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1. Customer Information

Company Name:

Harman Becker Automotive System GmbH

Company Address:

Becker-Goring-str.16, 67307- Karlsbad, Germany

Contact Person:

Ouajdi Ochi / Stefan Blaschek

Contact E-Mail Address:

ouajdi.ochi@harman.com / stefan.blaschek@harman.com

Contact Phone No.:

+49 7248715407 | +49 7248713382
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2. Summary of Testing

2.1. General Information

Applied Standards

Specification Reference:

47CFR15.247

Specification Title:

Code of Federal Regulations Volume 47 (Telecommunications):
Part 15 Subpart C (Intentional Radiators) - Section 15.247

Specification Reference:

47CFR15.209

Specification Title:

Code of Federal Regulations Volume 47 (Telecommunications):
Part 15 Subpart B (Unintentional Radiators) —15.109

Site Registration:

225111

Location

Location of Testing:

UL International Germany GmbH
Hedelfinger Str. 61

70327 Stuttgart

Germany

Date information

Order Date: 23 June 2017
EUT arrived: 03 May 2017
Test Dates: 29 August 2017 to 11 October 2017

EUT returned:

-

)

Page 5 of 47

FCC 15.247 FHSS - Template Vers. 1.2




UL INTERNATIONAL GERMANY GMBH TEST REPORT NO: UL-RPT-RP-11836681-216FCC
TEST REPORT VERSION 1.2 ISSUE DATE: 26 SEPTEMBER 2018

2.2. Summary of Test Results

comply performed | applicable
Part Transmitter 20 dB Bandwidth O O O
15.247(a)(1)
Part . . .
15.247(a)(1) Transmitter Carrier Frequency Separation ] ] O
Part Transmitter Number of Hopping Frequencies
15.247(a)(1)(iii) | and Average Time of Occupancy - - -
Part . .
15.247(b)(1) Transmitter Maximum Peak Output Power ] ] O
Part 15.247(d) . . .
& 15.209(a) Transmitter Radiated Emissions ] ] U
Part 15.247(d) . . .
& 15.209(a) Transmitter Band Edge Radiated Emissions ] ] O
Note:

Device is an in car/vehicle device. No connection to AC mains. Due to this fact Part 15.207 is not applicable
(AC conducted measurements)

2.3. Methods and Procedures

Reference:

ANSI C63.10-2013

Title:

American National Standard of Procedures for Compliance Testing of
Unlicensed Wireless Devices

2.4. Deviations from the Test Specification

For the measurements contained within this test report, there were no deviations from, additions to, or
exclusions from the test specification identified above.

)
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3. Equipment Under Test (EUT)

3.1. Identification of Equipment Under Test (EUT)

Brand Name:

SCANIA

Model Name or Number:

AUS4 BASIC

Test Sample Serial Number:

A558CT0OH2513013 and A558CQ0H2513001( Radiated
samples)

Hardware Version Number:

H32

Software Version Number:

SCANIA_J5_R32.0.016313A

FCC ID:

T8GAUS4BASIC

Brand Name: SCANIA

Model Name or Number: AUS4 BASIC

Test Sample Serial Number: A558CROH2513020 ( Conducted sample)
Hardware Version Number: H32

Software Version Number:

SCANIA_J5_R32.0.016313A

FCC ID:

T8GAUS4BASIC

3.2. Description of EUT

The equipment under test was a head unit with Bluetooth capability.

Device is mounted in a car/vehicle and powered over the car battery. No AC mains supply/connection

possible.

3.3. Modifications Incorporated in the EUT

No modifications were applied to the EUT during testing.

)
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UL INTERNATIONAL GERMANY GMBH
TEST REPORT VERSION 1.2

3.4. Additional Information Related to Testing

Tested Technology: Bluetooth
Power Supply Requirement: Nominal 12 VDC
Type of Unit: Transceiver
Channel Spacing: 1 MHz
Mode: Basic Rate Enhanced Data Rate
Modulation: GFSK /4-DQPSK 8DPSK
Packet Type: (Maximum Payload) DH5 2DH5 3DH5
Data Rate (Mbps): 1 2 3
Maximum Conducted Output Power: | 5.9 dBm
Antenna Gain: 4.5 dBi
Transmit Frequency Range: 2402 MHz to 2480 MHz
Transmit Channels Tested: Channel
Channel ID Channel Number Frequency
(MHz)
Bottom 1 2402
Middle 39 2441
Top 79 2480

3.5. Support Equipment

The following support equipment was used to exercise the EUT during testing:

Item | Description Brand Name Model Name or Number | Serial Number
1 Laptop PC with software | Lenovo 20F1-001YGE MP-16X71T 16/11
application Tera Term
2 Power supply wires Not marked or Not marked or stated Not marked or stated
(Length 2 metres) stated
3 Edge connector HARMAN 45/16 MOS Not marked or stated
BECKER
4 USB-Adapter BECKER 40/16 MOS Not marked or stated
USB cable Not marked or Not marked or stated Not marked or stated
(Length 2 metres) stated
6 Laboratory Power Supply | Conrad PS-2403D Not marked or stated
Electronic
Germany
7 2 USB Kingston DTR3.0 G2 Not marked or stated
@ Page 8 of 47 FCC 15.247 FHSS - Template Vers. 1.2
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4. Operation and Monitoring of the EUT during Testing

4.1. Operating Modes

The EUT was tested in the following operating mode(s):

*Continuously transmitting at maximum power on bottom, middle and top channels in Basic Rate (DH5
packets) or EDR (2DH5 or 3DH5 packets) as required.

Continuously transmitting at maximum power in hopping mode on all channels in Basic Rate (DH5
packets) or EDR (2DH5 or 3DH5 packets) as required.

4.2. Configuration and Peripherals

The EUT was tested in the following configuration(s):

)

Controlled using a terminal application on the laptop PC along with instructions provided by the customer.
The document was called “How to configure named MAN-Scania-Testsetup_170116 v06.pdf” dated
16/01/17.

