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This report is governed by, and incorporates by reference, the Conditions of Testing as posted at the date of issuance of this report at
http://www.bureauveritas.com/home/about-us/our-business/cps/about-us/terms-conditions/ and is intended for your exclusive use. Any copying or replication of this report
to or for any other person or entity, or use of our name or trademark, is permitted only with our prior written permission. This report sets forth our findings solely with
respect to the test samples identified herein. The results set forth in this report are not indicative or representative of the quality or characteristics of the lot from which a
test sample was taken or any similar or identical product unless specifically and expressly noted. Our report includes all of the tests requested by you and the results
thereof based upon the information that you provided to us. Measurement uncertainty is only provided upon request for accredited tests. Statements of conformity are
based on simple acceptance criteria without taking measurement uncertainty into account, unless otherwise requested in writing. You have 60 days from date of issuance
of this report to notify us of any material error or omission caused by our negligence or if you require measurement uncertainty; provided, however, that such notice shall
be in writing and shall specifically address the issue you wish to raise. A failure to raise such issue within the prescribed time shall constitute your unqualified acceptance
of the completeness of this report, the tests conducted and the correctness of the report contents.
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1 Certificate of Conformity

Product: On-Board Unit
Brand: MobiQ
Test Model: OBU-5931
Sample Status: Engineering sample
Applicant: DENSO International America, Inc.
Tested Date: 2025/6/4 ~ 2025/6/30

Standards: FCC Part 95, Subpart L
FCC Part 2

The above equipment has been tested by Bureau Veritas Consumer Products Services (H.K.) Ltd.,
Taoyuan Branch, and found compliance with the requirement of the above standards. The test record, data
evaluation & Equipment Under Test (EUT) configurations represented herein are true and accurate accounts

of the measurements of the sample’s EMC characteristics under the conditions specified in this report.

?ﬁf«’(’i e C[/w»

Prepared by : , Date: 2025/7/11
Pettie Chen / Senior Specialist

Jéi’@m/',-’ Z;'\.

Approved by : , Date: 2025/7/11
Jeremy Lin / Project Engineer
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2 Summary of Test Results

Applied Standard: FCC Part 95 & Part 2

Standard / Clause Test Item Result Remarks
FCC 47 CFR Part 95.3204 | OBU Transmit Power Pass Meet the requirement of limit.
FCC 47 CFR Part 2.1049 Occupied bandwidth Pass Meet the requirement of limit.
FCC 47 CFR Part 95.3205 | Out-of-Band Emissions (OOBE) Pass Meet the requirement of limit.
FCC 47 CFR Part 2.1055 Frequency Stability Pass Meet the requirement of limit.
FCC 47 CFR Part 95.3205 | Radiated Spurious Pass Meet the requirement of limit.

Notes: Determining compliance based on the results of the compliance measurement, not taking into account
measurement instrumentation uncertainty.

2.1 Measurement Uncertainty

Where relevant, the following measurement uncertainty levels have been estimated for tests performed on
the EUT as specified in CISPR 16-4-2;

Expanded Uncertainty
Measurement Frequenc
drency (k=2) (£)

9 kHz ~ 30 MH 3dB
Radiated Emissions up to 1 GHz z Z

30 MHz ~ 1 GHz 2.93dB
Radiated Emissions above 1 GHz 1 GHz ~ 18 GHz 1.76 dB

18 GHz ~ 40 GHz 1.77 dB
OBU Transmit Power 1.371 dB
Occupied bandwidth 72 Hz
Conducted emission 9kHz ~ 40GHz 2.79 dB
Frequency Stability 0.176 ppm

Report No.: RFBCKS-WTW-P25050539
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2.2 Test Instruments
For all test except Frequency Stability
Descripti i i
ption Model No. Serial No. Calibrated Cahbrgted
Manufacturer Date Until
Software ADT_Radiated
BV ADT V7.6.1595 NA NA NA
Anf[enna Tower NA NA NA NA
KaiTuo
Anf[enna Tower Controller KT-2000 NA NA NA
KaiTuo
Turn Table MFT-151SS-0.5T NA NA NA
Max-Full
Turn Table Controller MF-7802BS MF780208675 NA NA
Max-Full
,lxlg)?linEtMI Receiver N9O38A MY52260177 | 2024/9/19 | 2025/9/18
PXA Signal Analyzer N9030B MY57140488 | 2025/3/11 | 2026/3/10
Keysight
Loop Antenna
TRSEQ HLA 6121 45745 2024/8/21 | 2025/8/20
E&gfam Cable EMCCFD400-NM-NM-9000 | 201252(with PAD) | 2025/1/14 | 2026/1/13
E& gloa"ia' Cable EMCCFD400-NM-NM-3000 201250 2025/1/14 | 2026/1/13
Eﬁg’r‘p"f'er EMC330N 980783 2025/1/14 | 2026/1/13
Bi_Log Antenna
VULB 9168 9168-995 2024/10/9 | 2025/10/8
Schwarzbeck
FE{:\:/I (c::|c>aX|a| Cable EMCCFD400-NM-NM-500 201245 2025/1/14 | 2026/1/13
Horn Antenna
RPSPIN DRH18-E 210104A18E 2024/11/10 | 2025/11/9
E;ﬁg’l‘“p"f'er EMC118A45SE 980810 2024/12/26 | 2025/12/25
EI\FA gfax'a' Cable EMC104-SM-SM-9000 201230 2025/1/14 | 2026/1/13
El\FA gloa"ia' Cable EMC104-SM-SM-3000 201242 2025/1/14 | 2026/1/13
E&gfa"ia' Cable EMC104-SM-SM-1000 210101 2025/1/14 | 2026/1/13
Eﬁgﬁ“p"ﬁer EMC184045SE 980787 2025/1/14 | 2026/1/13
Hom Antenna BBHA 9170 9170-1048 2024/11/10 | 2025/11/9
Schwarzbeck
E& gloa"ia' Cable EMC101G-KM-KM-5000 201261 2025/1/14 | 2026/1/13
E& gloa"ia' Cable EMC101G-KM-KM-3000 201258 2025/1/14 | 2026/1/13
RF Coaxial Cable EMC101G-KM-KM-2000 201254 2025/1/14 | 2026/1/13

