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Smart cities
Smart devices

Technology
Connects the World

INNOVATION IS EVERYWHERE Smart energy
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Our Expectations Are Growing: The Car Industry
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Pace of Innovation is Accelerating

LAST 20+ YEARS
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Innovations Through Multiple Technology Domains

Radar Collision
Avoidance

Electronic Stability
Control Module

Climate Control System

Infotainment/Navigation

Modules (DVD, eCalls, Hands

Free Telephony, GPS)

Anti brake Locking system

Tire Pressure Monitoring system

Emission Control Module
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Hybrid Electric Vehicle
(HEV) / Electric Vehicle (EV)

Power Steering Control
Rear-view camera
Backup sensors

Power Seat Control

Personnel Occupancy
Detection Systems (PODS)
for Air Bag systems

Remote Keyless Entry

Instrument Clusters

Fuel Injection Module
Power Train &
Engine Management
(MiL, SiL, HiL)

Adaptive Lightning Control



Evolution of Sensors in Vehicles

A

Mechanical Designs Assisted Driving
Starting in 1976 Starting in 1997

» Basic electronics
* Mostly mechanical

Electronic safety systems
Integrated electronics
Electric control units
Infotainment

* No connectivity
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Autonomous
Coming Next

« Sensor fusions

< Autonomous processing
 Auto-charging technologies
 Multi-connectivity
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Technology Requirements Keep Advancing

MORE ELECTRONICS, MORE EFFICIENCY, MORE SENSORS

Electronics

 Better diagnostics
* Automotive Ethernet
* |Infotainment
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Batteries

* Longer range
 Higher densities
* More eco-friendly

Connectivity

* More information
- Better safety
- Easier navigation

@

Sensors

» Electro-mechanical
* Driver vision
* More autonomy

v



Emerging More Efficient
Standards Power
Innovators Have More
Dynamic Variables

TO WIN: REIMAGINE

INNOVATION PROCESSES

Highe_r Autonomy
Integration With Safety
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By 2020,

By 2020, Connected car
loT markets will grow to technology will grow to
$470 billion  $1.6 billion
Source: Bain

Source: Frost and Sullivan

By 2026,
the 5G market will grow to

$1.2 trillion

Source: Ericsson

From 2017 to 2023,
The millimeter wave
technology market will grow by

35.2% CAGR

Source: Markets and Markets
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We Are at the Heart
of the Revolution

Accelerating Innovation to
Connect and Secure the World

.
|

WIRELESS ENERGY
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Keysight Connected Car Solutions

» “Over Your Design and Test Lifecycle”

U e 5 o :
: ‘ﬂ. L e Derige o
L s s — Ji— =

l‘ 1
ADS / SystemVue Simulation SW  E7515A UXM Wireless Test Set T4010S Conformance Test System E6640A EXM Wireless Test Set

Architecture /

Design Development Validation

Signal Studio and
Signal Creation Software X-Series Signal Analyzers X-Series Signal Generators X-Series Oscilloscopes
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Test Challenges and Requirement for V2X(DSRC)

KEYSIGHT Keysight Automotive & Energy Overview
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V2X - Enhanced Safety, Enabling Higher Levels of Automation

V2V, V2i, V2P, V2N ...

Technology to enhance driving
experience, prevent accidents and
collisions, assist traffic flow, enable

higher levels of automated driving.

2 wireless technologies are

Trumcsi_gn
currently being proposed - o e
-
Collision avoidance
U DSRC (based on IEEE 802.11p) ¥
B Long-range radar d:};:l;ihle
O C-v2X (based on 3GPP Rel-14 LTE-A Pro) IDAR N
Camera
Short/medium range radar

Ulirasound
V22X

Secure V2X considered necessary for L3/L4 ADAS
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V2X Standards: Global Landscape

United States First pilots and trials
- NHTSA NPRM mandating V2V (C-V2X)
- All new cars with DSRC by 2024 - Europe, China

2010 2018 2019 2020

>>D>> > > D> D>

V2X discussed for. over 15 years already.

Basic Safety ‘Enhanced Safety’ ‘Advanced Safety’
DSRC (802.11p) LTE V2X (3GPP Rel 14) LTE V2X Rel-15+
- Specs available since 2010 (discussions - Specs available only since March 2017 - Next generation cellular technology
on ITS >13 years ago!) - Main advantage:can reuse existing - Eventually will augment LTE V2X
- Proto devices being produced today infrastructure to cover V2I/V2N - Backwards compatible
- Welltested, many trials, Eu/US/Ja support - V2V building on D2D (R12) - Major priority is eMBB though (loT
- Concerns include infrastructure costs and - Designed to be handle newer Use Cases and Automotive will be delayed)
lack of features to support new Use Cases - Concerns over latency and lack of trials,

congestion control
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DSRC

» Top 3 market trends/drivers
» V2X close to mandatory deployment order in US
« DSRC/WAVE/802.11p incumbent & ready standard

 Cellular V2X being counter-proposed by Wireless heavyweights Qualcomm &
Huawei, but standard not fully ready or a match to all Use Case requirements

* List top market challenges
* Roll-out of DSRC RSU infrastructure for V2I use cases

» Design/development of OBUs and RSUs conforming to 802.11p + relevant higher
layer protocols in each region
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Future Trends for Road Vehicle

MIT Senseable City Lab 2016
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Future Trends for Road Vehicle
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Texas Uni ty
Autonomous Intersec tion
Management

2009



E6953A DSRC CoC Certification solution
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E6953A DSRC CoC Certification Test Solution
802.11p, IEEE1609.3,4, 2 Tests Cases supported: J2945/1 Tests in progress

& . — Software

§ 0| ® @ @ @ (4 [ L] (]
o i | » Certification Test Cases in Keysight Test
| | | Automation Platform

Test Case construction

'| Test Case sequencing

Pass/Fall
g & > | i | g & b g | > | A
BE NRRNEEEERRREEEEEEScANSEERSEEEEESER  mEE-- < ARmssAmmEEES  mmsmmmsssmmmEnsesnEess e LTI L LI LLL LR GU'
« Compact PXle hardware Controls Wave Channel Module & VXT
» Keysight VXT : RF measurements + GPS source * Single platform to be expanded for future

« WAVE Channel Module V2X test needs

« CoC Test Cases require only 1 module

: : — Hardware & Software options for
« add modules for multiple simultaneous RF channels P

* full CoC
* RF only

» Keysight PXle Frame, Controller, Freq Ref

 Protocol only
KEYSIGHT
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Keysight E6953A DSRC Certification Solution

