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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 2033.

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 laboratory’s scope of accreditation. Any data in this report that
is not covered under the laboratory’s scope is clearly identified.

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.

Amber Helm Development L.C. Page 4 of 20
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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 1.8.0 lists all sites employed herein. Specific test sites utilized are also listed in
the test results sections of this report where needed.

Table 1.8.0 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 1.9.0 . 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. All equipment is evaluated on a cycle no greater than 12 months following laboratory validation
procedures and is calibrated following manufacturer recommended intervals.

Table 1.9.0 Equipment List.

Description Manufacturer /Model SN Quality Num. Cal/Ver By / Date Due
Spectrum Analyzer R & S / FSW67 103233 RSFSW67 RS / Aug-2024

Quad Ridge Horn Singer / A6100 C35200 HQR1TO18S01 Keysight / Aug-2024
Biconical EMCO / 93110B 9802-3039 BICEMCOO01 Keysight / Aug-2025

Log Periodic Antenna EMCO / 3146 9305-3614 LOGEMCOO01 Keysight / Aug-2025
K-Band Horn JEF / NRL Std. 001 HRNKO1 AHD / Jul-2024
BNC-BNC Coax WRTL / RG58/U 001 CABO001-BLACK  AHD / July-2024
3.5-3.5MM Coax PhaseFlex / PhaseFlex 001 CABO015-PURP AHD / July-2024

Amber Helm Development L.C. Page 5 of 20
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2 Test Specifications and Procedures

2.1 Test Specification and General Procedures

The goal of Danlaw Inc. 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 Danlaw Inc. Routelink Model 5 RSU for
compliance to:

Country/Region/Manu. Rules or Directive Referenced Section(s)

United States Code of Federal Regulations Part 90M + Waivers DA 23-343, 23-586

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.

”Methods of Measurement of Radio-Noise Emissions from Low-Voltage Electri-

ANSI €63.4:2014 cal and Electronic Equipment in the Range of 9 kHz to 40 GHz”

” American National Standard of Procedures for Compliance Testing of Unli-

ANST C63.10:2013 censed Wireless Devices”

ANSI C63.26:2015 .Amerlcan Nz-monal .Sta’I,ldard for Compliance Testing of Transmitters Used in
Licensed Radio Services
"Equipment Authorization for Cellular Vehicle-to-Everything Devices for Op-

KDB 511808 DOL v01 eration Pursuant to Waiver of Certain Part 90 and Part 95 Rules”

"Request for Waiver of 5.9 GHz Band Rules to Permit Initial Deployment of

Waiver: DA-23-343 Cellular Vehicle-to-Everything Technology”

”"Request to Modify April 24, 2023 Waiver Order of the 5.9 GHz Band Rules

Waiver: DA-23-586 to Permit Initial Deployment of Cellular Vehicle-to-Everything Technology”

WR-ITP0102RA ?” AHD Internal Document - Radiated Emissions Test Method”

WR-ITP0101LC ” AHD Internal Document - Conducted Emissions Test Method”

Amber Helm Development L.C. Page 6 of 20
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3 Configuration and Identification of the Equipment Under Test

3.1 Description and Declarations

The EUT is a Roadside Unit (RSU) in an Intelligent Transportation Services (ITS) architecture as defined in 47
CFR 90.350 containing a C-V2X radio. The EUT is approximately 27 x 18 x 9 cm in dimension, and is depicted in
Figure 3.1.0 . It is powered by 48 VDC PoE. This product is used as a Roadside mounted transceiver for Intelligent

Transportation Systems. Table 3.1.0 outlines provider declared EUT specifications.

General Declarations

Figure 3.1.0 Photos of EUT.

Table 3.1.0 EUT Declarations.

Equipment Type:

C-V2X Transceiver

Country of Origin: USA

Nominal Supply: 48 VDC

Oper. Temp Range: -34C to 74C
Frequency Range: 5905 - 5925 MHz
Antenna Dimension: 17.8 x 2.2 cm

Antenna Type:
Antenna Gain:
Number of Channels:
Channel Spacing;:
Alignment Range:

GTT Wireless Monopole (See datasheet.)
7.6 dBi max.

1

Not applicable

Not Declared

Type of Modulation: GFSK

United States

FCC ID Number: 2AD919310041CV2XRSU
Classification: ITR

Amber Helm Development L.C.
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3.1.1 EUT Configuration

The EUT is configured for testing as depicted in Figure 3.1.1 .

EUT Ethernet 3 Wire
Danlaw m AUX m ;
Type/Model: Routelink Model 5 RSU Laboratory PoE Supply AC Mains
FCC ID: 2AD9I9310041CV2XRSU

Figure 3.1.1 EUT Test Configuration Diagram.