EMCI
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Note:

traceable to NML/ROC and NIST/USA.

2. The test was performed in WM Chamber 7.

3. Test Date: 2025/6/4 ~ 2025/7/4

For Frequency Stability only

1. The calibration interval of the above test instruments is 12 months and the calibrations are

Description i i
p Model No. Serial No. Calibrated Callbre_\ted
Manufacturer Date Until
3-channel DC power supply
JIN YIH Technology ODP3033 ODP30332128138 NA NA
Digital Multimeter
Fluke 8050A 4660081 2025/06/06 | 2026/06/05
ig‘gdmm Analyzer FSU43 101261 2025/4/16 | 2026/4/15
Software ADT_Radiated_
BV V7.6.15.9.5 NA NA NA
Temperature & Humidity
Chamber HRM-120RF 931022 2025/01/09 | 2026/01/08
Terchy
Note: 1. The calibration interval of the above test instruments is 12 months and the calibrations are

traceable to NML/ROC and NIST/USA.
2. The test was performed in Oven room.

3. Test Date: 2025/6/30
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3  General Information
3.1 General Description of EUT
Product On-Board Unit
Brand MobiQ
Test Model OBU-5931
Status of EUT Engineering sample
Power Supply Rating DC12V
Modulation Type QPSK for OFDM
Channel Bandwidth 20MHz
Operating Frequency 5915MHz [20 MHz channel under 5905-5925 MHZz]
Number of Channel 1
Max. EIRP Power 28.18dBm (0.658W)
Ant. 0: V2X Antenna with 5.18dBi gain
Antenna Type . .
Ant. 1: V2X Antenna with 5.50dBi gain
Antenna Connector Fakra
Accessory Device NA
Data Cable Supplied NA
Emission Designator 17M5D1D
Note:

1.
2.

3.
4.

This device is OBU without geo-fencing.

The WWAN module (Brand: WNC, Model: UMC-MT2731CBN, FCC ID: NKRUMC-MT2731CBN) is
collocated in this EUT.

Detail antenna specification please refer to antenna datasheet an antenna gain measurement report.

The above EUT information is declared by manufacturer and for more detailed features description, please
refer to the manufacturer's specifications or User's Manual.

3.2 Power Setting
Channel Power Setting
183 48
3.3 Description of Test Modes
1 channel is for the EUT:
Channel Frequency (MHz)
183 5915

Report No.: RFBCKS-WTW-P25050539 Page No. 8 / 30 Report Format Version: 6.1.1
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3.4

3.4.1

Configuration of System under Test

(A) DC power supply

| (1)

Description of Support Units

(4)
(6)
—l (D) USB Flash
(E) Load*2 (5)
EUT 3)
(B) WWAN Ant| (2)

(C) Laptop

The EUT has been tested as an independent unit together with other necessary accessories or support units.
The following support units or accessories were used to form a representative test configuration during the

tests.
No. Product Brand Model No. Serial No. | FCC ID Remarks
A | DC Power Supply | Topward 6603A 725906 NA Provided by Lab
B WWAN Ant TE ANT-LTE-WS-SMA NA NA Supplied by applicant
C Laptop Lenovo | 20J4 MD A003TW | PF-11H9AK NA Provided by Lab
D USB Flash SanDisk SDDDC3 032G NA Provided by Lab
E Load Woken |00700A1AGAOQ01F NA NA Provided by Lab
o Length | Shielding Cores
ID Cable Descriptions Qty. Remarks
(m) (Yes/No) (Qty.)
1 DC power cable 1 10 No 0 Supplied by applicant
2 WWAN Ant cable 2 3 No 0 Supplied by applicant
3 Micro USB cable 1 1 Yes 0 Supplied by applicant
4 HDMI cable 1 1 Yes 0 Provided by Lab
5 RF cable 1 0.1 Yes 0 Provided by Lab
6 Audio cable 1 1.5 No 0 Provided by Lab

Report No.: RFBCKS-WTW-P25050539
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3.5 Test Mode Applicability and Tested Channel Detail

Pre-Scan has been conducted to determine the worst-case mode from all possible combinations between
available modulations, data rates and antenna ports.