Functional diagram

———————————————————————————————————————————————————————————

Keysight Test Automation Platform PXI Chassis

i WAVE Channel Module

802.11p 14 Message i i

IEEE1609.4 8 Dgcggte i - - . i

IEEE1609.3 33 : \

IEEE1609.2 22

Interop 20 i i

SAEJ2945/1 36 /
VXT - Vector Signal Analyzer Igia]

Splitter/
6

& Generator Hoo

TCI DUT Control
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Keysight V2X Test Platform

Keysight ‘TAP’ in C# - create your own ‘Plugins’

DSRC

— Modular hardware
* include/exclude RF test

» Channel scalability
— Raw message data reporting
— Fully functioning real-time ‘OBU’ or ‘RSU’ (configurable)

— Quick turnaround for changes & fixes to software stack
Roadmap Plans

* ITS-G5 cover
» optional 18GHz SA for EN 302 571 5.3.4
+ C-V2X
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TAP

Test Automation Platform

W Keysight Test Aucomation Platferm

Hie Settings Tools Hep
DolsCenfurfiesidts Viewes, Tapian *

Step Settings

g Naws e row DUT  Step Troe Feans
7 CigDoutielmatls 1D Smakt Seg ook Name  Doutdehesuitiuns
| CrfoRamoie: ity Faro Rewht Step Port Coumt 40
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> & A . wetnd | 2 -
Log
0 Eereesy O Wartinge v L) Massages v | [ebig Soarche (ae * Asto Sorall v
152000 K5 TartPlan  "Siasd" started.
$5:2407. %5 TestPlas “SEad” completed with wercict ‘Fadl’. [0 as)
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Keysight V2X Test Platform

Test Automation Platform

Test Cases
— 802.11p
— |IEEE1609.3
— |EEE1609.4
— IEEE1609.2
— J2945/1

Test Plans
« Parameter Sweep Loop

* e.g. Channel, Data Rate
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Keysight Test Automation Platform

File Settings Tools Help

? - o x|

Test Plan Untitied * Step Settings
+ — .. pRun Ml W Repeat - Completed in 2.52 5 VXT VT (TCPIP::127.0.0.1::hislipl::Id
Step Name Verdict Duration Step Type avekienSUmEnt] IWsverTo e
| TP-80211-TXT-PHY-BV-01 (Spectrum Mask) ePass  |JENEESIENNN DSRC \ 802.11p \ TP-80211-TXT-PHY-Bv-01 PV OBY AutoTalks DUT -
| TP-80211-TXT-MAC-BV-01 (Tx MAC Validation) DSRC \ £02.11p \ TP-80211-TXT-MAC-By-0: -+ WSM Configuration
+ | TP-80211-TXT-PHY-BV-01 (Spectrum Mask) (1) DSRC ', 802.11p \ TP-80211-TXT-PHY-BV-01 * RF Limits
+ | TP-80211-TXT-PHY-BV-02 (EVM Frequency Error) DSRC Y 802.11p \ TP-80211-TXT-PHY-BV-02
+ | TP-80211-TXT-PHY-BV-03 (EVM Symbol Clock Error) DSRC Y, 802.11p \ TP-80211-TXT-PHY-BV-03
+ | TP-80211-TXT-PHY-BV-04 (EVM %RMS) DSRC Y 802.11p \ TP-80211-TXT-PHY-BV-04
+ | TP-80211-TXT-PHY-BV-05 (Spectral Flatness) DSRC Y, 802.11p \ TP-80211-TXT-PHY-BV-03
+ | TP-80211-TXT-PHY-BV-06 (EVM Center Frequency Leakage) DSRC Y 802.11p \ TP-80211-TXT-PHY-BV-0€
+ | TP-80211-TXT-PHY-BV-07 (Tx Power) DSRC Y, 802.11p \ TP-80211-TXT-PHY-BV-07
+ | TP-80211-RXT-PHY-BV-01 (Rx Input Sensitivity) DSRC Y, 802.11p \ TP-80211-RXT-PHY-BV-01
Add New Step ?7 %
Q
4 onu
4 1609.3
TP-16093-WSM-COM-BV-01 Addy Add Child
TP-16093-WSM-MST-BV-01 Addy Add Child
| TP-16093-WSM-MST-BV-02 Addy Add Child
Log TP-16093-WSM-PP-BV-01 Addy Add Child
+ Errors 0 « Warmnings 0 + Information 64 Debug 89 TP-16093-WSM-PP-BV-02 Add, Add child + Auto Scroll
©9:57:28.137 TestStep SEM Meas Result Str @ TP-16093-WSM-ROP-BV-01 Add, Add Child D e
@9:57:208.137 TestPlan TP-808211-TXT-PHY-BV-81 (Spectrum Mask) complef)| TP-16093-WSM-ROP-BV-02 Addy Add Child
@9:57:28.137 WavePro Release WavePro instrument TP-16093-WSM-ROP-BV-03 Add, Add child
@9:57:28.137 WavePro Release WavePro instrument 4 802.11p
@9:57:28.137 Summary = = 0 00----------- Summary of run started 18/86/2817 | TP-80211-RXT-MAC-BV-01 (Rx MAC Validation) Add  Add Child
gzzzizgi zz:::: TPSMHTXTPHYWM(Sp“tr”””“k} ______ TP-80211-RXT-PHY-BV-01 (Adjacent Channel Rejection) @ddi Add Child
@9:57:28.137 Summary TestPlan completed successfully in I TP-80211-RXT-PHY-BV-01 (Rx Input Sensitivity) |M Add Child
@9:57:208.159 WavePro Closing WavePro instrument TP-80211-RXT-PHY-BV-02 (non-Adjacent Channel Rejection) Add, Add Child
@9:57:20.159 AutoTalks DUT Resource "AutoTalks DUT" closed. [8 ms] TP-80211-RXT-PHY-BV-04 (Rx Max Power Input) Add, Add child
@9:57:28.159 Log Resource "Log" closed. [@ ms] TP-80211-RXT-PHY-BY-05 (Rx RSSI) Add, Add child
@9:57:28.159 WavePro WavePro instrument - disconnect from PXI False
@9:57:208.159 WavePro Resource "WavePro" closed. [@ ms] 80211P6_6.2.4.1 (TP-80211-RXT-PHY-BV-01) receiver input sensitivity
@9:57:28.165 VXT Respurce "WXT (TCPIP::127.8.8.1::hislipl::INST)
Close
DUTs AutoTalks DUT® interactive DUT® TCIDUTe ITTDUTe® Instruments

—

74




Keysight V2X Test Platform

Test Automation Platform

P Keysight Test Automation Platform ?7 - MO %
EXT REF| RF OFF 10:06:44
File Settings Tools Help enter Freq: 5.860000000 GHz Radio: 1
e 5 [ rig: RF Burst Avg:20.00% of 100  Mask St
Test Plan Untitled Step Settings —— Range: 15 dBm
802 11 TeSt CaS eS + — .. BRun Ml Repeat ~| Completedin 2.52s  VXT VXT (TCPIP::127.0.0.1: :hislip ~
" p . WavePro Instrument WavePro -

