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1 Test Report Scope and Limitations

1.1 Laboratory Authorization

Test Facility description and attenuation characteristics are on file with the FCC Laboratory, Columbia, Maryland
(FCC Reg. No: US5348 and US5356) and with ISED Canada, Ottawa, ON (File Ref. No: 3161A and 24249). Amber
Helm Development L.C. holds accreditation under NVLAP Lab Code 200129-0.

1.2 Report Retention

For equipment verified to comply with the regulations herein, the manufacturer is obliged to retain this report with
the product records for the life of the product, and no less than ten years. A copy of this Report will remain on file
with this laboratory until December 2029.

1.3 Subcontracted Testing

This report does not contain data produced under subcontract.

1.4 Test Data

This test report contains data included within the laboratories scope of accreditation.

1.5 Limitation of Results

The test results contained in this report relate only to the item(s) tested. Any electrical or mechanical modification
made to the test item subsequent to the test date shall invalidate the data presented in this report. Any electrical
or mechanical modification made to the test item subsequent to this test date shall require reevaluation.

1.6 Copyright

This report shall not be reproduced, except in full, without the written approval of Amber Helm Development L.C.

1.7 Endorsements

This report shall not be used to claim product endorsement by any accrediting, regulatory, or governmental agency.
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1.8 Test Location

The EUT was fully tested by Amber Helm Development L.C., headquartered at 92723 Michigan Hwy-152, Sister
Lakes, Michigan 49047 USA. Table 1 lists all sites employed herein. Specific test sites utilized are also listed in the
test results sections of this report where needed.

Table 1: Test Site List.

Description Location Quality Num.

OATS (3 meter) 3615 E Grand River Rd., Williamston, Michigan 48895 OATSC

1.9 Traceability and Equipment Used

Pertinent test equipment used for measurements at this facility is listed in Table 2. The quality system employed at
Amber Helm Development L.C. has been established to ensure all equipment has a clearly identifiable classification,
calibration expiry date, and that all calibrations are traceable to the SI through NIST, other recognized national
laboratories, accepted fundamental or natural physical constants, ratio type of calibration, or by comparison to
consensus standards.

Table 2: Equipment List.

Description Manufacturer /Model SN Quality Num. Cal/Ver By / Date Due
Spectrum Analyzer R & S / FSV30 101660 RSFSV30001 RS / Apr-2021
Harmonic Mixer Hewlett Packard / 11970U  2332A01153  MIX40TO7001 Keysight / Mar-2022
Harmonic Mixer VDI / SAX 108 A30316 MIX60TO9001 Keysight / On-Use
Harmonic Mixer Hewlett Packard / 11970W  2521A00179  MIX70T011001 Keysight / Mar-2022
Harmonic Mixer Pacific mmWave / GMA 26 MIX110T0O23001 PMP / On-Use
Biconical EMCO / 93110B 9802-3039 BICEMCOO01 Keysight / Aug-2020
Log Periodic Antenna EMCO / 3146 9305-3614 LOGEMCOO01 Keysight / Aug-2020
Quad Ridge Horn Singer / A6100 C35200 HQR1TO18S01 Keysight / Aug-2020
K-Band Horn JEF / NRL Std. 001 HRNKO1 AHD / Jul-2020
Ka-Band Horn JEF / NRL Std. 001 HRNKAO001 AHD / Jul-2020
U-Band Horn Cust. Micro. / HO19R - HRNUO1 Cust.M. / On-Use
E-Band Horn f(l)zgg M./ 26240-25- o500 HRNEOL Flann / On-Use
W-Band Horn Cust. Micro. / HO10R - HRNWO01 Cust.M. / On-Use
D/G-Band Horn Cust. Micro. / HO5R - HRNGO1 Cust.M. / On-Use

Amber Helm Development L.C., 92723 Michigan Hwy-152, Sister Lakes, Michigan 49047 USA
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2 Test Specifications and Procedures

2.1 Test Specification and General Procedures

The goal of Aptiv Services US, LLC is to demonstrate that the Equipment Under Test (EUT) complies with the
Rules and/or Directives below. Detailed in this report are the results of testing the Aptiv Services US, LLC F5TR for
compliance to:

Country/Region Rules or Directive Referenced Section(s)
United States Code of Federal Regulations CFR Title 47, Part 95 Subpart M
Canada ISED Canada ISED RSS-251 version 2

It has been determined that the equipment under test is subject to the rules and directives above at the date of
this testing. In conjunction with these rules and directives, the following specifications and procedures are followed
herein to demonstrate compliance (in whole or in part) with these regulations.

ANSI C63.4:2014 ”Methods of Measurement of Radio-Noise Emissions from Low-Voltage Electri-
o cal and Electronic Equipment in the Range of 9 kHz to 40 GHz”

ANSI C63.10:2013 Amerlcar.l Natlonal.Stz?’ndard of Procedures for Compliance Testing of Unli-
censed Wireless Devices

” American National Standard for Compliance Testing of Transmitters Used in

ANSI €63.26:2015 Licensed Radio Services”

KDB 653005 D01 v01r01 ”Equipment Authorization Guidance for 76-81 GHz Radar Devices ”
TPO0102RA ”AHD Internal Document TP0102 - Radiated Emissions Test Procedure”
TPOL06RC ’Z’LOA}é%ZI;:cernal Document TP0106 - Emissions Measurement Procedures (above
ISED Canada ”The Measurement of Occupied Bandwidth”

Amber Helm Development L.C., 92723 Michigan Hwy-152, Sister Lakes, Michigan 49047 USA Page 6 of 24
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3 Configuration and Identification of the Equipment Under Test

3.1 Description and Declarations

The EUT is an automotive radar. The EUT is approximately 6.5 x 6.5 x 1 cm in dimension, and is depicted in
Figure 1. It is powered by 12.0 VDC vehicle power system. In use, this device is permanently affixed in a motor
vehicle. Table 3 outlines provider declared EUT specifications.

General Declarations

PHOTOS HELD SHORT TERM
CONFIDENTIAL

Figure 1: Photos of EUT.

Table 3: EUT Declarations.

Equipment Type:
Country of Origin:
Nominal Supply:
Oper. Temp Range:
Frequency Range:
Antenna Dimension:
Antenna Type:
Antenna Gain:

Number of Channels:

Channel Spacing:
Alignment Range:

FMCW Radar

Not Declared

12.0 VDC

—40°C to +85°C
76.042 to 76.980 GHz
6cm

integral patch arrays
17 dBi (max)

3

Not Declared

Not Declared

Type of Modulation: FMCW

United States

FCC ID Number: L2CF5TR
Classification: VRD

Canada

IC Number: 3432A-F5TR
Classification: Radar, Vehicular Device

Amber Helm Development L.C., 92723 Michigan Hwy-152, Sister Lakes, Michigan 49047 USA
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3.1.1 EUT Configuration

The EUT is configured for testing as depicted in Figure 2.

EUT
Aptiv Services US, LLC
HVIN: F5TR
FCC ID: L2CF5TR 1.5m
IC: 3432A-F5TR

Laboratory Supply

Figure 2: EUT Test Configuration Diagram.

3.1.2 Modes of Operation

The manufacturer considers the modes of operation of this product to be of a proprietary nature. Please reference
confidential Modes of Operation exhibit for complete details.

3.1.3 Variants

There is only a single variant of the EUT, as tested.

3.1.4 Test Samples

Three samples were provided, each capable of continuous normal mode transmissions and CW modes at low, middle,
and high operating channels.

3.1.5 Functional Exerciser

Normal operating EUT functionality was verified prior to testing by observation of the emissions spectrum.

3.1.6 Modifications Made

There were no modifications made to the EUT by this laboratory.

3.1.7 Production Intent

The EUT appears to be a production ready sample.

3.1.8 Declared Exemptions and Additional Product Notes

The EUT is permanently installed in a transportation vehicle. As such, digital emissions are exempt from US
and Canadian digital emissions regulations (per FCC 15.103(a) and IC correspondence on ICES-003). In the mm-
wave band, narrow pulses arise as the FMCW signal chirps past the receiver tuned frequency. To avoid amplitude
measurement error due to Pulse Desensitization, we measure peak emissions only when the radar is either placed
into CW mode or when the signal Dwells at a single frequency for an extended period of time. In computation
of duty cycle for the FMCW chirp modulation, pulse desensitization can cause the measurement receiver with a
narrow [FBW to report wider than actual pulse widths, and thus greater on-time and lower duty cycle based on the
calculation method. Duty cycle in the FMCW mode is a worst-case computation, applied to a properly measured
peak emission.