Both EDR/Basic rate modes were compared and tests were performed with the mode that presented the
worst case result. For output power, bandwidth, band edge and channel separation, all modes were
tested.

Transmitter radiated spurious emissions tests were performed with the EUT transmitting in DH5 mode as
this mode was found to transmit the highest power.

The EUT was powered via a 12 V power supply for both conducted and radiated tests.

For Transmit tests: A test computer with the above mentioned software application was used to place the
EUT into Bluetooth modes.

The EUT conducted sample was used for peak output power, Bandwidth, transmitter number of hopping
frequencies, average time of occupancy and transmitter carrier frequency separation measurement.

The EUT radiated sample was used for transmitter band edge radiated emissions and radiated spurious
emissions tests.

Software EMC32 V10.1.0
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5. Measurements, Examinations and Derived Results

5.1. General Comments

Measurement uncertainties are evaluated in accordance with current best practice. Our reported expanded
uncertainties are based on standard uncertainties, which are multiplied by an appropriate coverage factor to
provide a statistical confidence level of approximately 95%. Please refer to Section 6 Measurement
Uncertainty for details.

In accordance with DAKKS requirements all the measurement equipment is on a calibration schedule. All
equipment was within the calibration period on the date of testing.
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5.2. Test Results
5.2.1. Transmitter 20 dB Bandwidth

Test Summary:

Test Engineer: Abdoufataou Salifou Test Date: 05 October 2017
Test Sample Serial Number: A558CROH2513020 (Conducted sample with RF port)

Test Site Identification SR9

FCC Reference: Part 15.247(a)(1)

Test Method Used: ANSI C63.10 Section 6.9.2

Environmental Conditions:

Temperature (°C): 24
Relative Humidity (%): 48
Note(s):

1. The test receiver resolution bandwidth was set to 30 kHz and video bandwidth 100 kHz. A MaxPeak
detector was used, sweep time was set to auto and the trace mode was Max Hold. The span was set to
3.0 MHz Normal and delta markers were placed 20 dB down from the peak of the carrier. These results
are documented in the table below.

2. The test receiver was connected to the RF port on the EUT using suitable attenuation and RF cable.

Test setup:
PCB board edge Level-Shifter-
Laptop PC
——>|  connector  [€3 Board <>
Power Supply
h 4
EUT RF Attenuator Test Receiver
> —>
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Transmitter 20 dB Bandwidth (continued)
Results DH5:

Channel

20 dB Bandwidth (kHz)

Bottom

925.400

Middle

925.400

Top

929.700

Spectrum ] ng: Spectrum ] uf
RefLevel 30.00 cBm  Offset 1551 GB w RBW 30 kHz RefLevel 30.00 dBm  Offset 15,51 B w RBW 30 kHz
Att 30dB w SWT Sms e VBW 100 kHz  Mode Sweep Att 30 dB w SWT Sms e VBW 100 kMz  Mode Sweep
@ 17k view @ 1Pk view
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Sl ] e
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CF 2.402 GHz 697 pts Span 3.0 MHz CF 2.441 GHz 697 pts Span 3.0 MHz

T -t r
] | Measuring.. @ARANNNS WO SPETC ] | Measuring... [UARNARAD W0 i

1836881 11836681
Date: 50CT 2017 164133 Cate 5.0CT 2017 154829

Bottom Channel

Spectrum [u_‘?

RefLevel 30.00 dem  Offset 15.51 ¢B & RBW 30 kHz
Att 30 B & BWT Sms @ YBW 100 kHz  Mode Sweep

@ 1Pk View

20 derm 1

10 dBm

01 5.340 dér

-10:d8 ~ T2y

I | [1"] ll o

-

CF 2.48 GHz 697 pts Span 3.0 MHz
- - r C
, Measuring...  SRNRAANED W0 ey

Ik
11836581
Date: 5.0CT 2017 16:56:56

Top Channel

Result: Pass

Middle Channel

)
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Results 2DH5:

Channel

20 dB Bandwidth (kHz)

Bottom

1269.700

Middle

1269.700

Top

1269.700

Spectrum ] nz: Spectrum ] ?
Reflevel 30.00 cem  Offset 15.51 B « RBW 30 kHz Reflevel 30.00 dbm  Offset 15.50 CB » RBW 30 kHz
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Date: 5.0CT 2017 170108 Cate: 5.0CT 2017 170830
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Spectrum

RBW 30 kHz
VBW 100 kHz Mode Sweep
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w BWT Sms @
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Att 30 dB

@ 1Pk View
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.
[T

Top Channel

Result: Pass

Middle Channel
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Results 3DH5:

Channel 20 dB Bandwidth (kHz)

Bottom 1192.300

Middle 1192.300

Top 1192.300

Spectrum ] @ Spectrum ] @

Reflevel 30.00 dem  Offset 15.50 CB » RBW 30 Kz RefLevel 30.00 dbm  Offset 1551 cE = RBW 30 Kbz
Att 0B e SWT  Sms e VBW 100 kHz  Mode Sweep Att 3B o SWT  Sms e VBW 100 kM Mode Sweep
o 17k view o 171 view
] g
20.dem 2(1) 0.32 di 20 dem 211]
10 deim 10 dem
1 4.290 dBin a - D1 4590 dem —
od e od A
TUA [
e b, 7Y P AL
i f ; . \
10 i V] s 10 ratial "
! N i
710 d - 15.410 L
<20 0B 7 ¢ 2068 y :
Pl ok A I
A=A T SPYAF A G Ui el g
\/ W e W WO \ 1 AVAVARY AN
v Y ! Y
40 gk a0
0 0
&0 50
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- - - -
| Measuring.. QUAND B0 U l It | Measuring...  RANNRANED WO frovssd
1836581 1035601
ate: 5 0CT 2017 171602 Cate: 50CT 2017 172125

Bottom Channel Middle Channel
Spectrum @

RefLevel 30.00 dem  Offset 15.51 ¢B & RBW 30 kHz
Att 30 B & BWT Sms @ YBW 100 kHz  Mode Sweep
@ 1Pk View
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10 dBm