Step Name

- RF measurements & ¥] Sweon Loon

| TP-80211-TXT-PHY-BV-01 (Spectrum Mask)

DUT/OBU AutoTalks DUT -
— WSM Configuration

O/ v| TP-80211-TXT-PHY-BV-02 (EVM Frequency Error) Channel Number 172
Timeslot/Mode continuous -
o USI ng VXT hardware Transmit Powar 10 dBm
Data Rate WLM_RATE_27M -
Repeat Rate 100 mS
* Vector Signal Analyzer & Source R
Number of frames 100
Destination MAC Address 00:08:07:06:05:20
. . Receive PSID 7F
— N9077A measurement application
— RF Limits
. . Tx Power Max LSL 0 dBm
» Graphical Vector Signal Analyzer T Power Max USL 2 éam
Evrn RMS Upper Limit -5, -8, -10, -13, -16, -19, -22, -2|
Symbol Clock Error 20 ppm Sp
Q 0 Frequency Error Margin 20000 Hz
i N7617 B Slgnal StUdIO Center Frequency Leak Upper Limit -15 dBm m/ 9 MHz Spectrum Peak Ref
Log
° b A y f A « Errors 0« Warnings 0+ Information 64 Debug 91 Search * . Filter ¥ « Auto Scroll 0 < > _Upper
Ar Itrar Wave Orm Creatlon 89:57:20.137 Summary =~ ----------- Summary of run started 18/@6/2017 @9:57:17 ---------- L teg BW f Freq (Hz) dB ALim(dB
@9:57:20.137 Summary TP-88211-TXT-PHY-BV-21 (Spectrum Mask) 1455 ms Pass 70, 44 18 5.000M k. )
99:57:20.137 SUMMAFY = —----mm oo mmmmm e momemooo—oo--o-----
089:57:20.137 Summary - TestPlan completed successfully in 2.52 5  -------—-
99:57:208.159 WavePro Closing WavePro instrument
99:57:28.159 AutoTalks DUT Resource "AutoTalks DUT" closed. [@ ms]
089:57:208.159 Resource "Log" closed. [@ ms]
89:57:28.159 Wave WavePro instrument - disconnect from PXI False
99:57:208.159 Wave Resource "WavePro" closed. [@ ms]
89:57:28.165 Resource "VXT (TCPIP::127.8.8.1::hislipl::INSTR)" closed. [6 ms]

DUTs AutoTalks DUT® interactive DUT® TCIDUTe ITTDUTe Instruments VXTe WaveProe® Results Loge

PHY layer measurements common from Keysight R&D tools, through Design Verification, Certification to Manufacturing
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Keysight V2X Test Platform

Test Automation Platform

P Keysight Test Automation Platform

File Settings Tools Help

802.11p Test Cases
- RF measurements

Test Plan Untitled *

+ — .. pRun M Repeat = | Completed in 2.52 5

Step Name
@ |v]|Sweep Loop
| TP-80211-TXT-PHY-BV-01 (Spectrum Mask)
O\« | TP-80211-TXT-PHY-BV-02 (EVM Freguency Error)

— Parameter setting

Log

v Errors 0 «+ Warnings 0 Information 64 Debug 91

89:57:208.137 Summary = = = o----------- Summary of run started 18/86/2817 99:57:17

89:57:208.137 Summary TP-80211-TXT-PHY-BV-81 (Spectrum Mask)

@9:57:29.137 SUMMEFY = = -~ m i m oo

89:57:20.137 Summary = = 0 0-------- TestPlan completed successfully in 2.52 s

89:57:28.159 WavePro Closing WavePro instrument

89:57:28.15%9 AutoTalks DUT Resource "AutoTalks DUT™ closed. [@ ms]

89:57:20.159 Log Resource "Log™ closed. [@ ms]

©9:57:28.159 WavePro WavePro instrument - disconnect from PXI False

89:57:208.159 WavePro Resource "WavePro" closed. [@ ms]

©9:57:208.165 VXT Resource "VXT (TCPIP::127.8.8.1::hislipl::INSTR)" closed. [6 ms]
TECHNOLOGIES DUTs AutoTalks DUT® interactive DUT® TCIDUT® ITT DUTe

Step Settings
VXT

. WavePro Instrument
DUT/OBU
— WSM Configuration
Channel Number
Timeslot/Mode
Transmit Power
Data Rate
Repeat Rate
PDU Length
MNumber of frames
Destination MAC Address
Receive PSID
WSM Message Timeout
— RF Limits
Tx Power Max LSL
Tx Power Max USL
Evm RMS Upper Limit
Symbol Clock Error

Freguency Error Margin

Center Frequency Leak Upper Limit

Instruments VXTe® WaveProe

1455 ms Pass

-

VXT (TCPIP::127.0.0.1::
WavePro
AutoTalks DUT

172

continuous

10 dBm
WLM_RATE_27M
100 mS

400

100
00:08:07:06:05:20
7F

10

0 dBm
30 dém

-3, -8, -10, -13, -16, -19, -22, -2!

20 ppm
20000 Hz
-15 dBm

Search ~

Results Loge

hislip

Filter ~ + Auto Scroll
L

m/ 9 MHz

1teg BW
0.0 kH

EXT REF| RF OFF

10:06:44

enter Freq: 5.860000000 GHz

rig: RF Burst
Range: 15 dBm

Lower

ALim(dB)