Amber Helm Development L.C., 92723 Michigan Hwy-152, Sister Lakes, Michigan 49047 USA Page 8 of 24
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4 Emissions

4.1 General Test Procedures
4.1.1 Radiated Test Setup and Procedures

Radiated electromagnetic emissions from the EUT are first pre-scanned in our screen room. Spectrum and modulation
characteristics of all emissions are recorded. Instrumentation, including spectrum analyzers and other test equipment
as detailed in Section 1.8 are employed. After pre-scan, emission measurements are made on the test site of record.
If the EUT connects to auxiliary equipment and is table or floor standing, the configurations prescribed in relevant
test standards are followed. Alternatively, a layout closest to normal use (as declared by the provider) is employed
if the resulting emissions appear to be worst-case in such a configuration. See Figure 3. All intentionally radiating
elements that are not fixed-mounted in use are placed on the test table lying flat, on their side, and on their end
(3-axes) and the resulting worst case emissions are recorded. If the EUT is fixed-mounted in use, measurements are
made with the device oriented in the manner consistent with installation and then emissions are recorded. If the
EUT exhibits spurious emissions due to internal receiver circuitry, such emissions are measured with an appropriate
carrier signal applied.

Long Interface Cables EUT Power Long Interface Cables

(to A‘UX) ‘ (to EUT) AUX Power
Equipment Under Test Auxiliary
(EUT) I-Short Interface Cables— Equ|pment
(AUX)

Radiated Emissions Table

Figure 3: Radiated Emissions Diagram of the EUT.

For devices with intentional emissions below 30 MHz, a shielded loop antenna and/or E-field and H-Field broad-
band probes are used depending on the regulations. Shielded loops are placed at a 1 meter receive height at the desired
measurement distance. For exposure in this band, the broadband probes employed are 10cm diameter single-axis
shielded transducers and measurements are repeated and summed over three axes.

Emissions between 30 MHz and 1 GHz are measured using calibrated broadband antennas. For both horizontal
and vertical polarizations, the test antenna is raised and lowered from 1 to 4 m in height until a maximum emission
level is detected. The EUT is then rotated through 360° in azimuth until the highest emission is detected. The test
antenna is then raised and lowered one last time from 1 to 4 m and the worst case value is recorded. Emissions
above 1 GHz are characterized using standard gain or broadband ridge-horn antennas on our OATS with a 4 x 5
m rectangle of ECCOSORB absorber covering the OATS ground screen and a 1.5m table height. Care is taken to
ensure that test receiver resolution and video bandwidths meet the regulatory requirements, and that the emission
bandwidth of the EUT is not reduced. Photographs of the test setup employed are depicted in Figure 4.

Where regulations allow for direct measurement of field strength, power values (dBm) measured on the test
receiver / analyzer are converted to dBuV/m at the regulatory distance, using

Eyist =107+ Pr+ Ka— Ko+ Kg —Cp

where Pg is the power recorded on spectrum analyzer, in dBm, K 4 is the test antenna factor in dB/m, K¢ is the
combined pre-amplifier gain and cable loss in dB, K is duty correction factor (when applicable) in dB, and CF is
a distance conversion (employed only if limits are specified at alternate distance) in dB. This field strength value is
then compared with the regulatory limit. If effective isotropic radiated power (EIRP) is computed, it is computed as

EIRP(dBm) = Es,,(dBuV/m) — 95.2.

Amber Helm Development L.C., 92723 Michigan Hwy-152, Sister Lakes, Michigan 49047 USA Page 9of 24
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When presenting data at each frequency, the highest measured emission under all possible EUT orientations (3-axes)
is reported.

Where regulations call for substitution method measurements, the EUT is replaced by a substitution antenna if
field strength measurements indicate the emission is close to the regulatory limit. This antenna is co-polarized with
the test antenna and tuned (when necessary) to the emission frequency, after which the test antenna height is again
optimized. The substitution antenna’s signal level is adjusted such that its emission is equal to the level measured
from the EUT. The signal level applied to the substitution antenna is then recorded. Effective isotropic radiated
power (EIRP) and effective radiated power (ERP) in dBm are formulated from

EIRP = Pp — G4 = ERP + 2.16, (1)

where Pr is the power applied to substitution antenna in dBm, including correction for cable loss, and G 4 is the
substitution antenna gain, in dBi.

When microwave measurements are made at a range different than the regulatory distance or made at close-
range to improve receiver sensitivity, the reading is corrected back to the regulatory distance. This is done using a
20 dB/decade field behavior as dictated by the test procedures. When measurements are made in the near-field, the
near-field /far-field boundary (N/F) is reported. It is computed as

N/F =2D?*/\

where D is the maximum dimension of the transmitter or receive antenna, and A is the wavelength at the mea-
surement frequency. Typically for high frequency measurements the receive antenna is connected to test receiver
/ analyzer through an external mixer. In this case, cable loss, IF amplifier gain, and mixer conversion losses are
corrected for in the data table, or directly in the analyzer.

PHOTOS HELD SHORT TERM
CONFIDENTIAL

Figure 4: Radiated Emissions Test Setup Photograph(s).
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4.1.2 Conducted Emissions Test Setup and Procedures
4.1.3 Power Supply Variation

Tests at extreme supply voltages are made if required by the procedures specified in the test standard, and results
of this testing are detailed in this report.

Amber Helm Development L.C., 92723 Michigan Hwy-152, Sister Lakes, Michigan 49047 USA Page 11 of 24
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4.2 Intentional Emissions

4.2.1 Fundamental Emission Pulsed Operation

The details and results of testing the EUT for pulsed operation are summarized in Table 4. Plots showing the

measurements made to obtain these values are provided in Figure 5.

Table 4: Pulsed Emission Characteristics (Duty Cycle).

Det |F Bandwidth Video Bandwidth Test Date: 1-Nov-19
Pk 28 MHz 28 MHz Test Engineer: Joseph Brunett
EUT Aptiv F5TR
Meas. Distance: im
Pulsed Operation / Duty Cycle
Test Total Cycle] FMCW On- BPSK Ant | Exposure D FMCW |CHIRP . ! . Max On-
Transmit Mode Voltage Frequency® | Ti n(?e, Time Duty® pFa:tor“’ w Period | Bw | DWel/MHz/Chirp® | Chirps/ On-Time® | me/Cycle®
V) (GHz) (ms) (ms) (dB) (dB) (ms) | (MHz) (ms) #) (ms)

LR (FMCW) 12.0 76.500 50.2 14.40 -2.0 -74 0.028 | 175.0 0.00016 514 0.082
MR (FMCW) 12.0 76.500 50.2 14.30 -2.0 -7.5 0.028 | 425.0 0.00007 511 0.034
SR (FMCW) 12.0 76.500 50.1 14.30 -2.0 -7.4 0.033 | 600.0 0.00006 433 0.024

(1) Worst-case frequency selected at center of operating band.
(2) 2x Tx arraysare BPSK driven, resulting in a50% A1 Gain, 50% A2 Gain: 10*LOG10(0.5* 10"(0/10)+0.5* 10°(-6/10)) = -2.0, see Modes Exhibit for Details.

(3) Exposure Duty Correction = 10* Log(Total On-Time/Total Cycle-Time) + BPSK Antenna Duty

(4) Dwell / MHz / Chirp isthe CW time spent in any given 1IMHz window within the channel during asingle chirp = FMCW Period / CHIRP BW, CHIRP BW istaken as the smaller of declared

and measured.