01 4.520 dBar

&
. Won n

"\ [ WA A
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- - 1 C
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Date: 5.0CT 2017 17:26. 45

Top Channel

Result: Pass
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5.2.2. Transmitter Carrier Frequency Separation

Test Summary:

Test Engineer: Abdoufataou Salifou Test Date: 05 October 2017
Test Sample Serial Number: A558CROH2513020 (Conducted sample with RF port)

Test Site Identification SR9

FCC Reference: Part 15.247(a)(1)

Test Method Used: ANSI C63.10 Section 7.8.2

Environmental Conditions:

Temperature (°C): 24

Relative Humidity (%): 48

Note(s):

1. The 20 dB bandwidth measured for the middle channel operating at 2441 MHz was used to calculate the
limit.

2. The signal analyser centre frequency was set at the mid frequency of channels 39 and 40. In order to
identify the centre of adjacent channels, the test receiver resolution bandwidth was set to 30 kHz and
video bandwidth of 100 kHz. A peak detector was used, sweep time was set to auto and trace mode was
Max Hold. The span was set to 3MHz. A marker was placed at the centre of one signal and then a delta
marker was placed in the same place on the second signal, the results are recorded in the table below.

3. The test receiver was connected to the RF port on the EUT using suitable attenuation and RF cable.

Test setup:
PCB board edge Level-Shifter-
Laptop PC
—_— connector  [€3 Board >
Power Supply
h
EUT RF Attenuator Test Receiver
> —
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Transmitter Carrier Frequency Separation (continued)

Results: DH5

Carrier Frequency Limit (?/; of 20 dB BW) Margin
L Result
Separation (kHz) (kHz) (kHz)
998.600 616.933 381.667 Complied

Spectrum | E
Ref Level 30.00 dBm Offset 1551 dB » RBW 30 kHz

Att I dB w SWT Sms w VAW 100 kMz  Mode auto FFT
@ 1Pk View @ 2Pk Yiew

20 dBm 21

10 dBm

. AR WA = ;"r\ A

| . ‘

1 P /,/\/ \a

) 7 I r" \n,

-20 f. ~ -\

\\
S - L8 \ _
Y [ |

L 7 A i ffJ Y e
LRI b 7 pw o T ¥

i

-B0 dem

CF 2.4415 GHz 697 pts Span 3.0 MHz

il | Measuring... WUNRMAAED O o

11835681

Result: Pass

Cate: 5CCT 2017 150855
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Transmitter Carrier Frequency Separation (continued)

Results: 2DH5

Carrier Frequency Limit (?/; of 20 dB BW) Margin Result
Separation (kHz) (kHz) (kHz)
998.600 846.467 152.133 Complied
Spectrum | E
Ref Level 30.00 dém  Offset 15,51 B « RBW 30 kHz
Att I dB w SWT Sms e VBW 100 kHz  Made &uto FFT
@ 1Pk View @ 2Pk Yiew
20 dBm 21
10 dBm
A A
0do = - "I A _w
I f /ﬂ a % Y I)'V\_, ,jq h’j i L\/ﬂ v
10 — "f o — I\
(r “\AA \,\_\
-20 b -
£, m’ b |

30 g o i L a - AN
[/ ,,"4 A N e/ W L ALY = \

! = Wl
\ﬁf_f‘t,_. AV L
%
-B0 dem
CF 2.4415 GHz 697 pts Span 3.0 MHz

il | Measuring... [UARNARAD W0 nosal

Result: Pass

11835681
Cate: 5.CCT 2017 152531
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Transmitter Carrier Frequency Separation (continued)

Results: 3DH5

Carrier Frequency Limit (?/; of 20 dB BW) Margin
L Result
Separation (kHz) (kHz) (kHz)
998.600 794.867 203.734 complied
Spectrum | E
Ref Level 30.00 dém  Offset 15,51 B « RBW 30 kHz
Att I dB w SWT Sms e VBW 100 kHz  Made &uto FFT
@ 1Pk View @ 2Pk Yiew
20 dBm 21
10 dBm
A on i
i A il
1 (Y | X L
N of |
i AW/ ¥ A\ A
™ | ”‘jl .r-li‘ "\\
A : I‘“\,‘ \
30 gB o ¥ £
W/ Ji \_[ T v/ WU\ AV 7 \‘,\,‘
\qu B / AR
Ry e =

-50 dem
-B0 dem
CF 2.4415 GHz 697 pts Span 3.0 MHz

il | Measuring... [UARNARAD W0 e
11835681
Cate: 5.0CT 2017 153219

Result: Pass
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5.2.3. Transmitter Number of Hopping Frequencies and Average Time of Occupancy

Test Summary:

Test Engineer: Abdoufataou Salifou Test Date: 05 October 2017
Test Sample Serial Number: A558CROH2513020 (Conducted sample with RF port)

Test Site Identification SR9

FCC Reference: Part 15.247(a)(1)(iii)

Test Method Used: ANSI C63.10 Sections 7.8.3 & 7.8.4

Environmental Conditions:

Temperature (°C): 24
Relative Humidity (%): 48
Note(s):

1.

)

Tests were performed to identify the average time of occupancy in number of channels (79) x 0.4
seconds. The calculated period is 31.6 seconds.

The test receiver was set up for the Number of Hopping Frequencies measurement as follows: the
resolution bandwidth was set to 300 kHz and video bandwidth of 1 MHz. A peak detector was used,
sweep time was set to auto and trace mode was Max Hold. The span was set to 83.5 MHz.

The test receiver was set up for the Emission Width measurement as follows: the resolution bandwidth
was set to 1 MHz and video bandwidth of 3 MHz. A peak detector was used and sweep time was set to
auto with a span of zero Hz. A marker placed at the start of the emission and a delta marked place at the
end of the emission. The emission width was recorded.

The test receiver was set up for the Number of Hopping Frequencies in 32 seconds measurement as
follows: the resolution bandwidth was set to 300 kHz and video bandwidth of 1 MHz. A peak detector
was used and sweep time was set to 32 seconds. The EUT was set to transmit in a hopping frequency
mode with zero span. The total number of hopping frequencies were recorded in the table below.