Avg: 20.00% of 100

Radio: 1
Mask St

Sp

Spectrum Peak Ref

Freq (Hz)
-5.000 M
5 M
B6.015M
-15.00 M

Upper




Keysight V2X Test Platform

P Keysight Test Automation Platform ? M x mKeysight-Slot2-]
| | R [soe aAac | | EXT REF| RF OFF 09:57:21 AM Oct
File Settings Tools Help “enter Freq 5.860000000 GHz enter Freq: 5.860000000 GHz Radio: 11jip 1(
. . 1rig: RF Burst Avg: 64.00% of 100  Mask State: M
Step Settings | ASS ! Range: 15 dBm
4+ — . PRun M Repeat ~ Completed in 2.52 s VXT ZUURAl ———
Step Name Verdict WavePro Instrument | WavePr = .
O v| TP-80211-TXT-PHY-BV-01 (Spactrum Mask) epass  DUT/OBU AutoTa ~ dBidiv
802.11p TeSt Cas eS + WSM Configuration
+ RF Limits
— Test Case Pass/Fall
— Graphical VSA window
Lot enter 5.86 GHz
« Errors 0 + Wamnings 0 «+ Information 64 Debug 89 Search = Filter * « Auto Scroll
89:57:208.137 TestStep SEM Meas Result Str @ <2 .
89:57:28.137 TestPlan TP-88211-TXT-PHY-BV-81 (Spectrum Mask) completed with verdict 'Pass’. l'otal Power 10.87 dBm/ 9 MHz Spectrum Peak Ref
@89:57:208.137 WavePro Release WavePro instrument
@9:57:20.137 WavePro Release WavePro instrument Lower <-Peak = Upper
SESHBHILIEY  SLoERy =s==sessss SNER OF M SErRE TNER/ATLY (GREEE) scsssssss Start Freq Stop Freq  Integ BW dB ALim(dB) Freq (Hz) dB  ALim(dB) Frd
9 Summary TP-88211-TXT-PHY-BV-81 (Spectrum Mask) 1455 ms Pass — — — - — —— - -
g 37 Summary L e U 4 500 MHz 5.000 MHz 100.0 kHz 4450 (-18.50) -5.000 M -3493
g 137 Summary ———————- TaspPranP Msael Wl essfully in 2.52 5 -------- 5.000 MHz 5500 MHz 100.0 kHz -44 50 (-18.50) -5.000M -3493
9 avePro Closing WavePro instrument 5.500 MHz 10.00 MHz 100.0 kHz -41.79 (-8.87) 6.015M i (-8 1Ci}
ag S f“”a“‘s out f”m "f“”ai"s :JT['B““”- (8 ms] 10.00 MHz 1500MHz  1000kHz 6405 (-1447)  -1479M 54. (-14.77)
157:28. og esource "Log" closed. ms] o - R X
@9:57:208.15% WavePro WavePro instrument - disconnect from PXI False 15_[_1[:1 MHz 25L_l_[:l MHz 1[:1[:1.[:1 kHz -— {—} -— {—}
@9:57:28.159 WavePro Resource "WavePro" closed. [@ ms] 216.0 MHz 250.0 MHz 100.0 kHz - (—} - (_}
@9:57:208.165 VAT Resource "VXT (TCPIP::127.8.8.1::hislipl::INSTR)" closed. [6 ms] 216.0 MHz 250.0 MHz 100.0 kHz — (—) — (—)
2160MHz ~ 2500MHz  100.0 kHz — (—) — ()
DUTs AutoTalks DUT® interactive DUT® TCI DUTe ITT DUT Instruments VXT® WavePro
el STATUS
Results Log
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Keysight V2X Test Platform

Test Automation Platform

P Keysight Test Automation Platform ?7 - M
OFF
File Settings Tocols Help 00000 GH=z Radio: 11jip 10MHz
. Avg|Hold:>10/10
Test Plan Untitled * Step Settings gl
+ — .i. PRun Ml Repeat - Completed in 5.57 s VXT VXT (TCPIP::127.0.0. «
Step Name Verdict Duration Step Type WEGS ol 0 B T
L DUT/OBU AutoTalks DUT -
O|«| TP-80211-TXT-PHY-BV-01 (Spectrum Mask) ePass [JEEEER DSRC \ 802.11p / _ :
Seq uence of Test Cases v TP-80211-TXT-PHY-BV-05 (Spectral Flatness) ePass  [JENEZSENNN DSRC \ 802.11p -+ WSM Configuration
Q|| TP-80211-TXT-PHY-BV-06 (EVM Center Frequency Leakage)ePass IEESEER OsRe \ g02.11p |+ RE Limits
Q|+ TP-80211-TXT-PHY-BV-07 (Tx Power) ePass [JBISSIENN DSRC | 802.11p
T Span 15 MHz
+ Errors 0 « Warnings 0 «+ Information 206 Debug 183 Search = Filter ~ + Auto Scroll sweep FFT 1.8 ms
| @9:50:37.284 MavePro Release WavePro instrument <0
il @9:58:37.284 Summary = = = ----------- Summary of run started 18/86/2017 ©9:58:31 ---------- -~ =
89:58:37.284 Summary TP-88211-TXT-PHY-BV-81 (Spectrum Mask) 1472 ms Pass =r SpeCtraI DenSIty
89:58:37.284 Summary TP-808211-TXT-PHY-BV-@85 (Spectral Flatness) 1229 ms Pass
89:58:37.284 Summary TP-808211-TXT-PHY-BV-@6 (EWM Center Fregquency Leakage) 1525 ms Pass
89:58:37.284 Summary TP-88211-TXT-PHY-BV-87 (Tx Power) 384 ms Pass 3-450 dBm !MHZ
@9:58:37.284 Summary = = ss-ee-eseeseseeecceceeeeeeeeeeeeceeeeeeeeeceeeeeeseseeseseese—-eee
09:58:37.284 Summary = 0-------- TestPlan completed successfully im 5.57 5 --------
89:58:37.324 MavePro Closing WavePro instrument
09:58:37.324 Log Resource "Log" closed. [8 ms]
@9:58:37.324 MWavePro WavePro instrument - disconnect from PXI False
89:58:37.324 WavePro Resource "WavePro" closed. [@ ms]
99:58:37.324 AutoTalks DUT  Resource "AutoTalks DUT" closed. [@ ms]
89:58:37.326 WXT Resource "VXT (TCPIP::127.2.8.1::hislipl::INSTR)" closed. [3 ms]
KEYSIGHT DUTs AutoTalks DUT® interactive DUT® TCIDUT® ITT DUTe Instruments VXT® WavePro® Results Loge
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Keysight V2X Test Platform

Test Automation Platform

.4

File Settings

Looped Sequence of Test
Cases

— Test Case Pass/Falil

— Graphical VSA window

Log

+ Errors 0 « Warnings 0

1@:
18:
18:
18:
1@:
18:
18:
18:
18:
18:

KEYSIGHT
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19:
19:
19:
19:
19:
19:
19:
19:
19:
19:

Keysight Test Automation Platform

Tools Help

Test Plan Untitled *

Ml = Repeat -

Step Name
Sweep Loop
TP-80211-TXT-PHY-BV-01 (Spectrum Mask)
TP-80211-TXT-PHY-BW-02 (EVM Frequency Error)
TP-80211-TXT-PHY-BY-03

TP-80211-THT-PHY-BV-05 (Spectral Flatness)

EVM Symbaol Clock Error)

2482:

Verdict

®Pass
o Fail
e Fall

®Pass

TP-80211-TKT-PHY-BV-06 (EVM Center Frequency Leakage)® Pass

(

(

(
TP-80211-TXT-PHY-BV-04 (EVM %RMS)

(

(

(

TP-80211-TXT-PHY-BY-07 (Tx Power)