(5) Chirps/ On-Time = FMCW On-Time/ FMCW Period
(6) Max On-Time/ Cycle = Chirps/ On-Time x Dwell / MHz / Chirp

Equipment Used: RSFSV30001, M1X70T0O10001, HRNW01

Amber Helm Development L.C., 92723 Michigan Hwy-152, Sister Lakes, Michigan 49047 USA
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Spectrum | FMCW W/ CHIRP/FM DISABLED - TEST MODE = spectrum A1, A2 ANTENNAS DURING ON-TIME [@]
Ref Level 27.00 depV/m Offset -9.54 dB @ RBW 28 MHz Ref Level 27.00 dBpV/m Offset -9.54 dB @ RBW 28 MHz
Att 5 dB @ SWT 100 ms & VBW 28 MHz Att 5 dB & SWT 15 ms » VBW 28 MHz
SGL TRG:VID TDF FRQ SGL TRG:VID TDF FRQ
@ 1Pk Clrw @ 1Pk Clrw
D3[1] -0.07 dB M1[1] 125.37 dBpv/m|
1130 dBuY g 50.0000 ms|fi130 dBy 0.0000000 5|
T — 3 125.60 dBpv/m| 3 dB)|
I I B i T
110 dByv 110 dBiiv/m
oot TRG 100.000 dBuv/ <o TRG 100.000 dBLV/r
90 de| ‘
ke 70 dBi 50 cewfmt
& i Ayt anal ok o bl b FTRT i i
80 deuy 20 depv r}'}h
70 dBuv/m —
60 dBpy
60 depv
S0 dBpv
50 dBpv
40 dBpv
CF 76.5 GHz 1001 pts 10.0 ms/ || 40 dBuv
Marker CF 76.5 GHz 1001 pts 1.5ms/
Type | Ref | Trc | X-value Y-value |__Function Function Result Marker
M1 1 0.0s | 125.60 dapv/m Type | Ref | Tre | X-value | Y-value | Function | Function Result |
o2 M1 1 14.4 ms -44,30 dB M1 1 0.0s 125,37 dBpv/m
03 M1 1 50.0 ms -0.07 de 02 M1 1 14.355 ms -46.13 dB
(specwum | ANTENNA BPSK BIT STATES DURING ON-TIME [Z]
Ref Level £7.00 depv/m Offset -9.54 dé @ RBW 28 MHz
Att 5dB @ SWT 1ms @ VBW 28 MHz
SGL TRG:VID TDF FRQ
@ 1Pk Clrw
| D2[1] -11.69 dB
130 dBpv M1 -205.000 ps.
1] 5. Buv/m
r L ’_ [83p.000 ps
OB TRG 90.000 dBpv/r
7.000 dBLAV/mT
20 depv/
70 depvy
60 dBpvy
50 dBpvy
40 dBpvy
CF 76.5 GHz 1001 pts 100.0 ps/
Marker
Type | Ref | Tre | X-value | Y-value |__Function | Function Result |
M1 1 830.0 ps | 125.80 dBpV/m ‘ ‘
D2 M1 1 -205.0 ps -11.69 dg
Figure 5(a): Pulsed Emission Characteristics (Duty Cycle).
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Figure 5(b): Pulsed Emission Characteristics (Duty Cycle).

Spectrum LR MODE NORMAL FMCW [ spectrum LR ON-TIME SHOWING CHIRPS / CYCLE T
RefLevel 87.00 dBuv/m  Offset -0.54 dB @ RBW 10 MHz RefLevel 87.00 dBuv/m  Offset -0.54 dB @ RBW 10 MHz
Att Sdb @ SWT 200 ms @ VBW 28 MHz Att 5db @ SWT 15ms @ VBW 28 MHz
SGL TRG:VID TDF FRQ SGL TRG:VID TDF FRQ
@17k Clrw @17k Clrw
D2[1] -47.59 dB| | | D2[1] -42.35 dB
130 dBpv, T 14.600 ms|fl 130 dBy 14.4000 ms|
B M1[1] 123.44 dBpV/m| M1[1] 118.19 dBpv/m|
120 dBu/m 49.800 ms| 00 s|
110 deyl |
= TRG 100.000 dBpv/n
TRG 96.000 dBpv/mi
90 depmy————t
7.000 dBpv/rr 7.000 dBpv/ry T T L v \
80 dBpy t
A — " o m Ltod] . U (| ELECY T
70 depym N
70 dBpy
60 dBpy
60 dBpy
S0 dBpy
S0 dBpy
40 depy
CF 76.41662 GHz 1001 pts 20.0 ms/_J[| #0 9Bnv
Marker CF 76.5 GHz 1001 pts 1.5ms/
Type | Ref | Trc | X-value Y-value |__Function Function Result Marker
M1 1 49.6 ms | 123.44 depV/m Type | Ref | Tre | X-value | Y-value | Function | Function Result |
pz| M1l 1 14.6 ms -47.59 dB M1 1 0.05 | 118.19 dBpVv/m
D3| M1l 1 50.2 ms 0.01 de pel M1 1 14.4 ms -42.35 di
Spectrum LR CHIPR REP RATE (=
Ref Level 87.00 dBpv/m  Offset -0.54 dB @ RBW 28 MHz
Att SdB @ SWT 100 s @ VBW 28 MHz
SGL TRG:VID TDF FRQ
@10k Clrw
| M1[1] 123.48 dBpV/m
130 dBpv T 56.7000 ps.
’ /’,\02[1] 5.91 dB
120 dBpv D2 \ /\ -28.0000 ps
= ’ Y
) /N n
110 B ‘ J b / { ]
100)clBpv + '1 T T T
TRG H‘Jl.ULJ dBpv/r 1 J ‘ \
90 L‘Bu m-—++ 1
J 7.000 dBLv/mr } I I I ! 1
il W
70 depyy U“”
60 dBpvy
50 dBpv/
40 depvf
CF 76.5 GHz 1001 pts 10.0 ps/
Marker
Type | Ref | Tre | X-value | Y-value |__Function | Function Result |
M1 1 56.7 ps | 123.48 dBuv/m
Dz M1 1 -28.0 ps -5.31 di
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Spectrum MR MODE NORMAL FMCW [ spectrum MR ON-TIME SHOWING CHIRPS / CYCLE 2
Ref Level 27.00 depV/m Offset -9.54 dB @ RBW 28 MHz Ref Level 27.00 dBpV/m Offset -9.54 dB @ RBW 28 MHz
Att 5 dB @ SWT 200 ms w VYBW 28 MHz Att 5 dB & SWT 15 ms » VBW 28 MHz
SGL TRG:VID TDF FRQ SGL TRG:VID TDF FRQ
@ 1Pk Clrw @ 1Pk Clrw
D3[1] 0.02 dB | | ‘ | M1[1] 124.75 dBpv/m
130 dBpv, . - 50.200 ms|ll130 dep 0.0000000 5|
| e M1[1] 124.98 dBpY/m 5 db|
120 dBu/m 49.800 ms|ffi,. " 0 ms|
110 dBp |
= TRG 100.000 dBpv/n TRG. 100,000 dBLV/TI
90 depy ——y
st tsines] | o : . J » 57,000 N ;
B0 dew 20 dBpv Lyt
70 depvm
70 dBpv
60 dBpy
60 depv
S0 dBpv
50 dBpv
40 dBpv
CF 76.5 GHz 1001 pts 20.0 ms/_J[| #0 9Bnv
Marker CF 76.5 GHz 1001 pts 1.5ms/
Type | Ref | Trc | X-value Y-value |__Function Function Result Marker
M1 1 49.6 ms | 124,98 depV/m Type | Ref | Tre | X-value | Y-value | Function | Function Result |
o2 M1 1 14,6 ms -43,99 dB ‘ M1 1 0.0s 124,75 dBpv/m
03 M1 1 £0.2 ms 0.02 dB I 02 M1 1 14.325 ms -43.65 dB
Spectrum MR CHIPR REP RATE i
Ref Level 27.00 depv/m Offset -9.54 dé @ RBW 28 MHz
Att 5dB @ SWT 100 s & VBW 28 MHz
SGL TRG:VID TDF FRQ
@17k Clrw
| D2[1] 0.00 dB|
130 dBpv ] — 28.0000 ps
| D2 miar1] 124.76 dBpv/m|
1bo deyiv \ /\ 28.7000 ps|
180 dBuv | II l\ \
B TRG 100.000 dBpV/r ! }
90 dBpv/m | I 1
7.000 dBpv/rr +
o N i T
T PRI Tt et
70 di T T
60 dBp
50 dBp
40 dBp!
CF 76.5 GHz 1001 pts 10.0 ps/
Marker
Type | Ref | Tre | X-value | Y-value |__Function | Function Result |
M1 1 28.7 ps | 124,76 dBpv/m
02 M1 1 28.0 ps 0.00 di
Figure 5(c): Pulsed Emission Characteristics (Duty Cycle).
Amber Helm Development L.C., 92723 Michigan Hwy-152, Sister Lakes, Michigan 49047 USA Page 15 of 24