The test receiver was connected to the RF port on the EUT using suitable attenuation and RF cable.
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Transmitter Number of Hopping Frequencies and Average Time of Occupancy(continued)

Test setup:
PCE board edge Level-Shifter-
Laptop PC
—_— connector € Board >
Power Supply
EUT RF Attenuator Test Receiver
> —»
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Transmitter Number of Hopping Frequencies and Average Time of Occupancy(continued)

Results:
.. Number of Average Time _ .
Emission - g Limit Margin
Width (us) Hops in 31.6 of Occupancy (s) (s) Result
B Seconds (s)
2873.560 79 0.227 0.4 0.173 Complied
Spectrum = Spectrum | b
RefLevel 30.00 dém Offset 15,51 ¢B « RBW 300 kHz Ref Level 30.00 dBm Offset 15,51 dB » RBW 1 MHz
Att 30 B & BWT Sms o YBW 1MHz  Mode suta Sweep Att I dB w SWT Sms w VBW 3 MHz
@ 1Pk View S6L
@ 1Pl Wiew
20 df ik
20 d 1]
10 i Y P T TR - - - - =
R T e T e L T T @
A AR i
| ! o don- - i
! . |
i .
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5.2.4. Transmitter Maximum Peak Output Power

Test Summary:

Test Engineer: Abdoufataou Salifou Test Date: 05 October 2017
Test Sample Serial Number: A558CROH2513020 (Conducted sample with RF port)

Test Site Identification SR 1/2

FCC Reference: Part 15.247(b)(1)

Test Method Used: ANSI C63.10 Section 7.8.5

Environmental Conditions:

Temperature (°C): 24
Relative Humidity (%): 44
Note(s):

1. These tests were performed conducted; therefore the EUT antenna gain is encompassed in the final
result and not measurable.

2. The test receiver resolution bandwidth was set to 2 MHz (>20 dB bandwidth) and video bandwidth of
5MHz. A peak detector was used, sweep time was set to auto and trace mode was Max Hold. The span
was set to 5.0 MHz (approximately five times the 20 dB bandwidth). A marker was placed at the peak of
the signal and the results recorded in the tables below.

The declared antenna gain was added to the conducted peak power to obtain the EIRP.

The test receiver was connected to the RF port on the EUT using suitable attenuation and RF cable. An
RF offset level was entered on the test receiver to compensate for the loss of the attenuator and RF

cable.
Test setup:
PCB board edge Level-Shifter-
Laptop PC
—_— connector  [€3 Board >
Power Supply
h
EUT RF Attenuator Test Receiver
> —
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ISSUE DATE: 26 SEPTEMBER 2018

Transmitter Maximum Peak Output Power (continued)

Results: DH5
Conducted Conducted Peak Marain
Channel Peak Power Power Limit (dg) Result
(dBm) (dBm)
Bottom 5.7 30.0 24.3 Complied
Middle 5.9 30.0 241 Complied
Top 5.9 30.0 24 1 Complied
Conducted Declared EIRP De Facto Mardin
Channel Peak Power | Antenna Gain (dBm) EIRP Limit (dg) Result
(dBm) (dBi) (dBm)
Bottom 5.7 4.5 10.2 36.0 25.8 Complied
Middle 5.9 4.5 10.4 36.0 25.6 Complied
Top 5.9 4.5 10.2 36.0 25.6 Complied

Result: Pass

)
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Transmitter Maximum Peak Output Power (continued)

Results: DH5

Spectrum ] ng: Spectrum ] uf
Reflevel 30.00 dBm  Offset 15.51 GB w RBW Z MHz RefLevel 30.00 dBm  Offset 15.5LcE w RBW 2 Mz
Att 3008 & SWT Sms @ VBW SMHz  Mode Auto Sweep Att 30 dB & SWT Sms e VBW 5MHz  Mode Auta Sweep
0 17k View fo 171 view
1[
20 dBm 20 dBm
10 dem 10dem
_ — - —
T e o - R e
0db = = e 0de . f-— = -
= o =
B e e R
e s o ]
<10 e 10
-20 20
30 20
-40 g -4
-50 Gk -50
60 g 60 g
CF 2.402 GHz 697 pts Span 5.0 MHz CF 2.341 GHz 697 pts Span 5.0 MHz
i - ™ - .
T a8 | Measuring...  QUAREANCD WO e
1836501 16836681

Date: 5 OCT 2017 14:0734

[Cate: 5.0CT 2017 14:15.05

Bottom Channel

Specrum |

Att 30 dB & SWT

Reflevel 30.00 dém  Offset 15.51 B « RBW 2 MHz

Sms w VBW SMHz  Mode Auto Sweep

® 1Pk View

20 dém

10 dBm

b
a =

B0 dErr

CF 2.48 GHz

697 pts Span 5.0 MHz

it

11826581
Date: 5 OCT 2017 142130

| Measuring.. QUAND B0 SRR

Top Channel

Middle Channel

)
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TEST REPORT VERSION 1.2

Transmitter Maximum Peak Output Power (continued)
Results: 2DH5

Conducted Conducted Peak Marain
Channel Peak Power Power Limit (dg) Result
(dBm) (dBm)
Bottom 57 21.0 15.3 Complied
Middle 5.8 21.0 15.2 Complied
Top 58 21.0 15.2 Complied
Conducted Declared EIRP De Facto Mardin
Channel Peak Power | Antenna Gain (dBm) EIRP Limit (dg) Result
(dBm) (dBi) (dBm)
Bottom 5.7 4.5 10.2 27.0 16.8 Complied
Middle 5.8 4.5 10.3 27.0 16.7 Complied
Top 5.8 4.5 10.3 27.0 16.7 Complied

Result: Pass

)
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Transmitter Maximum Peak Output Power (continued)