The worst case was found when positioned on X-plane. Following channel(s) was (were) selected for the final
test as listed below:

EUT
Configure Test ltem Available Channel Tested Channel
Mode
- OBU Transmit Power 183 183
- Occupied bandwidth 183 183
- Out-of-Band Emissions (OOBE) 183 183
- Frequency Stability 183 183
- Radiated Spurious 183 183

Test Condition:

Test Item Environmental Conditions | Input Power Tested By
OBU Transmit Power 25deg. C, 70%RH 12Vdc James Yang
Occupied bandwidth 25deg. C, 70%RH 12Vdc James Yang
Out-of-Band Emissions (OOBE) 25deg. C, 70%RH 12Vdc James Yang
Frequency Stability 25deg. C, 70%RH 12Vdc James Yang
Radiated Spurious 23deg. C, 67%RH 12Vdc Karl Lee

3.6 EUT Operating Conditions

Controlling software Tera Term version 4.106 has been activated to set the EUT under transmission condition
continuously at specific channel frequency.

3.7 General Description of Applied Standards

The EUT is a RF Product. According to the specifications of the manufacturer, it must comply with the
requirements of the following standards:

FCC 47 CFR Part 2

FCC 47 CFR Part 95

KDB 511808 D01 C-V2X v02
ANSI C63.26-2015

Note: All test items have been performed and recorded as per the above standards.

Report No.: RFBCKS-WTW-P25050539 Page No. 10 / 30 Report Format Version: 6.1.1
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4 Test Types and Results
41 C-V2X Transmit Power Measurement
4.1.1 Limits of C-V2X Transmit Power Measurement
OBU EIRP Limits
EIRP EIRP
Channel Channel Bandwidth with Geofencing outside with Geofencing operating within
(MHz) (MHz) zone zone* or without Geofencing
(dBm/BW) (dBm/BW)

5895-5905 10 33 23

5905-5915 10 33 337

5915-5925 10 33 337

5895-5915 20 33 23

5905-5925 20 33 33+

5895-5925 30 33 23

*Coordination zones of §90.387(b)?
i Reduced to 27dBm within + 5 degrees of horizontal

4.1.2 Test Procedures

a)

b)

c)

OBUs employing C-V2X technologies shall have a maximum EIRP that does not exceed the limits
provided in §95.3204. The EIRP is measured as the maximum EIRP toward the horizon or horizontally,
whichever is greater, based on the gain associated with the main or center of the transmission beam. The
EIRP may be calculated from conducted power measurements using characterized antenna data or the
antenna data sheet; however, the antenna data must have sufficient resolution to determine the antenna
gain within £5 degrees from the horizontal plane.

Radiated measurements shall be made if there is insufficient resolution in the antenna data to determine
compliance. The resolution should be such that the antenna gain can be determined at +5 degrees
elevation. The general test setup is shown in Figure 2. The OBU transmit antenna shall be placed at a
height of 1.5 meters and oriented such that the antenna's main lobe is facing parallel to the ground plane.
The OBU shall be configured for testing to represent the actual installation.

The measurement antenna may be placed at any test distance if it is in the far field of the OBU transmit

antenna and at least 3 meters away.”

* Electric field measurements are typically made in terms of dBuV/m and need to be converted to EIRP. This

can be accomplished using the following equation: EIRP (dBm) = EO + 20log10(d) — 104.8 where EOQ is the

electric field measured in dBuV/m and d is the measurement distance in meters.

Report No.: RFBCKS-WTW-P25050539 Page No. 11 / 30 Report Format Version: 6.1.1
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Antenna Mast

EUT A—

Figure 2. C-V2X OBU Radiated Test Setup Diagram

d) Several operating bands require the beam to be evaluated based on whether the device is transmitting in

the coordination zone or operating without geofencing capabilities, as shown in Table 1. To determine

compliance in these bands, after the maximum EIRP is measured, the receive measurement antenna

shall be elevated to the appropriate height4 relative to the transmit antenna. Measurements or

calculations for EIRP shall be performed at the upper and lower edges of the £5-degree beam width. If the

maximum EIRP is less than 27 dBm, then additional testing for +5 degrees is not required.

e) OBUs with a maximum EIRP > 27 dBm shall describe the mechanism for reducing the main beam power

to 27 dBm under §95.3204(a)(5) when the beam is within the + 5 degrees elevation from the horizontal

plane.

4.1.3 Test Setup

EUT&

Boresight Ant. Tower

\

1-4m
Variable

_in

3m
Support Units | |
\ Turn Table pr— 2
— »~
woo] TT /\AN\/\MT/\M —

Ground Plane

Test Receiver

AN [ —
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414 Test Results
Channel Antenna Antenna Field
Channel Frequency | Rotation R?;VB\SG\}I;J e Fa(gti brzceiB) Factor Strength Polarity
(MHz) Range (dB/m) (dBpV/m)
183 5915 15 80.7 8.5 32.54 121.74 \Y,
183 5915 +5 70.64 8.5 32.54 111.68 H
Note: Field Strength(dBuV/m) =Raw Value (dBuV)+ Antenna Factor(dB/m) + Cable Factor(dB)
Channel Antenna Field . -
Channel Frequency | Rotation Strength ggggf&;%r; EIRP (dBm) EIEFI;rI;:]m i Polarity
(MHz) Range (dBpV/m)
183 5915 15 121.74 -95.26 26.48 =27 Y,
183 5915 15 111.68 -95.26 16.42 =27 H
Note:

1. EIRP(dBm) = Field Strength(dBuV/m)+ Correction Factor(dB/m)
2. Correction Factor (dB) = 20log(D) — 104.8; where D is the measurement distance at 3 meters.