3.1.2 Modes of Operation

The EUT employs 26 Mbps data rate on a single channel centered at 5915 MHz. The product operates only in
spatially differentiated SISO mode, alternating transmissions between two antenna ports. The manufacturer has
provided commands to configure forced transmissions during testing.

3.1.3 Variants

There is only a single variant of the EUT.

3.1.4 Test Samples

One normal operating sample (SN: 22310096) of the EUT was provided for testing.

3.1.5 Functional Exerciser

Normal operating EUT functionality was verified by observation of the transmitted signal.

3.1.6 Modifications Made

There were no modifications made by this lab however the manufacturer reduced the RF power setting from 20 dBm
to 18 dBm to meet OOBE requirements.

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 an FCC Part 90, Subpart M device operating under FCC Order Waiver’s according to FCC Docket
No. 19-138: DA 23-343 and DA 23-586. The manufacturer declares that they will comply with all the provisions as
stated within the C-V2X waivers listed herein. The digital device portion of the EUT will be handled via SDoC.

Amber Helm Development L.C. Page 8 of 20
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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 4.1.1 . 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 ;1 by Long Interface Cables ‘

(to A‘UX) ‘ (to E‘UT) AUX Power
Equipment Under Test Auxiliary
(EUT) I-Short Interface Cables| Equment
(AUX)

Radiated Emissions Table

Figure 4.1.1 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 regulation. Shielded loops are placed at a 1 meter receive height at the
desired measurement distance. For exposure in this band, 10cm diameter single-axis broadband probes meeting the
requirements of ISED SPR-002 section 5.2 are employed. Measurements are repeated and summed over three axes,
and the entire frequency range is measured with and without the EUT transmitting.

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 4.1.1 .

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

FEyist =107+ Pr+ Ko — 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) = Esp,(dBuV/m) — 95.2.

Amber Helm Development L.C. Page 9 of 20
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When presenting data at each frequency, the highest measured emission under all possible EUT orientations (3-axes)
is reported.

Figure 4.1.1 Radiated Emissions Test Setup Photograph(s).

Amber Helm Development L.C. Page 10 of 20



Date: November 12, 2023 Prepared For: Danlaw Inc. Report No.: DLRSU-WR2329TX

4.1.2 Conducted Emissions Test Setup and Procedures

Transmit Antenna Port Conducted Emissions At least one sample EUT supplied for testing was provided
with a 50Q antenna port. Conducted transmit chain emissions measurements (where applicable) are made by
connecting the EUT antenna port directly to the test receiver port. Photographs of the test setup employed are
depicted in Figure 4.1.2 .

Figure 4.1.2 Conducted RF Test Setup Photograph(s).

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.
Power supply variation testing was not performed for this device.

Amber Helm Development L.C. Page 11 of 20
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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 4.2.1 . Plots showing the
measurements made to obtain these values are provided in Figure 4.2.1 .

Table 4.2.1 Pulsed Emission Characteristics (Duty Cycle).

Frequency Range Det IFBW VBW Test Date: 1-Nov-23
f>1000 MHz Pk 10 MHz 10 MHz Test Engineer: J. Nantz
EUT Danlaw RSU
Meas. Distance: Conducted
Pulsed Operation / Duty Cycle
RO Transmit Mode Symbol Rate Data Rate Voltage | Oper. Freq | Tx Cycle Time [ On-Time | Duty Cycle Power Duty Correction
(Msym/s) (Mbps) (V) (MHz) (ms) (ms) (%) (dB)
R1 C-V2X (Cont - 26.0 55.0 5915.0 100.100 0.931 0.9 -20.0
Modulated)
# Cl C2 C3 C4 C5 Cé C7 C8 C9
(ROW) (COLUMN) NOTE
RO C9 Duty factor is shown as a data point only and is not considered in the calculation of fundamental power.
500ms 100ms
Multiview Spectrum - Multiview Spectrum -
Ref Level 30.00 dBm ® RBW 10 MHz SGL. Ref Level 30.00 dBm ® RBW 10 MHz SGL

Att 40 dB @ SWT 500 ms _ VBW 10 Mz

40d3 @ SWT 110 ms _ VBW 10 Mz

1 7ero Span |
D2[1 0.26 dB, D2[1 0.29 dB
1001000 ms 1000020 ms
2 MI[1] 10.41dBm =0 MI[I] 10.09 dBmy
I 1851500 ms . _10010ms
10 —
o q
o i
2
1 "
- -
- o
< w0
cFssts oMz 1000 pis 0.0, cFsotsonz 0001 pis TLoms,
2 Marker Table 2 Marker Table
M1 1 135.15 ms 10.41 dBm 1 1.001 ms 10.09 dBm
D2 M1 L 100.1 ms 0.26 dB D2 ML 1 100.002 ms 0.29 dB
rosdy  WMEMNN . 20330 Reacy WM  2023iLol