Results:2DH5

Spectrum ] ng: Spectrum ] uf
Ref Level 30.00 diém Offset 15.51 dB « RBW 2 MHz Ref Level 30.00 dBm Offset 1551 B & RBW 2 MHz
Att 30 dB & SWT Sms w VBW SMHz  Mode Auto Sweep Att I dB w SWT Sms w VAW 5 MHz  Mode auta Sweep
® 1Pk View @ 1Pk Wiew
11[
20 dém 20 dBm
10 dBm 10 dBm
.t S —
— sy | | e
ode — == 0de = S
L =l . k- e
— T - g
= i e -
gl <10 dB
-20 dEi -20
a0 £
40 ok -40 agy
-50dB 50
B0 dErr -B0 dem
CF 2.402 GHz 697 pts Span 5.0 MHz CF 2.441 GHz 697 pts Span 5.0 MHz
—
i - ™ - .
| Measuring...  WUNRAANEN WO T o | Measuring...  EANRANN WO W )
11826581 11835681
ate: 5 00T 2017 142621 Cate 5.CCT 2017 142808
Specrum | ey
Ref Level 30.00 diém Offset 15.51 dB « RBW 2 MHz
Att 30 dB & SWT Sms w VBW SMHz  Mode Auto Sweep
® 1Pk View
11[
20 dém
10 dBm
e | = _v___‘—k .
e ——
o db e, =g
i “\_
i b
<10 b
20 gb
=0
-40 ok
-50 dB
B0 dErr
CF 2.48 GHz 697 pts Span 5.0 MHz
- - —
, Measuring...  SRNNAANED W0 prer il
11826581
[Cate: 5 OCT 2017 143221

Top Channel
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UL INTERNATIONAL GERMANY GMBH
TEST REPORT VERSION 1.2

Transmitter Maximum Peak Output Power (continued)
Results: 3DH5

Conducted Conducted Peak Marain
Channel Peak Power Power Limit (dg) Result
(dBm) (dBm)
Bottom 5.6 21.0 154 Complied
Middle 5.8 21.0 15.2 Complied
Top 58 21.0 15.2 Complied
Conducted Declared EIRP De Facto Mardin
Channel Peak Power | Antenna Gain (dBm) EIRP Limit (dg) Result
(dBm) (dBi) (dBm)
Bottom 5.6 4.5 10.1 27.0 16.9 Complied
Middle 5.8 4.5 10.3 27.0 16.7 Complied
Top 5.8 4.5 10.3 27.0 16.7 Complied

Result: Pass

)
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ISSUE DATE: 26 SEPTEMBER 2018

Transmitter Maximum Peak Output Power (continued)

Results: 3DH5

Spectrum ] ng: Spectrum ] uf
Reflevel 30.00 cem  Offset 15,51 GB w RBW 2 Mz Ref Level 30.00 dbm  Offset 1551 cB = RBW 2 Mz

Att MR e BWT  Sms e VBW SMHz  Made Auto Sweep Att 0B o SWT Sms o VBW S MHz  Mode Auto Sweep
0 17k view o 17k view

1

20 dbm 2048

10 derm 10 dr

e e i [
T T [
0 de u 0dp - o 3
./-/ e 2 /7’ —~
o . o e

L~ . e o
10 de 0

<200 o8 208

a0 20
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TEST REPORT VERSION 1.2 ISSUE DATE: 26 SEPTEMBER 2018

5.2.5. Transmitter Radiated Emissions

Test Summary:

Test Engineer: Abdoufataou Salifou Test Date: 06 September 2017
Test Sample Serial Number: A558CQO0H2513001 (Radiated sample)

Test Site Identification SR 1/2

FCC Reference: Parts 15.247(d) & 15.209(a)

Test Method Used: ANSI C63.10 Sections 6.3 and 6.5

Frequency Range 30 MHz to 1000 MHz

Environmental Conditions:

Temperature (°C): 24

Relative Humidity (%): 51

Note(s):

1.

)

Transmitter radiated spurious emissions tests were performed with the EUT transmitting in DH5 mode as
this was found to transmit the highest power and therefore deemed worst case.

The final measured value, for the given emission, in the table below incorporates the calibrated antenna
factor and cable loss.

The preliminary scans showed similar emission levels below 1 GHz, for each channel of operation.
Therefore final radiated emissions measurements were performed with the EUT set to the middle
channel only.

All emissions shown on the pre-scan plot were investigated and found to be ambient or >20 dB below
the applicable limit or below the measurement system noise floor. Therefore the highest peak noise floor
reading of the measuring receiver was recorded in the table below.

Measurements below 1 GHz were performed in a semi-anechoic chamber at a distance of 3 metres. The
EUT was placed at a height of 80 cm above the reference ground plane in the centre of the chamber
turntable. Maximum emission levels were determined by height searching the measurement antenna
over the range 1 metre to 4 metres.

Pre-scans were performed and markers placed on the highest measured levels. The test receiver
resolution bandwidth was set to 100 kHz and video bandwidth 300 kHz. The sweep time was set to auto.
A peak detector was used, sweep time was set to auto and trace mode was Max Hold.
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UL INTERNATIONAL GERMANY GMBH
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TEST REPORT NO: UL-RPT-RP-11836681-216FCC

ISSUE DATE: 26 SEPTEMBER 2018

Transmitter Radiated Emissions (continued)

Test setup for radiated measurements:

Semi-anechoic chamber

EUT

Measurement j—

Antenna

Power Supply

Fest Receiver

)
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UL INTERNATIONAL GERMANY GMBH
TEST REPORT VERSION 1.2

TEST REPORT NO: UL-RPT-RP-11836681-216FCC
ISSUE DATE: 26 SEPTEMBER 2018

Transmitter Radiated Emissions (continued)

Results: middle channel

Frequency Antenna Level Limit Margin Result
(MHz) Polarity (dBuV/m) (dBuV/m) (dB)
32.625 Vertical 28.4 40 11.6 Complied
55+ FOC Part. 15
50T
> 7 J
a 40 |
© -+
g 30:-. "
—
20 2 ¢
+ *
10 : ——t— : : : : — |
30M 50 60 80 100M 200 300 400 500 800 1G
Frequency in Hz

Note: This plot is a pre-scan and for indication purposes only. For final measurements, see accompanying table.