Spectrum Plot_ Antenna Rotation Range: +5

MultiView ™ Spectrum Spectrum 3 Spectrum 4 Spectrum 5
Ref Level 52.00 dBm  Offset 3.14 dB ® RBW 200 kHz
1 MHz Mode Sweep

® Att 0dB  SWT 40.1 ms ® VBW

GAT: IFP

®
(=]

Count 100/100

4.07 MHz/

40001 pts

CF 5.915 GHz
None

pan 40.7 MHz

2 Result Summal
Tx1 (Ref) 20.000 MHz 26.48 dBm
1 Tx Total 26.48 dBm |
- i 26.06.2025
- measuring... [THENNNNER oh A

12:13:29 26.06.2025

Report Format Version: 6.1.1
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Channel Antenna Raw Value Cable Antenna Field
Channel Frequency Rotation (dBuV) Factor(dB) Factor Strength Polarity
(MHZz) Range (dB/m) (dBuV/m)
183 5915 Out of £5 82.4 8.5 32.54 123.44 \Y,
183 5915 Out of 5 72.43 8.5 32.54 113.47 H
Note: Field Strength(dBuV/m) =Raw Value (dBuV)+ Antenna Factor(dB/m) + Cable Factor(dB)
Channel Antenna Field : -
Channel | Frequency | Rotation | Strength E;étrsf(té%”) EIRP (dBm) E"[z';;']m't Polarity
(MHz) Range (dBpV/m)
183 5915 Out of 5 123.44 -95.26 28.18 =33 \Y,
183 5915 Out of 5 113.47 -95.26 18.21 =33 H
Note:

1. EIRP(dBm) = Field Strength(dBuV/m)+ Correction Factor(dB/m)

2. Correction Factor (dB) = 20log(D) — 104.8; where D is the measurement distance at 3 meters.

Spectrum Plot_ Antenna Rotation Range: Out of +5

MultiView

® Att

Spectrum
Ref Level 52.00 dBm

u Spectrum 2

Offset 3.14dB ® RBW 200 kHz

0dB ® SWT 40.1ms ® VBW 1 MHz Mode Sweep

GAT:IFP
1ACR TRm Avg

Count 100/100

50 dBm

40 dBm

30 dBm

20 dBm

10 dBm

0 dBm

-40 dBm

CF 5.915 GHz

40001 pts

4.07 MHz/

Span 40.7 MHz

2 Result Summa None
Tx1 (Ref) 20.000 MHz 28.18 dBm
Tx Total 28.18 dBm

01:11:30 PM 07/04/2025

Aborted

. 2025-07-04
E 13m0
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4.2
4.2.1

Occupied Bandwidth Measurement

Limits of Occupied Bandwidth Measurement

The OBW is the frequency bandwidth such that, below its lower and above its upper frequency limits, the
mean powers are each equal to 0.5% of the total mean power of the given emission.

4.2.2 Test Procedure

For the occupied bandwidth measurement method, please refer to section 5.4.4 of ANSI C63.26.
The following procedure shall be used for measuring (99%) power bandwidth:

a.

The spectrum analyzer center frequency is set to the nominal EUT channel center frequency. The
frequency span for the spectrum analyzer shall be set wide enough to capture all modulation
products including the emission skirts (typically a span of 1.5 x OBW is sufficient).

The nominal IF filter 3 dB bandwidth (RBW) shall be in the range of 1% to 5% of the anticipated
OBW, and the VBW shall be set = 3 x RBW.

Set the reference level of the instrument as required to prevent the signal amplitude from exceeding
the maximum spectrum analyzer input mixer level for linear operation. See guidance provided in
4.2.3.

NOTE—Step a), step b), and step c) may require iteration to adjust within the specified tolerances.
Set the detection mode to peak, and the trace mode to max-hold.

If the instrument does not have a 99% OBW function, recover the trace data points and sum
directly in linear power terms. Place the recovered amplitude data points, beginning at the lowest
frequency, in a running sum until 0.5% of the total is reached. Record that frequency as the lower
OBW frequency. Repeat the process until 99.5% of the total is reached and record that frequency as
the upper OBW frequency. The 99% power OBW can be determined by computing the difference
these two frequencies.

The OBW shall be reported and plot(s) of the measuring instrument display shall be provided with
the test report. The frequency and amplitude axis and scale shall be clearly labeled. Tabular data
can be reported in addition to the plot(s).
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For the 26 dBc bandwidth measurement method, please refer to section 5.4.3 of ANSI C63.26.

a.

423

The spectrum analyzer center frequency is set to the nominal EUT channel center frequency. The span
range for the spectrum analyzer shall be wide enough to see sufficient roll off of the signal to make the
measurement.

The nominal RBW shall be in the range of 1% to 5% of the anticipated OBW, and the VBW shall be set =
3 x RBW.

Set the reference level of the instrument as required to prevent the signal amplitude from exceeding the
maximum spectrum analyzer input mixer level for linear operation. See guidance provided in 4.2.3.