11:28:23 AM 11/01/2023

10ms

11:30:26 AM 11/01/2023

MultiView Spectrum -

Ref Level 30,00 dBm © RBW 10 MHz
At 4D dB ® SWT 10 ms  VBW 10 MHz
1 Zero Span 1Pk View
D2[1] 36.77 dB|
931.000 ps|
Ll MI[IT [ 923 dBm|
5.100000 ms|

SGL

[CF5.915 GHz 10001 pts 1.0ms,
2 Marker Table
[Tvpe T
1 5.1 ms 9.23 dBm
D2 Mt 1 931.0 ps -36.77 dB

11:32:58 AM 11/01/2023

Figure 4.2.1 Example Pulsed Emission Characteristics (Duty Cycle).

Amber Helm Development L.C.
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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 26 dBc and 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 4.2.2 . Plots showing measurements employed to obtain the
emission bandwidth reported are provided in Figure 4.2.2 .

Table 4.2.2 (i) Intentional Emission Bandwidth.

Frequency Range Det IFBW VBW Test Date: 11/01/23
f>1000 MHz Pk 200 kHz 1 MHz Test Engineer: J. Nantz
EUT Danlaw RSU
Meas. Distance: Conducted
Occupied Bandwidth
RO EUT Port Transmit Mode Data Rate | Voltage [ Oper. Freq| 26 dB BW | fL Measured | fL Limit [ fH Measured | fH Limit 99% OBW Pass/Fail
(Mbps) V) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz)
R1 ANT | C-V2X (Cont Modulated) 26.0 55.0 5915.0 19.195 5.90529 5905.000 5.92449 5925.000 17.527 Pass
R2 ANT 2 C-V2X (Cont Modulated) 26.0 55.0 5915.0 19.234 5.90529 5905.000 5.92453 5925.000 17.515 Pass
# Cl1 C2 C3 C4 C5 C6 C7 C8 C9 C10 Cl1 C12
(ROW) (COLUMN) NOTE
RO C5/C11 ref. KDB Guidance 511808 D01 C-V2X Waiver v01, section 3.1 Both 26dB and 99% OBW is to be measured.
RO C8/C10 ref. FCC DA-23-343, section III(B)(19) C-V2X Joint Waiver, OBW must stay within the channel.
Antenna Port 1 Antenna Port 2

Multiview = Spectrum - MultiView Spectrum -

RefLevel 25.00dBm  Offset 11,10 dB ® RBW 200 kHz

Ref Level 25.00dBm  Offset 1110 dB ® RBW 200 kHz
Att 24,05 ® SWT 1< e VBW 1Mz Mode Ao Sweep 24.d5 © SWT 15 e VBW I NMHz Mode Auto Sweep
1 Occupied Bandwidth 1 Occupied Bandwidth 1Pk Max
o D3[1] 0.26 B} w 3011 0.53 db|
= 19,1950 MHz 19,2340 MHz|
® L mi[1] .50 dBm| ) n Mi[1] 7.42 dBm)
T = 50142370 GHz " M 59152290 GH:
Tk Y it A s i '?A, VI y At o o
o [ o 4
f T ] i
" / L / \
of los bos
- : ¥ ; %
sl m (" o / 1,
wm}w AR LR DY SR T e e C T PRTAL Rt b sl
o <
= 50
- &0
7 Y
[CF5.015 Ghz 1001 pis 3.62 Mz, Span 38.2 MHz CF 5,915 GHz 1001 pts 3.62 Mz, Span 38.2 MHZ
2 Marker Table 2 Marker Table
w1 1 5.914 237 GHz 8.50 dBm Occ B 17.526 594 1 MHz ML 1 5.915 229 GHz 7.42 dBm Occ Bw 17.514 997 822 MHz
T 1 5.9060221 GHz .92 dem e Bw Centrold 5.914785 358 GHz T 1 5.906 0282 GHz 321 dém Occ Bw Centroid 5.91479567 GHz
i 50235437 Griz 4.24 dEm e Bw Freq Offset 214642116802 kHz 12 1 5.9235532 GHz 3.54 dB8m Occ Bw Freq Offset -204.33019
i1 -8. z -26.] D2 ML 1 -9. z -26.
Dz D2 1 19.195 MHz -0.26 dB | D3 D2 1 19.234 MHz -0.53 dB
Mossuring... NENNNNND . 2023lilo veasuring... NENINNNME = 2023410

12:14:16 PM 11/10/2023 12:19:00 PM 11/10/2023

Figure 4.2.2 Example Intentional Emission Bandwidth.
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Table 4.2.2 (ii) Intentional Emission Bandwidth.

