device row and the DUTS,
as well as between the REF device rows.
NOTE: The set of attenuators discuss here is eixelusd the “Variable Attenuator” shown at far
right side of diagram.

o Transmit on ITS band (e.g., center frequency 5/6{x) with bandwidth of 10MHz; transmitting
regular BSM messages

o Generation of BSM content shall not be synchronizedeach reference device generates its content
at a different (random) point in time to avoid siranization of transmission behavior

o Transmit power is controlled by the respective desj so as to not artificially influence behaviér o
the congestion control algorithm

o Configured to receive on ITS band (e.g., centeqfemcy 5,860 MHz) with bandwidth of 10 MHz

o Packet length of standard BSM message (unlessthieecis made to vary the packet size as described
in earlier bullet)

o Using static GPS

» Data Collection at DUT1 and DUT2:

OS timestamp for each transmitted packet (ITS $tack
Sequence number of each transmitted packet (1TcR)sta
OS timestamp for each received packet (ITS stack)
Sequence number of each received packet (ITS stack)

O O O O O

Receive signal power for each received packet

o All KPIs as listed further in this section
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» Data Collection at each reference device:

OS timestamp for each transmitted packet (ITS $tack
Sequence number of each transmitted packet (ITcK)sta
OS timestamp for each received packet (ITS stack)
Sequence number of each received packet (ITS stack)

O O O O o

All KPIs as listed further in this section
8.2.1.4 Test Execution

Overview: With the reference devices creating agested environment, the PER between the DUTs (D&l
DUT?2) is observed as the “distance” between thegradually increased by adjusting the attenuafitiis test is
repeated with an increasing quantity of refereremgags. All of this testing is done first with caggion control
disabled and then with it enabled.

Setup the test bed as explained above, where tilegteantity of reference devices is 50.

Set “Variable Attenuator” at far right side of diag1 to 0 dB to simulate a short distance betweetiTs.
Start transmission at all reference devices (red@®®&M broadcast).

Start transmission at DUT1 and DUT2 (regular BSMddaicast).

Record to a log file the statistics and KPIs asngeff in this section for DUT1, DUT2, and the refare
devices.

NOTE: Logging/saving of all KPIs shall be done &teast one reference device. Logging/saving is
recommended for all reference devices as far agipable, for additional analysis.

Calculate the PER between the two DUTs at eachlbfDand DUT2.

o~ 0D PRF

Increase the attenuation at “Variable Attenuatyrlb dB to simulate an increase in distance betwseDUTS.
Repeat steps 5 through 7 until the PER between DWBIDUT?2 reaches 100%.

© o N o

Increase the quantity of reference devices by fand, start transmission (regular BSM broadcasthese four
additional reference devices.

10. Set “Variable Attenuator” at far right side of diag to 0 dB to simulate a short distance betweemthTs.

11. Repeat steps 5 through 10 until the quantity ofluséerence devices is “N” as defined in sectichi81.
8.2.1.5 Unigue Tests to be Conducted

Run this test as described in 8.2.1.4 using two2X-YDUTs and up to N reference devices with spemaliiguration
as explained above, so that 100% PER between D@ D&T2 is achieved. The test in 8.2.1.4 shallbetwo times
as follows:

- All devices (DUT1, DUTZ2, reference devices) havamggestion control switched off
- All devices (DUT1, DUT2, reference devices) havirogpgestions control switched on
8.2.1.6 Required Documentation

Utilizing the data collected from log files, or @vged from any OBU user interface, fill in the odling table.
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Table 10: Required Documentation
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No. of Transmitted

No. of Received pkts

pts Calculated at Receiver
%age of %age of
Attenuation Number of packets packets
value between| reference meeting
DUTSs (dB) devices PER % PER % IPG meeting
DUT1 DUT2 DUT1 DUT2 at DUT1 at DUT2 threshold Latency
threshold
(histogra
m of (histogram
IPG) of delay)
0
10
20
50
30
40
0
10
20
54
30
40
0
10
20
30

40
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Additionally, extract the following KPlIs from theds of each DUT and from the logs of at least @fierence device
with special configuration:

B Channel Busy Ratio (CBR)

B DUT TX power

B BSM Packet transmission rate

B Number of PSSCH resource blocks assigned to DUT

B MCS Range

B PSCCH and PSSCH BLER to capture hidden node scenari
8.2.1.7 Evaluation Criteria

Note: The below stated procedures will be detaitea later document version.

Evaluation criteria is to assess the performandé2of in a highly congested environment, includihg performance
of the distributed congestion control mechanismiémgnted on the device under test under differahtes of CBR.
For CBR implementation details see: J2945-1, J3161.

Results from this lab test (humber of referencdadsvproviding usable PER for usable distance betviJTs) shall
be used as an indication for defining the maximange of number of devices to be used for field test

This test needs to be accompanied by a detailéadmy@mulation with two models.
The first model shall accurately capture the lahfse

- Number of DUTSs (two)

- Number of reference devices

- Behavior of reference devices

- Attenuation between the pair of DUTs

- Congestion control used in the lab

Part of the evaluation criteria is the match betwhe lab tests and the system simulation reswitsput and with
congestion control.

The second system simulation model shall providguhtification and validation for using the refece devices. This
model shall use the same setup as the lab footteaving:

- Number of DUTSs (two)
- Attenuation between the pair of DUTs
- Congestion control used in the lab

The difference from the lab setup is that eachregiee device will be replaced by the actual nunabeievices that the
reference device is emulating. For example, iffaresce device emulates the load of 10 regularcgsyithen in this
simulation the reference device will be replaced Bydistinct regular devices. Each regular dewie teplaces a
specific reference device will be assigned the sattemuation as the original reference device.rEkalts from this
simulation shall be compared with the simulatiosuits that use reference devices described above.

8.2.2 V2V Congestion Control in lab — Critical BSM broadcast

Most of the test setup and test steps for thisc@se, 8.2.2, is the same as for 8.2.1. Theredoitg key differences are
described in the following subsections.

8.2.2.1 Background

Same as 8.2.1.1 except for the following:
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The purpose of this test is to verify that C-V2Xites can transmit and receive BSM messaggh,critical priority ,
over the PC5 interface in a congestion challendpachicel.

In the following lab tests, we start with the eclant load oR0 devices and increase gradually up to N devices.

8.2.2.2 Assumptions
Same as 8.2.1.2
8.2.2.3 Setup

Same as 8.2.1.3 except for the following...

The two devices under test, DUT1 and DUT2, send BS#dsages as in 8.2.1.3. While most of the messages
regular BSM messages, a subset of the sent BSMagesareritical ones as detailed below. (As in 8.2.1.3 the REF
devices provide the congested environment, anddaegt only regular BSM messages, not critical BSé4sages.)

e Settings on Device 1 (DUT1) and Device 2 (DUT2):
0 Same as in 8.2.1.3 except as described below

0 BSM messages are sent according to the same caaedescribed in 8.2.1.3. The only difference is
thatcritical BSM messages (i.e. priority 7) are sent at randocasions (in place of regular BSM
messages) to simulate the event of incident. Mpegifically:

- At a random time the device starts sending BSM amss with critical priority instead of regular
priority. l.e. instead of sending a regular BSM gage once every 100ms, it sends a critical BSM
message once every 100ms.

- The device continues to do this for a total of feezonds.

- At that point the device reverts to sending the B@bksages with regular priority.

« Adjustable attenuator (“Variable Attenuator” at faght side of diagram in Figure 7):

0 Same as specified in 8.2.1.3

e Settings on the reference devices:

0 Same as specified in 8.2.1.3. This includes thetfat the reference devices will send only regular
BSM messages (no critical ones).

» Data Collection at DUT1 and DUT2:
0 Same as specified in 8.2.1.3 with the additiortedi®elow
o Priority (critical or regular) for each transmittpecket
o Priority (critical or regular) for each receivedcgat

» Data Collection at each reference device:

0 Same as specified in 8.2.1.3

8.2.2.4 Test Execution
The overall idea of the testing is the same asarl&. The “Overview” from 8.2.1.4 is repeatedener

With the reference devices creating a congesteil@maent, the PER between the DUTs (DUT1 and DU3?2)
observed as the “distance” between them is gragiradteased by adjusting the attenuation. Thisisestpeated
with an increasing quantity of reference devicdsoRthis testing is done first with congestiomtm| disabled
and then with it enabled.

The main differences, as compared to 8.2.1.4, sfell@ws:
a) At random times, BSM messages are sent as critistdad of regular, as previously discussed.
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b) Different quantities of reference devices are used.
¢) The testing is done until PER reaches 100% for botital and regular BSM messages.

The following is the complete set of test execustaps.

1. Setup the test bed as explained above, where tddegtmantity of reference devices is 20.

2. Set “Variable Attenuator” (at far right side of dram in Figure 7) to O dB to simulate a short diseabetween
the DUTSs.

3. Start transmission at all reference devices (red@®M broadcast).

4. Start transmission at DUT1 and DUT2 (BSM broadcastymally the BSM messages of a given DUT shalll
be sent with regular priority, but at times theglbéinstead be sent with critical priority, accargito the
following:

- At a random time the device starts sending BSM amss with critical priority instead of regular
priority.

- The device continues to do this for a total of fezonds.

- At that point the device reverts to sending the B@bksages with regular priority.

This period of critical BSM sending shall be regektfor a total of ten five-second periods of catBSMs.

5. Record to a log file the statistics and KPIs asngefin this section for DUT1, DUT2, and the refeze
devices.
NOTE: Logging/saving of all KPIs shall be done &teast one reference device. Logging/saving is
recommended for all reference devices as far agipable, for additional analysis.

6. Calculate the PER between the two DUTSs at eachbfDand DUT2.
NOTE: Do these calculations separately for critaradl regular BSM messages.

7. Increase the attenuation at “Variable Attenuatatfér right side of diagram in Figure 7) by 10 @Bsimulate
an increase in distance between the DUTSs.

8. Repeat steps 5 through 7 until the PER between DaniiDUT2 reaches 100%. PER shall be considered
separately for critical BSM messages and reguldvl B&ssages.

9. Increase the quantity of reference devices by eleard start transmission (regular BSM broadcasthese
four additional reference devices.

10. Set “Variable Attenuator” (at far right side of dram in Figure 7) to O dB to simulate a short giseabetween
the DUTSs.

11. Repeat steps 5 through 10 until the quantity ofluséerence devices is “N” as defined in sectiéhB1.
8.2.25 Unigue Tests to be Conducted

Run this test as described in 8.2.2.4 using two2ZX-YDUTs and up to N reference devices with spemalfiguration
as explained above, so that 100% PER between D@ D&IT2 is achieved for both critical BSM messaged
regular BSM messages. The test in 8.2.2.4 shallivéwo times as follows:

- All devices (DUT1, DUT2, reference devices) havimggestion control switched off
- All devices (DUT1, DUTZ2, reference devices) havamgngestions control switched on
8.2.2.6 Required Documentation

Utilizing the data collected from log files, or @vged from any OBU user interface, fill in the @lling table.
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Table 11: Required Documentation

No. of Transmitted pkts No. of Received pkt Calculated at Receive
PER % at PER % at
DUT1 DUT2 DUT1 DUT2
DUT1 DUT2 %age %age of
of packets
packets
Atten. No. of meetin | meeting
value REF g IPG Latency
between | devices thresho | threshol
DUTs Crit. Reg. Crit. Reg. Crit. Reg. Crit. Reg. Crit. Reg. Crit. Reg. Id d
(dB) BSM BSM | BSM | BSM | BSM | BSM BSM BSM BSM | BSM | BSM | BSM
(histo- (histo-
gram of | gram of
IPG) delay)
0
10
20
20
30
40
0
10
20
31
30
40
0
10
20
30
40
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Additionally, extract the following KPlIs from theds of each DUT and from the logs of at least @fierence device
with special configuration:

B Channel Busy Ratio (CBR)

DUT TX power

BSM Packet transmission rate

Number of PSSCH resource blocks assigned to DUT

MCS Range

B PSCCH and PSSCH BLER to capture hidden node scenari

8.2.2.7 Evaluation Criteria

The discussion in 8.2.1.7 applies here. In additiendifferences for critical BSM vs. regular BShbsld be
considered.

8.3 Adjacent/Non-Adjacent Channel Interference Lab Test

The following test cases are recommended to bepeeid. For completeness all recommended interferand co-
existence tests are listed below, with a designaifovhich tests are recommended for (Lab), (FieldjBoth)
environments.

* (Lab) External Interference
0 Robustness to external caused in-band interferaa@rious positions inside the ITS channel, with
bandwidths of 200 kHz, 500 kHz, 1 MHz, 2 MHz, 5 MEsection 8.3.1)
0 Robustness to external caused in-band interferataeing at the guard band of the ITS channel,
with bandwidths of 50 kHz, 100 kHz, 200kHz, 300kM20kHz, 500kHz, 600kHz, 700kHz, 800kHz,
900kHz, 1MHz (section 8.3.2)

e (Lab) Intra System Interference Testing
o Hidden Node Scenario (section 8.3.3)
o Interference caused by Near-Far Effect (sectiom$.3

* (Both) Inter System Co-Existence Testing
o Co-existence with Wi-Fi 80 MHz bandwidth in UNII{8ection 9.1.3)
o Co-existing C-V2X with adjacent DSRC carrier (érgpact of communication in channel 174 to 172

channel) (section 9.1.4)

These two test cases are described in detail imthieated sections of Chapter 9 for a field envinent.
All of them can also be tested in a lab environnisnadapting these sections, where an over-the-air
(rather than cabled) testing approach is recomnttride main adaptation is the use of attenuators to
simulate physical distance and thus reduce theigdiyarea needed to emulate the real environment.

* Optional: Inter System Co-Existence Testing in sén@guency band, same channel
o As per November 2017 there is no final standarésifipation for C-V2X sharing the same channel
with DSRC. Therefore, this test-case is noted éongleteness but not developed in this document
version.

While all of the above test cases are relevana¢tual deployments, external in-band interferepséstare
recommended to be performed in a lab environmelyt doe to the ability to have the environment lyasieated and
fully controlled.

The working assumption for the Inter System co4{exise tests is that there should not be significapact on C-V2X
performance in the defined channel under such tiondi Therefore, it is recommended to set updkestfirst in a
field environment, providing maximum real-envirommheffects.

In the remainder of this section (8.3) the focusrily on interference test procedures performatérab in the cabled
RF environment, where interference characteristitde fully controllable with regards to time dain, frequency
domain and amplitude.
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External Interference is a term used to define@mgponent in the target frequency spectrum (e anwodl 172, where
the spectrum power density is higher than the tatied thermal background noise) which is not preduoy other
users employing the same or alternative technadogidocated in the same frequency band (channel).

The variety of external interference sources isoalnendless. It may vary depending on the geograptegion and RF
environment and may have different characteristiche time and frequency domains. A large numlibénterferers
often share common characteristics and can be hpualgssified into the following categories:

a) Noise and Spurious Emissions

b) Jammers and Deliberate Interference

¢) Intermodulation and Harmonics

d) Cable Leakage

e) Unlicensed or Wrong Band Operations
Additional information outlining the above categi
a] Noise and Spurious Emissions

The interference commonly arises from unwantedarieus transmission effects. Electrical noise sesitend to be
from a few KHz to MHz wide and periodic in frequgrand/or time. Typical examples are emissions fedeatric
motors, welding equipment, vehicle ignition systefaslty transformers/ballasts, etc.

Electrical noise shows up as jumps in the noiserfto as a wide, random spectral pattern.
b] Jammers and Deliberate Interference
There are also cases of deliberate interference.

* Deliberate wideband interferers are known as jarami@vices designed to limit or deny the abilityse a
certain frequency range by raising the noise ftoa high level (typically around —-50 dBm in théeated area).
Jammers generate a wide, strong, continuous signal.

* Deliberate narrowband interference is usually @niged/pirate analogue modulated voice signalsrtridtesi in
licensed bands of cellular technologies.

c] Intermodulation and Harmonics

Harmonics are a normal by-product of almost alltRiRsmitters. A harmonic is a copy of the fundaraksignal
appearing at a whole number multiple of the origfrequency. In the case of channel 172, a poteimtierferer may
come from frequencies around 2930MHz or from ba®@®3MHz (which overlaps with Band1 according to 3G
36.101). The level of harmonics normally decreasethe frequency increases.

Interference due to intermodulation can appear wign-power transmitters share an antenna or fdederlt is
caused by the nonlinear behavior of corroded matd®d- joints, so for C-V2X technology the probdtlgifor strong
intermodulation interference is lower.

d] Cable Leakage

Cable Leakage occurs when the RF signals used.ica@ble television systems escape from the shiatdbles and
devices that carry them. Since the frequencies umsedble television systems can extend up to 1,@#éze is a small
probability that this will affect the C-V2X spectru

e] Unlicensed or Wrong Band Operations

This kind of interference is caused by the useafdmitters designed for use in countries/regioitis avfferent
frequency allocations.