The dynamic range of the spectrum analyzer at the selected RBW shall be more than 10 dB below the
target “=X dB” requirement, i.e., if the requirement calls for measuring the —26 dB OBW, the spectrum
analyzer noise floor at the selected RBW shall be at least 36 dB below the reference level.

Set spectrum analyzer detection mode to peak, and the trace mode to max hold.

Determine the following reference values: Set the EUT to transmit a modulated signal. Allow the trace to
stabilize. Set the spectrum analyzer marker to the highest level of the displayed trace (this is the
reference value).

Determine the “~X dB amplitude” as equal to (Reference Value - X). Alternatively, this calculation can be
performed on the spectrum analyzer using the delta-marker measurement function.

Place two markers, one at the lowest and the other at the highest frequency of the envelope of the
spectral display such that each marker is at or slightly below the “~X dB amplitude” determined in step f).
If a marker is below this “~X dB amplitude” value it should be as close as possible to this value. The
OBW is the positive frequency difference between the two markers.

The OBW shall be reported by providing plot(s) of the measuring instrument display, to include markers
depicting the relevant frequency and amplitude information (e.g., marker table). The frequency and
amplitude axis and scale shall be clearly labeled. Tabular data may be reported in addition to the plot(s).

Test Setup

EUT |_ Spectrum Analyzer

T

Attenuation PAD
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4.2.4 Test Result

Channel Frequency (MHz)

99% Occupied Bandwidth (MHz)

Ant. 0

Ant. 1

183 5915

17.542

17.542

Spectrum Plot of Worst Value

Ref Ll Offset 11.80 dB
Ref Value 30.00 dBm

R

#Video BW 620,00 kHz"

Occupied Bandwidh
175

2 Total Power
Transmit Freq Ertor 9% of OBW Power
xdB

X dB Bandwidth

o~ 2 s

A e

Occupied Bandwidth
175

Transmit Freq Ertor
xdB Bandwidth

9 m(?

Ant. 1

R e — . 7
Spurous Emissions _|Swept SA + Frequency
RefLul Offset 1,80 dB Certer Froquency | LS00
Ref Value 30.00 dBm

n

#Video BW 620,00 kHz" ‘Span 40 MHz]

#5weep 100 me (101 ]

Total Power
% of OBW Power
xdB

Channel

26dB Bandwidth (MHz)

Frequency (MHz)

Ant. 0

Ant. 1

Pass/Fail

183

5915

18.37

18.34

Pass

Spectrum Plot of Worst Value

Ant. 0

Specium Analyzer 1., o T VR
| Occupied BW. 2 <

Ref Lyl Offset 11.80 dB
Ref Value 30.00 dBm

W VRN RPN SR
R TIT

[Center 5.91500 GHz
J4Res BW 200.00 kHz

#Video BW 620.00 kHz"

Occupied Bandwidth
17.542 M

Transmit Freq Erfor

% of OBW Power
xdB Bandwidth xdB

)|~ ()[?

JIORCT. T

Center 5.91500 GHz
#Res BW 200.00 kHz

Occupied Bandvwidth
17.542 MHz

Transmit Freq Error
X dB Bandwidth

9| (][ ?] ¥

Spectrum Analyzer 3 |Specirum Analyzer 4
|Spurious Emissions _|Swept SA

Ref Lvl Offset 11.80 dB
Ref Value 30.00 dBm

#Video BW 620,00 kHz'

Total Power 20.8 dBm

99.00%

9% of OBW Power
xdB 260048
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4.3 Out-of-Band Emissions (OOBE) Measurement
4.3.1 Limits of Out-of-Band Emissions (OOBE) Measurement

C-V2X OBUs must comply with the following out-of-band emissions limits. Conducted emissions limits
measured at the antenna input shall not exceed:

1) =16 dBm/100 kHz within +1 megahertz of the band edges;

2) =13 dBm/MHz within +1 megahertz to +5 megahertz of the band edges;

3) —16 dBm/MHz within £5 megahertz to £+30 megahertz of the band edges; and
4) —28 dBm/MHz beyond 30 megahertz from the band edges.

—~ o~~~

4.3.2 Test Procedures

RSUs and OBUs must comply with the following guidelines:

a) Conducted limits measured at the antenna input must not exceed:
1. -16 dBm/100 kHz within £ 1 megahertz of the band edges.
2. -13 dBm/MHz within + 1 megahertz to + 5 megaheriz of the band edges.
3. -16 dBm/MHz within £ 5 megahertz to + 30 megahertz of the band edges and
4. -28 dBm/MHz beyond 30 megahertz from the band edges.

b) Compliance can be verified using an RMS average detector.

c) The general test methods of ANSI C63.26, section 5.7.3 and 5.7.4 shall be used.

d) There is no requirement as to how the plots are to be formatted or displayed, as long as all applicable
data is presented.

e) For example, if the lab possesses a spectrum analyzer capable of performing segmented
measurements with control of RBW, VBW, sweep time, number of points, detector type, etc., per
segment, then all the segments from 1. —4. in a) above, may appear on one single plot as shown in
Figure 3.

f)  When using the emission mask for plots or segments, ensure that the spectrum analyzer’s automatic
measurement feature is enabled to clearly display the “pass” or “fail” result on the plot as shown in
Figure 3.