Det IF Bandwidth Video Bandwidth EUT: Danlaw RSU
Pk 200 kHz 1 MHz Test Date(s): 1/10/2024
Test Engineer: J. Nantz
EUT Modes: al TX-ANT 1
a2 TX-ANT 2
a3
ad
Occupied Bandwidth - Frequency Stability
. Temperature | Voltage fL fL Limit fH fH Limit | -26 dBc OBW | Stability Notes/Pass/Fail
Transmit Mode
RO (C) 2 (MHz) (MHz) (MHz) (MHz) (MHz) (ppm)
R1 74.0 16.0 5905.295 5905 5924.382 5925 19.087 3.6 Pass
R2 74.0 13.5 5905.321 5905 5924.262 5925 18.941 8.0 Pass
R3 74.0 9.0 5905.289 5905 5924.352 5925 19.063 2.5 Pass
R4 65.0 13.5 5905.336 5905 5924.378 5925 19.042 10.5 Pass
RS 55.0 13.5 5905.265 5905 5924.372 5925 19.107 -1.5 Pass
R6 45.0 13.5 5905.336 5905 5924.300 5925 18.964 10.5 Pass
R7 35.0 13.5 5905.308 5905 5924.411 5925 19.103 5.8 Pass
RS al 25.0 13.5 5905.274 5905 5924.278 5925 19.004 0.0 Pass
R9 15.0 13.5 5905.298 5905 5924.340 5925 19.042 4.1 Pass
R10 5.0 13.5 5905.345 5905 5924.314 5925 18.969 12.0 Pass
RI11 -5.0 13.5 5905.325 5905 5924.438 5925 19.113 8.6 Pass
R12 -15.0 13.5 5905.281 5905 5924.410 5925 19.129 1.2 Pass
R13 -25.0 13.5 5905.290 5905 5924.396 5925 19.106 2.7 Pass
R14 -35.0 16.0 5905.331 5905 5924.375 5925 19.044 9.7 Pass
RI15 -35.0 13.5 5905.319 5905 5924.298 5925 18.979 7.6 Pass
R16 -35.0 9.0 5905.269 5905 5924.404 5925 19.135 -0.8 Pass
R17 74.0 16.0 5905.313 5905 5924.287 5925 18.974 -0.7 Pass
R18 74.0 13.5 5905.324 5905 5924.331 5925 19.007 1.2 Pass
R19 74.0 9.0 5905.331 5905 5924.398 5925 19.067 2.4 Pass
R20 65.0 13.5 5905.295 5905 5924.342 5925 19.047 -3.7 Pass
R21 55.0 13.5 5905.312 5905 5924.439 5925 19.127 -0.8 Pass
R22 45.0 13.5 5905.289 5905 5924.355 5925 19.066 -4.7 Pass
R23 35.0 13.5 5905.283 5905 5924.402 5925 19.119 -5.8 Pass
R24 2 25.0 13.5 5905.317 5905 5924.327 5925 19.010 0.0 Pass
R25 15.0 13.5 5905.284 5905 5924.395 5925 19.111 -5.6 Pass
R26 5.0 13.5 5905.328 5905 5924.449 5925 19.121 1.9 Pass
R27 -5.0 13.5 5905.284 5905 5924.383 5925 19.099 -5.6 Pass
R28 -15.0 13.5 5905.263 5905 5924.386 5925 19.123 -9.1 Pass
R29 -25.0 13.5 5905.259 5905 5924.332 5925 19.073 -9.8 Pass
R30 -35.0 16.0 5905.322 5905 5924.263 5925 18.941 0.8 Pass
R31 -35.0 13.5 5905.277 5905 5924.259 5925 18.982 -6.8 Pass
R32 -35.0 9.0 5905.298 5905 5924.380 5925 19.082 -3.2 Pass
R33 fLyiy | 5905.259 fHyax 5924.449 | OBWy4x 19.135 Pass
# Cl C2 C3 C4 C5 C6 C7 C8 C9 C10
(ROW) (COLUMN) NOTES
RO C4, Co ref. KDB Guidance 511808 D01 C-V2x Waiver v01, section 3.1 the 26 dB OBW is measured.
RO Cs,C7 ref. ref. FCC DA-23-586, section I1I(9) C-V2X Joint Waiver for channel edges.
RO Cc9 Frequency stability in reference to normal operating temp frequency is computed in ppm as:

(Fe(temp)MHz - Fc (nom) MHz)/Fc(nom)MHz where Fc = FL+(FH-FL)/2
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4.2.3 Effective Isotropic Radiated Power

EUT transmit power is measured via antenna port conducted power measurements and added to antenna gain to
compute EIRP. Where the EUT is not sold with an antenna connector, a modified product may be provided for
conducted measurements. The results of this testing are summarized in Table 4.2.3 . Example plots showing the
measurements made to obtain these values are provided in Figure 4.2.3 .