+ Information 514

28.754 TestStep
28.754 TestStep
28.754 TestStep
28.754 TestStep
28.754 TestStep
208.754 TestPlan
208.754 TestPlan
28.754 AutoTalks DUT
28.755 MyDUT

28.755 AutoTalks DUT

e Fail

Debug 542

Duration S

IS
I o
I -
IO o
IS o
IO o
I
IS o

FreguencyErrorfvgHz 244458,8811, limit 20009:
SymbolClockErrorMaxPpm 44.32211807
SymbolClockErrordvePpm 41.66009461, limit 28:
IQOriginOffsetMaxDb -28.22192628:
IQ0riginOffsetAvgDb -28.67153843, limit -15:
Sweep Loop \ TP-88211-TXT-PHY-BV-@3 (EVM
Sweep Loop \ TP-88211-TXT-PHY-BV-84 (EVM %RMS) started
AutoTalks DUTSet DataRate WLM_RATE_27M bps ID

Agent response 1.3.6.1.4.1.38485.1.1.3.1.1.1: 54
AutoTalks DUT Set Freguency 586@ Hz ID

Step Settings

VXT

WavePro Instrument
DUT/0BU

— WSM Configuration
Channel Number
Timeslot/Mode
Transmit Power

Data Rate

Repeat Rate

PDU Length

Nurmnber of frames
Destination MAC Address
Receive PSID

WSM Message Timeout
+ RF Limits

Search ~

“J

<

Filter ~  Auto Scroll

>

Symbol Clock Error) completed with verdict 'Fail'. [149@ m

L Keysight - Slot 2

Center Freq 5.860000000 GHz

R T | R 500 AC |

EXT REF| RF OFF 10:19:21 AM Oc
enter Freq: 5.860000000 GHz Radio: 11jlp
rig: RF Burst Avg|Burst: 34/100 Mod Fromat:

Range: 15 dBm Guard Intvl:

RMS EVM:
Max
-19.97 dB
Peak EVM:
Max Avg
896 dB dB
Pilot EVM:
Max
1758 dB
Data EVM:
Max
-20.16 dB
Freq Error:
Max Avg
244 5kHz 244 5kHz
Symbol Clock Error:
Max Avg
43.05 ppm 4144 ppm
1Q Origin Offset (CFL):
Max
-20.37 dB
Peak Burst Power:
Max
2120 dBm
Avg Burst Power:
Max
1190 dBm
Time Offset:

Avg
)22 dB

Avg
1838 dB

Avg
2042 dB

I/Q Measured Polar Graph



Keysight V2X Test Platform

Test Automation Platform

. Keysight Test Automation Platform ? - 0O x
ile Settings Tocls Help 7.4
‘est Plan Untitled * Step Settings
F — ke PRun Ml ™ Repeat - Completed in 2.52 5 Sweep Mode Within Run -
Step Name Nertict Duration Step Type Sweep Parameters | WSM Configuration : Data... -
Sweep Values i
I |+| Sweep Loop Flow Control \ Sweep Loop p | Edit Values
S L O[] TP-80211-TXT-PHY-BV-01 (Spectrum Mask) DSRC \ 802.11p \ TP-80211-T) [reration
* e.g. data rate, RF channel Sweep Values x
File
WSM Configuration : Data Rate w  WSM Configuration :

|2 WLM_RATE_9M 172

|3 WLM_RATE_18M 172

V|4 WLM_RATE_27M 172

|5 WLM_RATE_3M 172

+| 6 WLM_RATE_3M 178

S ———————

-og
# Errors 0  « Warnings 0+ Information 64 Debug 92 Search « Filter * « Auto Scroll
19:57:20.137 Summary = = =  =--=====--- Summary of run started 18/06/2817 89:57:17 ---------- LI
¥9:57:208.137 Summary TP-8@211-TXT-PHY-BV-@1 (Spectrum Mask) 1455 ms Pass
I G L I e I e
¥9:57:208.137 Summary = =00 -------- TestPlan completed successfully in 2.52 5 --------
¥9:57:28.159 WavePro Closing WavePro instrument
19:57:208.159 AutoTalks DUT Rescource "AutoTalks DUT™ closed. [@ ms]
¥9:57:28.159 Log Resource "Log" closed. [@ ms]
19:57:20.159 WavePro WavePro instrument - disconnect from PXI False
19:57:20.159 WavePro Resource "WavePro" closed. [@ ms]
19:57:28.165 WXT Resource "VXT (TCPIP::127.2.@.1::hislipl::INSTR)" closed. [6 ms]

KEYSIGHT

QECHROLOCIES WUTs AutoTalks DUT® interactive DUT® TCIDUTe ITTDUTe Instruments VXTe WaveProe Results Loge




E6953A Keysight DSRC CoC Certification Tester

Covers all CoC Test Cases in single , integrated PXI frame

— 802.11p

AV KEYSIGHT MOOIBA  ascs st e o A
PXi A 6 o0 0 o0 o0 o o o |wm 9 © @ o @© o o o

R

— |IEEE1609.3

— |[EEE1609.4

— |IEEE1609.2 TAP
Test Automation Platform
— J2945/1 -
W Keysight Test Aucomatin Platferm -0 X

Hie Settings Tools Hep
DatsGenFurfiesilts View, Tanffan * Step Settiogs

- Pre-Certification and Design Verification solution s — L
- Parameter flexibility to create new ‘TC’s & scenarios + = mlrbn e o b e ——

Loading, congestion, application testing

ITS-G5

C-v2X

KEYSIGHT

TECHNOLOGIES



Test Spec Overview — 1609.2

« Conformance test specifications for Wireless Access in Vehicular Environments (WAVE)

— Security Services Test Suite Structure and Test Purposes (TSS & TP)

Abbreviation
* TP: Test Purpose
« SPDU: Secure Protocol Data Unit

 BSM: Basic Safety Messages
« WSA: WAVE Service Advertisements Messages

* Bl: Behavior Invalid
* BV: Behavior Valid

KEYSIGHT
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Test Configuration (1)

» TC: Test Configuration System

() () * TS: Test System
I g  IUT: Implementation Under Test
4>

e ——-: TS Control Interface

EEEEEEEEEEEE



Initial States

State 1 ] Each TP contains an initial condition.
l [UT is powered off  The IUT is powered up.