Figure 3. Example of C-V2X OOBE limits plot

g) If this method is used, then the report shall also include an example table from one channel displaying
the RBW, VBW, sweep time, number of points, detector, etc. for each range in the emission mask.
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h) If individual segments are measured, and the pertinent information, RBW, VBW, sweep time, number of
points, etc. are displayed on the plot, then there is no need to add an additional sweep list table.

i) For devices with MIMO capabilities, follow the procedures specified in KDB Publication 662911 for
summing emissions or adjusting emission levels measured on individual outputs by 10 log (Nant), where
NanT is the number of outputs.

j)  Testing shall be performed on all potential channel bandwidths and all potential power outputs which the
RSU or OBU is capable of transmitting. If the RSU or OBU is capable of carrier aggregation
(e.g., transmit a 10 MHz and 20 MHz channel simultaneously) then these combinations shall also be
investigated. Care shall be taken to evaluate the impact of intermodulation while additional carriers are
active and multiple configurations are possible (e.g., varying resource block configurations for 4G LTE).

k) Measurements shall be performed up to 40 GHz.

I) In addition to conducted measurements, the RSU or OBU shall also be tested for cabinet radiation with
the antenna output terminated into a load.

4.3.3 Test Setup

Spectrum Analyzer

—
?

Attenuation PAD

EUT

4.3.4 Test Results

CH183 5915MHz

R
Ref Value 30.00 dBm Ref Value 30.00 dBm

Ww\ T mewﬁmwm‘
L —= “"ﬂ'

M,.aw "/

"ﬁ% :

Stop 5.965 GHz.

Ejrd LIRS -5? E e
Note. The ant.0/ant.1 ref level offset 14.81 = 10dB(Attenuator) + 1dB(Cable loss) + 0.8dB(connector loss) +
3.01dB(MIMO factor)

Range 1 Range 2 Range 3 Range 4 Range 5 Range 6 Range 7 Range 8 Range 9
Range Start | 5.865 GHz | 5.875 GHz | 5.900 GHz | 5.904 GHz | 5.905 GHz | 5.925 GHz | 5.926 GHz | 5.930 GHz | 5.955 GHz
Range Stop | 5.875 GHz | 5.900 GHz | 5.904 GHz | 5.905 GHz | 5.925 GHz | 5.926 GHz | 5.930 GHz | 5.955 GHz | 5.965 GHz
RBW 1MHz 1MHz 1MHz 100kHz 100kHz 100kHz 1MHz 1MHz 1MHz
VBW 3MHz 3MHz 3MHz 300kHz 300kHz 300kHz 3MHz 3MHz 3MHz
SWT\;TE d‘l(;ime Auto Auto Auto Auto Auto Auto Auto Auto Auto
Sweep Time 1ms 1ms 1ms 1ms 1ms 1ms 1ms 1ms 1ms
Sweep Point 601 601 601 601 601 601 601 601 601
Detector RMS RMS RMS RMS RMS RMS RMS RMS RMS
Test Results Pass Pass Pass Pass - Pass Pass Pass Pass
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Ant. 0

Channel 183

Frequency Range : 9kHz~1GHz

Ref Lyl Offset 14,61 dB.
Ref Level 20.00 dBm

i
VA P RN B sttt St i

stare o Kz
4Res BW 1.0 MHz

29 C A ? s

#Video BW 3.0 MHz" Stop 1.0000 GHz

Sweep ~1.73 ms (2001 pts)

Ref Lyl Offset 14.81 dB. [
Ref Level 10.00 dBm

#Video BW 3.0 MHz" Stop 40.00 GHz

Sweep ~37.3 ms (40001 pts)

29 Ml ? e

Full Span
Start Freq
9,000 kHz
p Freq

AUTO TUNE

Frequency

Center Frequency.
3 000 Gi
Span

20.0000000 GHz

‘Swept Span
Zero Span

it Freq
20,000000000 GHz

40000000000 GHz

AUTO TUNE

Frequency Range : 1GHz~20GHz

o1 | qpectmnatee - fspecnam + TR svectum Anaiyzer 6
. Occupicd g Swept SA Swept

4 Spectum, Ref Lvl Offset 14.81 dB. Mkri 5.91

ScaleDiv 10 dB Ref Level 20.00 dBm

#Video BW 3.0 MHz" Stop 20.000 GHz

Sweep ~193 ms (40001 pts)|

‘Swept Span
Zero Span

Full Span
Start Freq
1.000000000 GHz
p Freq

AUTO TUNE

Setings.
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Ant. 1

Channel 183
Frequency Range 9kHz~1GHz Frequency Range : 1GHz~20GHz

Spectum Arayzer 1 [Spectrum Anayzer 2 [Spectrum Arayzer
Qccupicd BW 2 gissions |5\

Frequency

Ref Lvl Offset 14.81 dB. 1 84 Ref Ll Offset 14.81 dB
Ref Level 20.00 dBm -45.43 £ Ref Level 20.00 dBm

Zero Span
——
=

1

#Video BW 3.0 MHz" Stop 1.0000 GHz X #Video BW3.0 MHz" Stop 20.000 GHz
Sweep ~1.73 ms (2001 pts) X Sweep ~193 ms (40001 us)

Rl

3 |Spectrum Analyzer 4
ns_|Swept SA

Ref Lul Offset 14.81 dB.
Ref Level 10.00 dBm

‘Swept Span
Zero Span

#Video BW 3.0 MHz" Stop 40.00 GHz]
Sweep ~37.3 ms (40001 pts)
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4.4 Frequency Stability Measurement
441 Limits of Frequency Stabiliity Measurement

The frequency stability shall be sufficient to ensure that the fundamental emission stays within the authorized
frequency block.