Result: Pass
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Test Summary:

Test Engineer: Abdoufataou Salifou Test Date: 29 August 2017
10 October 2017

Test Sample Serial Number: A558CTOH2513013 (Radiated sample)

Test Site Identification SR 1/2

FCC Reference: Parts 15.247(d) & 15.209(a)

Test Method Used: ANSI C63.10 Sections 6.3 and 6.6

Frequency Range 1 GHz to 25 GHz

Environmental Conditions:

Temperature (°C): 24

Relative Humidity (%): 51

Note(s):

1.

)

Transmitter radiated spurious emissions tests were performed with the EUT transmitting in DH5 mode as
this was found to transmit the highest power and therefore deemed worst case.

The final measured value, for the given emission, in the table below incorporates the calibrated antenna
factor and cable loss.

The emission shown on the 1 GHz to 4 GHz plot is the EUT fundamental.

In accordance with ANSI C63.10 Section 6.6.4.3 (Note 1), if the peak measured value complies with the
average limit, it is unnecessary to perform an average measurement.

All other emissions shown on the pre-scans were investigated and found to be ambient, or > 20 dB
below the appropriate limit or below the noise floor of the measurement system.

Pre-scans above 1 GHz were performed in a semi anechoic chamber with absorber on the floor at a
distance of 3 metres. The EUT was placed at a height of 1.5 metres above the test chamber floor in the
centre of the chamber turntable. All measurement antennas were placed at a fixed height of 1.5 metres
above the test chamber floor, in line with the EUT. The EUT was placed at a height of 1.5 m above the
reference ground plane in the centre of the chamber turntable. Maximum emission levels were
determined by height searching the measurement antenna over the range 1 metre to 4 metres.

Pre-scans were performed and a marker placed on the highest measured level of the appropriate plot.
The test receiver resolution bandwidth was set to 1 MHz and video bandwidth 3 MHz. The sweep time
was set to auto. Peak and average measurements were performed with their own appropriate detectors
during the pre-scan measurements.
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Transmitter Radiated Emissions (continued)
Results: Peak / Bottom Channel / DH5

Frequency Antenna Peak Level Average Limit Margin Result
(MHz) Polarity (dBuV/m) (dBuV/m) (dB)
4803.667 Vertical 46.8 54.0 7.2 Complied
12673.917 Vertical 50.8 54.0 3.2 Complied
Results: Peak / Middle Channel / DH5
Frequency Antenna Peak Level Average Limit Margin Result
(MHz) Polarity (dBuV/m) (dBpV/m) (dB)
4882.000 Horizontal 45.8 54.0 8.2 Complied
7484.000 Horizontal 43.4 54.0 10.6 Complied
9991.333 Horizontal 50.7 54.0 3.3 Complied
Results: Peak / Top Channel / DH5
Frequency Antenna Peak Level Average Limit Margin Result
(MHz) Polarity (dBuV/m) (dBuV/m) (dB)
4960.000 Horizontal 452 54.0 8.8 Complied
7026.667 Horizontal 447 54.0 9.3 Complied
Page 33 of 47 FCC 15.247 FHSS - Template Vers. 1.2

)



UL INTERNATIONAL GERMANY GMBH
TEST REPORT VERSION 1.2
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ISSUE DATE: 26 SEPTEMBER 2018

Transmitter Radiated Emissions (continued)
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TEST REPORT VERSION 1.2 ISSUE DATE: 26 SEPTEMBER 2018

Transmitter Radiated Emissions (continued)

Specrum | [“?

Reflevel 80.00 depv  Offset 11.00 dB « RBW 1 MHz
Att 0dE  SWT 2B ms w VBW 3 MHz Mode Sweep

® 1Pk View

D1 54.000 dBuy =

50 diys I !
l‘w.v"""w a1 ""L...‘,\ YRR O RS TR WP JRETREY T |

Start 18.0 GHz 1000 pts Stop 25.0 GHz
e —
, Measuring...  @ENNNRNEY W0 iaasar

11826581
Date: 10.0CT 2017 142808

From 18 GHz to 25 GHz

Note: This plot is a pre-scan and for indication purposes only. For final measurements, see accompanying table.

Result: Pass
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5.2.6. Transmitter Band Edge Radiated Emissions

Test Summary:

Test Engineer: Abdoufataou Salifou Test Date: 27 September 2017
to 11 October 2017

Test Sample Serial Number: A558CQO0H2513001 (Radiated sample)

Test Site Identification SR 1/2

FCC Reference: Parts 15.247(d) & 15.209(a)

Test Method Used: ANSI C63.10 Sections 6.10.4 & 6.10.5

Environmental Conditions:

Temperature (°C): 24
Relative Humidity (%): 40
Note(s):

1.

)

The final measured value, for the given emission, in the table below incorporates the calibrated antenna
factor and cable loss.

As the lower band edge is adjacent to a non-restricted band, only peak measurements are required. In
accordance with FCC KDB 558074 Section 11.1, the test method in Section 11.3 was followed: the test
receiver resolution bandwidth was set to 100 kHz and video bandwidth 300 kHz. A peak detector was
used, sweep time was set to auto and trace mode was Max Hold. The test receiver was left to sweep for
a sufficient length of time in order to maximise the carrier level and out-of-band emissions. A marker and
corresponding reference level line were placed on the peak of the carrier. As the maximum conducted
(average) output power was measured using an RMS detector in accordance with FCC KDB 558074
Section 9.2.2.4 an out-of-band limit line was placed 20 dB (FCC KDB 558074 Section 11.1(b)) below the
peak level. A marker was placed on the band edge spot frequencies and a second marker placed on the
highest emission level in the adjacent non-restricted band of operation (where a higher level emission
was present). Marker frequencies and levels were recorded.