Date: November 5, 2019

Prepared For: Aptiv Services US

, LLC

Report No.: F5TR-WR1919TX

Spectrum SR MODE NORMAL FMCW [ spectrum SR ON-TIME SHOWING CHIRPS / CYCLE =
Ref Level 27.00 depV/m Offset -9.54 dB @ RBW 28 MHz Ref Level 27.00 dBpV/m Offset -9.54 dB @ RBW 28 MHz
Att 5 dB @ SWT 200 ms w VYBW 28 MHz Att 5 dB & SWT 15 ms » VBW 28 MHz
SGL TRG:VID TDF FRQ SGL TRG:VID TDF FRQ
@ 1Pk Clrw @ 1Pk Clrw
D3[1] 0.31 dB] | ‘ | M1[1] 123.79 dBpv/m
130 depy o 50.143 ms||| 130 dBy 0.0000000 5|
“;;.._ M1[1] 124.07 dBpv/m|lf D2[1] 43.33 dB)|
120 dBu/m 49.857 ms| 0 ms|
110 dBp |
100 dByg =
TRG 96.000 dByV/r RE 100,000 dBUV/m)
90 depy ——y | I
7 W I A
e ! L % bt ) o b ELD‘,?D&EH i >
80 depv 2l ey ”J b,
70 depvm
70 dBpv
60 dBpv
60 depv
S0 dBpv
50 dBpv
40 dBpv
CF 76.5 GHz 1001 pts 20.0 ms/_J[| #0 9Bnv
Marker CF 76.5 GHz 1001 pts 1.5 ms/
Type | Ref | Trc | X-value Y-value |__Function Function Result Marker
M1 1 40,857 ms | 124,07 depv/m Type | Ref | Tre | X-value | Y-value | Function | Function Result |
o2 M1 1 14.572 ms -42.60 dB ‘ M1 1 0.0s 123,79 dBpv/m
03 M1 1 £0.143 ms 0.31 dB I 02 M1 1 14.25 ms -43.33 dB
Spectrum SR CHlPR REP RATE =]
Ref Level 27.00 depv/m Offset -9.54 dé @ RBW 28 MHz
Att 5dB @ SWT 100 s & VBW 28 MHz
SGL TRG:VID TDF FRQ
(@ 1Pk Cirw
| D2[1] 0.14 dB]
130 dBpv — 32.8000 ps|
| R Mi[1] D2 123.88 dBpV/m
50 deyy aa.auuuﬁ
10 dBuv | \ ‘ l f
<o TRG 100,000 dBLV/rT ‘ ‘
;LdBu n | i i
7.000 dBpv/mr
ath e, : vUJI L bl ’ﬁ L |
ol LA N T
70 By — 1 " T
60 dBp
50 dBp
40 dBp!
CF 76.5 GHz 1001 pts 10.0 ps/
Marker
Type | Ref | Tre | X-value | Y-value |__Function | Function Result |
M1 1 33.3ps | 123.88 dBpv/m
02 M1 1 32.8 ps 0.14 dB
Figure 5(d): Pulsed Emission Characteristics (Duty Cycle).
Amber Helm Development L.C., 92723 Michigan Hwy-152, Sister Lakes, Michigan 49047 USA Page 16 of 24



Date: November 5, 2019 Prepared For: Aptiv Services US, LLC

Report No.: F5TR-WR1919TX

4.2.2 Fundamental Emission Bandwidth

Emission bandwidth (EBW) of the EUT is measured with the device placed in the worst case test mode. Radiated
emissions are recorded following the test procedures listed in Section 2.1. The 99% EBW is measured as the max-
held peak-detected signal when the IF bandwidth is greater than or equal to 1% of the receiver span. The results of
EBW testing are summarized in Table 5. Plots showing measurements employed to obtain the emission bandwidth

reported are provided in Figure 6.

Table 5: Intentional Emission Bandwidth.

Det IF Bandwidth Video Bandwidth Test Date: 1-Nov-19
Pk 10 MHz 28 MHz Test Engineer: Joseph Brunett
EUT: Aptiv F5TR
Meas. Distance: 20 cm
Occupied Bandwidth
. Channel | Temperature | Voltage fL* fL Limit fH* fH Limit | 99% OBW Notes/Pass/Fail
Transmit Mode
(C) 2 (MHz) (MHz) (MHz) (MHz) (MHz)
Low 85.0 18.0 76033.5 76000.0 76277.9 77000.0 244.4
Low 85.0 9.0 76033.5 76000.0 76277.9 77000.0 244.4
Low -40.0 18.0 76034.8 76000.0 76279.2 77000.0 244.4
Low -40.0 9.0 76034.8 76000.0 76279.2 77000.0 244.4
LR (FMCW) Mid 20.0 12.0 76409.3 76000.0 76654.0 77000.0 244.7
High 85.0 18.0 76708.1 76000.0 76953.3 77000.0 2452
High 85.0 9.0 76708.1 76000.0 76953.3 77000.0 2452
High -40.0 18.0 76709.4 76000.0 76954.6 77000.0 2452
High -40.0 9.0 76709.4 76000.0 76954.6 77000.0 2452
Low 85.0 18.0 76055.8 76000.0 76642.3 77000.0 586.5
Low 85.0 9.0 76055.8 76000.0 76642.2 77000.0 586.5
Low -40.0 18.0 76057.0 76000.0 76643.5 77000.0 586.5
Low -40.0 9.0 76057.0 76000.0 76643.5 77000.0 586.5
MR (FMCW) Mid 20.0 12.0 76280.9 76000.0 76866.7 77000.0 585.9
High 85.0 18.0 76380.6 76000.0 76967.7 77000.0 587.1
High 85.0 9.0 76380.6 76000.0 76967.6 77000.0 587.1
High -40.0 18.0 76381.9 76000.0 76968.9 77000.0 587.1
High -40.0 9.0 76381.9 76000.0 76968.9 77000.0 587.1
Low 85.0 18.0 76042.4 76000.0 76851.0 77000.0 808.6
Low 85.0 9.0 76042.3 76000.0 76851.0 77000.0 808.6
Low -40.0 18.0 76043.6 76000.0 76852.3 77000.0 808.6
Low -40.0 9.0 76043.6 76000.0 76852.3 77000.0 808.6
SR (FMCW) High 20.0 12.0 76173.3 76000.0 76979.1 77000.0 805.8
High 85.0 18.0 76172.4 76000.0 76978.2 77000.0 805.8
High 85.0 9.0 76172.4 76000.0 76978.2 77000.0 805.8
High -40.0 18.0 76173.6 76000.0 76979.5 77000.0 805.8
High -40.0 9.0 76173.6 76000.0 76979.5 77000.0 805.8
Ly 76042.3 fH,,, 76979.5 OBW, .. 808.6 Pass
* Computed via CW mode frequency shift and nominal OBW measurements.
Equipment Used: RSFSV30001, MIX70TO10001, HRNWO1
Amber Helm Development L.C., 92723 Michigan Hwy-152, Sister Lakes, Michigan 49047 USA Page 17 of 24



Date: November 5, 2019

Prepared For: Aptiv Services US, LLC

Report No.: F5TR-WR1919TX

Figure 6(a):

Intentional Emission Bandwidth.

Spectrum FMCW - LR - LOW CHANNEL = Spectrum FMCW - LR - MID CHANNEL
RefLevel 100.00 d2pV/m  Offset -0.54 d2 @ RBW 5 MHz RefLevel 100.00 d2pv/m  Offset -0.54 d8 @ RBW 5 MHz
20 dB @ SWT 500s @ VBW 28 MHz Mode Auto Sweep 20 db @ SWT 500s @ VBW 28 MHz Mode Auto Sweep
SGL TDF FRQ SGL TDF FRO
@ 1Pk Max @ 1Pk Max
D3a[1] -0.07 dB| D3[1] -0.60 dB|
140 dBuv/m 259.7500 MHzll o oo 260.2700 MHz
Occ Bw 244,351129774 MHz Occ Bw 244.651069786 MHz
130 dBY M1[1] . 124.64 dapv/mlll |0 o .l M1[1] 123.74 dBpv/m
T2 76.0582200 GHz| 1 L 76.4305200 GHz|
120 dbyi 120 dbyi /V’
110 dBUY Ef S 110 dBUY ,é
198-dBv/m 100,000 dB Vil 198-dBY/m 100,000 dBpyv/r
LB ey Wb, o ] s
80 dBp 80 dBp
70 dBpy 70 depy
60 dapy 60 depy
CF 76.155 GHz 5001 pts Span 500.0 MHz ||| CF 76.53 GHz 5001 pts Span 500.0 MHz
Marker Marker
Type | Ref | Trc | X-value Y-value | __Function Function Result Type | Ref | Trc X-value Y-value | __Function Function Result
M1 1 76.05822 GHz | 124,64 depv/m M1 1 76.43052 GHz | 123.74 depv/m
T1 1 76.034424 GHz | 121.29 dBpv/m Occ Bw 244,351129774 MHz T1 1 76.409324 GHz | 120.34 dBpv/m Occ Bw 244.,651069768 MHz
T2 1 76.278775 GHz | 122.75 dBpv/m T2 1 76.653975 GHz | 121,72 dapV/m
pz| M1l 1 -32.39 MHz -20.02 dB pz| M1l 1 -30.99 MHz -20.12 dB
p3| D2| 1 259.75 MHz -0.07 di pz| D2| 1 260.27 MHz -0.60 dB
oo
Spectrum FMCW - LR - HIGH CHANNEL ki
RefLevel 100.00 dgpV/m  Offset -0.54 d2 @ RBW 5 MHz
Att 20 dB @ SWT 500s @ VBW 28 MHz Mode Auto Sweep
SGL TOF FRO
(@ 1Pk Max
D3a[1] -0.51 dB|
140 dBLv/m 260.4600 MHz|
Occ Bw 245.150969806 MHz
130 dBV M1[1] 123.08 dBpV/m|
M1 - 76.7162200 GHz|
el L =
120 dByi +
/
110 dByY, /
['A{
108-dBv/m 100,000 dBpv/m,
P i W
80 dBpv
70 depy
60 depy
CF 76.825 GHz 5001 pts Span 500.0 MHz
Marker
Type | Ref | Trc | X-value Y-value | __Function Function Result
M1 1 76.71622 GHz | 123,03 depv/m
T1 1 76.709023 GHz | 115.28 dBpv/m Occ Bw 245,150969808 MHz
Tz 1 76.954174 GHz | 120,20 dBpV/m
pz| M1| 1 -16.54 MHz -20.06 dB
p3| pz[ 1 260.46 MHz -0.51 dB