Table 4.2.3 Radiated Power Results.

Test Date: 10-Nov-23
Test Engineer: J. Nantz
EUT: Danlaw RSU
Meas. Distance: Conducted
FCC/IC
RO Ant Elevation Freq. EUT Height| Ant. Height Pout (Pk) Pout (RMS) Ant Gain EIRP (RMS) EIRP Limit Pass
Mode (deg.) (MHz) (m) (m) (dBm) (dBm) (dBi) (dBm) (dBm) (dB)
R1| TX-ANTI 0 5915.0 16.8 7.6 24.4 33.0 8.6
R2| TX-ANT2 0 5915.0 16.0 7.6 23.6 33.0 9.4
# Cl C2 C3 C4 C5 C6 C7 C8 C9 Cl1 Cl12
(ROW)  (COLUMN) NOTE
RO c7 EIRP is calculated using conducted measurements and antenna data sheet per KDB Guidance 511808 D01 C-V2X Waiver v01, section 3.2.1 (a).
RO Cl1 ref. FCC DA-23-586, section I11(9) and (10) C-V2X Joint Waiver.
Antenna Port 1 Antenna Port 2
Multiview - Spectrum [ - | MultiView - Spectrum B
RefLevel 32,00 G8m  Offset 11,10 dE @ RBW 200 ke soL RefLevel 30,00 dam  Offset 11,10 cB @ RBW 200 ke soL
BT o 26dB @ SWT  200ms ® VBW L MHz Mode Auto Sweep  Count 1000/1000. EPEERIY 26F @ SWT  200ms ® VBW L MHz  Mode Auto Sweep  Count 100071000
Lacir o1rm iax 1ACiR o1m viax
,] | —
e e s — YA o
CF 5.9148 GHz 401 pts 3.9 MHz/ pan 39.0 MHz. CF 5.9148 GHz 401 pts 3.91 MHz/ pan 39.1 MHz
2 Result Summary None
Tul (Ref) 19,195 MHz 16.84 dBm Tl (Ref) 19.234 MHz 15.98 dBm
Tx Total 16.84 dBm Tx Total 15.98 dBm
Roady  NNNNNNEER > e Roady  NNNNNEEER o i

= 12:29:56 P

12:29:56 PM 11/10/2023 12:25:34 PM 11/10/2023

Figure 4.2.3 Power Measurement Plots.
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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 4.3.1 .

Table 4.3.1 Transmit Chain Spurious Emissions.