Based on the description above, the variation tdreal interference sources, the characteristidstefference and the
fact that the variety of interference is almostless, one test case group is defined in genetaktdhe robustness of
the system to different characteristics of extemigrference in a simulated cabled environmentated from other
external interference.
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The test procedures are described as C-V2X teseduwes, however, it is straightforward to contleeim to another
V2X point-to-point radio technology (e.g., IEEE 802p).

8.3.1 Cabled Transmission and Reception Test with Simulated External
Interference: flat characteristics, constant in time, occupying part of
ITS channel (e.g. channel 172)

8.3.1.1 Background

The purpose of this test is to test robustnesstirmal interference which has flat spectrum densirying
bandwidths, and is constant in time.

The goal is to verify that C-V2X devices can traitsand receive C-V2X messages over the PC5 intenféth an
interference model being applied between the trétresmd receive C-V2X devices in order to simulatéemtial
external interference in the system with pre-definkaracteristics.

8.3.1.2 Assumptions

The operating system time of both the transmitter ceiver boxes is synchronized to a common dlegk, GPS)
with an error of no more than 1ms.

The testing environment is isolated from other exdkinterference sources.

Tests should be conducted at room temperatured@deds Celsius +/- 5 degrees).

8.3.1.3 Setup

This test uses a lab cabled setup as shown iné-Byuk signal generator (SigGen) is used to moiffdrdnt
characteristics of potential interference in a 1ld2thannel bandwidth. Device 2 (receiver), alsovkmas DUT, is
configured to receive data from Device 1 on theesampaired channel.
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SigGen > Splitter > Attenuator 1 » Combiner —
| A
—1 Attenuator 2
» Attenuator 3
\ 4 !
Device 1 ‘
Transmitter Device 2 (DUT)
(Transmit configured R'ecelxerd
data stream) (Receive the data
stream, collect stats)
A -

GPS simulator
or GPS antenna

Figure 8: Test Setup

* Channel impairment settings on the Signal Gene(&igiGen) are configured to emulate pre-defined
interference with the following characteristics:
o Flat characteristic, constant power spectral degnsihin the predefined bandwidth
o Bandwidth of the interference signal defined in [Eat2 with the center frequency of the signal
defined in Figure 9
0 Attenuator 1 is set to ensure that SigGen TX pat®UT input is -40 dBm.

« Testing will be done with the interference sour8mGen) located in two different positidns

o Interference source close to the RX side (Device 2)
o Interference source midway between TX side (Degicand RX side (Device 2), so that bothdevices

are affected

e Settings on Device 1 (Transmit Radio):

0 SPS (Semi-Persistent Scheduling) based transmitvilioh a periodicity of 100ms (Note: equivalent
to setting a periodic stream at 100ms period fbetechnologies)

o Packet length of 150 — 190 bytes
o Transmit on ITS band (e.g., center frequency 5/46{) with bandwidth of 10MHz

0 Appropriate transmit power and fixed attenuatiodesti(Attenuator 3) to ensure that Device 1 TX
power at DUT input is -50 dBm

2 SigGen will not be physically moved. Rather, theyirsg positions of SigGen will be simulated by atjog Attenuator 1 and Attenuator 2.
3 Although Device 1 (TX side) does not receive theddream, its behavior as a transmitter is aftebtethe signal received from SigGen..
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»

5855 fc =5857.5 MHz fc =5860 MHz fc =5862.5 MHz 5865
MHz Position 2 Position 1 Position 3 MHz

Figure 9: Interference definition in the Channel 12

e Settings on the Device 2 (Receive Radio):

o Configured to receive on ITS band (e.g., centaqifemcy 5,860 MHz) with bandwidth of 10 MHz
o All measurements of receiving side performancedaree on this device.
» Data Collection at TX (Device 1):
o OS timestamp for each transmitted packet
0 Sequence number of each transmitted packet
» Data Collection at RX (Device 2):
o OS timestamp for each received packet
o Sequence number of each received packet

0 Receive signal power for each received packet

Table 12: Interference characterization definition

Signal Generator Setting
Interference Bandwidth [MHZ] Position Numbers Number of Iterations
0.2 1,2,3 100
0.5 1,2,3 50
1 1,2,3 25
2 1,2,3 10
5 1,2,3 10
8.3.14 Test Execution

Note: Tests should be conducted at room temperé2drdegrees Celsius +/- 5 degrees).

1. Configure the Transmit Device (Device 1) with tregadstream of interest: Application layer messagg. (
BSM) to be sent periodically every 100ms. Packegtle shall be such that there is a one-to-one
correspondence between packet and message; thet gaaekshould remain constant throughout the test.

2. Set the Signal Generator to produce zero power.
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Set the transmit power for the Transmit device (Pe\l) to an appropriate level to fulfill the folling
requirements.

Set Attenuator 3 to an attenuation value suchthieateceive signal power measured at DUT inpuiGsdBm.
Set the transmit power for the Transmit device ([(De\l) to zero (e.g. by turning the device off).

Configure the Signal Generator to generate a piieatkinterference of 200 kHz bandwidth with center
frequency defined in Figure 9 as position 1.

Set the attenuation values on Attenuator 1 anch@titor 2 according to the first row of Table 13.

Table 13: Interference source position settings

Interference source position settings

Interference source Attenuator 1 Attenuator 2

Interference source is Setting to achieve that MAX
close to RX device interference power at DUT input
(Device 2). TX device | is 10dB above Device 1 power at
(Device 1) is minimally| DUT input.

impacted by l.e. receive signal power (of
interference source. SigGen) measured at DUT inpu

—+

is -40 dBm.

Both devices are l.e. receive signal power (of | |-€. receive signal power (of SigGen)
affected by interference SigGen) measured at DUT inpyt Measured at Device 1 input is -40 dBm.
source. is -40 dBm.

to achieve that interference Setting to achieve that interference
power at DUT input is 10 dB power at Device 1 input is same as

above Device 1 power at DUT interference power at DUT input.
input.

10.
11.

12.

13.

14.

8.3.1.5

Set the transmit power for the Transmit device (Pe\l) to an appropriate level to fulfill the folling
requirements.

For a time period of 60 seconds, record to a liegtfie following statistics:

- For Device 1: OS timestamp for each TX packet, sege number of each TX packet.

- For DUT: OS timestamp for each RX packet, sequenceber of each RX packet,
receive signal power for each RX packet.

Repeat step 9 for a total of “n” iterations, acéogdo column “Number of Iterations” of Table 12.

Repeat steps 5 through 10 for interference onipasi from Figure 9.
(I.e. in step 6 use the center frequency defindelgnre 9 as position 2.)

Repeat steps 5 through 10 for interference onipasd from Figure 9.
(I.e. in step 6 use the center frequency defindeldgnre 9 as position 3.)

Repeat steps 5 through 12 for all bandwidth sima® fTable 12.
(l.e. in step 6 use the bandwidth from column “tfgeence Bandwidth” from the next row of Table 12.)

Repeat steps 5 through 13 for the second setafénence source position settings.
(I.e. in step 7 set the attenuation values on Aear 1 and Attenuator 2 according to the secomdafoTable
13.

Unique Tests to be Conducted

Run this test using:

8.3.1.6

Utilizing

Two (2) C-V2X devices for the test

Required Documentation

the data collected from log files, or @rged from any OBU user interface, fill in the @dling table.
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Table 14: Required Documentation
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Signal Signal SigGen
Generator Generator Location | No. of No. of %age of
Setting — Setting — o Transmitted | Received %age of packets
Interference | Position (i.e. (‘RX" = pkts pkts packt_ats meeting
Bandwidth | Interference | close to PER % meeting IPG Latency
Center RX (summed (summed threshold threchold
(MHz) Frequency | device; | across all | across all (histogram of hTes 0 f
o 60-second | 60-second IPG) gllstogramo
(1,2,0r3) | ‘Mid"= | jterations) | iterations) elay)
halfway
between
TX and
RX Measured Measured | Calculated
Devices) | at TX at RX at RX Coloulated at | caleulared at
Device Device Device evice evice
0.2 1 RX
0.2 2 RX
0.2 3 RX
0.5 1 RX
0.5 2 RX
0.5 3 RX
1 1 RX
1 2 RX
1 3 RX
2 1 RX
2 2 RX
2 3 RX
5 1 RX
5 2 RX
5 3 RX
0.2 1 Mid
0.2 2 Mid
0.2 3 Mid
0.5 1 Mid
0.5 2 Mid
0.5 3 Mid
1 1 Mid
1 2 Mid
1 3 Mid
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Signal Signal SigGen
Generator Generator Location | No. of No. of %age of
Setting — Setting — . Transmitted | Received %age of packets
Interference | Position (i.e.| (‘RX"= | pkts pkts packets meeting
Bandwidth | Interference | close to PER % meeting IPG | |
Center RX (summed (summed threshold thresh yld
(MHz) Frequency | device; | across all | across all (histogram of hTeS 0 f
o 60-second | 60-second IPG) g||stogramo
(1,2,0r3) | ‘Mid"= | jterations) iterations) elay)
halfway
between
TX and
RX
Devices) al\l/lt?;ured al\l/ltes;ured ;aéc;lated Calculated at | Calculated at
! ; ; RX Device RX Device
Device Device Device
2 1 Mid
2 2 Mid
2 3 Mid
5 1 Mid
5 2 Mid
5 3 Mid
8.3.1.7 Evaluation Criteria

Evaluation criteria is to assess and compare TXX&aRtivity of the TX & RX devices, respectively,rass the various
interference scenarios. In addition, the purpose measure reported PER values for the RX devittethe injected
interference stream.

8.3.1.8 Estimated Time to Complete
Table 15: Completion Time

Task Estimated Time | Notes

Test setup

Test execution

Test analysis

Total
8.3.2 Cabled Transmission and Reception Test with Simulated External

Interference: flat characteristics, constant in time, starting from

guard band occupying part of given ITS channel (e.g. channel 172)

8.3.2.1 Background

The purpose of this test is to test robustnesstirmal interference which has flat spectrum dgnsirying
bandwidths, and is constant in time, where theraaténterference is starting from the guard bahdhannel 172.

The goal is to verify that C-V2X devices can traitsand receive C-V2X messages over the PC5 intenfath an
interference model being applied between the trétremd receive C-V2X devices in order to simulatéemtial
external interference in the system with pre-definbaracteristics.
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8.3.2.2 Assumptions

The operating system time of both the transmitber @ceiver boxes is synchronized to a common dlegk, GPS)
with an error of no more than 1ms.

The testing environment is isolated from other exdkinterference sources.

Tests should be conducted at room temperaturedg@deds Celsius +/- 5 degrees).

8.3.2.3 Setup

This test uses a lab cabled setup as shown ind-iurA signal generator (SigGen) is used to mdifdrent
characteristics of potential interface in a 10 Mttannel bandwidth. Device 2 (receiver), also knawmUT, is
configured to receive data from Device 1 on theesampaired channel.

* Channel impairment settings on the Signal Gene(&igGen) are configured to emulate pre-defined
interference characterization:
o Flat characteristic, constant power spectral densihin the predefined bandwidth
o Bandwidth of the interference signal defined in [Bat6 with the center frequency of the signal
defined in Figure 11
0 Attenuator 1 is set to ensure that SigGen TX pat®UT input is -40 dBm.

« Testing will be done with the interference sourSigGen) located in two different positidns

o Interference source close to the RX side (Device 2)
o Interference source midway between TX side (Deticend RX side (Device 2), so that bothdevices

are affected

Combiner —

A\ 4

SigGen

\ 4

Splitter $»|  Attenuator 1

J A
Attenuator 2

Attenuator 3

\ 4

Device 1 .
. Device 2 (DUT)
Transmitter Receiver

(Trag;gltsi:rc::;‘?)ured (Receive the data
stream, collect stats)

GPS simulator
or GPS antenna

Figure 10: Test Setup
»  Settings on Device 1 (Transmit Radio):

4 SigGen will not be physically moved. Rather, theyirsg positions of SigGen will be simulated by atjog Attenuator 1 and Attenuator 2.
5 Although Device 1 (TX side) does not receive theaddream, its behavior as a transmitter is aftebtethe signal received from SigGen..
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0 SPS (Semi-Persistent Scheduling) based transmitvilith a periodicity of 100ms (Note: equivalent
to setting a periodic stream at 100ms period fheotechnologies)

o Packet length of 150 — 190 bytes

o Transmit on ITS band (e.g., center frequency 56{x) with bandwidth of 10 MHz

0 Appropriate transmit power and fixed attenuatiodesti(Attenuator 3) to ensure that Device 1 TX

power at DUT input is -50

dBm

v

5855
MHz

Figure 11: Interference position in Channel 172

Settings on the Device 2 (Receive Radio):

5865
MHz

o Configured to receive on ITS band (e.g., centeqemcy 5,860 MHz) with bandwidth of 10 MHz

o All measurements of receiving side performancedare on this device.

Data Collection at TX (Device 1):

o OS timestamp for each transmitted packet

0 Sequence number of each transmitted packet

Data Collection at RX (Device 2):

o OS timestamp for each received packet

o0 Sequence number of each received packet

0 Receive signal power for each received packet

Table 16: Interference characterization definition

Signal Generator Setting
Interference Bandwidth [MHZ] Number of Iterations
0.05 100
0.1 100
0.2 100
0.3 100
0.4 100
0.5 100
0.6 100
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0.7 100
0.8 100
0.9 100

1 100

8.3.24 Test Execution

Note: Tests should be conducted at room temperédrdegrees Celsius +/- 5 degrees)

5GAA P-180092

1. Configure the Signal Generator to generate a piieatkinterference of 50 kHz bandwidth (subsequentl
referred to as “Interference_Bandwidth") with ateerdrequency of (5855MHz +Interference_Bandwid}h/

2. Set the attenuation values on Attenuator 1 anch@tior 2 according to the first row of Table 17.
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Table 17: Interference source position settings

Interference source position settings

Interference source Attenuator 1 Attenuator 2

Interference source is Setting to achieve that MAX
close to RX devic interference power at DUT input
(Device 2). TX devic is 10dB above Device 1 power at
(Device 1) is minimall DUT input.
impacted b l.e. receive signal power (of
interference source. S|gGen) measured at DUT inpUt

is -40 dBm.

Setting to achieve that Setting to achieve that interference

interference power at DUT inputf  power at Device 1 input is same as
is 10 dB above Device 1 power at interference power at DUT input.

DUT input. . )
Both devices are l.e. receive signal power (of | |-e. receive signal power (of SigGen)
affected by interference SigGen) measured at DUT inpyt Measured at Device 1 input is -40 dBm.
source. is -40 dBm.

3. Set the transmit power for the Transmit device (Be\) to fulfill requirements stated in Table 17.

4. For atime period of 60 seconds, record to a liegtfie following statistics:
- For Device 1: OS timestamp for each TX packet, sage number of each TX packet.
- For DUT: OS timestamp for each RX packet, sequenceber of each RX packet,
receive signal power for each RX packet.

5. Repeat step 9 for a total of “n” iterations, ac@éogdo column “Number of Iterations” of Table 16.

6. Repeat steps 5 through 10 for all bandwidth size® fTable 16.
(I.e. in step 6 use Interference_Bandwidth fronuowot “Interference Bandwidth” from the next row adfile
16.)

7. Repeat steps 5 through 11 for the second setarfénénce source position settings.
(I.e. in step 7 set the attenuation values on Aear 1 and Attenuator 2 according to the secomdafoTable
17)

8.3.2.5 Unigue Tests to be Conducted
Run this test using:

Two (2) C-V2X devices for the test

8.3.2.6 Required Documentation

Utilizing the data collected from log files, or @vged from any OBU user interface, fill in the odling table.
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Table 18: Required Documentation
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Signal

SigGen

No. of

No. of

%age of %age of
Gen_erator Location | Transmitted | Received p;c?(ets p:lc?(ets
Setting — oy _ | PKES pkts meeting meeting
Interference | gjonq| (RX" = PER% | IPG Latenc
Bandwidth Gg closeto | (summed (summed hreshol h hyld
Sen_erator RX across all across all thfes old thfes 0
(MHz) ett|fng— device; | 60-second | 60-second ( flstoGQram ( flztcigram
Interference iterations) iterations) of IPG) of delay)
Center “Mid” =
Frequency | halfway
between
(MHz) TX and Measured Measured | Calculated | Calculated | Calculated
RX at TX at RX at RX at RX at RX
Devices) | Device Device Device Device Device
0.05 5.880 RX
0.1 5.905 RX
0.2 5.955 RX
0.3 6.005 RX
0.4 6.055 RX
0.5 6.105 RX
0.6 6.155 RX
0.7 6.205 RX
0.8 6.255 RX
0.9 6.305 RX
1 6.355 RX
0.05 5.880 Mid
0.1 5.905 Mid
0.2 5.955 Mid
0.3 6.005 Mid
0.4 6.055 Mid
0.5 6.105 Mid
0.6 6.155 Mid
0.7 6.205 Mid
0.8 6.255 Mid
0.9 6.305 Mid
1 6.355 Mid
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8.3.2.7 Evaluation Criteria

Evaluation criteria is to assess and compare TXXaRtivity of the TX & RX devices, respectively,rass the various
interference scenarios. In addition, the purpose measure reported PER values for the RX devitethe injected
interference stream.