Amber Helm Development L.C., 92723 Michigan Hwy-152, Sister Lakes, Michigan 49047 USA
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Date: November 5, 2019 Prepared For: Aptiv Services US, LLC Report No.: FSTR-WR1919TX

Spectrum FMCW - MR - LOW CHANNEL Spectrum FMCW - MR - MID CHANNEL o
Ref Level 87.00 deuv/m Offset -0.54 dB @ RBW 10 MHz Ref Level 87.00 dBuv/m Offset -0.54 dB @ RBW 10 MHz
S5db SWT Sms @ VBW 28 MHz Mode Autn Sweep 5dB SWT Sms @ VBW 28 MHz Mode Auto Sweep
TOF FRQ TOF FRQ
@® 1Pk Max @® 1Pk Max
I M1[1] 126.12 dBpv/m)| I M1[1] 124.91 dBpvV/m
140 dBLY 76.194430 GHz||| 140 dBuv 76.327050 GHz,
s Occ Bw 586.482703459 MHz Occ Bw 585.882823435 MHz
130 dBpv D2[1] T2 -20.23 del|| 130 deu - D2[1] -19.22 dB
T 2 : = E
__—'_-%_——‘“‘—’—\‘—""w -154.890 MHz X -62.150 MHz|
120 dByiv/m 120 dByiv/m f
110 dBuY | 3 e 110 dBpv i
100 dBpv/m //£ i 100 dBpv/m
90 depy M\ 90 depy
7.000 dBpv/m 7,000 dBpw/m
Bah e i
70 dBpy 70 depy
60 dBpv 60 dBpv
S0 dBp 50 dBp
CF 76.35 GHz 5001 pts Span 1.0 GHz ||| CF 76.56 GHz 5001 pts Span 1.0 GHz
Marker Marker
Type | Ref | Trc | X-value Y-value | __Function Function Result Type | Ref | Trc | X-value Y-value | __Function Function Result
M1 1 76.19443 GHz | 126.12 depv/m M1 1 76.32705 GHz | 124,91 depv/m
T1 1 76.056659 GHz | 123.72 dBpv/m Occ Bw 586.482703455 MHz T1 1 76.200856 GHz | 122,61 dBpv/m Occ Bw 585.582823435 MHz
T2 1 76.643141 GHz | 123.89 dBpv/m T2 1 76.866739 GHz | 122.64 dBpv/m
pz| M1l 1 -154.89 MHz -20.23 dB pz| M1l 1 -62.15 MHz -19.22 dB
p3| D2| 1 614.69 MHz -0.44 dB pz| D2| 1 612.77 MHz -0.36 dB

specrum | FMCW - MR - HIGH CHANNEL (=)

Ref Level 27.00 dBpv/m  Offset -0.54 dB & RBW 10 MHz

SWT Sms @ VBW 28 MHz Mode Auto Sweep
TOF FRQ
@ 1Pk Max
T D3[1] -0.20 dB
140 cBuV/m 614.680 MHz|
| Occ Bw 587.082583483 MHz
130 dBuv/ ‘ =n T M1[1] o 123.95 dBpv/m
N . e = 76.623210 GHz
120 dBuv 'Hi E—— \
110 dBuv/ .
| L]‘Z—‘ op
Y
100 dBuv/m

90 dey /
7.000 dBpy/mr
AP, B P

70 dBpv

60 dBp!

50 dBp

CF 76.68 GHz 5001 pts Span 1.0 GHz

Marker

Type | Ref | Trc X-value Y-value Function Function Result |
M1 1 76.62321 GHz | 123.55 deuv/m
T1 1 76.38146 GHz | 121,95 dBuv/m Occ Bw 587.082583483 MHz
T2 1 76.988542 GHz | 121,56 dBuv/m
D2 M1l 1 -268,55 MHz -20.09 de
D3 02| 1 614,68 MHz -0.20 de

Figure 6(b): Intentional Emission Bandwidth.
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Prepared For: Aptiv Services US, LLC

Report No.: F5TR-WR1919TX

Spectrum FMCW - SR - LOW CHANNEL = Spectrum FMCW - SR - HIGH CHANNEL k2
Ref Level 100.00 dgpv/m  Offset -0.54 08 @ RBW 10 MHz Ref Level 100.00 dgpv/m  Offset -0.54 08 @ RBW 10 MHz
Att 20de SWT Sms @ VBW 28 MHz  Mode suto Swesp Att 20de  SWT Sms @ VBW 28 MHz  Mode suto Swesp
TOF FRQ TOF FRQ
@ 1Pk Max @ 1Pk Max
Da[1] -0.80 dp| Da[1] 1.03dB
838.630 MHz 839.000 MHz
140 dBLv/m Oce Bw 508.638272346 MH|[| -7 P/ Oce Bw 805.838832234 MHz
m1[1] 124.72 dBpv/m) 11 M1[1] 126.35 dBpv/m)
130 dB 130 dB
H i}i 76.047250 GHz| A 76.702240 GHz|
120 dBpv ‘..{’ ""‘“"""\ 120 dBpv ].. ws“
110 dBy ﬁ f 110 uapf | .}
198-dBrym 100,000 depy/m +36-dBplm 100,000 depv/m
80 dBp 80 dBp
70 dBpv 70 depy
60 dBp 60 dBpy
CF 76.43377028 GHz 5001 pts Span 1.0 GHz || CF 76.57377028 GHz 5001 pts Span 1.0 GHz
Marker Marker
Type | Ref | Trc | X-value Y-value | __Function Function Result Type | Ref | Trc X-value Y-value | __Function Function Result
M1 1 76.04725 GHz | 124,72 dBpv/m M1 1 76.20224 GHz | 126,35 dBpv/m
T1 1 76.043246 GHz | 122,561 dBypV/m Occ B 508.630272346 MHz T1 1 76.17325 GHz | 123.91 dBuv/m Occ B 505.836832234 MHz
T2 1 76.851887 GHz | 121,37 dBpv/m T2 1 76.970083 GHz | 122,43 dBpv/m
p2| M1 1 -20.0 MHz -18.36 dB p2| M1 1 -46.30 MHz -20.27 dB
o3| bzl 1 838.63 MHz -0.59 dB o3| pz| 1 839.0 MHz 1.03 dB

Figure 6(c): Intentional Emission Bandwidth.
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Report No.: F5TR-WR1919TX

4.2.3 Fundamental Emission

Following the test procedures listed in Section 2.1, radiated emissions measurements are made on the EUT for both
Horizontal and Vertical polarized fields. Table 6 details the results of these measurements.

Table 6: Fundamental Radiated Emissions.