As the upper band edge is adjacent to a restricted band both peak and average measurements were
recorded by placing a marker at the edge of the band. For peak measurements the test receiver
resolution bandwidth was set to 1 MHz and the video bandwidth 3 MHz. A peak detector was used,
sweep time was set to auto and trace mode was Max Hold. For average measurements the test receiver
resolution bandwidth was set to 1 MHz and the video bandwidth 3 MHz. An RMS detector was used,
sweep time was set to auto and trace mode was trace averaging over 300 sweeps. A marker was placed
on the band edge spot frequencies and a second marker placed on the highest emission level in the
adjacent restricted band of operation (where a higher level emission was present). Marker frequencies
and levels were recorded.

There is a restricted band 10 MHz below the lower band edge. The test receiver was set up as follows:
the RBW set to 1 MHz, the VBW set to 3 MHz, with the sweep time set to auto couple. Peak and
average measurements were performed with their respective detectors. Markers were placed on the
highest point on each trace.

The restricted band plot for 2310 MHz to 2390 MHz can be found under the results for DH5 static as this
mode had the highest output power and was therefore deemed worst case.

*-20 dBc limit.

Page 36 of 47 FCC 15.247 FHSS - Template Vers. 1.2




UL INTERNATIONAL GERMANY GMBH
TEST REPORT VERSION 1.2

TEST REPORT NO: UL-RPT-RP-11836681-216FCC

ISSUE DATE: 26 SEPTEMBER 2018

Transmitter Band Edge Radiated Emissions (continued)

Test setup for Transmitter Band Edge Radiated Emissions:

Semi-anechoic chamber

EUT

Measurement j—

Antenna

Power Supply

Fest Receiver

)
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UL INTERNATIONAL GERMANY GMBH TEST REPORT NO: UL-RPT-RP-11836681-216FCC
TEST REPORT VERSION 1.2 ISSUE DATE: 26 SEPTEMBER 2018

Transmitter Band Edge Radiated Emissions (continued)
Results: Static Mode / DH5

Frequency Antenna Peak Level Limit Margin

(MHz) Polarity (dBuV/m) (dBuV/m) (dB) G

2399.505 Vertical 64.0 83.4 19.4 Complied

2400.0 Vertical 61.8 83.4 216 Complied

2483.5 Vertical 60.5 74.0 13.5 Complied

Frequency Antenna Average Level Limit Margin

(MHz) Polarity (dBuV/m) (dBuV/m) (dB) el

2483.5 Horizontal 37.6 54.0 19.4 Complied

Spectrum [“? Spectum | ["_?

RefLevel 116.00 dev  Offset 100 d6 & RBW 100 khz RefLevel 118,00 dBjv  Offset 1.00d3 & RBW LRz
f Level d i d X f Level d ff 3
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o 17 view @77k view
I
110 e - e 110 deys
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100 B —~ 100 ey ‘F\
I [
i . !
o0 de — 90 deys —
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a0 dey | i 0 deyiv- ‘l
I D1 74,000 d8g 4 ‘\ -
70 ey ! 70 deys
1 3
it I /1N
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\ | |
50 B V- Ll 50 dpy 1 £
At ) e e
By VA WRTONY (t"’*‘w"w L - 40 dy
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18681 1826881
ate: 10.0CT 2017 1614514 Date: 10,007 2017 473557

Lower Band Edge Peak Static Upper Band Edge Peak Static

oo
{u‘? Specrum | C
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Reflevel 116.00cByY  Offset LDDdB w RBW 1 Mhz . Att 206k @ SWT  2.5ms w VBW 3MHz  Mode Auto FFT
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il Measuring...  QUNRNANAD WO S —— et 4
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11836881
11836681

Dater 10.0CT 2017 1747 55
Cate: 10 OCT 2017 17.3217

2310 MHz to 2390 MHz Restricted Band Plot Upper Band Edge Average Static

Result: Pass
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Transmitter Band Edge Radiated Emissions (continued)

Results: Hopping Mode / DH5

Frequency Anten.na Peak Level Limit Margin Result
(MHz) Polarity (dBuV/m) (dBuV/m) (dB)

2399.507 Vertical 68.8 87.5 18.7 Complied
2400.0 Vertical 65.7 87.5 21.8 Complied
2483.5 Vertical 65.0 74.0 9.0 Complied

Frequency Anten.na Average Level Limit Margin Result
(MHz) Polarity (dBuV/m) (dBuV/m) (dB)
2483.5 Vertical 48.6 54.0 54 Complied

2484 .225 Vertical 48.8 54.0 5.2

Spectrum = Spectum | ["_?
Ref Level 118.00 dBpy Offset 100 d8 » RBW 100 kHz Ref Level 116.00 dBpv Offset 1.30 dB & RBW 1 MHz
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Transmitter Band Edge Radiated Emissions (continued)
Results: Static Mode / 2DH5

Frequency Antenna Peak Level Limit Margin Result
(MHz) Polarity (dBuV/m) (dBuV/m) (dB)

2399.502 Horizontal 60 80.6 25.1 Complied
2400.0 Horizontal 54.2 80.6 26.4 Complied
2483.5 Horizontal 55.8 74.0 18.2 Complied

Frequency Antenna Average Level Limit Margin Result
(MHz) Polarity (dBuV/m) (dBuV/m) (dB)
2483.5 Horizontal 37.5 54.0 16.5 Complied
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Transmitter Band Edge Radiated Emissions (continued)

Results: Hopping Mode / 2DH5

Frequency Antenna Peak Level Limit Margin Result
(MHz) Polarity (dBuV/m) (dBpV/m) (dB)

2399.502 Horizontal 60.3 86.8 26.5 Complied
2400.0 Horizontal 60.0 86.8 26.8 Complied
2483.5 Horizontal 65.8 74.0 8.2 Complied

2483.952 Horizontal 67.1 74.0 6.9 Complied

Frequency Antenna Average Level Limit Margin Result
(MHz) Polarity (dBpV/m) (dBpV/m) (dB)
2483.5 Horizontal 47.0 54.0 7.0 Complied

2483.744 Horizontal 47 .4 54.0 6.6 Complied
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Transmitter Band Edge Radiated Emissions (continued)