8.3.2.8 Estimated Time to Complete

Table 19: Completion Time

Task Estimated Time Notes

Test setup

Test execution

Test analysis

Total

8.3.3 Hidden Node Scenario
8.3.3.1 Background

The purpose of this test is to assess the perfarenaha C-V2X device during a resource collisioarsrio (hidden
node phenomenon). The hidden node scenario is yna&ptoducible with a highly congested environméint.
example is with OBUs that are located at oppositges of one OBU’s communication range. Those dewe@anot
sense each other and can transmit on the samesubfo the OBU in the middle which will produceddlision at the
latter.

8.3.3.2 Assumptions

Lab setup with cabled or over-the-air RF environm&he test case is specified with a cabled enwviremnt in sections
8.3.3.3-8.3.3.7, but it can also be adapted toRataBoratory environment.

This test case focuses on Mode 4 operation whetel Bocoverage is available.

Devices are pre-configured with TX and RX resoypoels. TX resource pools configuration should Entital (same
TTI and RB configuration). (NOTE: The goal is tokaahe devices send at the same TTI (same 1m3)sing the
same amount of resource blocks (in the frequenayaiio). Also the number of TTIs and RBs availablewt be as
small as possible in order to get collisions imeat amount of iterations since a given devicedslene of the
available resources randomly.)

The operating system time of all the transmittat esteiver boxes is synchronized to a common dleak, GPS) with
an error of no more than 1ms.

All devices operate in the same channel (e.g. 172).

8.3.3.3 Setup
Three C-V2X devices are considered with the setgzidbed in the diagram below.
e Settings on Device 1 (DUT1):

0 SPS (Semi-Persistent Scheduling) based transmitvlith a periodicity of 100ms (Note: equivalentto
setting a periodic stream at 100ms period for atbeinologies)

o Transmit on ITS band (e.g., center frequency 5M6{x) with bandwidth of 1.0MHz
o0 Packet length of 150 — 190 bytes

0 Transmit power set at 20 dBm initially



56 5GAA P-180092

»  Settings on Device 2 (DUT2):

0 SPS (Semi-Persistent Scheduling) based transmitvlith a periodicity of 100ms (Note: equivalentto
setting a periodic stream at 100ms period for otbennologies)

o0 Transmit on ITS band (e.g., center frequency 5M6{x) with bandwidth of 10 MHz
o0 Packet length of standard BSM message

0 Transmit power set at 20 dBm initially

e Settings on Device 3 (DUT3):
o Configured to receive on ITS band (e.g., centegfemcy 5,860 MHz) with bandwidth of 10 MHz

o All measurements of receiving side performancedaree on this device.

Data Collection at DUT1:
0 OS timestamp for each transmitted packet

0 Sequence number of each transmitted packet

Data Collection at DUT2:
o OS timestamp for each transmitted packet

0 Sequence number of each transmitted packet

Data Collection at DUTS3:

o0 OS timestamp for each received packet
0 Sequence number of each received packet

0 Receive signal power for each received packet
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Figure 12: Hidden Node Scenario Test Setup
8.3.34 Test Execution

Note: Tests should be conducted at room tempergdrdegrees Celsius +/- 5 degrees).

1. Configure Device 1 so that the transmit power figlthe below stated requirements (this will remadmstant
throughout the test).

2. Configure Device 2 so that the transmit power liglthe below stated requirements (this will remadmstant
throughout the test).

3. Calculate the insertion loss between Device 1 agde 3 by setting Attenuator 1 to 0dB and thensugag
the loss between Device 1 and Device 3 with allesin place. This value will be the fixed insentioss of
the cables/attenuator/combiner setup for thesecdsyvi

4. Adjust the setting of Attenuator 1 to yield an alepath loss (insertion loss plus attenuator vehiel5dB
between Device 1 and Device 3.

5. Calculate the insertion loss between Device 2 agnvid2 3 by setting Attenuator 2 to 0dB and thensugag
the loss between Device 2 and Device 3 with allesaln place. This value will be the fixed insentioss of
the cables/attenuator/combiner setup for thesecdsvi

6. Adjust the setting of Attenuator 2 to yield an aiepath loss (insertion loss plus attenuator Vahfet5dB
between Device 1 and Device 3.

7. Power up Device 3.
8. Record the statistics as mentioned below on alhé&X devices for a period of 10 minutes:

a. Device 1 and Device 2:
- OS timestamp for each TX packet
- Sequence number of each TX packet
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b. Device 3:
- OS timestamp for each RX packet
- Sequence number of each RX packet
- Receive signal power for each RX packet

9. Repeat step 8 for a total of 10 executions.
8.3.35 Unique Tests to be Conducted
Run this test using:

1. Three (3) C-V2X devices.
8.3.3.6 Required Documentation

Utilizing the data collected from log files, or @vged from any OBU user interface, fill in the @lling table (one row
per ten minute test).

Table 20: Required Documentation

No. of Received pkts

(total for the 10 min PER % Calculated at Receiver

No. of Transmitted pkts

(total for the 10 min test) test) (Device 3)
Transmit Transmit Received | Received at| For For Packets
Device 1 Device 2 at Device | Device 3 Packets from Device 2
Executi 3 from from from
on # Device 1 | Device 2 Device 1
1
2
3
4
5
6
7
8
9
10

Measured Insertion
Loss, Device 1 to
Device 3 (dB)

Attenuator 1
Value (dB)

Measured Insertion
Loss, Device 2 to
Device 3 (dB)

Attenuator 2
Value (dB)

8.3.3.7 Evaluation Criteria

Evaluation criteria is to assess the performanaedallision challenged environment through assessmof colliding
TTls and RBs.
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8.3.4 Near-Far Effect
8.3.4.1 Background

The purpose of this test is to assess the perfaenahC-V2X devices under the scenario in whiclegick receives a
signal from two or more transmitters with differgrawer levelsThe power difference may occur even for two nearby
transmitters, when one of them is obstructed. Tbblpm becomes critical when a critical messagedsived with

low power (example: obstructed vehicle behind #weiver vehicle), but the one received with higlveo(a

transmitting vehicle at close proximity to the reee vehicle) is containing only a regular event.

8.3.4.2 Assumptions

Lab setup with cabled or over-the-air RF environtn€he test case is specified with a cabled enwiremt in sections
8.3.4.3-8.3.4.7, but it can also be adapted toRataBoratory environment.

This test case focuses on Mode 4 operation whetel Bocoverage is available.

Devices are pre-configured with TX and RX resoypoels. TX resource pools configuration should Entital (same
TTI and RB configuration). (NOTE: The goal is tokaahe devices send at the same TTI (same 1m3)sing the
same amount of resource blocks (in the frequenayaiin). Also the number of TTIs and RBs availablewt be as
small as possible in order to get collisions im&k amount of iterations since a given devicedslene of the
available resources randomly.)

The operating system time of all the transmittat eteiver boxes is synchronized to a common dleak, GPS) with
an error of no more than 1ms.

All devices operate in the same channel (e.g. 172).

8.3.4.3 Setup
Three C-V2X devices are considered with the setgzidbed in the diagram below.
»  Settings on Device 1 (DUT1):

0 SPS (Semi-Persistent Scheduling) based transmitvlith a periodicity of 100ms (Note: equivalentto
setting a periodic stream at 100ms period for atbetinologies)

0 Transmit BSM messages with regular priority
o0 Transmit on ITS band (e.g., center frequency 5M6{x) with bandwidth of 10 MHz

o Packet length of standard BSM message

e Settings on Device 2 (DUT2):

0 SPS (Semi-Persistent Scheduling) based transmitvlith a periodicity of 100ms (Note: equivalent to
setting a periodic stream at 100ms period for atbennologies)

o0 Transmit BSM messages with regular priority, buhedBSM messages with critical priority are
interspersed, as follows:

o Critical events are sent at random occasions dihiagest. Minimum five messages for each
attenuation level setting.

o0 Transmit on ITS band (e.g., center frequency 5M6{x) with bandwidth of 10 MHz

o Packet length of standard BSM message

»  Settings on Device 3 (DUT3):

o Configured to receive on ITS band (e.g., centegfemcy 5,860 MHz) with bandwidth of 10 MHz
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o All measurements of receiving side performancedare on this device.

» Data Collection at DUT1
0 OS timestamp for each transmitted packet

0 Sequence number of each transmitted packet

» Data Collection at DUT2
0 OS timestamp for each transmitted packet

0 Sequence number of each transmitted packet

» Data Collection at DUT3
0 OS timestamp for each received packet
0 Sequence number of each received packet

0 Receive signal power for each received packet

Figure 13: Near-Far Effect Test Setup

Note: For an equivalent test for near far effet#ape see 3GPP 36.101, chapter 14.4.

8.3.44 Test Execution
Note: Tests should be conducted at room temperé2drdegrees Celsius +/- 5 degrees).

1. Power off Device 2.
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2. Setthe TX power of Device 1 so that the input posteDevice 3 is -50 dBm. Record this TX poweriggtt

3. Power off Device 1.

4. Set the attenuation on Variable Attenuator to 0dB.

5. Power on Device 2 and set the TX power of Devise 2hat the input power at Device 3 is -50 dBm.dréc
this TX power setting.

6. Power on Device 1 and set the TX power of Devite the value determined in Step 2.

7. Record the statistics as mentioned below on altithéces for a period of 10 minutes:
NOTE: On Device 2, send some BSM messages witlsartriority at random points during this 10 miesit
A minimum of five BSM messages shall be sent dgcati

a. Device 1 and Device 2:
- OS timestamp for each TX packet
- Sequence number of each TX packet

b. Device 3:
- OS timestamp for each RX packet
- Sequence number of each RX packet
- Receive signal power for each RX packet

8. At Device 3, calculate the PER for packets seriDbyice 1, as well as the PER for packets sent hydee.

9. Increase the attenuation on Variable Attenuatoa bgrtain increment.
- In the first few iterations, use five dB as therémoent.
- In later iterations, as the PER (observed in sjegpproaches 100%, use one dB as the increment.

10. Repeat steps 7 through 9 until the PER for padests by Device 2 reaches 100%.
8.3.4.5 Unigue Tests to be Conducted
Run this test using:
Three C-V2X devices.
8.3.4.6 Required Documentation

Utilizing the data collected from log files, or @vged from any OBU user interface, fill in the @lling table (one row
per ten minute test).
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Table 21: Required Documentation
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No. of Transmitted pkts
(total for the 10 min test)

No. of Received pkts
(total for the 10 min test)

PER % Calculated at
Receiver (Device 3)

Attenuator

Value (dB) Received | Received For For
Transmit Transmit at Device 3| at Device 3| Packets Packets
Device 1 Device 2 from from from from

Device 1 Device 2 Device 1 Device 2

0

5

10

Device 1 TX Power (dBm)

Device 2 TX Power (dBm)

8.3.4.7

Evaluation Criteria

Evaluation criteria is to assess the performanderims of PER during near far scenario throughssssent of
colliding TTIs and adjacent RBs.
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9 Test Cases — In-Vehicle Characterization

The following sections describe test cases to ciarae in-vehicle device in terms of signal strbnof the received
signal as a function of distance and other envimmndependent variables. In particular, the tessegbed in this
section are focused on characterizing the impatite&nvironment on the PHY layer of radio techggldevaluation
measures shall reference industry standards, ifade, for the given radio technology, such asEEHD2.11p and SAE
J2945/1 for the DSRC and 3GPP R14 / PC5-LTE forZxV

Upon execution and collection of test log data fibese test cases, analysis could be used to mssadtbrating the
simulator’s PHY channel model for the given ragiohnology. It should be noted that the channel medald
change when the physical environment changes.

Prior to executing a field test described in Chaptehe radio band shall be checked for unwanmttferers (i.e.
through connecting the car antennas to a spectnatyzer.

9.1 Test Track

9.1.1 Ranging
9.1.11 Background

The following tests the performance characterisifche radio technology in a dynamic outdoor emwment over the
full range communications. It will additionally priole the signal propagation data necessary to méterif a re-
calibration and/or enhancement, based on occlu@sl lof the communications simulator is required.

Objective: Verify communication range under LOS &ldDS conditions.

Hypothesis: When the receive signal power is ddatow sensitivity the PER of the short BSM-like ipdic messages
will start to degrade.

Scenario: A stationary and a moving vehicle (SV, M¥change BSM-like messages while MV is performoaps on
a straight 2-lane road

Condition: Vary the transmit power of both devices

9.1.1.2 Assumptions

This set of tests is performed under “open skylagsions.

9.1.1.3 Setup
Following is the setup for this test:
* Hardware
o Two (2) devices under test w/ internal or extef@BIS receiver
= Each device has an external GPS antenna
= Each device has an external communications antenna
= Low loss cable (e.g., LMR200) to connect the deticthe communications antenna
= Other cable to connect to GPS antenna
o Two (2) identical vehicles
= Communications antenna placed at the apex of thieleeroof

= Ifthe GPS antenna is in a housing separate frencdimmunications antenna, place the GPS
antenna on the vehicle roof such that it doesmpetde the forward and rearward
communication path of the communications antenna

Note: The Chapter 9.1.5 Antenna CharacterizaticstsT@etails antenna requirements.
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o Two (2) LOS blocking objects
The size of the blocking object should be comparabkize to a typical light commercial (i.e. lemgt
5.5 m (+/- 0.5m), height 2.5 m (+/- 20 cm), widtilmX+/- 20 cm), vehicle or shipping containers.

Note: Because the shape of the LOS blocking obpftdst the obstruction of the transmission, thiitled information
of the LOS blocking objects should be provided wfith test results.

» Device Configuration Setup
o Both devices set up for receive and transmit cdipabi
o Each device configured for the standard 10 Hz trétnsate
o GPS antenna offsets configured for each device
o Each device configured to support logging
Note: Message size to be recorded.
*  Environment
o Test track which supports the SAE J2945/1 ‘Open Bést Conditions’ criteria.
9.114 Test Execution
The following steps should be performed for thit:te
1. Stage the vehicles as shown in Figure 14 below
Power on devices

Ensure devices loaded with proper configuratiomifyeonfiguration file and make sure TX power ibgefd)

A w0

Start the test on the devices and ensure
a. The moving vehicle device is transmitting and reicej
b. The static vehicle device is transmitting and reiogi
c. Both devices are logging

Note: GPS initialization required. Moving the vdbiprior to testing may be required (i.e. to getect
heading data). Logging of transmitted messagesigired for later data analysis.

5. As an initial assessment, drive the moving velatla speed in which 500 samples are obtained pgerstep
of 25 m. Notate the speed and follow that speedegs 7-8.

6. Capture and record a full UTC timestamp
This will be used as the start time for the tedi¢aised for calculating any metrics.

7. Slowly drive the moving vehicle away from the statehicle at notated speed until it exceedsthe
communication range of the device

8. Slowly drive the moving vehicle back toward thetistaehicle at notated speed until the range isekn 0 m

9. Repeat steps 5 to 7 ten times with the same speed
Note: The number of repetitions may depend on MMgaity and transmission frequency

10. Stop the test
11. Transfer log files for analysis
12. Ensure that a minimum of 500 samples per 25 m raigare recorded

13. Repeat steps 1-10 with a LOS blocker as depicté&iginre 14 below and then again as in Figure 16viel
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D > Range

position

Figure 14: Ranging Setup

< D > Range

position

Figure 15: Ranging LOS Blocker Setup

D > 2 x Range

v

MV Initial
position
Figure 16: Ranging LOS Blocker Intersecting Setup
9.1.15 Unigue Tests to be Conducted

Run this test two times using:
1. Two (2) V2X devices of the same type (C-V2C, DSR®ther) for one test
a. Clear LOS
b. Occluded LOS
i. Approach/Depart
ii. Intersecting

2. Repeat the test using the second transmit poweéng¢t0 dBm)



66 5GAA P-180092

9.1.1.6 Required Documentation
Following is the required documentation for thistte
* Plot of PER vs Range
«  Plot of PER vs RSSI (DSRC)
* Plot of PER vs RSSI/RSRP (C-V2X)
* Plot of RSSI vs Range (DSRC)
» Plot of RSSI/RSRP vs Range (C-V2X)
* Plot Latency vs. Range
* Antenna characteristics
9.1.1.7 Evaluation Criteria

Compare performance between radio technologieslbas¢he plots defined in the required documentagiection. In
addition, provided below are the evaluation cri¢dar DSRC in the clear LOS configuration.

The maximum Communication Range for each technostgyld be based on reaching at least 10% PER®atehe
Maximum Distance.