Frequency Range Det |F Bandwidth Video Bandwidth Test Date: 1-Nov-19
25 MHz < f< 1 000 MHz Pk/QPk 120 kHz 300 kHz Test Engineer: Joseph Brunett
f>1000 MHz Pk 1MHz 3MHz EUT: Aptiv F5TR
f> 1000 MHz Avg (RMS) 1MHz 3MHz Mode: CW, MAX ANT GAIN (A1)
Meas. Distance: SeeTable.
Env. Frequency Band Antenna/ Cable Range Correction® E3-Field EIRP/MHz ® EIRP/MHz Limit
Temp.| Volt. Start Stop Ant Pol. Dim.® Ka Kg MR| DR | N/F| CF| Pk | Avg Pk ‘ Avg Pk Avg | PassBy

#|(C) (V) MHz MHz QN HIV cm dB/m dB m| m m | dB dBuV/m dBm/MHz dBm/MHz dB Comments

1| 20 12.0 76005.0 | 76005.0 | HRNWO1 HIV 5.0 45.3 41.7 30| 30 | 1.3 ]0.0 |1232 28.0 55.0 50.0 22.0 |max al orientations, CW mode

2| 2 12.0 76500.0 | 76500.0 | HRNWO1 HIV 5.0 45.3 41.7 30| 30 | 1.3 |00 |1228 27.6 55.0 50.0 22.4 |max all orientations, CW mode

3| 20 12.0 76970.0 | 76970.0 | HRNWO1 HIV 5.0 45.3 41.5 30| 30 | 13|00 |1217 26.5 55.0 50.0 23.5 |max all orientations, CW mode

4

Mode | Decl. Freq | Temp. | E3-Field| Freq. Meas. | FregError | Volt. | E3-Fied | Freq. Meas. | Freg Error

# (MH2) (C) |dBuw/m| (MH2) ppm ) dBuv/m (MHz) ppm
[ 5] 85 122.8 | 76.50080 -10.5 18.0 122.8 76.50166 -21.7
[ 6] 80 122.7 | 76.50091 -11.9 12.0 122.8 76.50168 -22.0
L 7] 70 122.8 | 76.50099 -12.9 9.0 122.8 76.50168 -22.0
[ 8] 60 122.8 | 76.50112 -14.6
[ 9] 50 122.7 | 76.50145 -19.0
[10] 40 122.8 | 76.50153 -20.0
[11] cw | 76.50000 30 122.8 | 76.50168 -22.0
[12] 20 122.8 | 76.50168 -22.0
[13] 10 122.7 | 76.50171 -22.4
[14] .0 122.6 | 76.50177 -23.1
[15] -10 1225 76.50180 -235
[16 ] -20 122.4 76.50189 -24.7
[17] -30 122.3 | 76.50199 -26.0

18 -40 122.2 | 76.50207 -27.1

(1) Avg. is computed from the highest measured Peak via the worst-case Spread Duty Cycle detailed in the Duty Cycle section of this test report.

(2) CFis computed assuming a 20 dB/decade Field Decay Rate. DR is Regulatory Range Distance. MR is Measurement Distance. N/F is near-far boundary.

(3) EIRP is computed from field strength at 3 meter distance.

(4) Dimension of antennaiis taken to be the larger of the test antenna and the EUT antenna; EUT antennais 6cm in dimension.

Equipment Used: RSFSV30001, MIX70T010001, HRNWO1
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4.3 Unintentional Emissions
4.3.1 Transmit Chain Spurious Emissions

The results for the measurement of transmit chain spurious emissions at the nominal voltage and temperature are
provided in Table 7.

Table 7(a): Transmit Chain Spurious Emissions.

Frequency Range Det |F Bandwidth Video Bandwidth Test Date: 11/03/19
25 MHz < f < 1000 MHz Pk/IQPk 120 kHz 300 kHz Test Engineer. Joseph Brunett
f>1000MHz Pk 1MHz 3MHz EUT: Aptiv F5STR
> 1000 MHz Avg (RMS) 1MHz 3MHz Mode: LR (FMCW) + CW
Meas. Distance: See Table.
FREQ <40 GHZ
Env. Frequency Band ‘Antenna + Cable™** Range Correction E-Field @DR E-Field Limit
Temp.| Volt. | Start Stop Quality Pol. | Dim.| Ka | Kg | MR|DR|N/F| CF | Pk |  Qpk P | ok Pass By
#|(C)| V)| MHz | MHz Number HV | cm [dB/m| dB | m | m | m | dB dBuV/m dBuv/m dB Comments
1| 16 |134| 300 88.0 BICEMCOO1 |H/NV | 220|169 | 00 | 30 |30|00)| 00| 368 274 40.0 126 |LMH Channels (max all), background
2| 16 |134| 880 216.0 BICEMCOO1 |H/NV|220]169| 00 | 30 |30/01)00] 329 321 435 114  |LMH Channels (max all), background
3| 16 | 134 2160 1000.0 | LOGEMCOO01 |H/V|220]20.1| 0.0 | 30 |30|03]| 0.0 | 373 336 46.0 124 |LMH Channels (max all), background
Env. Frequency Band Antenna + Cable*** Range Correction* E-Feld @ DR E-Field Limit
Temp. | Volt. | Start Stop Quality Pol. |Dim.| Ka | Kg | MR|DR|N/F| CF | Pk ‘ Avg Pk Avg Pass By
#|(C) | (V) MHz MHz Number H/V | cm |dB/m| dB m | m|m|dB dBuv/m dBuV/m dB Comments
4| 16 | 134 10000 | 60000 | HQRITO18S01 |H/V | 220|241 | -13 | 30 |[30[19| 00| 487 411 74.0 54.0 129  |LMH Channels (max all), background
5 16 | 134 | 6000.0 | 18000.0 | HQR1TO18S01 |H/V | 150 | 350 | -25 | 30 |3.0| 27| 0.0 | 551 433 74.0 54.0 10.7 _ |LMH Channels (max all), background
6| 16 | 134 | 18000.0 | 26500.0 HRNK001 H/NV| 102|337 | 00 | 30 (30|18 00| 519 410 74.0 54.0 130 [LMH Chamels (max all), noise
7 16 | 13.4 | 26500.0 | 40000.0 HRNKAOL HNV| 92 | 37.2| 360 | 0.6 |30 23 |-140| 632 46.2 74.0 54.0 78 LMH Channels (max all), noise
FREQ >= 40 GHZ
Env. Frequency Band Antenna + Cable*** Range Correction* E-Field @ DR EIRP** EIRPISED Limit*** S@DR**** SFCC Limit @ DR****
Temp. | Volt. | Start Stop Quality Pol. | Dim. | Ka | Kg | MR|DR|N/F| CF| Pk | Avg/RMS| Pk ‘RMS Pk RMS Pk Avg Pk Avg Pass By
#|(C)| M) GHz GHz Number HNV | cm |dB/m| dB m|m|m|d8 dBuv/m dBm dBm/MHz dBm/cm2 dBm/cm2 dB Comments
8| 16 |134| 400 700 HRNU0O1 H/NV| 63 [391| 00 [030]30]19-200] 598 48.7 -35.4|-46.5 -30.0 -95.9 -107.0 -62.2 165 |LMH Channels (max all)
9| 20 |134| 700 735 HRNWO0O01 H/V| 6.0 | 40.1| 0.0 [0.30]3.0] 18 |-200 632 53.0 -32.0(-42.2 -30.0 LRs -102.7 -62.2 122 |LMH Channels (max all)
10| 20 [134| 735 76.0 HRNWO0O01 H/V| 60 | 453 | 00 [030]30]18|-200] 763 59.1 -189(-36.1 0.0 -79.4 -96.7 -62.2 345 |LowCH (low band edge)
11| 20 |134| 735 76.0 HRNWOO01 H/V| 6.0 | 453 | 0.0 [0.30]30| 18 |-200] 66.7 51.2 -28.5/-44.0 0.0 -89.0 -104.5 -62.2 42.3  |MidCH (low band edge)
12| 20 |134| 735 76.0 HRNWO001 H/V| 6.0 | 453 | 00 [030]30]18|-200] 644 50.5 -30.8|-44.7 0.0 -913 -105.2 -62.2 430 |HighCH (low band edge)
13| 20 | 134 | 810 1100 HRNWO0O01 H/V| 6.0 | 464 | 0.0 |0.30]30| 26 |-200] 656 514 -29.6|-43.8 -30.0 -90.1 -104.3 -62.2 138 |LowCH (high band edge)
14| 20 | 134 810 110.0 HRNWO001 H/V| 6.0 | 464 | 0.0 |0.30]|30 | 2.6 |-200| 650 511 -30.2|-44.1 -30.0 -90.7 -104.6 -62.2 141 |MidCH (high band edge)
15| 20 [134| 810 1100 HRNWO001 H/V| 60 | 464 | 00 [030]30] 26 |-200] 753 517 -19.9(-435 -30.0 -80.4 -104.1 -62.2 135  |HighCH (high band edge)
16| 20 | 134 | 1100 140.0 HRNGO001 H/V| 6.0 | 540 | 00 |0.15|30| 34 |-260 720 59.8 -232|-354 -30.0 -83.7 -95.9 -62.2 54 LMH Channels (max all)
17| 20 | 134 | 1400 200.0 HRNGO001 H/V| 60 | 540 | 00 [015]30 |48 |-260| 726 60.9 -226(-34.3 -30.0 -83.1 -948 -62.2 43 |LMH Chamnels (max all)
18| 20 | 134 | 200.0 2310 HRNGO001 H/V| 6.0 | 540 | 0.0 |0.15|30 |55 |-260 90.0 779 52 |-17.3 -65.7 -77.8 -60.0 17.3  |LMH Channels (max all)
19

* CFis computed assuming a 20 dB/decade Decay Rate. DR is Regulatory Range Distance. MR is Measurement Distance, reduced as necessary to achieve Rx. sensitivity.
** EIRPis computed from field strength at 3 meter distanceina1 MHz RBW / 3 MHz VBW.