« The IUT is not transmitting or receiving

State 2 messages
IUT is in “Initial State” ] e The lUT Is prOViSiOned with the appropriate
security credentials to enable transmission or
T reception of messages. That is, the IUT is
( é h configured with a valid signer credentials
e Pﬁ;;fsj —_— Stote 4 (certificate) as specified in SAE J2945/1 [1]
Conditions/Pre-test ) Test Execution and IEEE 1609.3 [5] Security prOf”eS for BSM
Conditions and WSA.
g J . Y,

Figure 2: State Diagram

KEYSIGHT
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TP Naming convention

Identifier

TP-<root>-<gr>-<sgr>-<x>-<nn>
or
TP-<root>-<gr>-<x>-<nn>
when no <sgr>

<root> = root 16092
<gr= = group SPDUgsm
SPDUwsa
<sgr> =sub- group SEND
RECV
CERTCH
<x> = type of testing BV
Bl

<nn> = sequential number

KEYSIGHT

TECHNOLOGIES

1609.2

Secure Basic Safety Message

Secure Wave Service
Advertisement message

Send Message

Receive Message

Change Certificate

\Valid Behaviour tests

Invalid Syntax or Behaviour Tests

01 to 99

Add New Step

)
b 4

| (2]

4 DSRC
4 1609.2

TP-16092-5PDU-BSM-RECV-BI-01
TP-16092-SPDU-BSM-RECV-BI-02
TP-16092-5PDU-BSM-RECVY-BV-01
TP-16092-5PDU-BSM-RECVY-BV-02
TP-16092-5PDU-BSM-RECVY-BV-03
TP-16092-5PDU-BSM-RECVY-BV-04
TP-16092-5PDU-BSM-RECVY-BV-05
TP-16092-5PDU-BSM-SEND-BY-01
TP-16092-5PDU-BSM-SEND-BY-02
TP-16092-5PDU-BSM-SEND-BY-03
TP-16092-5PDU-BSM-SEND-BY-04
TP-16092-5PDU-BSM-SEND-BY-05
TP-16092-SPDU-BSM-SEND-BY-06
TP-16092-5PDU-WSA-RECV-BI-01
TP-16092-SPDU-WSA-RECV-BY-01
TP-16092-SPDU-WSA-RECV-BY-02
TP-16092-SPDU-WSA-RECV-BYV-03
TP-16092-SPDU-WSA-SEND-BV-01
TP-16092-SPDU-WSA-SEND-BV-02
TP-16092-5PDU-WSA-SEND-BV-03
TP-16092-SPDU-WSA-SEND-BV-04
4 1609.3
TP-16093-1P-CFG-BV-01

Add
add
Add
Add
Add
add
add
add
Add
Add
Add
add
Add
Add
Add
add
add
add
Add
Add
Add

Add

o e e e e e e e e e e e e B

Close




Ex) TP-16092- SPDUBSM-SEND-BV-05

+ Validate that a SPDU BSM containing a certificate digest is signed using a valid digital
sighature computed over entire payload using ecdsaP256Signature type.

Pre-test conditions

e The IUT is being initialized

Test Sequence

Step Type Description Verdict
1 Configure  [The IUT is configured to transmit more than one SPDUsgsm per
second
2 Stimulus The IUT transmits SPDUgsm
3 Verify The IUT transmitted SPDU’sssm contains signer containing digest Pass/Fail

indicating HashedId8
where Hashed|d8 is referenced to pre-loaded certificate on the IUT
and containing verificationkeylndicator (KEY)

a4 Verify SPDUesm Signature contains ecdsaP256Signature indicating rand s  |Pass/Fail
values verifiable using KEY.

18:58:83.142 TestStep OUT transmitted SPDU’sBSM signer digest = HashedIdd
18:58:83.142 TestStep SPDUBSM Signature ecdsaP256Signature = r and s values

KEYSIGHT
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Test Spec Overview — 1609.3

Conformance test specifications for Wireless Access in Vehicular Environments (WAVE)
— Networking Services Test Suite Structure and Test Purposes (TSS & TP)

Document Mnemonics:
« WSM: WAVE Short Messages

KEYSIGHT
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Test Configuration

WAVE 1T
host

« TC: Test Config (1) — sending
receiving WSM

--- TS Control Interface

KEYSIGHT
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» TC: Test Config (2) — IPv6 Host
Communications



Initial States » Test Environment and Test System has reached room
temperature (21 degrees Celsius +/- 5 degrees).

. \ * No external DSRC units within range of IUT, DSRC Packet

State 1

S [N Capture Tool, and DSRC Reference Unit are transmitting outside
of the test setup.

State 2 * The IUT is powered up
IUT is in “Initial State”

. g * Radio interface is initialized but does not transmit or receive
messages over any DSRC channels

State 3

Test Purpose Iniial State 4 » Radio acquired and locked its position based on GNSS

Conditions/Pre-test Test Execution
Conditions

 MAC address is assigned to the DSRC interface

« Unless otherwise stated, the IUT is not transmitting
« Unless otherwise stated, Congestion Control is disabled

« The IUT is provisioned with any required security credentials to
enable transmission or reception of messages over DSRC

* The IUT is running Certification Interface Application

KEYSIGHT
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TP Naming conversion

<root> = root

16093

<gr> = group

WSM

WAVE Short Messages

WSA |[WAVE Service Advertisements
P Internet Protocol
<sgr> =sub- group CFG [Configuration
CHG [Service Change
COM |Communications
MST [|Message Structure
POP [Protocol Operation
PP Packet Processing
ROP |Radio Operation
<x> = type of testing BV Valid Behavior tests
Bl Invalid Syntax or Behavior Tests

<nn> = sequential number

01to 99

KEYSIGHT

TECHNOLOGIES

Add New Step

[a]
4 DSRC

+ 1609.2

4 1609.3
TP-16093-1P-CFG-BV-01 Add
TP-16003-1P-CFG-BV-02 Add
TP-16093-1P-CHG-BV-01 Add
TP-16093-1P-CHG-BV-02 Add
TP-16093-WSA-MST-BV-01 Add
TP-16093-WSA-MST-BV-02 Add
TP-16093-WSA-MST-BV-03 |El
TP-16003-WSA-MST-BV-04-X Add
TP-16093-WSA-MST-BV-05-X Add
TP-16093-WSA-MST-BV-06-X Add
TP-16093-WSA-MST-BV-07-X Add
TP-16093-WSA-MST-BV-08 Add
TP-16093-WSA-PP-BV-01 Add
TP-16003-WSA-PP-BV-02 Add
TP-16093-WSA-PP-BV-03 Add
TP-16093-WSA-PP-BV-04 Add
TP-16093-WSM-COM-BV-01 Add
TP-16093-WSM-COM-BV-02 Add
TP-16093-WSM-COM-BV-03 Add
TP-16093-WSM-COM-BV-04 Add
TP-16093-WSM-COM-BV-05 Add
TP-16093-WSM-MS5T-BV-01 Add
TP-16093-WSM-MS5T-BV-02 Add
TP-16093-WSM-POP-BI-01 Add
TP-16093-WSM-PP-BV-01 Add
TP-16093-WSM-PP-BV-02 Add
TP-16093-WSM-ROP-BV-01 Add
TP-16093-WSM-ROP-BV-02 Add
TP-16093-WSM-ROP-BV-03 Add

+ 1609.4

L MNAL 1



Ex) TP-16093-WSM-ROP-BV-01

* Verify that the IUT will transmit WSM containing valid WSM-N-Header including WAVE Info Element
Extension ‘Channel Number’ and matching the actual channel used by the |UT.