Table 22: Ranging Evaluation Criteria

Metric Evaluation Criteria Notes
<10%
For all TX — RX ranges (it may be PER should be evaluated

PERvVsSRange | peneficial to set up the test range until | across all ranges

~100% PER is reached, e.g. 1000 m as a

start)
9.1.1.8 Estimated Time to Complete
Table 23: Completion Time
Task Estimated Time | Notes
Test setup 60 minutes Done once per test type
Per device type, test
Test execution 60 minutes parameters (e.g., power

setting)

Includes file acquisition,
Test Analysis 60 minutes script execution, metric
generation and analysis

Total 180 minutes

9.1.2 Congestion Control Field Test: Multi-Lane Line-of-Sight Highway
(MH-LOS) [2]

For V2V applications to be effective and relialdleyices must be able to withstand a congested ehdne to many
radio devices communicating in a real-world envin@mt. An example of this is a multi-lane highwaffic jam
during rush hour in a major urban city. To suppamge-scale deployment of V2V safety communicatiding
communication system must be scalable to the egtahthere is a reasonable expectation that thtesywill function
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and units communicate correctly in this challengéngironment. This test allows for evaluation of thdio’s ability
to handle an increasing channel load by capturleig,RPG, CBP/CBR, IA and device performance.

Upon execution and collection of test log data fithese test cases, analysis could be used to imssadibrating the
simulator’s channel congestion control model fa ¢fiven radio technology.

The test procedure provided below has been adépterthe assessment of the DSRC device and cagfienced in
V2V-Interoperability Project - Phase 2 Final Repdoiume 1 [2].

9.1.2.1 Background

The following test will assess the transmit protedmetween the same-technology V2X devices (DSRC-92X) in
an outdoor environment with clear LOS over the fatige communications in the presence of a higkitjeof
simulated vehicles in a MH-LOS configuration.

Provided in the background subsections below at@lseegarding key items from the DSRC tests penéd by
CAMP.

9.1.2.2 Creating Channel Congestion by Emulation

To ensure that the channel is congested, the foikpatrategy can be deployed to emulate as manglestas possible
by the device. Note that the examples below afeujgesd for illustration and further tuning can tsed to obtain exact
scaling:

« OBUs mounted to a cart which can hold K OBUs aswhim Figure 17 (for K=3)

o The traffic environment assumed 5m for the veHietgyth, and 1.5 vehicle lengths (i.e., 7.5m) fa th
space between vehicles

o Each cart was intended to represent K vehicles cismg an 11m wide (i.e., 3 lanes) by 25m long area

in the case when K=6.
» Each OBU was configured to emulate M OBUs by insirggitheir BSM TX rate to M x 10 Hz
0 At M-times BSM TX, each K-OBU cart performed virtlyaas K x M OBUs

o Ensure that BSM generation is not synchronizedBiSMs are generated at different points in tinre fo
each simulated vehicle

* Figure 18 shows the cart-to-vehicle equivalencingia M-times TX rate (M=10), for thirty (K=3, M=10
vehicles comprising an 18m (i.e., 5 lanes) by 7énglarea.

A )
O

Figure 17: Static Cart — Example with 3 OBUs.
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Figure 18: Cart to Vehicle Equivalency for three Véicles
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Figure 19: Cart to Vehicle Equivalency for Thirty Emulated Vehicles
9.1.2.3 Static OBU Cart Deployment

In this section a large scale test is describeddas the building blocks explained in the previsestion. The ideas
are borrowed from [2], [3], and [4]. To ensure ttteg channel is congested across a wide rangéote fdr vehicle
dynamics in a multi-lane highway line of sight (MI®S) environment, the following strategy can beldged to
emulate as many vehicles as possible by the deciaess a wide range:

e Per Figure 20 the carts can be placed in two rawsath side of a straight track and evenly spacdtdnweach
row (i.e., 75m from cart-to-cart within a given rgwver a distance of 1200m.

o The 75m cart-to-cart spacing is representativeefiumber of vehicles (e.g., 30) that could be etgae
to occupy that space within a heavily congestedp®ifn-bumper vehicle traffic environment.

o0 Row of carts are staggered by 37.5m from its adjia@av to obtain an even distribution of the chdnne
communications.

o Depending on the width of the test track the distapetween adjacent rows of carts can be modified.

*  With K OBUs per each of the N carts (KxN physic&@s) and a M-times TX rate this allowed approxirhate

K x M x N static OBUs to be emulated comprising ityelanes of bumper-to-bumper traffic as showniguke
21.
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Figure 21: Five-Times Transmit Rate Emulation Vehite Density [2]
9.1.24 Hidden Node

The hidden node phenomenon may result from OBUkgeent location in the field. In this phenomen®@BUs on
opposite ends of the field test are outside of edlobr’s transmission range and unable to hear &aaoh other.
Therefore, they experience different channel comatand can get out of synch from a channel idisgective. This
may cause them to access the channel at the saedusing their transmissions to collide fromgbkespective of the
OBUs in the middle.

In order to replicate this, data analyzed fromrirgging test should be used to determine the maxiteangth of pod
deployment, this way the devices in the middleheftest track will be subjected to the hidden noltenomenon.

9.1.25 Command and Control

To ensure testing was efficient, repeatable, am@ct communication with each of the OBUs fronmrake point
needs to be developed ([2], [3], [4]).
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9.1.2.6 Assumptions

It is assumed that the ability of the OBU to in@@#he TX frequency of the radio device to emutabétiple devices,
effectively creates a level of channel congestion.

The placement of carts is at a range that crehgehitlden node phenomenon.

9.1.2.7 Setup
Following is the setup for this test:

+ Hardware

o Command and Control System
=  Ability to adjust and verify configuration parametecross all OBUs
= Ability to gather test data logs from all pods

o TBD (n) OBU emulator carts (this depends on the Imemof devices per cart)
= Each device has GPS antenna and communicationsante
= Low loss cable (e.g., LMR200) to connect the deticthe communications antenna
= Other cable to connect to GPS antenna
=  Ability to execute command and control requests

o Four (4) devices under test w/ internal or extef®ia5 receiver
= Each device has GPS antenna
= Each device has communications antenna
= Low loss cable (e.g., LMR200) to connect the deticthe communications antenna
= Other cable to connect to GPS antenna

o Four (4) equivalent sedan-like vehicles
= Communications antenna placed at the apex of thieleeroof

= If the GPS antenna is in a housing separate frencdimmunications antenna, place the GPS
antenna on the vehicle roof such that it does ngpede the forward and rearward
communication path of the communications antenna

» Device Configuration Setup
o DUT configured for transmit and receive capability
o DUT configured for 10 Hz transmit rate
o DUT configured to support logging
o DUT configured to a given TX protocol
o OBU emulator TX rate stepped in intervals to enaulgt to 2000 devices
+ Environment
o Test track which supports the SAE J2945/1 ‘Open Bést Conditions’ criteria.

9.1.2.8 Test Execution
The following steps should be performed for thit:te

1. Stage the vehicles and OBU Emulators as showreifigres below
2. Power on devices

3. Ensure devices loaded with proper configuration

4. Start the test on the devices and ensure

a. All vehicles are transmitting and receiving
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b. Both devices are logging
5. Start the OBU emulator devices and ensure
a. All vehicles are transmitting and receiving
b. Number of devices seen match number of emulated
c. All devices are logging
6. Capture and record a full UTC timestamp
a. This will be used as the start time for the tedteaused for calculating any metrics.
7. Begin driving the vehicles in a platoon maintainthg distance and travel speed of approximatelmih
8. Repeat steps 5 to 7 two times
9. Stop the test
10. Transfer log files for analysis
11. Increase the OBU emulator TX rates

12. Repeat steps 1-11.

225m

A
v

150m

A
v

75m

) Wl B

Figure 22: Test Vehicle Configuration — 4-vehicle latoon example [2]
Further information on the initial vehicle platoplacement and the moving diagram of the vehiclesbeafound in
[2], [3], and [4].
9.1.29 Unique Tests to be Conducted

1. Set of V2X devices for the other test
a. Congestion Control Off (Baseline)
b. Congestion Control (On)

2. Stepped increase of emulated devices, if feasible:

a. 50

b. 100

c. 200

d. 500

e. 1000
f. 1500
g. 2000

9.1.2.10 Required Documentation

Following is the required documentation for thistteer TX protocol and No. of Emulated OBUs:

* Plot of PER vs Time, Range, RSSI/RSRP
* Plot of IPG vs Time, Range, RSSI/RSRP
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* Plot of IA vs Time, Range, RSSI/RSRP
* Plot CBP/CBR vs Time, Range
* Plot of RSSI/RSRP vs Time, Range

9.1.2.11 Evaluation Criteria

Compare performance between radio technologiethperequired documentation listed above (excl. RSSI

9.1.3 Co-existence with Wi-Fi 80 MHz bandwidth in UNII-3
9.1.31 Background

The purpose of this test is to measure the impdtid-i with 80MHz bandwidth implemented in the UN8 band that
is closest to the ITS frequency band (e.g., cdmguency 5860 MHz) having a bandwidth of 10 MHasBd on
current standardization the closest channel foBtdHz Wi-Fi implementation is 155 (5735MHz-5815M)-z

Two options are recommended for testing this séenar

1. Using actual Wi-Fi AP and Wi-Fi clients

- Use of one Wi-Fi access point
o 802.11ac standard
0 Supporting Wave 2 dual stream and minimum 2x2 MIMO
o Configurable to use 80 MHz UNII-3 spectrum neatedfTS spectrum

- Four or more Wi-Fi clients
o Clients supporting the standards and features geovby the AP
o Clients performing continuous data transfer; lodatenear cell, mid cell, and cell edge (for

details, see the setup and test execution sedi&lngy)

0 More Wi-Fi clients can be added, creating an everenRF challenged environment

2. Using a Wi-Fi signal generator (document the detadw traffic is generated)
- Use of one professional TME
o Generating RF signal as per 802.11ac standard
o Configurable to use 80 MHz UNII-3 spectrum neatesdTS spectrum
0 MIMO support
0 Set at maximum standard-allowed EIRP dependindnemegion (EU, North America, ...)

Both options have their pros and cons; while usa sifjnal generator provides for a more strictigtoaled
environment, use of an actual Wi-Fi AP and clieptsforming actual data transfers, provides a meadéstic
environment closer to actual live situations. Theneeit might be advisable to use both approachesyahe
development and deployment cycle, for example uailgj-Fi signal generator at the earlier stagedevkelopment,
and using a Wi-Fi AP and clients at later stages.

Option 1: Wi-Fi AP and Wi-Fi clients

Sections 9.1.3.2 through 9.1.3.8 describe theptestedure for option 1: using actual Wi-Fi AP an@R\Vclients
transferring data.

9.1.3.2 Assumptions

The testing environment is isolated from externtdiiference sources including other DSRC/C-V2X s1s€his should
be verified with a spectrum analyzer as the fitgp $n test case execution.

9.1.3.3 Setup

This test uses a Wi-Fi Access Point which can sttppbandwidth of 80MHz. Wi-Fi implemented on chahib55
should be loaded with Wi-Fi users and create a estegl environment.

The test is designed for a minimum of 4 Wi-Fi usgisnts which use Wi-Fi to transfer data continsiguThe
distribution of users should provide different pktbses from the AP to the users.
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Table 24: Coverage Definitions

Coyg_rage Coverage Definitions RS [felafin)
Definitions
1 Near Cell Above -50
2 Mid Cell Between -50 and -70
3 Cell Edge Between -70 and -90

Settings on Wi-Fi devices (UE1 through UEA4):

o All devices should initiate and maintain continuétds® or HTTP/HTTPS download of very large
files in order to highly utilize the Wi-Fi network.

o The devices should be distributed across all caitegn terms of Wi-Fi coverage:
= One device in Near Cell
= One device in Mid Cell
= Two devices in Cell Edge Environment

A spectrum analyzer should be used to verify spetitharacteristics (i.e. spectrum clear of external
interference sources) within the ITS band (e.gterefrequency 5,860 MHz and bandwidth of 10 MH®),
well as in Channel 155, throughout the area whezadsting will be performed (including the entist track
over which DUT2 will be driven).

The Wi-Fi AP shall be placed at a height of 3 ne#dyove the ground.
The Wi-Fi AP shall be placed at the beginning &f tixst track (see Figure 23).
The antennas of the UEs shall be at a height ofmkters above the ground.

The UEs shall be placed along the test track (gpaé-23). The distance of each UE from the APIdimbs
defined in the table immediately below (Table 28)l as shown in the figure immediately below (Fig2g.
The values of d1, d2, and d3 can be determinedavbectrum analyzer as follows:

o dl1 is the distance at which RSSI of the AP is -Béhd
o d2is the distance at which RSSI of the AP is -Bthd
o d3is the distance at which RSSI of the AP is -Bthd
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Table 25: Wi-Fi UE Positions

User Coverage Definitions Distance from AP (cn)
UE1 Near Cell d1/2
UE2 Mid Cell d1+(d2-d1)/2
UE3 Cell Edge d2+(d3-d2)/2
UE4 Cell Edge d3 —-d3*0.1
(But ensure that sustained Wi-Fi data transfer will
still occur at this distance.)

Figure 23: Wi-Fi Coverage Definitions

e Settings on C-V2X devices P1 and DUT2):

0 SPS (Semi-Persistent Scheduling) based transmitvflioh a periodicity of 100ms (Note: equivalent
to setting a periodic stream at 100ms period fbeotechnologies)

o Packet length of standard BSM message

o Transmiton ITS band (e.g., center frequency 5NB1@) with bandwidth of 1L0MHz; transmitting BSM
messages

0 Transmit power is controlled by the C-V2X device

o Configured to receive on ITS band (e.g., centeqfemcy 5,860 MHz) with bandwidth of 10 MHz
e Data collection at C-V2X devices (DUT1 and DUT2):

o OS timestamp for each transmitted packet

0 Sequence number of each transmitted packet

0 GPS location for each transmitted packet

o OS timestamp for each received packet
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Sequence number of each received packet
GPS location for each received packet
Receive signal power for each received packet
All KPIs as listed further in this section

NOTE: It is assumed that the V2x coverage rangewshin Figure 23; pertains to DUT1 and DUT?2) isajeg than
the size of the Wi-Fi network/cell (shown in Fig®).

9.1.34

Test Execution

Using a spectrum analyzer verify that the spectiquatean in Channel 155 as well as in the ITS band
while the AP and UEs are turned off. Do this thiomgt the area where the testing will be
performed, including the entire test track overckhDUT2 will be driven.

Power up the Wi-Fi Access Point.

Using a spectrum analyzer to check the RSSI of¥R€i channel at varying locations, calculate the
values of d1/d2/d3 (see section 9.1.3.3), and pleeéour Wi-Fi UEs along the test track at the
distances from AP specified in Table 25. Note twations of the UEs.

Power down the Wi-Fi Access Point.

Place DUT1/vehicle at a horizontal distance of ~flam the Wi-Fi AP, with the antennas of DUT1
at 1.5m above the ground.

Place DUT2/vehicle next to DUT1/vehicle, with th&gennas of DUT2 at 1.5m above the ground.

Power up DUT1 and DUT2 and start their transmissibBSM. Note the time.

V2X
Coverage
Range

| (- )

Near Cel Mid Cell

> Cell Edge

8.

v

Figure 24: Test Setup

Start driving the vehicle with DUT2, starting albaation next to DUT1, moving towards the Wi-Fi
cell edge, along the location of the Wi-Fi UEsadbw speed (25 km/h), and continue moving
beyond the Wi-Fi cell edge towards the maximum \faKge (i.e. until V2X PER rises above 50%).
Note the time when you start driving DUT2 away frotdT1.

Drive the vehicle with DUT2 back towards DUT1 dow speed (25 km/h) back to the starting
position.
Note the time when you turn around and start dghiUT2 back towards DUT1.

10. Repeat steps 8 and 9 for a total of ten (10) itamat

11. Transfer the log files of DUT1 and DUT2 for anaysi

12. Power down DUT1 and DUT2. Note the time.



13.
14.

15.
16.

17.

18.
19.
20.

9.1.35
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Power on the Wi-Fi AP and all four Wi-Fi UEs.

Start and maintain continued FTP or HTTP/HTTPS dowaah of very large files at each Wi-Fi UE,
from a file server connected to the Wi-Fi AP, iderto highly utilize the Wi-Fi network.

Power up DUT1 and DUT2 and start their transmissibBSM. Note the time.

Start driving the vehicle with DUT2, starting alogation next to DUT1, moving towards the Wi-Fi
cell edge, along the location of the Wi-Fi UEsaddw speed (25 km/h) towards the maximum V2X
range identified in step 8.

Note the time when you start driving DUT2 away frotdT1.

Drive the vehicle with DUT2 back towards DUT1 dbw speed (25 km/h) back to the starting
position.
Note the time when you turn around and start dgh\iUT2 back towards DUT1.

Repeat steps 16 and 17 for a total of ten (1Catitms.
Stop the test.