*** Dimension of antennais taken to be larger of the test antenna and the DUT antenna; DUT antennais 6¢cm in dimension.

**** S @ DR: 600 pW/cm2 = -62.2 dBm/cm2, 1000 pW/cm2 = -60 dBm/cm2, FCC Regulatory Limit; ISED Regulatory Limit EIRP/ MHz

Spacial Power Density S @ 3m (dBm/cm”2) = EIRP (dBm) — 10*log10(4*pi*((300cm)"2)) = EIRP (dBm) - 60.5 dB

Equipment Used: RSFSV30001
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Table 7(b): Transmit Chain Spurious Emissions.

Frequency Range Det IFBandwidth  Video Bandwidth Test Date: 11/03/19
25 MHz < f <1000 MHz PKIQPK 120 kHz 300 kHz Test Engineer: Joseph Brunett
f>1000MHz P 1MHz 3MHz EUT: Aptiv F5TR
> 1000 MHz Avg (RMS) 1MHz 3MHz Mode: MR (FMCW) + CW
M eas. Distance: SeeTable.
FREQ < 40 GHZ
Env. Frequency Band Antenna + Cable*** Range Correctior* E-Field @ DR E-Field Limit
Temp.|Volt. | Stat | Stop Quality Pol.| Dim.| Ka | Kg | MR|DR|N/F| CF | Pk |  Qpk Pk | Qpk |PassBy
#](c)| V)| MHz | MHz Number  |HNV| em |dB/im| @B | m | m| m | dB dBuv/m dBuv/m dB Comments
1] 16 [134] 300 | 880 | BICEMCOOL |HNV[220]169] 0.0 | 30 [30[00] 00 368 | 274 40.0 126 _|LMHC al),
2] 16 [134] 880 | 2160 | BICEMCOOL |HNV[220]169]| 0.0 [ 30 [30[01] 00320 | 321 435 114 |LMHC al),
3] 16 [134] 2160 | 10000 | LOGEMCOOL [HV[220[201] 00 |30 [30[03[00[373| 336 460 124 |LMHC all),
Env. Frequency Band Antena + Cable** Range Correction* E-Field @ DR E-Field Limit
Temp. | Volt. | Start Stop Quality Pol. |Dim.| Ka | Kg | MR|DR|N/F| CF| Pk ‘ Avg Pk ‘ Avg Pass By
#|(C)| (V) MHz MHz Number H/V| cm |dB/m| dB m | m| m|dB dBuV/m dBuV/m dB Comments
4] 16 | 134 10000 | 6000.0 | HQRITO18S01 [H/V | 220 24.1] -13 [ 30 [30[19[ 00 [ 487 [ 411 74.0 54.0 129 |LMH Chamels (max all)
5| 16 134 6000.0 | 18000.0 | HQRITO18SOL [H/V [ 150|350 | -25 | 30 [30[27][ 00 551 | 433 740 54.0 107_|LMH Chamels (max all),
6| 16 [ 134180000 | 265000 | HRNK0OL |HNV[ 102|337 00 | 30 [30[18] 00 519 | 410 74.0 54.0 130 _|LMH Chamels (max all), noise
7] 16 [ 134265000 | 400000 | HRNKAOL [HNV [ 92 [37.2] 360 | 06 |30[23][-140] 632 | 462 74.0 54.0 7.8 _|LMH Chamels (max all), noise
FREQ >= 40 GHZ
Env. Frequency Band Antema + Cable ™ Range Correction* EFed@DR | EIRP* | EIRPISED Limit** S@DR'*** | SFCC Limit @ DR****
Temp.| Volt.| Start | Stop Quality Pol.| Dim.| Ka | Kg | MR|DR|N/F| CF | Pk |Avg/RMS| Px [RMS| Pk | RMS | Avg Pk | A |PassBy
#](c)| v | eHz | GHz Number  |HNV| em |dB/im| @B | m | m| m | dB dBuv/m dBm dBm/MHz dBm/om2 dBmvem2 dB Comments
8] 16 [134] 400 | 700 HRNUOOL [HV [ 63 [391] 00 [030]30]19[-200 601 | 504 [-351]-448 300 | -956 | -1053 622 148 |LMH Chamels (max all)
9] 20 [134] 700 | 735 HRNWOOL | H/V| 60 [40.1] 00 [030[30]|18]200] 632 | 530 |-320[-422 300 | 925 | -1027 622 122 _|LMH Chamels (max all)
10] 20 [134] 735 | 760 HRNWOOL | HNV| 60 [ 453 [ 00 [030[30]18[200] 709 | 509 |[-233[-443 00 838 | -1048 622 426 |LowCH (low band edge)
1] 20 [134] 735 | 760 HRNWOOL | HV | 60 [ 453 ] 00 [030[30] 1.8]200] 661 | 507 |[-29.1[-445 00 896 | -1050 622 428 _|MidCH (low band edge)
12] 20 [134] 735 | 760 HRNWOOL | H/V| 60 [ 453 ] 00 [030][30]1.8]-200] 653 | 505 |-29.9[-447 00 004 | -1052 622 430 _|HighCH (low band edge)
13] 20 [134] 810 [ 1100 | HRNWOOL |HNV| 60 [ 464 [ 00 [030[30]26[-200] 670 | 514 |-282[-438 300 | -887 | -1043 622 138 _|LowCH (high band edge)
14] 20 [134] 810 | 1100 | HRNWooL |HN| 60 [ 464 | 00 [030[30] 26 |-200] 687 | 514 |-265[-438 300 | 870 | 1043 622 138 |MidCH (high band edge)
15] 20 [134] 810 | 1100 | HRNWOOL |HN| 60 [ 464 | 00 [030[30]26[200] 745 | 516 |-20.7[-436 300 | 812 | -1041 622 136 _|HighCH (high band edge)
16] 20 [134] 1100 | 1400 | HRNGOOL |HN| 60 [540[ 00 [015[30]|34[-260] 720 | 598 |-232[-354 300 | 837 | 959 -62.2 54 __|LMH Chamels (max all)
17] 20 [134] 1400 | 2000 | HRNGOOL |HN| 60 [540[ 00 [015[30]|48]260] 726 | 609 |-226[-343 300 | 831 | 948 622 43 |LMH Chamls (max all)
18] 20 [134] 2000 | 2310 | HRNGOOL |HN| 60 [540[ 00 [015[30]55[260[ 900 | 779 |-52][17.3 657 | 7178 600 173 |LMHC all)
19

* CF is computted assuming a 20 dB/decade Decay Rate. DR is Regulatory Range Distance. MR is Measurement Distance, reduced as necessary to achieve RX. sensitivity.
** EIRP is computed from field strength at 3 meter distanceinal MHz RBW /3 MHz VBW.

*** Dimension of antennais taken to be larger of the test antenna and the DUT antenna; DUT antennais 6¢cm in dimension.

*++% S @ DR: 600 pW/cm2 = -62.2 dBmvcm2, 1000 pW/cm2 = -60 dBm/cm2, FCC Regulatory Limit; ISED Regulatory Limit EIRP/ MHz

Spacial Power Density S @ 3m (dBm/cm”2) = EIRP (dBm) — 10*log10(4*pi*((300cm)*2)) = EIRP (dBm) - 60.5 dB

Equipment Used: RSFSV30001

Table 7(c): Transmit Chain Spurious Emissions.