Test Sequence

Step Type Description Verdict

Configure [The IUT is configured to transmit WSM_nExt in Table 7-2 using
channel ‘pChannel’ and include WAVE Element Extension fields
‘Channel Number’.

Stimulus The IUT transmits WSM

Verify The IUT transmitted WSM Pass / Fail
. . . . . . 11:29:48.758 Testst ethSMPHead Subt =@

Verify WSM N-Header contains ‘Subtype/Option Indicator/WSMP Version’ |Pass / Fail S eader() Su _Ype_ .
L, ) ) 11:29:48.758 TestStep pgetWSMPHeader() Option indicator = 1
indicating ‘Ox0B’ (Subtype=0, Opt Ind = 1, Version = 3) )

Veri WSM N-Head s W Info El p S oC p b / Fail 11:29:48.758 TestStep pgetWSMPHeader() WSMP Version = 3

erty N-nea erconta'nsf ave info ement’ contains “Count ass/ral 11:29:48.758 TestStep getWSMPHeader() N Header WAVE Info Element Count = @

matching the number of ‘Wave Info Element”included in the 11:29:48.758 TestStep getWSMPHeader() Channel Number = 172

message (>= 1, cannot be ‘0’)

Verify WSM N-Header contains ‘WAVE Info Element’ containing ‘WAVE Pass / Fail
Element ID’ indicating ‘15’ (Channel Number)

Verify WSM N-Header contains ‘WAVE Elem Length’ indicating ‘1’ Pass / Fail

Verify WSM N-Header contains ‘WAVE Elem’ data indicating the Channel |Pass / Fail

Number value equal to ‘pChannel’

Procedure |Repeat steps 1-8 for other values of ‘pChannel’ listed in Section
4.1.1.1.

KEYSIGHT 39
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Test Spec Overview — 1609.4

Conformance test specifications for Wireless Access in Vehicular Environments (WAVE)

— Multi-channel Operation Test Suite Structure and Test Purposes (TSS & TP)

KEYSIGHT
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Test Configuration

. TC(1)

Ethernet

GPS
Simulator

Wired

PC

Proxy Interface
(Ethernet)

KEYSIGHT

TECHNOLOGIES

DSRC
Test
Generator/
Receiver

Wired

Tester Command Interface link (Ethernet)

DSRC IUT




TP Naming Conversion

<root> = root

16094

<gr=> = group

RXT

Receive

TXT

Transmit

<sgr> =sub- group

MDE

Channel Access Mode

PER

Performance

IP6

|IPv6

BV

Valid Behavior tests

<x> = type of testing

Bl

Invalid Syntax or Behavior Tests

<nn> = sequential number

01 to 99

KEYSIGHT

TECHNOLOGIES

4 1609.4
TP-16094-RXT-MDE-BV-01
TP-16094-RXT-MDE-BV-02
TP-16094-TXT-MDE-BV-01
TP-16094-TXT-MDE-BV-02
TP-16094-TXT-PER-BV-03

Add
Add
Add
Add
Add



Ex) TP-16094-RXT-MDE-BV-01

* Transmit WSMs in continuous channel mode (non-switching) and verify IUT
receives the transmitted messages.

Step Type Description Verdict

1 Configure | IUT to receive WSM messages in continuous channel mode on ‘pChannel’

2 Configure | Test Equipment to transmit WSMs in continuous channel mode on
‘pChannel’ with ‘pDataRate’ at ‘pWSMRepeatRate’.

3 Stimulus | Test Equipment to continuously transmit WSM messages

4 Verify |IUT recetves WSM messages available on ‘pChannel’ at every PASS / FAIL
‘pWSMRepeatRate’.

5 Procedure | Repeat steps 1-4 for each supported value of ‘pDataRate’ in Table 4-2

6 Procedure | Repeat steps 1-5 for each supported value of ‘pChannel’ in Table 4-1

7 Configure | The IUT to initial state

12:31:52.271 TestStep DEMO DUT receives WSM messages on Channel 172 with data rate WLM_RATE_GM at every 28 messages per second TRUE

KEYSIGHT 18th Oct 2017 OmniAir Plugfest
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Test Spec Overview — J2945/1

Conformance test specifications for SAE J2945/1
- On-board System Requirements for V2V Safety Communications
Test Suite Structure and Test Purposes (TSS & TP)

SAE: Society of Automotive Engineers

SCMS: Security Certificate Management System

KEYSIGHT
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Test Configuration

() () () ()
> A > é -
\UT Ground Truth
Tt DSRC Packet ESRC iy Determination
apture Tool
Capture Tool

—_—
] = =5

DSRC Logger Ground Truth
Logger
DSRC Logger

Test Vehicle
TC (2)

TC (1)

KEYSIGHT
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N

DSRC Packet
Capture Tool

IUT DSRC Reference Unit

___ pag

Ground Truth
Ground Truth Logger

Determination
Unit

)

DSRC Logger

Test Vehicle

* TC (3)

KEYSIGHT
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Computer IUT
Interface

Computer uT
Interface

\

SCMS Emulator

()

* TC (4)

* TC (5)



Naming Conversions

h 4 2945.1
<root> = root BSM TP-BSM-ST-BI-19
<gr> = group SV Stationary Vehicle TP-BSM-ST-BV-01-X
MV  Moving Vehicle TP-BSM-ST-BV-03-X
LD |Local Data Ll Rl
<X> = type of testing BV [Valid Behaviour tests TP-BSM-5T-BV-10-X
— . TP-BSM-ST-BV-11
BI  |[Invalid Syntax or Behaviour Tests
S 1 5 011099 TP-BSM-ST-BV-12
<nn> = sequential number to TP-BSM.ST_BV-13

TP-BSM-5T-BV-15
TP-BSM-5T-BV-17-X

BSM: Basic Safety Messages

KEYSIGHT
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TP-BSM-MV-BV-17-X

« Verify certificate is not changed during event conditions unless the certificate expires