Transfer the log files of DUT1 and DUT2 for anafysi

Unique Tests to be Conducted

Run this test using:

Four (4) Wi-Fi devices (UE1 through UE4)

One Wi-Fi AP

One spectrum analyzer (which covers 5.9GHz)

Two (2) C-V2X devices and two (2) DSRC devices (OLANd DUT2)

9.1.3.6

Required Documentation

In the following table, record the following:

« The boundaries of the different coverage zoneb@i¥i-Fi cell (determined using the spectrum aralyz

» The physical positions at which the UEs were abtydaced.
*  The maximum V2X range (where V2X PER noted at DUi§2s above 50%).
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Table 26: Test Setup Values

A Wi-Fi Device Positions Maximum V2X
Wi-Fi Coverage Zone Range
ElLIMEEES (given as %istance
(see Table 25) from AP in
meters)
Distance Value Device Distance from AP
Figure (meters) (meters)
dl UE1
d2 UE2
d3 UE3

Utilizing the data collected from log files, or @vged from any OBU user interface, fill in the @lling two tables.

Table 27: Test Results - Wi-Fi Off

Testing Results When Wi-Fi AP and UEs Are Powered D

DUT1 & DUT?2 start sending BSMs (hh:mm:ss): |

DUT?2 starts DUT2 No. of Pkts(total for | PER % No. of Pkts (total for PER %
driving away | starts the 10execitions) the 10 executions)
Exec. # | (hh:mm:ss) back to TX by RX by Calc. al TX by RX by Calc. al
i DUT1 DUT1 DUT2 DUT2 DUT2 DUT1 DUT1
(hh:mm:ss)
1
2
3
4
5
6
7
8
9
10
Power off of DUT1 & DUT2 (hh:mm:ss): -—
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Table 28: Test Results - Wi-Fi On

Testing Results When Wi-Fi AP and UEs Are Powered ®and in Use

DUT1 & DUT2 start sending BSMs (hh:mm:ss): |

DUT?2 starts DUT2 No. of Pkts(total for | PER % No. of Pkts (total for PER %
driving away | starts the 10execitions) the 10 executions)
from DUT1 driving
Exec. # (hh:mm:ss) back to TX by RX by Calc. al TX by RX by Calc. al
' DUT1 DUT1 DUT2 DUT2 DUT2 DUT1 DUT1
(hh:mm:ss)
11
12
13
14
15
16
17
18
19
20
Power off of DUT1 & DUT2 (hh:mm:ss): -—
9.1.3.7 Evaluation Criteria

Plot and evaluate PER based on location, for batfi Dand DUT2, for both scenarios (Wi-Fi equipmeffitamd on),
and assess the differences between the two scsnario

9.1.3.8 Estimated Time to Complete

Table 29: Completion Time

Task Estimated Time Notes

Test setup

Test execution

Test analysis

Total
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Option 2: Wi-Fi signal generator
Sections 9.1.3.9 through 9.1.3.15 describe theptesedure for option 2: using Wi-Fi signal generat

9.1.3.9 Assumptions

The testing environment is isolated from externgdiiference sources including other DSRC/C-V2X si1s€his should
be verified with a spectrum analyzer as the firsp $n test case execution.

9.1.3.10 Setup

This test uses a Wi-Fi signal generator TME (Tedfi€asurement Equipment). This TME needs to supgemérating
an actual 802.11ac Wi-Fi signal with a bandwidtt80MHz and MIMO. The TME will generate a Wi-Fi sajn
simulating a fully loaded Wi-Fi Channel 155. AlsetTME shall be set at the maximum standard-alloBi&P
depending on the region (EU, North America, ...).

* A spectrum analyzer should be used to verify spetitharacteristics (i.e. spectrum clear of external
interference sources) within the ITS band (e.guterefrequency 5,860 MHz and bandwidth of 10 MH®),
well as in Channel 155, throughout the area whezddsting will be performed (including the entiest track
over which DUT2 will be driven).

»  Settings on C-V2X devices (DUT1 and DUT?2): Saméasection 9.1.3.3.
» Data collection at C-V2X devices (DUT1 and DUT23n% as in section 9.1.3.3.
9.1.3.11 Test Execution

1. Using a spectrum analyzer verify that the spectisiolean in Channel 155 as well as in the ITS bahitk
the Wi-Fi TME is turned off. Do this throughout taeea where the testing will be performed, inclgdin
the entire test track over which DUT2 will be drive

2. Place DUT1/vehicle at a horizontal distance of Hflam the Wi-Fi TME signal generator, with the
antennas of DUT1 at 1.5m above the ground.

3. Place DUT2/vehicle next to DUT1/vehicle, with th@ennas of DUT2 at 1.5m above the ground.
4. Power up DUT1 and DUT2 and start their transmissibBSM. Note the time.

V2X
Coverage
Range

Figure 25: Test Setup

5. Start driving the vehicle with DUT2, starting albaation next to DUT1, moving at a low speed (25Km
towards the maximum V2X range (until V2X PER risé&®ve 50%).
Note the time when you start driving DUT2 away frOtdT1.

6. Drive the vehicle with DUT2 back towards DUT1 dba speed (25 km/h) back to the starting position.
Note the time when you turn around and start dghibUT2 back towards DUT1.

7. Repeat steps 5 and 6 for a total of ten (10) itmat



10.

11.
12.

13.

14.
15.
16.

9.1.3.12
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Transfer the log files of DUT1 and DUT2 for anasysi
Power down DUT1 and DUT2. Note the time.

Power on the Wi-Fi signal generator and configtite generate a Wi-Fi signal simulating a fully deal
Wi-Fi channel.

Power up DUT1 and DUT2 and start their transmissioBSM. Note the time.

Start driving the vehicle with DUT2, starting albaation next to DUT1, moving at a low speed (25Km
towards the maximum V2X range identified in step 5.
Note the time when you start driving DUT2 away frOtdT1.

Drive the vehicle with DUT2 back toward DUT1 atoavispeed (25 km/h) back to the starting position.
Note the time when you turn around and start dghiJT2 back towards DUT1.

Repeat steps 12 and 13 for a total of ten (10atiamns.
Stop the test.

Transfer the log files of DUT1 and DUT2 for anasysi

Unigue Tests to be Conducted

Run this test using:

One Wi-Fi signal generator TME

One spectrum analyzer (which covers 5.9GHz)

Two (2) C-V2X devices and two (2) DSRC devices (OlAnd DUT2)

9.1.3.13

Required Documentation

In the following table, record the maximum V2X rangvhere V2X PER noted at DUT2 rises above 50%).

Table 30: Test Setup Values

Maximum V2X Range
(given as distance from
AP in meters)

Utilizing the data collected from log files, or @vged from any OBU user interface, fill in the @lling two tables.
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Table 31: Test Results - Wi-Fi Off

Testing Results When Wi-Fi Signal Generator Is Powed Off

DUT1 & DUT2 start sending BSMs (hh:mm:ss): |

DUT?2 starts DUT2 No. of Pkts(total for | PER % No. of Pkts (total for PER %
driving away | starts the 10execitions) the 10 executions)
from DUT1 driving
Exec. # (hh:mm:ss) back to TX by RX by Calc. al TX by RX by Calc. al
' DUT1 DUT1 DUT2 DUT2 DUT2 DUT1 DUT1
(hh:mm:ss)
1
2
3
4
5
6
7
8
9
10

Power off of DUT1 & DUT2 (hh:mm:ss):
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Table 32: Test Results - Wi-Fi On

Testing Results When Wi-Fi Signal Generator Is Powed On and in Use

DUT1 & DUT2 start sending BSMs (hh:mm:ss): |

DUT?2 starts DUT2 No. of Pkts(total for | PER % No. of Pkts (total for PER %
driving away | starts the 10execitions) the 10 executions)
from DUT1 driving
Exec. # (hh:mm:ss) back to TX by RX by Calc. al TX by RX by Calc. al
' DUT1 DUT1 DUT2 DUT2 DUT2 DUT1 DUT1
(hh:mm:ss)
11
12
13
14
15
16
17
18
19
20
Power off of DUT1 & DUT2 (hh:mm:ss): -—

9.1.3.14 Evaluation Criteria

Plot and evaluate PER based on location, for batfi Dand DUT2, for both scenarios (Wi-Fi signhal gexer
equipment off and on), and assess the differenewgden the two scenarios.

9.1.3.15 Estimated Time to Complete

Table 33: Completion Time

Task Estimated Time Notes

Test setup

Test execution

Test analysis

Total

9.1.4  Co-existing of C-V2X with adjacent DSRC carrier
9.14.1 Background

The purpose of this test is to measure how C-V2% B@nmunication is impacted by DSRC communicatibenrg the
two technologies are using adjacent channels. Mpeeifically in this test the C-V2X PC5 technolagywsing e.g.
channel 172 of the ITS band with a center frequeri&;860 MHz and a bandwidth of 10MHz, and the @SR
technology is using e.g. channel 174 with a ceinéguency of 5,870 MHz and a bandwidth of 10MHzisTtest also
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envisions swapping of the devices and measuringD8RC communication is impacted by C-V2X PC5
communication.

A typical use case could be C-V2X vehicles exchagd@SM packets on channel 172 in proximity to DSRBicles
exchanging IP traffic on channel 174.

9.1.4.2 Assumptions

The testing environment is isolated from externgdiiference sources including other DSRC/C-V2X si1s€his should
be verified with a spectrum analyzer as the fitgp $n test case execution.

9.143 Setup
Following is the setup for this test:

* A spectrum analyzer should be used to verify spetitharacteristics (i.e. spectrum clear of external
interference sources) within the C-V2X ITS band)(echannel 172 with a center frequency 5,860 Mitt a
bandwidth of 10 MHz), as well as in the DSRC chaifegy., channel 174 with a center frequency 0¥6,8
MHz and bandwidth of 10 MHZz) throughout the are@xehthe testing will be performed.

* Hardware
The testing will use two C-V2X devices called DUandd DUT2, as well as two DSRC devices called DUT3
and DUT4. Each device will be located in a vehicle.

o Each of the four (4) devices has the following:
= Internal or external GPS receiver
= GPS antenna
= Communications antenna
= Low loss cable (e.g., LMR200) to connect the deticthe communications antenna
= Other cable to connect the GPS receiver to the &fR&hna
0 The equipment for each device shall be installetsirespective vehicle according to the following:
= Communications antenna placed at the apex of thieleeroof

= Ifthe GPS antenna is in a housing separate frencdlmmunications antenna, place the GPS
antenna on the vehicle roof such that it doesmpede the forward and rearward
communication path of the communications antenna.

e Settings on C-V2X and/or DSRC devices (DUT1 and RYT

0 SPS (Semi-Persistent Scheduling) based transmitvilith a periodicity of 100ms (Note: equivalent
to setting a periodic stream at 100ms period fbeotechnologies)

o Packet length of standard BSM message

o Transmit on ITS band (e.g., channel 172 with cefregruency of 5,860 MHz) with bandwidth of
10MHz; transmitting BSM messages

o Transmit power is controlled by the C-V2X device

o Configured to receive on ITS band (e.g., chann@lith center frequency of 5,860 MHz) with
bandwidth of 10 MHz

» Settings on DSRC and/or C-V2X devices (DUT3 and BT

o Transmit and receive on e.g., channel 174 witheseinéquency of 5,870 MHz) with bandwidth of
10MHz

o Configured to transmit and receive IP traffic
e  Settings common to all four devices (DUT1, DUT2, T8)DUT4):

o GPS antenna offsets configured for each device
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o Each device configured to support logging

Data collection at C-V2X devices (DUT1 and DUT2):
o OS timestamp for each transmitted packet
Sequence number of each transmitted packet

GPS location for each transmitted packet
OS timestamp for each received packet
Sequence number of each received packet
GPS location for each received packet

Receive signal power for each received packet

O O O O O o o

All KPIs as listed further in this section
Data collection at DSRC devices (DUT3 and DUT4):

o Collect data sufficient to be able to calculate PER

9.1.4.4 Test Execution

1.

Using a spectrum analyzer verify that the spectizuatean in the C-V2X ITS band (e.g., channel 1&2jvell
as in the DSRC channel (e.g. channel 174) whiltoall DUTs are powered off.

Place the 4 DUTs/vehicles at a close distancedhb ether:
a. DUT2 vehicle right in front of DUT1 vehicle

b. DUTS3 vehicle next to DUT 1 vehicle; DUT4 vehiclgln in front of DUT3 vehicle and nextto
DUT?2 vehicle

DUT1 DUT2
DUT3 DUT4

Figure 26: Test Setup

Power on DUT1 and DUT2. DUT3 and DUT4 stay powesEdat this stage.
Ensure devices are loaded with proper configuration
Start the test on DUT1 and DUT2 and ensure thevtig:

a. DUT1 remains stationary.

b. Both DUTs are transmitting and receiving, stand2si traffic.

c. Both DUTs are logging.

Drive DUT2 away from DUT1 at the notated speedIl®ER (between DUT1 and DUT2, measured at DUT1
and DUT2) reaches 100%. Note the maximum distapb@den DUT1 and DUT2, referring to is as “coverage
range”.



DUT3 DUT4

10.

11.
12.

DUT3 DUT4

&
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Coverage
Range

Figure 27: Test Setup

Slowly drive DUT2 back toward DUT1 at the notat@eéead until the range is around 1m.
Power on DUT3 and DUT4.

Start exchange of IP traffic between DUT3 and DWd4. continuous HTTP/S or FTP file transfer ruignin
between the DUTS).

Repeat step 6 while DUT3 and DUT4 remain stationidote the distance at which PER (measured atDUT1
and DUT2) reaches 100%.

Slowly drive DUT2 back toward DUTL1 at the notat@aad until the range is around 1m.

Perform the following steps iteratively, increasthg distance between DUT3 and DUT4 in steps oB816d
RSSI decrease, and observing the effect that eaetDUT3/DUT4 position has upon the C-V2X coverage
range between DUT1 and DUT2.

NOTE: DUT3 remains stationary at its initial positj and DUT4 is moved in steps.

a. Drive DUT4 away from DUT3, by a “10 dB” step as raeeed by a spectrum analy&emove DUT4
along the same track as DUT2 in step 6.

<«

n x 10dE Coverage
Range

Figure 28: Test Setup

6.e. drive DUT4 away from DUT3, until the RSSI besn DUT3 and DUT4 is 10 dB lower than before.
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b. Note the location of DUTA4 (i.e. its distance frordTB).
c. Note the PER between DUT3 and DUT4 (calculate litcih DUT3 and DUT4).

d. Drive DUT2 away from DUT1 at the notated speed gltre same path as in step 6 all the way to the
“coverage range” (i.e. until the PER between DUNd BUT2, measured at DUT1 and DUT2,
reaches 100%).

e. Slowly drive DUT2 back toward DUT1 at the notat@eead until the range is around 1m.

13. If the PER between DUT3 and DUT4 (see step “cless than 100%, then repeat the above steps.
Else, stop the test.

9.1.45 Unigue Tests to be Conducted

Run this test using the following:
Two (2) C-V2X devices operating on e.g. channel 172
Two (2) DSRC devices operating on e.g. channel 174
One spectrum analyzer (which covers 5.9 GHz)

and repeat it with the devices roles swapped, i.e.
Two (2) C-V2X devices operating on e.g. channel 174
Two (2) DSRC devices operating on e.g. channel 172

9.1.4.6 Required Documentation

Utilizing the data collected during the testind),ifi the following table.
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Table 34: Required Documentation

Setup of DSRC Devices (DUT3 and DUT4) C-Vv2X
Execution # Coverage
Range, DUT1-
to-DUT4
Power State Reduction in Physical PERS (distance to
RSSI distance reach PER of
(dB) 100%)
(meters)
1| Powered Off N/A Adjacent
2 | Powered On N/A Adjacent
3| Powered On 10
4 | Powered On 20
5| Powered On 30
6 | Powered On 40
7 | Powered On 50
8 | Powered On 60
9 | Powered On 70
10 | Powered On 80
11 | Powered On 90
n

For execution #1, plot PER (measured at DUT1 and P)Ws. distance between DUT1 and DUT2.
For execution #2 through n, do the following:

* Plot PER (measured at DUT1 and DUT?2) vs. distamtevden DUT1 and DUT2.

» Observe if the C-V2X coverage range between DUTILRUT? is affected by the traffic between DUT3 and
DUTA4, with DUT4 at the different locations.

» Observe if the PER between DUT1 and DUT?2 is affitigthe traffic between DUT3 and DUT4, with DUT4
at the different locations.

9.1.4.7 Evaluation Criteria

To assess the performance of C-V2X in terms of BE(Rcommunication range, when there is simultan®&RC
communication over an adjacent channel.

7 As compared to RSSI when DUT3 and DUT4 are adjacent
8 Between DUT3 and DUT4, measured at each of DUT3Rdd4
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9.1.4.8 Estimated Time to Complete

Table 35: Completion Time

Task Estimated Time Notes

Test setup

Test execution

Test analysis

Total

9.1.5 Antenna Characterization Tests
9.15.1 Background

Antenna pattern test cover passive antenna eleraéiation density pattern collection, active antediversity
verification and an in situ RF system verificatidme intent of these tests is to fully verify tlaaiation characteristics
of the Cellular V2X system of the vehicle. Knowledgf the radiation environment through simulatidil, testing,
and similar vehicle performance will be used toraagt testing and to replace certification whendhsra high levelof
confidence in the simulation results.