EUT Modes: al Continuous Modulated a5
EUT: Danlaw RSU a2 a6
Test Date(s): 12/12/23 a3 a7
Test Engineer: J. Nantz a4 a8
Frequency Site EUT Test Antenna Cable Receiver Field Strength @ DR EIRP Comments
RO Start Stop |Temp.|Table| MR|DR|N/F| CF Pol.| Ant. |Dim.| Ka Mixer Bandwidth Pk QPk/Avg Pk Qpk/Avg
Hum |Angle| Mode|Volt.| Dim| | Height CLKg  |RBW|VBW|Meas. | Lim.| Meas. | Lim.| Calc. | Lim. | Cale. | Lim.|Pass/Fail
MHz MHz [ C,% | deg m dB (V)| em |HV| m cm |dB/m| dB MHz dBuV/m dBm dB
R1 SETUP OATSC RSU BICEMCOO1 CBLO1 FSW67
R2| 300 [ 880 [264] 0.0 [3.0][3.0[00]0.0[ a1 [135[50[HV] 14 [ ] 0.10]0.03[ 203 ] [ [-659]-40.0] [ [ 259 ]
R3[| 880 [ 2160 [264] 0.0 [3.0[3.0[00]00] a1 [135]s50[uv] 14 | ] 0.10]003[ 268 [ | [ -684[-400] [ ] 284 |
R4 SETUP OATSC RSU LOGEMCOO01 CBLO1 FSW67
R5 [ 216.0 [ 10000 [2 64] 0.0 [3.0[3.0[0.0J00] a1 [135]50[uv[ 14 T ] 0.10]003[ 344 [ [ T-60.8]-40.0] [T 208 ]
R8 SETUP OATSC RSU HQRITO18S01 CBLOISWHT FSW67
R9 | 1000.0 | 5885.0 [2 64| 0.0 |3.0{3.0/10.9]0.0] al |13.5] 5.0 |[H/V|] 1.5 |15.0 0.10 | 0.03 | 44.7 -50.5 [ -40.0 10.5
R10| 5945.0 | 18000.0| 2 64| 0.0 [3.0{3.0{2.7]0.0{ al [13.5] 5.0 |H/V] 15 |150 0.10] 0.03 ] 51.0 -44.2 {-40.0 4.2
R11| 11830.0)| 11830.0| 2 64| 0.0 [3.0{3.0{1.8]0.0{ a1l [13.5] 5.0 |H/V| 15 |15.0 0.10] 0.03| 473 -47.9 [ -40.0 7.9
R12|17745.0| 17745.0| 2 64| 0.0 [3.0|3.0{2.7[{0.0 al [13.5| 5.0 [H/V] 1.5 ]15.0 0.10] 0.03 | 45.6 -49.6 | -40.0 9.6
R13 SETUP OATSC RSU HRNKO1 CBL04 FSW67
R14| 18000.0]26500.0[ 2 64 0.0 [3.0[3.0[1.8]0.0[ a1 [13.5] 5.0 [H/V] 15 T102] 0.10]0.03] 458 [ | [ [-49.4]-40.0] [ [ 94 ]
R15[ 23660.0 [ 23660.0 [ 2 64 [ 0.0 [3.0[3.0[1.6]0.0] a1 [135] 50 [H/v] 15 [102] 0.10[003[ 433 [ | [ ]-51.9]-400] [ ] no |
R16 SETUP OATSC RSU HRNKAOI CBLO5/LNAOL | FSW67
R17| 26500.0 | 40000.0| 2 64| 0.0 [3.0|3.0{2.3[0.0( al [13.5[ 5.0 [H/V] 1.5 9.2 0.10] 0.03 ] 29.6 -65.6 [-40.0 25.6
R18| 29575.0|29575.0| 2 64| 0.0 [3.0|3.0{1.7/0.0( a1l [13.5[ 5.0 [H/V| 1.5 9.2 0.10{0.03 | 19.2 -76.0 [ -40.0 36.0
R19| 35490.0 | 35490.0| 2 64| 0.0 [3.0|3.0{2.0{0.0( al [13.5[ 5.0 [H/V| 1.5 9.2 0.10 | 0.03 | 21.5 -73.7 1 -40.0 33.7
# Cl1 C2 C3 | C4 |CS|C6[CT7|C8] C9 |ClI0|Cl11|CI2[ CI3 [Cl4|CIS Cl6 Cl17]CI18 ) C19 [C20] C21 | C22| C23 | C24 | C25 | C26| C27 C28
(ROW) (COLUMN) NOTE:
RO Cs MR is Measurement Range, which may be reduced from DR to achieve necessary SNR.
RO C6 DR is the regulatory Desired Range measurement distance.
RO c7 N/F is Near-Field / Far-Field distance computed for max of Antenna Dimension (C11 or C14) computed above 1 GHz.
RO C8 CF is computed using a 20 dB/decade Decay Rate.
RO C19 ‘When E-field is reported directly from Spectrum Analyzer, Antenna Factors and Cable losses are included directly in SA settings. Max of background noise or EUT emissions recorded.
RO C23 EIRP is computed from Field strength as follows: EIRP = Efield(3m) - 95.2
RO C24 Limit according to ref. KDB Guidance 511808 D01 C-V2X Waiver v01, figure 2.
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4.3.2 Transmit Emissions Mask (OOBE)

The results for the measurement of transmit chain Out-of-Band-Emissions (OOBE) spurious emissions in a 100 kHz
receiver bandwidth (at the nominal voltage and temperature) in the worst cases are provided in Figure 4.3.2 below.

Antenna Port 1 Antenna Port 2

& &
Multiview Spectrum - Multiview Spectrum -
Ref Level 26.00 B Offset 18.70 d6 Mode Auto FFT seL Ref Level 26,00 dBm  Offset 18.70 &8 Mode Auto FFT seL
Gount 1000/1000 Count 1000/1000
1 Spectrum Emission Mask 1 Spectrum Emission Mask
Limit Chelk PASS 20 gt Chetk PASS M1[1] | -1183 dBm)
59208350 GHz
10 0
o o
10 -0 a
[ ey
20 - B
e J/W“ il — - = ’témf;\m J i »-“er
ey G002 s 0 4 ! AL P e Y e 102 ads 0 L i, P,
W T ™ W Yoy
s 50 / s
Sl S, e
- il ko e il v, |
220, SR
0 -
CF 5.915 Gz 2001 pts 10.0 Mz, Span 100.0 MHz [cFso15GHz 2001 pts 10.0 Mz, Span 100.0 MiHz
2 Result Summar 2 Result Summary.
Sub Block A Center 592 GHz Peak Power -8.30 dBm RBW 100,000 kFiz [Sub Block A Center 5.92 GHz Peak Power -8.35 dBm RBW 100,000 Kz
None| None