4.4.2 Test Procedure

a. Device is placed at the oven room. The oven room could control the temperatures and humidity. Power
warm up is at least 15 min and power applied should perform before recording frequency error.

b. EUT is connected the external power supply to control the DC input power. The test voltage range is from
minimum to maximum working voltage. Each step shall be record the frequency error rate.

c. The temperature range step is 10 degrees in this test items. All temperature levels shall be hold the £0.5°C
during the measurement testing. The each temperature step shall be at least 0.5 hours, consider the EUT
could be test under the stability condition.

Note: The frequency error was recorded frequency error from the spectrum analyzer.

443 Test Setup

Oven Room
SPECTRUM

ANALYZER

20d8
ATTENUATION
PAD

External Power Source
EUT

DC Power Supply
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444 Test Results

Frequency Error vs. Voltage

Voltage CH183
(vdc) Frequency (MHz) Frequency Error (ppm)
12 5914.999997 -0.000507
9 5914.999999 -0.000169
16 5915.000002 0.000338

Note: The applicant defined the normal working voltage is 12Vdc.

Frequency Error vs. Temperature

CH183
Temp. (°C)
Frequency (MHz) Frequency Error (ppm)

-30 5914.999995 -0.000845
-20 5915.000002 0.000338
-10 5915.000003 0.000507

0 5914.999996 -0.000676
10 5914.999999 -0.000169
20 5914.999998 -0.000338
30 5915.000003 0.000507
40 5914.999996 -0.000676
50 5915.000002 0.000338
60 5915.000003 0.000507
70 5914.999997 -0.000507
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4.5 Radiated Spurious
451 Limits of Radiated Spurious

Conducted emissions limits measured at the antenna input shall not exceed:

(1) =16 dBm/100 kHz within £1 megahertz of the band edges;

(2) =13 dBm/MHz within +1 megahertz to +5 megahertz of the band edges;

(3) =16 dBm/MHz within +5 megahertz to +30 megahertz of the band edges; and
(4) -28 dBm/MHz beyond 30 megahertz from the band edges.

452 Test Setup

For Radiated emission below 30 MHz

Ant. 1m

EUT& T ,/

Support Units | L '

Turn Table
i | v

Ground Plane

80 cmT
i

Test Receiver

For Radiated emission above 30 MHz

Ant. Tower 1-4 m
Variable
EUT& 3m
Support Units ~ |= I
Turn Table + e

/
80 cmT w
_i_

Ground Plane

Test Receiver

N

[
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For radiated emission above 1 GHz
Boresight Ant. Tower

1-4m
Variable
EUT& 3m \
Support Units |-

1

Turn Table Absorber

il
el MMAAA e

Ground Plane

Test Receiver

AN [ —

For the actual test configuration, please refer to the attached file (Test Setup Photo).
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453

Test Procedure

For Radiated emission below 1GHz

a.

In the semi-anechoic chamber, EUT placed on the 0.8 m (below or equal 1 GHz) height of turn table,
rotated the table around 360 degrees to search the maximum radiation power and receiver antenna shall
be rotated vertical and horizontal polarization and moved height from 1 m to 4 m to find the maximum
polar radiated power. The “Read Value” is the spectrum reading the maximum power value.

The height of antenna is varied from one meter to four meters above the ground to determine the
maximum value of the field strength. Both horizontal and vertical polarizations of the antenna are set to
make the measurement.

Perform a field strength measurement and record the worse read value, is the field strength value via a
spectrum reading obtained corrected for antenna factor, cable loss and pre-amplifier factor and then
mathematically convert the measured field strength level to EIRP/ERP level.

Following ANSI C63.26 section 5.5 and 5.2.7

EIRP (dBm) = E (dBuV/m) + 20log(D) - 104.8; where D is the measurement distance (in the far field
region) in m.

ERP (dBm) = E (dBuV/m) + 20log(D) - 104.8 - 2.15; where D is the measurement distance (in the far field
region) in m.

1. The resolution bandwidth and video bandwidth of test receiver/spectrum analyzer is 1 MHz/3 MHz.
Set detector = average.

2. The amplitude of spurious emissions in the range 9 kHz to 30 MHz which are attenuated more than
20 dB below the permissible value need not be reported.

For Radiated emission above 1GHz

a.

Note:

In the semi-anechoic chamber, EUT placed on the 1.5 m height of turn table, rotated the table around
360 degrees to search the maximum radiation power and receiver antenna shall be rotated vertical and
horizontal polarization and moved height from 1 m to 4 m to find the maximum polar radiated power. The
“Read Value” is the spectrum reading the maximum power value.

The height of antenna is varied from one meter to four meters above the ground to determine the
maximum value of the field strength. Both horizontal and vertical polarizations of the antenna are set to
make the measurement.

Perform a field strength measurement and record the worse read value, is the field strength value via a
spectrum reading obtained corrected for antenna factor, cable loss and pre-amplifier factor and then
mathematically convert the measured field strength level to EIRP/ERP level.