Table 36: Antenna Characterization Process

Simulation/Pre-Test Analysis

Environmental Simulation (Ground Bounce, Multipatineespace Attenuation)

On Vehicle Passive Antenna Simulation

Diversity System Simulation

Test Parameter Determination

Passive Antenna Test (Radiation Density Pattern)

Passive Antenna Patterns

RF System Test

Verify Diversity Performance in Limited Set of Data

Post Process/Requirement Verification

9.1.5.2 Simulation/Pre-Test Analysis

RF and communications simulation has matured tetieat where full vehicle and full RF systems as#ycan be
performed with a resulting accuracy that can exdbatlachieved by test. These tools can therefenesbd to augment
testing. The testing organization must always barawhat the goal is to verify functionally. Re@uirents validation
can be achieved through testing and simulatiorven simulation alone the end result is still achbv

For this test process, simulation will be usedatidate system requirement margin prior to test@etérmine test
parameter adequately test the antenna limiting tegting. Of particular importance is determinihg tliversity
performance of the system as this is difficult talaate on the vehicle. With the diversity includetink-budget is to
be determined that allocates system performancgimbetween he antennas, receiver and interconngtits
accolated margin is then the requirements thagjppied to the antenna system. The link budget deahonstrate 300
meter of operation with a less than 10% packet eate.

9.15.3 Passive Antenna Test (Radiation Density Pattern)

In the verification of any RF communication systpassive antenna verification is performed prioany system test.
This testing is to both be performed at the antexamaponent level and in the vehicle installed cgunfation. Both of
these measurements are critical as unlike modaigsnna performance is heavily influenced by thetire
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surrounding the antenna. An antenna designed tk iwdree space might have performance issues plamed near
structure that is of large enough size to influetheeantenna performance (sizes greater than Qzé&levagth for objects
within 1-5 wavelengths, sizes greater than .5 wength for objects of a greater distance away).

The key parameters that need to be verified botheatomponent level is the antenna radiation tiepsittern (RDP),
antenna impedance match and antenna efficiency.

RDPs:

RDPs are typically collected in outdoor or anecHadilities. The parameter measured is realizedrar gain and is
defined by as follows:

Realized Gain (dBi)= Directivity (dBi) — Mismatcloks (dB) — Efficiency Loss (dB)

For component testing, traditional far field fatdils are adequate and the antenna size is relativall. If the antenna
is designed to operate on a ground plane the aatgmuld be measured on a 1 meter diameter cirgrdand plane.
For on vehicle testing either a large anechoidifg@r outdoor facility is required. Typically tise facilities operate in
the nearfield of the antenna and are either trherspal nearfield or compact antenna ranges. Dwtsmni of these
facilities and traditional antenna ranges can lbedoin149-1979 IEEE Standard Test Procedures for Anteonas
facility vendor specification sheets. Ideally, theseasurements are to be performed in an indoilityfacs the error
terms induced by the environment are less. Anyifiashall be capable of measuring two orthogor@hpzations,
either right hand circular polarization/left harictalar polarization or linear theta/phi polarizati Measuring both
polarizations is essential as placement on veb#teinduce cross polarization scatter. The twoltest the
polarization are to be summed to achieve the totadatched gain.Figure 29 defines the measurenoemtinate
system and polarization for both vehicle antenstirtg and component testing.

A---_

Origin Defined at
Antenna Under Test
Location

Figure 29: RDP Measurement Coordinate Systems

Note that vehicle testing can be performed on gateor sections of vehicle. Simulation can be usedlidate these
substitutions to determine the error induced bymeasuring the entire vehicle or a vehicle. Fongd{a a roof
antenna may be adequately characterized by faimgcatroof section of the vehicle. Scattering friowernal or lower
body sections will have very little impact on tregtern. Also, current production vehicle can bedusga surrogate for
full vehicle testing. Again, simulation can be usedalidate the approximations made on unit unestr(UUT).

The size of the test object, frequency, test regquénts and measurement system also defines thgatesthn
measurement density. Larger structures and higbguéncies require denser theta phi collectionisgatn addition
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traditional spherical nearfield chambers requig the collection density satisfy inquest. Refeectine facility
supplier documentation for minimum required sangplin

V2X antenna configurations typically involve mohah one antenna. The antennas may be measuretdatima or
contently if a switch matrix is available. All uregsantennas and antenna ports shall be terminatiedne correct
system impedance.

For passive antenna measurements, the vehiclebsktall be disconnected.
Any integrated amplifier shall be active duringtiteg.
Required test parameters for RDP are summarizédlite 37.

Table 37: RDP Antenna Requirements Summary

Test Parameter Value/Determination
Polarization Two orthogonal polarizations (Horizalrdnd Vertical Preferred)
Theta 80 - 96 Deg minimum, density determined by UUT size

requirement, test system and frequency

Phi 0-360 Deg, density determined by UUT size, requéeintest
system and frequency

Vehicle Configuration] Determined By Analysis/Sinmtida, Battery Disconnected

Multiple Antenna Terminate all unused antennas

Coordinate System Centered on Antenna Under Test

Origin

Frequency 5855 MHz to 5925 MHz, Minimum Testing Shall Be 58851z,

5890 MHz, and 5925 MHz

Automotive industry typically requires antenna pais to be expressed as linear average gain aaddasd deviation
requirement about this value. Linear average gathé linear magnitude gain averaged over Phi.rRefe the
antenna performance specifications and/or systeforpgance requirements for actual required values.

Antenna Input Impedance:

Input impedance shall be measured in a vehicledidiguration. This is required as nearby strueinfluences
antenna match. For combined antennas, all othenaas shall be terminated.

Efficiency:

Sufficient antenna pattern (RDP) data shall beectdld to determine efficiency. If this is not acfalele due to test
equipment, simulation may be used to augment st d

9.154 Active RF System Test

Active antenna measurements shall be performeddstaetup similar to the facility shown in 9.B8.51owever, the
test shall be run with a C-V2X standard minimumf@ening radio as the range transceiver that is eoted to the
antenna. The range transceiver then communicatése teehicle antenna/C-V2X radio system. Setudsvs in
Figure 30.
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Figure 30: RDP Measurement Coordinate Systems

Attenuation shall be applied to the test antenrenwlate the worst case path loss between twahehimore than 300
m apart, including worst case ground reflectioratam. This test will be performed with the vehiagie&key on engine
running state to simulate EMI interferences. Sigtaéngth and PER will be collected at each pdiast locations
shall be measured as shown in Table 6:

Table 38: Active RF System Test

Test Parameter Value/Determination

Polarization Vertical Polarization

Theta 80 - 96 Deg step size of determined fromipassitenna testing
Phi 0-360 Deg, step size of determined from pasaitenna testing
Dwell Time 1 minute at each location (TBR)

Vehicle Configuration] Key-on/Running

Attenuation Attenuation due to freespace loss or worst casengroeflection +
test antenna gain — test system losses

(Determined in pre-test simulation)

Figure of merit for this test shall be packet eraie not to exceed 10% . The vehicle shall dematesperformance
both as a receiver and a transmitter.

9.155 Post Processing/Requirement Verification

The passive antenna test will primarily be usedaftenna performance knowledge and to determin@aeameters
for the Active RF System Test. The Active RF Sysifieest shows that in a free space environment tiga€/2V
system meets performance requirements (PER). lti@udoth tests will show the weakest performimigedtions of
the CV2V system. This knowledge can then be apptigdsting in the other sections of this document.

9.2 Safety Application Demonstration

The following test cases are to simply demonstiatgce’s ability to repeatedly produce a crash dace warning. A
detailed evaluation of the safety application isnegjuired given that the latency and other teat&tshown no issues,
therefore there is no difference between the realibnologies from the safety application perspectitvshould be
noted that the safety application stack is the samieoth the DSRC and C-V2X device.
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The test procedure provided below has been adfymedthe assessment of the DSRC device definedS@-\A
Project - Final Report: Appendix Volume 1 Systensiga and Objective Test — Appendix C-2 — Objecfiest
Procedures and Plan.

Note: The use cases presented in this chapter mégdut to be revised after 5GAA WGL1 confirms urges# cases.

9.2.1 Emergency Electronic Brake Lights (EEBL) [1]
9.2.11 Background

This test is to verify that the EEBL system wiki® a warning when the brakes of a vehicle imitedrd path and
direction of travel have been applied abruptly Hreinstantaneous braking of the RV exceeds thidrigdhreshold as
defined by the application. While the primary oljee of the EEBL system is to enhance driver vigipbf potential
hazards via wireless communication amongst sirgilaguipped vehicles, this test can be used towEHBL
performance in the presence of obstructing vehmheBor adverse weather conditions that obstrhetyiew of the RV
from the HV.

9.2.1.2 Assumptions
Will be performed on closed test track.

Personal performing tests are familiar with theligpgion, application scenarios and has experiexeeuting. Red
flags placed at the starting point where the HV Bidbegin their maneuver (flags not shown in tigeife).

9.2.1.3 Setup

Cones with flags will be placed so the driver & thV is aware of the vehicle’s location in referena the required
maneuvers. These flags will be located by thetiadise from the starting point for the HV. It is aisged that flags will
be placed using a L1 GPS handheld receiver. Altermethods of flag location can be used. Flag ionatare:

» Aredflagis placed at the starting point where i/ begins its maneuver (cone HV-A)

» Avyellow flag is placed at the point where the R&gms its maneuver (cone RV-A), at least 70 mdters
the red flag (the distance is calculated by thelhay as required below)

* Agreen flag is placed at the point where the H¥fitms its own position (cone HV-B), at least 656ters
from the red flag

» Acheckered flag is placed at the point where thiesRirts to decelerate (cone RV-B), at least 7Gemsdtom
the green flag (the distance is calculated by #altvay as required below)

9.214 Test Execution
Scenario Specific Initial Conditions
* The RV’s deceleration shall occur at 0.4 g or greahd continue decelerating to reach at leasy @i5greater
* The headway between the HV and RV should be grézder3 seconds
Driving Instructions
» The HV stops with its front bumper at the red flag.
* The RV stops with its front bumper at the yelloag]
* The HV test observer and the RV test observer conizate to each other to start at the same time.

 The HV and RV accelerate to 80 km/h, and maintaig ¢peed in the center lane. the front bumpenof R
reaches the checkered flag, the RV deceleratesdmaithen stops, the RV test observer communidhite$o
the HV test observer at the same time.

* The HV test observer should confirm his own positichen he receives the information, if the HV has n
passed the green flag (cone HV-B), headway betweeRV and RV is greater than 3 seconds.

» The HV observes the warning and comes to a stop.
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Cone HV-A Cone RV-A | Cone HV-B Cone RV-
| @m O SRR () =  Braking (B~
HY RV | HY RV

Figure 31: EEBL Setup [1]
9.2.1.5 Unique Tests to be Conducted
Run this test two times using:
1. Two (2) DSRC devices for one test
2. Two (2) C-V2X devices for the other test
9.2.1.6 Required Documentation
All KPI's listed in chapter 5 shall be recorded.
Observation from the test run, fill in the follovginable:
Table 39: EEBL Required Documentation
Test Run Successful Alert (Y/N)| HV Speed (km/h) R\&peed (km/h)
1 80 80
2 80 80
80 80
8 80 80
9.2.17 Evaluation Criteria

Successful Criteria

* The HV issues a warning to the driver for at lesksiout of eight testruns.

Unsuccessful Criteria

» The test is Unsuccessful if the warning is noteskfor three or more out of eight test runs.

9.2.1.8 Estimated Time to Complete
Table 40: Completion Time

Task Estimated Time | Notes

Test setup 60 minutes

Test execution 60 minutes Cellular

Test execution 60 minutes DSRC
Includes file acquisition,

Test Analysis 30 minutes script execution, metric
generation and analysis

Total 210 minutes
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9.2.2 Forward Collision Warning (FCW) [1]
9.2.2.1 Background

This test begins with the HV traveling on a strajdlat road at 80 km/h. Ahead of the HV, in thengalane, is a single
RV stopped in the lane of travel. The test deteesiwhether the countermeasure’s required colligiert occurs at the
expected range. This test especially exploreslifidyeof the countermeasure to accurately idensifgtionary in-path
targets on a flat, straight road.

9.2.2.2 Assumptions

Will be performed on closed test track.

Personal performing tests are familiar with theli@pgion, application scenarios and has experiexeguting.
9.2.2.3 Setup

Cones with flags will be placed so the driver & thV is aware of the vehicle’s location in referenao the required
maneuvers. These flags will be located by thetiadise from the starting point for the HV. It is aisged that flags will
be placed using a L1 GPS handheld receiver. Altermeethods of flag location can be used. Flag iooatare:

* Aredflag is placed at the starting point where )/ begins its maneuver (cone not shown)

* Avyellow flag is placed at the point where the Haches the target speed (cone HV-A), at least Gi6rm
from the red flag

» A white flag is placed at the earliest valid (fréine driver's perspective) WARN point (cone HV-B)

» A checkered flag is placed where the HV will makee&asive maneuver by changing lanes if the WARS ha
failed to occur (cone HV-C) which is positioned8tpercent of the allowable alert range. At thé spsed of
80 km/h, this is 9 meters from HV-B cone

» Agreen flag is placed at the stopping positiontf@ RV (cone RV-A), at least 800 meters from #xbftag
9224 Test Execution
Driving Instructions
* The RV begins at the starting point and stops itdthear bumper at the green flag.

» The HV starts accelerating at least 800 metersidetie RV in the same lane to reach a speed of 80
km/h.

e The HV Cruise Control is set at the required spae®D km/h.
e The HV Cruise Control shall be engaged at leastri&ters behind the RV.

e The warning will be given at around the nominal aveange (cone HV-B) after which the HV willchange
lane.

* [Note: If the warning is not given when the HV rbas the checkered flag (cone HV-C), the HV shall
make an evasive maneuver by changing lanes and twoansafe stop in the adjacent lane.]
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Figure 32: FCW Setup [1]
9.2.25 Unigue Tests to be Conducted

Run this test two times using:

1. Two (2) DSRC devices for one test

2. Two (2) C-V2X devices for the other test
9.2.2.6 Required Documentation
All KPI's listed in chapter 5 shall be recorded.
Observation from the test run, fill in the follovgnable:

Table 41: FCW Required Documentation

Test Run Successful Alert (Y/N)| HV Speed (km/h) R\Bpeed (km/h)
1 80 0
2 80 0
80 0
8 80 0
9.2.2.7 Evaluation Criteria

Successful Criteria

* The HV issues a warning to the driver for at lessiout of eight testruns.
Unsuccessful Criteria

« The warning is missed such that the HV passes HME and no alert is triggered

» The test is Unsuccessful if the warning is noteskfor three or more out of eight test runs.

9.2.2.8 Estimated Time to Complete
Table 42: Completion Time
Task Estimated Time | Notes
Test setup 60 minutes
Test execution 60 minutes Cellular
Test execution 60 minutes DSRC

Includes file acquisition,
Test Analysis 30 minutes script execution, metric
generation and analysis
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Task Estimated Time Notes

Total 210 minutes

9.2.3 Intersection Movement Assist (IMA) [1]
9.2.3.1 Background

The objective of this test is to determine whetheralerts will be given for both the HV and the R¥en both the HV
and the RV are moving toward the intersection. Fltisation is encountered at uncontrolled inteieast

In this scenario, the HV is stopped with the gedidrive” and the RV is approaching the intersettid a constant
speed of 55 km/h. When the RV passes the INFORMmlie and the speed is above 55 km/h, the HV wilbg
INFORM. No other warning should be given.

9.2.3.2 Assumptions
Will be performed on closed test track.
Personal performing tests are familiar with theli@pgion, application scenarios and has experiexeguting.

9.2.3.3 Setup

Cones with flags will be placed so the driver af RV is aware of the vehicle’s location with redpeche required
maneuvers. These flags will be located by thetadise from the stop bar (cone HV-A and cone RViB)uding the
offset of the stop bar from the conflict pointidtassumed that flags will be placed using a L1 G&&lheld receiver.
Alternate methods of flag location can be usedg Kaations are:

* Agreen flag is placed at the upper right edgéefibtersection box (cone RV-B)

» Avredflag is placed at the point where the RVtstas maneuver, 300 meters from the green flaggawt
shown)

» Avyellow flag is placed at the point where the R\Aches the target speed, 150 meters from the ftagen
(cone RV-A)

» Agreen flag is placed at the stop location oftfg 1 meter from the lower right corner of the irstection
box (cone HV-A)

» Acheckered flag where the HV starts to drive tahe intersection 50 meters from cone HV-A (coot n
shown)

9.2.34 Test Execution
Driving Instructions
The test will be conducted in the following manner:

» The HV will start at the checkered flag and drieevard the intersection. The HV will stop at theegrdlag
(cone HV-A) and park at the stop bar with the froaimper at the outer edge of the stop bar witlgte in
“drive.” The driver has a foot on the brake.

e The RV will begin at the red flag, 300 meters frtira stop bar
» The RV driver will begin acceleration to the tartest speed (speed 50 km/h)
» The RV driver will reach the targeted speed rargfere the vehicle reaches the yellow flag

» The RV’s driver shall keep the target test speesing/cruise control set at the target test spegd8® km/h)
will help accomplish this.