-50.000 MHz -30.000 MHz 100.000 kHz 5.884 57 GHz -51.83 dBm -43.43 dB -11.83 dB -50.000 Mz -30.000 MHz 100,000 kHz 5.884 77 GHz -51.34 dBm -42.99 dB -11.34 dB
~30.000 MHz 20,000 MHz 100.000 kHz 5.891 87 GHz -34.45 dBm -26.06 dB -1.33 dB -30.000 MHz 20,000 MHz 100,000 kHz 5.89313 GHz -33.14 dBm -24.79 dB -1.28 dB
~20.000 WHz -11.000 MHz 100000 kHz 5.896 98 GHz -30.81 dBm -22.42 dB -2.56 dB ~20.000 MHz. -11.000 MHz 100,000 kHz 5.89813 GHz -30.04 dBm -21.70 dB -2.81 dB
-11.000 MHz -10.000 MHz 100,000 kHz 5.904 02 GHz -37.14 dBm -28.75 dB -15.14 dB -11.000 MHz -10.000 MHz 100,000 kHz 5.904 02 GHz -35.82 dBm -27.47 dB 3.82 dB
10.000 MHz 11.000 MHz 100,000 kHz 5.92593 GHz -36.43 dBm -14.74 dB 10,000 MHz 11.000 MHz 100,000 kHz 5.92598 GHz -33.50 dBm -25.15 dB 1.50 dB
11.000 MHz 20.000 MHz 100.000 kHz 5.93007 GHz -33.88 dBm -25.49 dB -8.26 dB 11.000 MHz 20,000 MHz 100,000 kHz 5.931 87 GHz -31.38 dBm -23.03 dB -4.15 dB
20,000 MHz 30.000 MHz 100,000 kHz 5.93548 GHz -34.27 dBm -25.88 dB -3.82 dB 20.000 MHz 30,000 MHz 100,000 kHz 5.937 23 GHz -37.14 dBm -28.80 dB -4.93 dB
30,000 MHz 50.000 MHz 100,000 kHz 5.945 57 GHz -51.71 dBm -43.32 dB -11.71 dB 30,000 Mz 50.000 MHz £00.000 kHz 5.94573 GHz -50.55 dBm -42.20 dB 0.55 dB
ey e R I - m—— s 03LR
01:20:14 PM 11/10/2023 07:12:12 AM 11/10/2023

Figure 4.3.2 (i) Worst Case Transmitter OOBE Emissions Measured.
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Figure 4.3.2 (ii) Worst Case Transmitter OOBE Emissions Measured.
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Antenna Port 2