Following ANSI C63.26 section 5.5 and 5.2.7

EIRP (dBm) = E (dBuV/m) + 20log(D) - 104.8; where D is the measurement distance (in the far field
region) in m.

ERP (dBm) = E (dBuV/m) + 20log(D) - 104.8 - 2.15; where D is the measurement distance (in the far field
region) in m.

The resolution bandwidth and video bandwidth of test receiver/spectrum analyzer is 1 MHz/3 MHz. Set

detector = average.
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454 Test Results
Below 1GHz
Mode TX channel 183 Frequency Range Below 1000 MHz
SO 23 °C, 67 % RH Input Power 12Vdc
Conditions
Tested By Karl Lee
Antenna Polarity & Test Distance : Horizontal at 3 m
Frequency EIRP Limit Margin Antgnna Table Raw Correction
No (MHz) (dBm) (dBm) (dB) Height Angle Value Factor
(m) (Degree) (dBuV) (dB/m)
1 81.41 -47.03 -28.00 -19.03 1.50H 133 61.89 -108.92
2 156.10 -63.28 -28.00 -25.28 1.00H 135 50.27 -103.55
3 183.26 -50.08 -28.00 -22.08 2.00H 85 55.18 -105.26
4 272.50 -49.24 -28.00 -21.24 2.00H 201 53.51 -102.75
5 399.57 -55.29 -28.00 -27.29 1.00H 22 44 .61 -99.90
6 533.43 -54.89 -28.00 -26.89 1.00H 30 42.57 -97.46
Antenna Polarity & Test Distance : Vertical at 3 m
Frequency EIRP Limit Margin Antgnna Table Raw Correction
No (MHz) (dBm) (dBm) (dB) Height Angle Value Factor
(m) (Degree) (dBuV) (dB/m)
1 46.49 -45.68 -28.00 -17.68 150V 249 58.63 -104.31
2 73.65 -45.06 -28.00 -17.06 1.50V 249 62.02 -107.08
3 242.43 -52.56 -28.00 -24.56 1.50V 14 51.75 -104.31
4 383.08 -49.73 -28.00 -21.73 1.00V 147 50.39 -100.12
5 499.48 -565.93 -28.00 -27.93 1.99V 167 4211 -98.04
6 616.85 -54.38 -28.00 -26.38 150V 341 41.11 -95.49
Remarks:

1. EIRP(dBm) = Raw Value(dBuV) + Correction Factor(dB/m)
2. Correction Factor(dB/m) = Antenna Factor(dB/m) + Cable Factor(dB) — Pre-Amplifier Factor(dB)
+ 20log(D) — 104.8
3. Margin value = EIRP — Limit value
4. The other EIRP levels were very low against the limit of frequency range 30 MHz ~ 1 GHz.
5. The frequency range 9 kHz ~ 30 MHz: all emissions are more than 20 dB below the limit, therefore do
not be recorded in this report.
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+ 20log(D) — 104.8
3. Margin value = EIRP — Limit value

1. EIRP(dBm) = Raw Value(dBuV) + Correction Factor(dB/m)
2. Correction Factor(dB/m) = Antenna Factor(dB/m) + Cable Factor(dB) — Pre-Amplifier Factor(dB)

4. The other EIRP levels were very low against the limit.

Above 1GHz
Mode TX channel 183 Frequency Range 1GHz ~ 40GHz
Environmental 23 °C, 67 % RH Input Power 12Vdc
Conditions
Tested By Adair Peng
Antenna Polarity & Test Distance : Horizontal at 1.5 m
. . Antenna Table Raw Correction
No Frt(—:"\czllj_'ezr;cy (E:;E) (Iagnr:) I\/I(zré;)ln Height Angle Value Factor
(m) (Degree) (dBuV) (dB/m)
1 11830.00 -47.10 -28.00 -19.10 1.33H 152 32.91 -80.01
Antenna Polarity & Test Distance : Vertical at 1.5 m
- . Antenna Table Raw Correction
No Fr((el\(lelj_lezr;cy (5:;}:) (bllgnn:[) M(Zgj)m Height Angle Value Factor
(m) (Degree) (dBuV) (dB/m)
1 11830.00 -46.65 -28.00 -18.65 184V 115 33.36 -80.01
Remarks:
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5 Pictures of Test Arrangements

Please refer to the attached file (Test Setup Photo).
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Appendix — Information of the Testing Laboratories

We, Bureau Veritas Consumer Products Services (H.K.) Ltd., Taoyuan Branch, were founded in 1988 to
provide our best service in EMC, Radio, Telecom and Safety consultation. Our laboratories are accredited and
approved according to ISO/IEC 17025.

If you have any comments, please feel free to contact us at the following:

Linko EMC/RF Lab Hsin Chu EMC/RF/Telecom Lab
Tel: 886-2-26052180 Tel: 886-3-6668565
Fax: 886-2-26051924 Fax: 886-3-6668323

Hwa Ya EMC/RF/Safety Lab
Tel: 886-3-3183232
Fax: 886-3-3270892

Email: service.adt@tw.bureauveritas.com
Web Site: http://ee.bureauveritas.com.tw

The address and road map of all our labs can be found in our web site also.

---END ---
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