» The RV driver will continue toward the stop batlz target velocity
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*« The test observer in the RV will note behaviortef DVI and record state transitions from “OFF"to
“INFORM”

e The test observer in the HV will observe and redbashy warning modalities occur

e The driver of the RV will continue at the test spelerough the intersection and stop at any poter dfie
intersection

e The driver of the RV will make a controlled stopthé vehicle after passing the intersection box

Figure 33: IMA Setup [1]
9.2.35 Unigue Tests to be Conducted

Run this test two times using:
1. Two (2) DSRC devices for one test

2. Two (2) C-V2X devices for the other test

9.2.3.6 Required Documentation

Observation from the test run, fill in the followgnable:

Table 43: IMA Required Documentation
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Test Run Successful Alert (Y/N)| HV Speed (km/h) R\Bpeed (km/h)
1 0 55
2 0 80
9.2.3.7 Evaluation Criteria

Successful Criteria

* The HV issues a warning to the driver for at lesksiout of eight testruns.

Unsuccessful Criteria

» The warning is missed such that the HV passes Hdié and no alert is triggered

* The test is Unsuccessful if the warning is noteskfor three or more out of eight test runs.

9.2.3.8 Estimated Time to Complete

Table 44: Completion Time

Task Estimated Time | Notes
Test setup 60 minutes
Test execution 60 minutes Cellular
Test execution 60 minutes DSRC
Includes file acquisition,
Test Analysis 30 minutes script execution, metric
generation and analysis
Total 210 minutes

9.3 Public Roads

9.3.1 Platoon

9311 Background

The purpose of this testing is to evaluate thea@egommunications performance in various open-tvadhg
environments (e.g., rural, urban). The CAMP Vehidé/ehicle Safety System and Vehicle Build for &gfPilot
(V2V-SP) project performed a similar analysis atdifferent locations around the U.S. [2]. The mse of that testing
“was to evaluate the performance of the componaftse system in various locations, by allowingiagon in the
time-of-day, location, time-of-year, weather, spesttl road surroundings.” Such variations are ebgpeto be
minimal, but will be accounted for during analyaidd filtered out if necessary. Such variations wit be addressed
in this test but rather a subset, focused on diffespeeds and road surroundings encounteredénedif driving
environments, will be. Unique environments may pifevthe signal propagation data necessary to eefthec

communications simulator.

The test procedure provided below has been adépterthe assessment of the DSRC device definedv-8P
Project - Final Report Volume 2 — Performance hesf2].

9.3.1.2 Assumptions

No special assumptions exist for this test.
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9.3.1.3 Setup
Following is the setup for this test:
» Hardware
o Four (4) devices under test w/ internal or extef®aE receiver
= Each device has GPS antenna
= Each device has communications antenna
= Low loss cable (e.g., LMR200) to connect the deticthe communications antenna
= Other cable to connect to GPS antenna
o Four (4) identical vehicles
= Communications antenna placed at the apex of thieleeroof

= Ifthe GPS antenna is in a housing separate frencdimmunications antenna, place the GPS
antenna on the vehicle roof such that it doesmpetde the forward and rearward
communication path of the communications antenna

» Device Configuration Setup
o Each device configured for transmit and receiveabdipy
o Each device configured for 10 Hz transmit rate
o Each device configured to support logging

*  Environment

o0 An open-road driving route which environmental ataeristics that are representative to the stegisti
of a “typical driver” driving route.

9314 Test Execution
The following steps should be performed for thi:te
1. Stage the vehicles in a platoon configuration asvshin the figure below
2. Power on devices
3. Ensure devices loaded with proper configuration
4. Start the test on the devices and ensure thaewiltels are
a. Transmitting
b. Receiving each of the other devices

c. Logging
Note: Transmission data should be logged as well.

5. Capture and record a full UTC timestamp

a. This will be used as the start time for the teste¢aised for calculating any metrics.
6. Drive the route shown in the example figure belawhie following manner

a. Attempt to drive in a single lane formation

b. Maintain a safe following distance

c. Vary the distances between the vehicles througtheutirive to obtain samples at different range bins
(up to 400m)
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7. When arriving at the end destination, stop the test

8. Transfer log files for analysis
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9.3.1.5

Run this test two times using the setup itemizddvdf executing the test:

Figure 35: Platoon Route

Unigue Tests to be Conducted

1. Four (4) DSRC devices for one test

2. Four (4) C-V2X devices for the other test

9.3.1.6

Required Documentation

Following is the required documentation for thistte

* Plot of PER vs Device-to-Device Range Separation Bi

¢ Plot of IPG vs Device-to-Device Range Separatiam Bi

* Plot of RSSI/RSRP vs Device-to-Device Range Sejoar&in

5GAA P-180092
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9.3.1.7 Evaluation Criteria

Table 45: Platoon Evaluation Criteria

Metric Evaluation Criteria Notes

PER vs Device
Separation Range

To remove positioning
losses from affecting
communication
performance analys
IPG vs Device Comparative Analysis consider removing data
Separation Range where devices were not
transmitting due to
positioning loss.

RSSI/RSRP data should be

Comparative Analysis

174

RSSI for DSRC retained to aid in
and RSRP for C- | N/A determining if a
V2X vs Device Informative Analysis recalibration of the
Separation Range simulation should be
performed
9.3.1.8 Estimated Time to Complete
Table 46: Completion Time
Task Estimated Time Notes
Test setup 2 hours
Test execution 4 hours
Test Analysis 1 day
Total ~ 2 days Per performance drive
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10 Simulation Scenarios

Simulation scenarios will be detailed in a latersi@n of this document.
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Annex A: DSRC OBU Configuration Parameters [5]

Table 47 below provides a list of configuratiomiteidentified to support the requirements. For eaxifiguration
item, the configuration file parameter name, vakrege, default range, and required SW releaseisded. Note that
usage is to provide guidance and additional dé&gailising the configuration items. Where discrepemmay exist
between the configuration item and the requiremtvasreference the configuration item the requarttakes

precedence. [5]

Table 47: Configuration List Parameters for v2vi_OBJ.conf [5]

Configuration Item

Values

Default Value

Units

Usage

SW
Release

OBU Configuration

Items

MaxRemoteVehicles

1to 450

450

N/A

Indicates the maximum
number of remote
vehicles that may be
encountered at any
given time

Baseline

OBUIDFileName

”string”

OBU_ID.conf

string

File containing a
mapping from Ethernet
MAC address to 10
character OBU Identifier

Baseline

PreRecFileName

”string”

PreRefFile

String

File that contains the
pre-recorded file data to
play back

Design Guidance: While
initial pre-recorded files
will be in .csv format
that extension will not
be included. Specific
extensions and paths
should be handled
outside of the
configuration file as
required by each OBU
implementation.

Baseline

Radio Configuration

Items

EnableTxRx

Oto3

3

Enum

0 = Both disabled
1=TXonly enabled

2 =RX only enabled

3 =TX and RX enabled

Baseline

802.11p Configuratio

n ltems

TxPwrLevel_dBm

10to 33

20

dBm

Valid values: 0 to 33 in
increments of 1 dBm

NOTE: The actual power
used and reported
elsewhere should be
bound within the
min/max supported

Baseline
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Configuration Item Values Default Value Units Usage SW
Release
Only supported if
CongestionCntrl ==
(Disabled)
TxDataRate_Mbps 6to 54 12 Mbps Configuration parameter | Baseline
is twice the actual 10
MHz channel rate (i.e.,
12=6Mbps)
Configuration parameter
is the actual 20 MHz
channel rate (i.e.,
12=12Mbps)
Valid values: 6,9, 12, 18,
24, 36, 48, 54
AC_BK_CWminKkVal 1to 10 4 CWmin = (27k) -1 Baseline
(802.11 Default = 4)
AC_BK_CWmaxKVal 1to 10 10 CWmax = (27k) -1 Baseline
802.11 Default =10
AC_BK_AIFSN 2to 15 9 (802.11 Default = 9) Baseline
AC_BE_CWminKVal 1to 10 4 CWmin = (27k) -1 Baseline
(802.11 Default = 4)
AC_BE_CWmaxKVal 1to 10 10 CWmax = (27k) -1 Baseline
(802.11 Default = 10)
AC_BE_AIFSN 2to 15 6 (802.11 Default = 6) Baseline
AC_VI_CWminKVal 1to 10 4 CWmin = (27k) - 1 Baseline
(802.11 Default = 3)
AC_VI_CWmaxKVal 1to 10 10 CWmax = (2”k) -1 Baseline
(802.11 Default = 4)
AC_VI_AIFSN 2to 15 4 (802.11 Default = 3) Baseline
AC_VO_CWminKVal 1to 10 2 CWmin = (27k) -1 Baseline
(802.11 Default = 2)
AC_VO_CWmaxKVal 1to 10 3 CWmax = (27k) - 1 Baseline
(802.11 Default = 3)
AC_VO_AIFSN 2to 15 2 (802.11 Default = 2) Baseline
UP1DropPolicy 1to2 2 Enum If AC_BK TX Queue is full | SW6
1 =Drop Newest
Packet
2 = Drop Oldest Packet
UP3DropPolicy 1to2 2 Enum If AC_BE TX Queue is full | SW6

1 =Drop Newest
Packet

2 = Drop Oldest Packet




105

5GAA P-180092

Configuration Item

Values

Default Value

Units

Usage

SW
Release

UP5DropPolicy

1to2

Enum

If AC_VI TX Queue is full

1 =Drop Newest
Packet

2 = Drop Oldest Packet

SWeé

UP7DropPolicy

1to2

Enum

If AC_VO TX Queue is full

1 =Drop Newest
Packet

2 = Drop Oldest Packet

SWeé

MaxUP1QDepth

1to 100

100

Integer

Max number of
messages to hold in the
AC_BK UP1 queue

SWeé

MaxUP3QDepth

1to 100

100

Integer

Max number of
messages to hold in the
AC_BE UP3 queue

SWe

MaxUP5QDepth

1to 100

Integer

Max number of
messages to hold in the
AC_VI UP5 queue

SWe

MaxUP7QDepth

1to 100

Integer

Max number of
messages to hold in the
AC_VO UP7 queue

SWe

1609.2 Configuration Items

SecurityEnable

Oto2

0

Enum

Enables / Disables the
security functionality

0 =Disabled

1 = Enabled-Self
Generated Certificates
(Same as for Task 3)

2 = Enabled-LCM

Baseline

FailVerGenTime

-2000 to
2000

Time to add to
Generation Time in
security header

Baseline

MessageValidityDuration

0.0to
255.0

Seconds

Duration added to
Generation Time to
determine message
expiry time

Baseline

MessageReplayCheck

Oto1l

Boolean

Enables / Disables
checking to see if a
message is a replayed
one when verifying a
message

0 = False

1=True

Baseline

1609.3 Configuration Items
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BSMRXUnsecurePSID 0x00 to 0x00 N/A PSID that should be used | Baseline
OXEFFFFFF when receiving an
F Unsecure DER encoded

BSM (J2735 2009). PSID
Length: Valid Vals

1:00-7F

2: 8000 - BFFF

3: CO0000 - DFFFFF

4: E0000000 - EFFFFFFF

0x00 to 0x01 N/A PSID that should be used | SW6
OXEFFFFFF when receiving an
F Unsecure PER Unaligned

encoded BSM (J2735
2016). PSID Length:
Valid Vals

1:00-7F

2:8000 - BFFF

3: C00000 - DFFFFF

4: E0O000000 — EFFFFFFF

BSMTXUnsecurePSID 0x00 to 0x00 N/A PSID that should be used | 200 Unit
OXEFFFFFF when transmitting an
F Unsecure DER encoded

BSM (J2735 2009). PSID
Length: Valid Vals

1:00-7F

2: 8000 - BFFF

3: CO0000 - DFFFFF

4: E0000000 - EFFFFFFF

0x00 to 0x01 N/A PSID that should be used | SW6
OXEFFFFFF when transmitting an
F Unsecure PER Unaligned

encoded BSM (J2735
2016). PSID Length:
Valid Vals

1:00-7F

2: 8000 - BFFF

3: C00000 - DFFFFF

4: E0000000 - EFFFFFFF

BSMRXSecurePSID 0x00 to 0x10 N/A PSID that should be used | Baseline
OXEFFFFFF when receiving a Secure
F DER encoded BSM

(J2735 2009). Same valid
values as for
BSMRX/TXUnsecurePSID
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Configuration Item Values Default Value Units Usage SW
Release
BSMRXSecurePSID_PERU_UB 0x00 to 0x11 N/A PSID that should be used | SW6
OXEFFFFFF when receiving a Secure
F PER Unaligned BSM
(J2735 2016). Same valid
values as for
BSMRX/TXUnsecurePSID
_UB
BSMTXSecurePSID 0x00 to 0x10 N/A PSID that should be used | 200 Unit
OXEFFFFFF when transmitting a
F Secure DER encoded
BSM (J2735 2009). Same
valid values as for
BSMRX/TXUnsecurePSID
BSMTXSecurePSID_PERU 0x00 to 0x11 N/A PSID that should be used | SW6
OXEFFFFFF when transmitting a
F Secure PER Unaligned
BSM (J2735 2016). Same
valid values as for
BSMRX/TXUnsecurePSID
BSMUserPriority Oto7 5 N/A 1,2 = AC_BK (Bkgrnd) Baseline
0,3 = AC_BE (Best Effort)
4,5 = AC_VI (Video)
6,7 = AC_VO (Voice)
BSMEventUserPriority Oto7 7 N/A 1,2 = AC_BK (Bkgrnd) Sw7
0,3 = AC_BE (Best Effort)
4,5 = AC_VI (Video)
6,7 = AC_VO (Voice)
1609.4 Configuration ltems
ChannelMode Oto2 0 Enum 0 = Continuous Channel Baseline
1 = Chan Switch
Alternating Forced
2 = Chan Switch
Alternating Conditional
ContinuousChanNum 172 to 172 N/A Channel number to use Baseline -
184 when ‘ChannelMode’ is 10 MHz
set to ‘0’ channels
Even channel number Baseline -
applicable to 10 MHz 175, 181
channels 20 MHz
0dd channel numbers channels
applicable to 20 MHz Baseline -
channels Remaining
20 MHz

channels
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Configuration Item

Values

Default Value

Units

Usage

SW
Release

ForcedSerChanNum

172 to
184

182

N/A

Service channel number
to switch to when
‘ChannelMode’ is set to
Ill

Channel 178 invalid

Even channel number
applicable to 10 MHz
channels

0dd channel numbers
applicable to 20 MHz
channels

Baseline -
10 MHz
channels

Baseline -
175, 181
20 MHz
channels

Baseline -
Remaining
20 MHz
channels

SAE J2735 Configuration ltems

BSMEnabled

Oto1l

1

Boolean

Enables / Disables
support for transmitting
a BSM

0 =False

1=True

Baseline

BSMPartITxInterval_ms

10to
1000

100

BSM Transmit interval
valid in 1 msec.
increments.

Only supported if
CongestionCntrl ==
(Disabled)

Baseline

BSMPart2TxMethod

Oto2

Enum

Controls individual Partll
PH, PP, VehStatus attach
logic

0 =Partll PH, PP,
ExtLights are disabled
regardless of individual
Part Il TX Interval
settings

1=Partll PH, PP,
ExtLights are attached
with each BSM if
individually configured
for greater than Oms TX
Interval

2 =Part Il PH, PP,
ExtLights are attached
with each BSM
according to their
individually configured
TX Interval

Sw4

FirstBSMTxMaxDelay_ms

10to
1000

100

First BSM should be
transmitted at a random
time between startup
and this value
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Supported for
CongestionCntrl == 0 or
1
BSMTxlJitter_ms Oto5 5 ms A random ms time value | SW4
between +/—

BSMTxlJitter_ms added
to the next BSM
transmission timing.