Sl specon Specoum

< B B~ R~ H-- g

B 0 K=

Rertons 2100 20 ot e Raw OO RefLeve 21,00 dem _Offet 5.00d5 ® RBW 100 ktiz
i e e oL © SWT 189 ms (~2.15) ® VBW 30 kHz _Mode Auto FET Count 100/100
it Chotle 123,000 cor DASS i ASS MIO[1] 56.74 dBm|
Tine ¢ v2k- 100K SPURS| PASS tine G-V 100k spun] PASS 13,538 6888 GHz
. il MATT ~51.51 dam|
sieaszseoarz| o 472411 Ghiz
B
-0
Y
o
30 oo
200 snup 0
- ayatonsspue
0
s o e g e e
- I I . I I | Isomen 200001 p: | 905.5 Wi T5.0GHz|
[30.0MHz 200001 pts 572.0 Mz, 5.75 GHz - 1 pls 2, -0 GHz
2 Result Summar
= = = 1 dBm o 49.44 dBm
e H 3734 dnm j5-0zdp  -S-ozdmm i 5226 dBm Fedk Evae oo “47.94 dBm
M h M3 1 hesk GV 1o SPURS -48.08 dBm
ia i el 1 Peck C-V2X-100K-SPURS -49.33 dBm
e H s i Peck C-V2X-100K-SPURS -50.18 dBm
s 1 2.9291532 v 1  vacioaceplns -46:37 dgm
M7 T
7 1
Mo h 5 > , 3e0sde  -se0s dem Ve 1 [ 55d8  -48.55 d
[ 1 28750423 .. Peak C-V2X-100K-SPLURS -23.33 dB 63.33 dBm M9 1 Pesk CV2X-100K-SPURS et =9 :g"'
Mio L 4.4325619. Peak C-V2X-100K-SPURS 122195dB _ -62.95 dBm M0 1 Pesk C-V2X-100K-SPURS 17, = m
04:06:51 PM 01/17/2024. PM 01/17/2024
JES—— — e p— S — p—— N EEEEL - a =
Ref Level 21,00 dBm  Offset .00dD @ RBW 100 kriz Ref Level 21.00dBm  Offset 5.00d5  RBW 100 kHz
At © SWT 225 ms (~265) @ VBW_30kHz Mode Auto T Count 100/100  © At B e SWT 16.1ms (~2.15) ® VBW 30 kHz Mode Auto FET Count 100/100
1M1 T
it s MI0[1] | -55.75 dBm i Ch eS| ] Mioll | -51.99d8m|
Line cva) -100K-SPURS PAss i\ mesears Line GV2jt- 100K-SPURS| PA slea1ATEGHS]
MI[1] | -54.28 dBm| MI[IT | -50.58 dBm|
w 21400225 6Hz| |, 341271478 1 Gz
o -0
. -
. T
S— we wd wes . wd e
- | -
o . - e gy ™R e o
) ‘
[15.06Ghz 200001 pts 1.0 Gz, 25.0GHz] [25.0GHz 200001 pts 1.0 GHz, 35.0 GHz
2 Result Summar 2 Result Summar
1 1 21.499342... -54.28 dBm -14.70dB  -54.70 dBm VL 1 34.371478.. -50.58 dBm Peck G-V2X-100K-SPLRS -11.82dB  -51.82 dBm
2 | 24.689276.. -54.42 dBm -14.75d8  -54.75 dBm Mz 1 28917555.. -50.62 dBm Pesk CV2X-100K-SPURS -10.98dB  -50.98 dBm
3 1 16.249818.. -54.90 dBm -17.18dB  -57.18 dBm M3 1 29363303... -50.73 dBm 2 -10.68dB  -50.68 dBm
4 1 21.330093... -55.02 dBm 1556 dB  -55.56 dBm Wt 1 28.536757.. -50.77 dBm 5 10.51dB  -50.51 dBm
S | 24.082329.. -55.23 dBm -1573d8  -55.73 dBm V5 1 29289703.. -51.12 dBm -5 -11.35d8  -51.35 dBm
e | 24.389228... -55.27 dBm -15.50dB  -55.50 dBm Ve 1 34.831725.. -51.26 dBm -1189d8  -51.89 dBm
7 1 22.336088... -55.33 dBm -15.57d8  -55.57 dBm w7 1 32:277988.. -51.53 dBm -13.43d8  -53.44 dBm
e 1 220087289.. -55.45 dBm -14:94d8  -54.94 dBm V& 1 20967500.. -51.74 dBm 11221 dB  -52.21 dBm
o | 16.436867... -55.59 dBm 18.25dB  -58.25 dBm v i 3a745726.. -51.88 dBm -12.20d8  -52.20 dBm
Mo L 22.221288.. -55.75dBm Feak S\ ion s -15.84 dB___-55.84 dBm Mio : 33.881480... -51.99 dBm Fedk €N i hRe -12.56 dB___-52.96 dBm
PM 01/17/2024
ot = spactum spactnnz spactnnz spactana spactnms
Ref Level 21,00 dém  Offset 9,003 © RBW 100 kiiz sal
o A 15d8 SWT 505 ms(vL1s) 8 VBW 30 kHz Mode Auto FFT Count 100/100
it Che 55 MI0[1] 47.31 dBm|
Line ¢-v2-100K-8PURS| Py Y Wesdlactetnd
L] ~36.17 dbm
. 201693 6440 Gz

Wi e

35.0 GHz 500.0 Mz, 0.0 GHz.

2 Result Summa
i 100K-SPURS - -46.96 dBm
M2 100K-SPURS - 2 dBm
3 100K-SPURS - 4 dBm
[ LODK-SPURS B m
M5 100K-SPURS - .70 dBm
M6 ODK-SPURS - .29 dBm
M7 100K-SPURS - 72 dBm
g 100K-SPURS - .64 dBm
v L00K-SPURS - .76 dBm
Mo 100K-SPURS -6.: .90 dBm

Figure 4.3.2 (iii) Worst Case Transmitter OOBE Emissions Measured.
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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 5.0.0 Measurement Uncertainty.

Measured Parameter Measurement Uncertainty'

Radio Frequency  +(fasx/107 + RBW/10 + (SPN/(PTS —1))/2 + 1 Hz)

Conducted Emm. Amplitude

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

+1.9dB
+3.1dB
+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

® W,
S 7
Tz
IR

Certificate of Accreditation to ISO/IEC 17025:2017

NVLAP LAB CODE: 200129-0

AHD (Amber Helm Development, L.C.)
Sister Lakes, MI

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

Electromagnetic Compatibility & Telecommunications

This y is ited in with the i i Standard ISO/IEC 17025:2017.
This itatic technical for a defined scope and the operation of a laboratory quality
nmanagement system (refer to joint ISO-ILAC-IAF Communique dated January 2009).

For the National Voluntary, Lisboratory Accreditation Program

2023-06-20 through 2024-06-30
Effective Dates

Figure 5.0.0 Accreditation Documents

Gordon Helm
EMC-002401-NE
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Amber Helm Development L.C.
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