Step Type Description Verdict
1 Verity The IUT transmits BSMs with the DE_VehicleEventFlags element |Pass / Fail
not included
Stimulus One critical set of Event Flag from Section 7.6 1s set
3 Verity The IUT transmits BSM containing full security certificate Pass / Fail
4 Verity The certificate of the BSM Transmitted in Step 1 and the BSM Pass / Fail
Transmitted in Step 3 are identical
5 Stimulus The certificate expiration time passes while the Event Flag set
remains persistent
6 Stimulus vCertChangelnterval time passes while the Event Flag set remains N
persistent 13:02:
7 Stimulus The IUT transmits at least one BSM izgz
8 Verity The certificate of Step 6’s BSM and Step 3’s BSM are different Pass / Fail 13,4,
Procedure  [Steps 1 — 7 are repeated for all critical event sets from Section 7.6 13:02:
13:@2:
13:82:
13:02:
13:82:
13:@2:
13:82:
13:02:
({ ]) 13:82:
13:@2:
13:02:
o 13:82:
.' -r-(:: (‘q{) 13:@2:
13:@2:
13:02:
Computer IuT 13:02:
Interface
KEYSIGHT
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47,
47,
47.
47.
48,
48,
48,
48,
48,
48.
48,
48,
48,
48.
48,
48,
48,
48,
48,
48,
48,

822
833
834
834
181
181
181
181
181
353
353
353
353
353
655
655
655
655
655
956
956

TestPlan
TestStep
TestPlan
TestStep
TestStep
TestPlan
TestStep
TestPlan
TestStep
TestStep
TestPlan
TestStep
TestPlan
TestStep
TestStep
TestPlan
TestStep
TestPlan
TestStep
TestStep
TestPlan

Sweep Loop started.

Running child steps with BSM Configuration % Event Flag = ABSactivated

Sweep Loop % TP-BSM-S5T-BV-17-X started.

DSRCStep Base class RUN

Event flag ABSactivated (208@) is set = TRUE

Sweep Loop % TP-BSM-5T-BV-17-X completed with wverdict 'Pass'. [267 ms]
Running child steps with BSM Configuration % Event Flag = TractionControllLoss
Sweep Loop % TP-BSM-ST-BV-17-X started.

DSRCStep Base class RUN

Event flag TractionControllLoss (18@@) is set = TRUE

Sweep Loop % TP-BSM-ST-BV-17-X completed with werdict 'Pass’. [251 ms]
Running child steps with BSM Configuration % Event Flag = StabilityControlActivated
Sweep Loop % TP-BSM-ST-BV-17-X started.

DSRCStep Base class RUN

Event flag StabilityControlActivated (@80@) is set = TRUE

Sweep Loop ' TP-BSM-ST-BV-17-X completed with wverdict 'Pass'. [382 ms]
Running child steps with BSM Configuration % Event Flag = HardBEraking

Sweep Loop % TP-BSM-S5T-BV-17-X started.

DSRCStep Base class RUN

Event flag HardBraking (@@18) is set = TRUE

Sweep Loop ' TP-BSM-ST-BV-17-X completed with wverdict 'Pass'. [382 ms]



Test Spec Overview — 802.11

« Conformance test specifications for Wireless Access in Vehicular Environments (WAVE)
— 802.11 Test Suite Structure and Test Purposes (TSS & TP)

SA: Signal Analyzer

VST: Vector Signal Transceiver

KEYSIGHT
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Test Configuration 1

KEYSIGHT
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SA

RFIN

DSRC

Wired

Control
Ethernet




Test Configuration 2

h A

RF Splitter

AB F—»

DSRC
IuT

SA

RFIN

RF Variable
Test Device that Attenuator
generates DSRC RF > IN Out
traffic
| |
| |
| |
| |
| |
: |
|
|
|
| PC

KEYSIGHT
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Wired

Control
Ethernet




Test Configuration 3

KEYSIGHT

TECHNOLOGIES

RF Combiner
Test Device that generates Fixed A
DSRC RF traffic Atten. / \
' Verify test
I
I device power 1A SUM DSRC
I RFIN [ AB IuT
| - 5
| VST Interfering - B .
I frames I
I .
| RF OUT | !
| ' |
I I I .
I I I I
| | | i
I I | '
| ) A I !
I I I
: - PC e

Wired

Control
Ethernet




Test Configuration 4

Proxy Interface

Test System runnin (Ethernet) DSRC Test _
yon PC | T Generator  |q— > DSRC IUT

/Receiver

i Tester Command Interface link (Ethernet) |

Wired

———————————— Control
_____________ .—.= FEthernet

KEYSIGHT
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Naming Conversion

<root> = root 80211
<gr> = group RXT |[Receive
TXT [Transmit
<sgr> =sub- group MAC [Medium Access Control Layer
PHY |Physical Layer
BV \alid Behavior tests
<x> = type of testing Bl Invalid Syntax or Behavior Tests |81t

<nn> = sequential number

01 to 99

KEYSIGHT
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TP-80211-RAT-MAC-BV-01 (Rx MAC Validation)
TP-80211-R¥T-PHY-BV-01 (Rx Input Sensitivity)
TP-80211-RXT-PHY-BV-02 (Adjacent Channel Rejection)
TP-80211-RXT-PHY-BV-03 (non-Adjacent Channel Rejection)
TP-80211-REXT-PHY-BV-04 (Rx Max Power Input)
TP-80211-RXT-PHY-BV-05 (Rx R55I)
TP-80211-TXT-MAC-BV-01 (Tx MAC Validation)
TP-80211-TXT-PHY-BV-01 (Spectrum Mask)
TP-80211-THT-PHY-BYV-02 (EVM Frequency Error)
TP-80211-TAT-PHY-BV-03 (EVM Symbal Clock Error)
TP-80211-TXT-PHY-BYV-04 (EVM %RMS)
TP-80211-THT-PHY-BV-05 (Spectral Flatness)
TP-80211-TAT-PHY-BV-06 (EVM Center Frequency Leakaage)

TP-80211-TXT-PHY-BVY-07 (Tx Power)
[ W= S




Ex) TP-80211-TXT-PHY-BV-04

* Verify the relative constellation RMS error and transmit modulation accuracy of
IUT is within conformance limit

KEYSIGHT
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3 Verify The Signal Analyzer captures pNumberOfFrames frames, PASS / FAIL
demodulates the signal and computes EVM indicating value not
greater than the values as shown 1n table below.
i Measured Polar Graph
Relative Constellation Error Table Vs Data Rate
Coding | Modulation Date Rate Relative Constellation Error Error Vector
Rate (MBPS) (dB) Magnitude (EVM)
(% RMS)
Y BPSK 3 -5 56.2
% BPSK 4.5 -8 39.8
Z QPSK -10 31.6
Ya QPSK -13 22.3
Y 16-QAM 12 -16 15.8
Ya 16-QAM 18 -19 11.2
% | 64-0AM 24 22 79
%a 64-QAM 27 -25 5.6
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