Only supported if
CongestionCntrl ==
(Disabled)

Oto1l 0 Boolean Enables / Disables Baseline
transmitting a BSM if no
GPS position (indicated
by the 3D fix value) is

available

0 = False

1=True
-81.91to 0 meters GPS X antenna offset in Baseline
81.91 meters, defined

according to SAE J2735

81.91 = Unavailable

-2.55to 0 meters GPS Y antenna offset in Baseline
2.55 meters, defined
according to SAE J2735

2.55 = Unavailable

HeadinglLatchSpeed_km/h 0.0to 4 km/h Speed, in km/h, below Baseline
10.0 which the heading will
be latched
HeadingUnlatchSpeed_km/h 0.0to 5 km/h Speed, in km/h, above Baseline
10.0 which heading will be
unlatched
HeadingPersistency Oto1l 1 Boolean Enables / Disables Baseline

persistently storing the
heading at shutdown
and using on startup

0 = False

1=True

PHTxInterval_ms 0 to 2000 100 ms Transmit interval, in ms, | Baseline
for PH Part Il data frame

Must be selected to be a
multiple of
BSMPartITxRate_ms
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Configuration Item Values Default Value Units Usage SW
Release
If equal to zero PH TX is
disabled
PHAllowableError_m 0.0to1.0 | 1.0 meters Allowable error, in Baseline
meters, for selecting
concise points
PHDistance_m 0to 300 200 meters Distance, in meters, for Baseline
PH concise
representation
PHChordLength_m 0to 310 210 meters Distance, in meters, in Baseline
which a Path History
Point shall be added if
one has not been added
through normal
algorithm processing
PHMaxPoints 1to23 15 N/A Max number of path SW7
history points to include
in path history data
frame.
PPTxInterval_ms 0 to 2000 100 ms Transmit interval, in ms, | Baseline
for PP Part Il data frame
Must be selected to be a
multiple of
BSMPartITxRate_ms
If equal to zero PP TX is
disabled
PPMinSpeed_mps Oto2 1 m/s Minimum speed for PP
calculations. Below this
speed, PP will report
straight path (3276.7m)
PPMaximumRadius_m 2000 to 2500 m For any (absolute) radius
3000 above this threshold, the
PP algorithm will report
straight path (3276.7m)
PPPathlsStraight_m 3276.7 3276.7 meters Radius, in meters, for Baseline
considering path to be
straight
PPStationaryConf 0to 100 0 N/A Baseline
PPConfDampFactor Oto2 1 N/A Baseline
PPConfFilterCutoff Hz 0.33to1 1 Hz Baseline
PPConfLookup_0_0_YawRt [(25,0), Same N/A 2D table accepts Baseline
(20,10), filtered/differentiated
(15,20), yaw rate and outputs
PPConflLookup_0_10_YawRt (10,30), confidence (0-100%)
(5,40),
PPConfLookup_1_0_Conf (2.5,50),

(2,60),
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Configuration Item

Values

Default Value

Units

Usage

SW
Release

PPConfLookup_1 10 Conf

(1.5,70),
(1,80),

(0.5,90),
(0,100)]

VehStatusTxInterval_ms

0 to 2000

Transmit interval, in ms,
for Vehicle Status Part I
data frame

Must be selected to be a
multiple of
BSMPartITxRate_ms

If equal to zero
VehStatus TX is disabled

Baseline

ExtLightTxEnable

Oor1l

Boolean

If enabled transmit
Exterior Lights status as
part of Partll data
elements else don't
transmit.

0 =False

1=True

SwW7

ASN1EncodeMethod

Oto1l

Indicates the encoding
method to be used

0 —SAE J2735 2009 DER

1 —SAE J2735 2016 PER
unaligned

BypassSecurityProc

Oto1l

Indicates if appropriate
security processing is
needed

0 = False, perform
security processing
1 =True, by pass
security processing

BypassASNDecode

Oto1l

Indicates if message
decoding is needed or
not.

0 = False, perform ASN.1
decoding

1=True, no decoding

Secur

ity Manager Configu

ration Items

SecurityVerlinterval_S

0to 60

0

seconds

Interval in seconds for
verfying security
credentials

0 = disable message
verification

200 Unit
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Configuration Item

Values

Default Value

Units

Usage

SW
Release

SecurityVerlitter_ms

0 to 1000

100

This is intended to add
some jitter to the verity
interval such that
messages from the same
OBU are not always the
ones verified.

A random ms time value
is to be added to
SecurityVerInterval_S
when starting a timer to
determine when to
verify the next message
received.

Baseline

VerFailMsgParseFlag

Oto1l

Boolean

Indicates if message
processing, parsing, and
logging should continue
if message verification
fails.

0 = False, stop

1 =True, continue

Baseline

CertAutoGenStartup

Oto2

Enum

Determines the
functionality for
certificate generation at
application startup

0 = No Auto Generation

1 = Auto Generationon
first application startup

2 = Auto Generation on
each application startup

Baseline

NumCertsAutoGen

1to 20

10

N/A

Indicates the number of
certificates that should
be auto-generated

Baseline

CertRotateOrRegen

Oto1l

Enum

Indicates if the
certificates should be
rotated or regenerate
when the last certificate
of a certificate pool
becomes invalid due to
the need for a certificate
change

0 = Rotate

1 =Regenerate

Baseline

CertChangeMin_S

0to 300

60

seconds

The minimum time in
which a certificate
should be changed

Baseline
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Configuration Item

Values

Default Value

Units

Usage

SW
Release

CertChangeMax_S

0to 600

120

seconds

The maximum time in
which a certificate
should be changed

Baseline

CertAttachinterval_ms

100 to 1000

100

Interval at which a full
certificate needs to be
attached to a message

Valid values: 100, 200,
300, ...,1000 ms

Baseline

RandMAC

Oto1l

Boolean

Randomize the radio
MAC address with a
certificate change.

0 = False

1=True

Baseline

RandTemporaryID

Oto2

Enum

Randomize the J2735
Temporary ID with a
certificate change.

0 = No randomization.

1 = All bytes
randomized.

2 = Randomize upper
two bytes

Baseline

FixedTemplDVal

Oto2

Enum

0 =0BU ID fixed ID.
1 = Ethernet MAC.
2 = Radio MAC.

RandMsgCount

Oto1l

Boolean

Randomize the J2735
message count with a
certificate change.

0 = False

1=True

Baseline

BootStrap_LCM

Oto1l

Enum

0 = Every startup

1 = One time or when
necessary

CasualMsgRprt

Oto1l

Boolean

Support Casual message
reporting to the CA.

0 = Disabled
1 =Enabled

Security
Integration

CasualRprtMsgCnt

0to 50

N/A

Number of messages
contained in the casual
message report.

Design Guidance:

Security
Integration
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Configuration Item

Values

Default Value

Units

Usage

SW
Release

If the number of
messages is exceeded,
delete the oldest
message from the
report.

When the report is sent
to the CA, the reporting
messages should be
removed from internal
report.

CasualMsgPeriod

0 to 3600

60

Seconds

Interval in seconds for
selecting a random
message to be added to
the causal message
report

Security
Integration

AlrtMsgRprt

Oto1l

Boolean

Support alert message
reporting to the CA.

0 = Disabled
1 =Enabled

Security
Integration

AlrtRprtMsgCnt

0to 50

N/A

Number of messages
contained in the alert
message report.

See CasualRprtMsgCnt
Desing Guidance

Security
Integration

SuspMsgRprt

Oto1l

Boolean

Support suspicious
message reporting to
the CA.

0 = Disabled
1 =Enabled

Security
Integration

SuspRprtMsgCnt

0to 50

N/A

Number of messages
contained in the
suspicious message
report.

See CasualRprtMsgCnt
Desing Guidance

Security
Integration

SuspMsgSpeedThrshid

0to 360

320

km/h

Speed above which will
be considered suspicious
driving behavior leading
to a message being
added to the suspicious
message report.

Security
Integration

Conge

stion Control Configuration Items

CongestionCntrl

Oto1l

1

Boolean

0 = Disabled

SW8

1= Enabled

SW8

J2945/1 Congestion Control Configuration Items
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100 to 100 ms The time window for SW8
1000 which the CBP is

calculated (ms)
1000 to 5000 ms The time window for SwWs8
10000 which the PER is being

evaluated to calculate
channel reliability (ms)

NOTE: This same interval
will be used for
calculating the IPG

1000 to 1000 ms Used to decide the time | SW8
2000 interval by which the
PER window slides (ms)

50to 100 | 100 ms This interval used to Sws8
calculate the
transimission rate
control interval (ms)

0.0to1.0 | 0.5 N/A Weight factor used by SW8
AR-1 model to filter out
the temporal noise.

0to 300 100 m The range of distance SW8
from the HV within
which RVs are
considered for PER
calculations (m)

0.0to1.0 | 0.3 N/A If congestion control SWS8
PER is greater than this
value then set it to

PERMax
50 to 50 ms Local Estimator coasts SW8
1000 HV position if time from

latest GPS update is

greater than

HVLocalPosEstIntMin
and less than
HVLocalPosEstIntMax

(ms)
150 to 150 ms Local Estimator coasts SW8
5000 HV position if time from

latest GPS update is

greater than

HVLocalPosEstIntMin
and less than
HVLocalPosEstIntMax

(ms)
50 to 50 ms HV Remote Estimator SW8
1000 coasts HV position as it

perceives the RVs have
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calculated its position if
time from position
update from the latest
perceived successful
transmission is greater
HVRemotePosEstIntMin
and less than
HVRemotePosEstintMax

(ms)
1000 to 3000 ms HV Remote Estimator SW8
10000 coasts HV position as it

perceives the RVs have
calculated its position if
time from position
update from the latest
perceived successful
transmission is greater
HVRemotePosEstIntMin
and less than
HVRemotePosEstintMax
(ms)

0.0to1.0 | 0.2 m The minimum Sws8
communications-
induced tracking error
threshold (m)

0.0to2.0 | 0.5 m The maximum Sws8
communications-
induced tracking error
threshold (m)

1to 100 75 N/A Error sensitivity used to SW8
calculate transmission
probability.

0.00 to 0.05 N/A Weight factor used by SW8

1.00 AR-1 model to filter out

the temporal noise in
density (used in J2935/1
N(k) calculation)

25t0100 | 25 N/A Density Coefficient (used | SW8
in J2935/1 Max_ITT(k)
calculation)

0to 1000 | 600 ms Maximum time allowed SWS8

between two
consecutive
transmissions in case of
a delay because of high
PER.

0to 100 25 ms Reschedule threshold, SW8
used in transmission
decision (ms)
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The higher threshold for
radiated power (dBm)

10to 20

10

dBm

The lower threshold for
radiated power (dBm)

SW8

0.0to 1.0

0.5

N/A

Stateful Utilization-
based Power Adaptation
(SUPRA) gain used to
calculate Transmission
Power

SW8

0to 100

50

%

Min channel utilization
threshold in percentage.

SW8

0to 100

80

%

Max channel utilization
threshold in percentage.

SW8

Oto5

ms

Random time offset
used in BSM
transmission (ms)

SW8

1to5

N/A

Used to set a max limit
on the number of
consectutive failed
Bernoulli trials for
determining the latest
HV state information at
the RV

SW8

10to 20

15

dBm

The initial value of
radiated power for the
first BSM after startup
(dBm)

SW8

0.5to1l

dB

Transmit power
granularity (dB)

SW8

Oto 20

0.0

dB

The lesser of the right
and left sector
SectorAntGainAvg in dBi
as defined in SAE
12945/1

SW8

Oto 20

Oto2

0.0

dB

Enum

Total cable and
connector losses

0 = Disabled
1 = interoperability
2 = scalability

SW8

Swi

TxLogEnableFlag

Oto1l

Boolean

Support logging of the
TX log data

0 =False

1=True

Baseline
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RxLogEnableFlag Oto1l 0 Boolean Support logging of the Baseline
RX log data

0 = False

1=True

StatsLogEnableFlag Oto1l 0 Boolean Support logging of the Baseline
stats log data

0 =False

1=True

CertLogFileFlag Oto1l 0 Boolean Support logging the full Baseline
certificate and
corresponding
certificate SHA-256 raw
data

0 = False

1=True

Oto5 0 Enum Support logging of the Swi
RX log data

0 = Disabled
1=All_Msg_AIl_RV

2 = All_Msg_Some_RV
3 =Some_Msg_All_RV
4=
Some_Msg_Some_RV
5=
All_Msg_Some_RV_Som
e_Msg_Rest_RV

RXMLogEnableFlag Oto5 0 Enum Support logging of the SwWi
Metrics data per RV

0 = Disabled

1= All_SubW_AIl_RV
2=All_SubW_Some_RV
3 =Some_SubW_AIl_RV
4=
Some_SubW_Some_Rv
5=
All_SubW_Some_RV_So
me_SubW_Rest_RV

Oto1l 1 Boolean Support logging of TX log | SW1
data

0 = False

1=True
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Configuration Item

Values

Default Value

Units

Usage

SW
Release

CCLogEnableFlag

Oto1l

Boolean

Support logging of
Congestion Control (CC)
data

0 = False

1=True

SW8

STELogEnableFlag

Oto1l

Boolean

Support logging of STE
log data

0 = False

1=True

SW1

STEPeriodicLogging

100 to
10000

100

msec

The time window for STE
logging

Swi

RXMPeriodicLogging

1000 t0
10000

1000

msec

The Time window for
RXM logging

LogUnknownRV

0-1

Boolean

Support logging from
unrecognized RVs

0 =false

1 =true

Subset_RXE_Msg_Cntr

1-100

10

The number of received
BSMs since the last
logged BSM the HV has
to count before logging
from the same RV

Subset_RXM_SubW_Cntr

The number of Sub-
windows since last RXM
logging the HV has to
wait before logging from
the RV.

CPU_Util_Intrvl

Oto 10

(%]

The interval over which
the CPU_Util is reported

SW1

GPS Interface Configura

tion Items

GPSCoasting

1

Boolean

Enabling coasting
0 =false

1 =true

For CongestionCntrl ==
0 (Disabled) the CC
local estimator logic
utilizing
vHVLocalPosEstIntMin
and
vHVLocalPosEstIntMax
should be used for the
coasted position
calculation
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The time out for the GPS
update

Enables / Disables
support for the TDF and
configures padding logic

0 = False

1 = True w/ static pad
bytes

2 =True w/ variable pad
bytes

When ‘1’ is selected
‘TDFPadBytes1’ will
always be
attachedincluded in the
TDF.

When ‘2’ is selected
‘TDFPadBytes1’ will be
included in the TDF at
‘TDFPad1Attachint_ms’,
otherwise
‘TDFPadBytes2’ will be
included in the TDF.

Baseline

0 to 1000

160

bytes

Number of padded bytes
in TDF TDFPad1Attachint

SW71

0 to 1000

90

bytes

Number of padded bytes
in TDF

SW7

TDFPad1Attachint_ms

0to 1000

450

ms

Only valid if TDFEnabled

If the last time BSM sent
with TDFPadBytesl
attached is greater then
TDFPad1Attachint_ms
then attach
TDFPadBytesl otherwise
attach TDFPadBytes2.

1 =Live Data
2 =Prerecorded
3 = UDP Source
4 = GPS Only

5 = Hybrid

SW7

Baseline
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Configuration Item

Values

Default Value

Units

Usage

SW
Release

ExtGPSSrcFlag

Oto1l

Boolean

Enable receiving the GPS
data from an external
GPS receiver

0 = For OBUs that
support an internal GPS
receiver use the internal
one. For an OBU that
supports only external
GPS receiver use that
one.

1 = Always use an
external GPS receiver for
the GPS data regardless
or internal / external
GPS receiver support.

Baseline

PreRecFileRepEnable

Oto1l

Boolean

Support the repeat
transmit from a pre-
recorded file.

0 =False

1=True

Baseline

PreRecFileRepDelay_ms

50to
1000

100

Delay in ms between
transmitting the last
record from a pre-
recorded file and the
first record of the pre-
recorded file when
repeat is enabled.

Baseline

wsm_OBU2pc_ip

1’

”string”

192.168.10.11

String

Static IP address of the
test computer

Baseline

wsm_0OBU2pc_port

Oto
65535

4200

Number

UDP port to forward
OTA packets (OBU ->
test computer)

Baseline

wsm_pc20BU_ip

1’

”string”

192.168.10.255

String

Static IP address of the
OBU

Baseline

wsm_pc20BU_port

Oto
65535

4201

Number

UDP port to forward
OTA packets (test
computer -> OBU)

Baseline

UDPStreamingMode

Oto1l

Boolean

0 = Disabled
1 =Enabled

Baseline

UDPStreamingFormat

Oto1l

Enum

This is the format of the
data field of the UDP
message

0 = Raw Format

Baseline
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Configuration Item

Values

Default Value

Units

Usage

SW
Release

1 = Meta Format

Command and Control UDP Packet Configuration Parameters

TxUdpPacket

Oto1l

1

Boolean

This is what the OBU will
read upon boot-up to
enable or disable the
UDP packet transmission

0 = disabled

1 = enabled (only when
test is running)

SW1

TxUdpPacketFreq

1to 30

Seconds

This is the frequency at
which the OBU will
transmit the command
and control OBU status
UDP packet

Swi

TxUdpPacketAddress

String

192.168.48.7

String

This is the IP address to
which the OBUs will
send the UDP packets.

Swi

TxUdpPacketPort

Oto
65535

60100

Number

The port to which the
UDP packets will be sent

SW1

UdpPktRvRange

0 to 2000

2000

Meters

The range at which the
OBU should calculate
certain values for the
UDP packet that rely on
remote OBU data

SW1

RxTxQVal_enum

Oto3

Enum

0 = disabled

1 =Average over
reporting interval

2 = Most recent reading
since last reporting
interval

3 = max reading since
last reporting interval
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