Frequency Range Det |F Bandwidth Video Bandwidth Test Date: 11/03/19
25 MHz < f <1000 MHz Pk/QPKk 120 kHz 300 kHz Test Engineer: Joseph Brunett
f>1000 MHz Pk 1MHz 3MHz EUT: Aptiv F5TR
f>1000 MHz Avg (RMS) 1MHz 3MHz Mode: SR (FMCW) + CW
Meas. Distance: SeeTable.
FREQ <40 GHZ
Env. Frequency Band Antenna + Cable*** Range Correction® E-Field @ DR E-Field Limit
Temp. | Volt. Start Stop Quality Pol. | Dim.| Ka | Kg | MR |DR|N/F| CF | Pk Qpk Pk Qpk Pass By
#| (C) | (V) MHz MHz Number HV| cm |dB/m| dB m|m|m|dB dBuVv/m dBuv/m dB Comments
1| 16 |134| 300 88.0 BICEMCOO01 |H/V|220|169 | 0.0 | 3.0 |30][00] 00| 368 274 40.0 12.6 |LH Channels (max all), background
2| 16 |134| 880 216.0 BICEMCOO01 |H/V|220|169| 0.0 | 3.0 |30]01] 00| 329 321 435 11.4 |LH Channels (max all), background
3| 16 |134| 2160 | 10000 | LOGEMCOO1 |H/V |22.0 | 201 | 00 | 30 |30 03| 00| 37.3 33.6 46.0 124 |LH Channels (max all), background
Env. Frequency Band Antenna + Cable*** Range Correction® E-Field @ DR E-Field Limit
Temp. | Volt. Start Stop Quality Pol. | Dim.| Ka | Kg | MR |DR|N/F| CF | Pk Avg Pk Avg Pass By
#| (C) | (V) MHz MHz Number HV| cm |dB/m| dB m|m|m|dB dBuv/m dBuv/m dB Comments
4| 16 | 134 10000 | 6000.0 | HQR1TO18S01 | H/V|22.0 | 241 | -1.3 | 3.0 [30| 19| 00 | 487 411 74.0 54.0 12.9 |LH Channels (max all)
5| 16 |134]| 6000.0 | 18000.0 | HQR1TO18S01 | H/V | 15.0 | 350 | -25 | 30 |30| 27| 00 | 551 433 74.0 54.0 10.7 |LH Channels (max all), background
6 16 | 13.4 | 18000.0 | 26500.0 HRNKO001 H/V|102 337 | 00 | 30 30|18 00| 519 41.0 74.0 54.0 13.0 |LH Channels (max all), noise
7 16 | 13.4 | 26500.0 | 40000.0 HRNKAOL H/V| 92 |37.2|36.0| 0.6 |30] 2.3 |-14.0| 632 46.2 74.0 54.0 7.8 |LH Channels (max all), noise
FREQ >=40 GHZ
Env. Frequency Band Antenna + Cable*** Range Correction* E-Field @ DR EIRP** IPISED Limit*| S @ DR**** FCC Limit @ DR***|
Temp. | Volt. Start Stop Quality Pol. |Dim.| Ka | Kg | MR [DR|N/F| CF | Pk |Avg/RMS| Pk [RMS| Pk |RMS| Pk Avg Pk Avg Pass By
#1(C) | MV GHz GHz Number HV| cm |dB/m| dB m|m|m|d dBuV/m dBm dBm/MHz dBm/cm2 dBm/cm2 dB Comments
8 16 | 134 40.0 70.0 HRNUO001 HV| 63 [39.1| 0.0 |0.30|3.0] 1.9 |-20.0| 60.1 50.4 -35.1|-44.8 -30.0 | -95.6 -105.3 -62.2 14.8 |LH Channels (max all)
9 20 | 134 70.0 735 HRNWO001 H/V| 6.0 |40.1| 0.0 |0.30|3.0] 1.8 |-20.0| 63.2 53.0 -32.0|-42.2 -30.0 | -925 -102.7 -62.2 12.2 |LH Channels (max all)
10| 20 |134| 735 76.0 HRNWO001 H/V| 6.0 | 453 | 0.0 |0.30]|30]| 18|-20.0| 74.1 58.7 -21.1]-36.5 00 | -816 -97.0 -62.2 34.8 |LowCH (low band edge)
11| 20 |134| 735 76.0 HRNWO001 H/V | 6.0 | 453 | 0.0 |0.30]|30] 1.8 |-20.0| 66.9 54.3 -28.3|-40.9 00 | -888 -101.4 -62.2 39.2 |HighCH (low band edge)
12| 20 |134| 810 1100 HRNWO001 H/V| 6.0 | 464 | 0.0 | 0.30|3.0] 2.6 |-20.0| 66.3 53.7 -28.9|-415 -30.0 | -89.4 -102.0 -62.2 11.5 |LowCH (high band edge)
13| 20 |134| 810 1100 HRNWO001 H/V| 6.0 | 464 | 0.0 | 0.30|3.0] 2.6 |-20.0| 67.8 56.0 -27.4|-39.2 -30.0 | -87.9 -99.7 -62.2 9.2 |HighCH (high band edge)
14| 20 |134| 1100 140.0 HRNGO001 HV| 6.0 | 540 | 0.0 |0.15|3.0] 34 |-26.0| 721 58.3 -23.1/-36.9 -30.0 | -83.6 -97.4 -62.2 6.9 |LH Channels (max all)
15| 20 | 134 1400 200.0 HRNGO001 H/V| 6.0 | 540 | 0.0 |0.15|3.0] 48 |-26.0| 723 60.2 -22.9|-35.0 -30.0 | -834 L -62.2 5.0 |LH Channels (max all)
16| 20 |134] 2000 231.0 HRNGO01 H/V| 6.0 [540| 00 |0.15|30]|55 |-26.0| 89.1 784 -6.1 |-16.8 -66.6 -77.3 -60.0 16.8 |LH Channels (max all)
17
18
19

* CF is computed assuming a 20 dB/decade Decay Rate. DR is Regulatory Range Distance. MR is Measurement Distance, reduced as necessary to achieve Rx. sensitivity.
** EIRP is computed from field strength at 3 meter distancein a1 MHz RBW / 3 MHz VBW.

*** Dimension of antennais taken to be larger of the test antenna and the DUT antenna; DUT antennais 6¢cm in dimension.

**** S @ DR: 600 pW/cm2 = -62.2 dBm/cm2, 1000 pwW/cm2 = -60 dBm/cm2, FCC Regulatory Limit; ISED Regulatory Limit EIRP/ MHz

Spacial Power Density S @ 3m (dBm/cm”2) = EIRP (dBm) — 10*log10(4*pi*((300cm)"2)) = EIRP (dBm) - 60.5 dB

Equipment Used: RSFSV30001
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Prepared For: Aptiv Services US, LLC

Report No.: F5TR-WR1919TX

5 Measurement Uncertainty and Accreditation Documents

The maximum values of measurement uncertainty for the laboratory test equipment and facilities associated with
each test are given in the table below. This uncertainty is computed for a 95.45% confidence level based on a coverage

factor of k = 2.

Table 8: Measurement Uncertainty.

Measured Parameter

Measurement Uncertainty'

Radio Frequency

Conducted Emm. Amplitude

Radiated Emm. Amplitude (30 — 200 MHz)
Radiated Emm. Amplitude (200 — 1000 MHz)
Radiated Emm. Amplitude (f > 1000 MHz)

+(farkr /10T + RBW/10 + (SPN/(PTS —1))/2 + 1Hz)

+1.9dB
+4.0dB
+5.2dB
+3.7dB

TRef: CISPR 16-4-2:2011+A1:2014

United States Department of Commerce
National Institute of Standards and Technology

Gordon Helm
EMC-002401-NE

/MleF_

mv&z&@

Certificate of Accreditation to ISO/IEC 17025:2005

é\
RO S %
K ED E NUX

Sister Lakes, MI

NVLAP LAB CODE: 200129-0
AHD (Amber Helm Development, L.C.)

is accredited by the National Voluntary Laboratory Accreditation Program for specific services,
listed on the Scope of Accreditation, for:

Electromagnetic Compatibility & Telecommunications

Joseph Brunett
EMC—002790—NE

This Iaboratory is in with the
This technical

2019-06-28 through 2020-06-30

TN,
)

for a defined scope and the operation of a laboratory quality
management system (refer to joint ISO-ILAC-IAF Communique dated January 2009).

ISO/IEC 17025:2005.

MD'E

Effective Dates

Figure 7: Accreditation Documents
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