Results: Static Mode / 3DH5

Frequency Antenna Peak Level Limit Margin Result
(MHz) Polarity (dBuV/m) (dBuV/m) (dB)
2399.52 Vertical 55.5 80.6 251 Complied
2400.0 Vertical 54.2 80.6 26.4 Complied
2483.5 Vertical 66.4 74 7.6 Complied
Frequency Antenna Average Level Limit Margin Result
(MHz) Polarity (dBuV/m) (dBuV/m) (dB)
2483.5 Vertical 36.2 54.0 7.8 Complied
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Transmitter Band Edge Radiated Emissions (continued)
Results: Hopping Mode / 3DH5

Frequency Antenna Peak Level Limit Margin Result
(MHz) Polarity (dBuV/m) (dBuV/m) (dB)
2399.43 Vertical 57.5 85.0 27.5 Complied
2400.0 Vertical 56.6 85.0 28.4 Complied
2483.5 Vertical 67.7 74 6.3 Complied
Frequency Antenna Average Level Limit Margin Result
(MHz) Polarity (dBuV/m) (dBpV/m) (dB)
2483.5 Vertical 43.5 54.0 10.5 Complied
2483.913 Vertical 46.8 54.0 7.2 Complied
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Result: Pass

@ Page 43 of 47 FCC 15.247 FHSS - Template Vers. 1.2




UL INTERNATIONAL GERMANY GMBH TEST REPORT NO: UL-RPT-RP-11836681-216FCC
TEST REPORT VERSION 1.2 ISSUE DATE: 26 SEPTEMBER 2018

6. Measurement Uncertainty

The expression of uncertainty of a measurement result allows realistic comparison of results with reference
values and limits given in specifications and standards.

The uncertainty of the result may need to be taken into account when interpreting the measurement results.

The reported expanded uncertainties below are based on a standard uncertainty multiplied by an appropriate
coverage factor such that a confidence level of approximately 95% is maintained. For the purposes of this
document “approximately” is interpreted as meaning “effectively” or “for most practical purposes”.

Measurement Type Range Cfnfiderce Calcula_ted

evel (%) Uncertainty
Carrier Frequency Separation 2.4 GHz to 2.4835 GHz 95% 10.89 %
Average Time of Occupancy 2.4 GHz to 2.4835 GHz 95% +3.53 ns
20 dB Bandwidth 2.4 GHz t0 2.4835 GHz 95% +0.89 %
Radiated Spurious Emissions 30 MHz to 1 GHz 95% +2.53 dB
Radiated Spurious Emissions 1 GHz to 25 GHz 95% +2.53 dB

The methods used to calculate the above uncertainties are in line with those recommended within the
various measurement specifications. Where measurement specifications do not include guidelines for the
evaluation of measurement uncertainty the published guidance of the appropriate accreditation body is
followed.
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7. Used equipment

Test site: SR 1/2

ID | Manufacturer | Type Model Serial No. Calibration Date | Cal. Cycle
1 | Rohde & Antenna, Loop HFH2-Z2 831247/012 8/5/2016 36
Schwarz
103 | EMCO Antenna, Horn 3115 9008/3485 7/20/2016 36
104 | EMCO Antenna, Horn 3115 9008/3486 7/20/2016 36
156 | Rohde & V-Network ESH3-Z6 843864/004 7/12/2017 12
Schwarz
350 | Rohde & Receiver, EMI Test ESIB7 836697/014 | 7/13/2017 12
Schwarz
377 | BONN Elektronik | Amplifier, Low Noise Pre BLMA 0118-1A 025294B 711172017 12
3g3 | Rohde & Antenna, Rod HFH2-Z1 890151/11 7/14/2017 24
Schwarz
423 | Bonn Elektronik Amplifier, Low Noise Pre BLMA 1840-1A 055929 7/12/2017 12
424 | EMCO Antenna, Horn EMCO 3116 00046537 7/28/2016 24
425 | Agilent Generator, CW Signal E8247C MY43320849 | 7/19/2016 24
426 | Agilent Spectrum Analyzer E4446A US44020316 7/20/2016 24
460 | Deisl Turntable DT 4250 S n/a n/a
465 | Schwarzbeck Antenna, Trilog Broadband | VULB 9168 9168-240 8/8/2016 36
474 | Agilent Analyzer, ENA Network E5071C MY46100912 | 7/20/2016 24
495 | Rohde & Antenna, Log.- Periodical | HLO050 100296 7/20/2016 24
Schwarz
496 g"hde & Antenna, log. - periodical | HLO050 100297 7/20/2016 24
chwarz
497 | Schwarzbeck Antenna, Biconical VHBB 9124 423 7/7/2016 36
499 | Schwarzbeck Antenna, log.-per VUSLP 9111 317 8/2/2016 36
587 | Maturo antenna mast, tilting TAM 4.0-E 011/7180311 n/a n/a
588 | Maturo Controller NCD 029/7180311 n/a n/a
591 | Rohde & Receiver ESU 40 100244/040 | 7/12/2017 12
Schwarz
607 | Schwarzbeck :;‘tt:::: broadband horn BBHA 9170 9170-561 7/28/2016 24
gog | Ronhde & Switch Matrix OSP 120 101227 4/8/2014 60
Schwarz
363 | Wainwright Notch Filter GSM900 WW-NF9 100002 Lab verification n/a
611 Yva'”""”ght Band Reject Filter DL LTE | WRCGVS- 1 Lab verification n/a
nstruments
612 | Wainwright Band Reject Filter UL LTE | WRCGVS8- 1 Lab verification n/a
Instruments
613 | Wainwright Band Reject Filter WLAN/ |\ peTR12- 1 Lab verification nia
Instruments BT
614 Yva'"""”ght Highpass Filter 3GHz WHKX10- 1 Lab verification n/a
nstruments
615 Yva'”w”ght Highpass Filter 1GHz WHKX12- 3 Lab verification n/a
nstruments
620 | Bonn Elektronik | pre-amplifier BLNA 0110-01N 1510111 7/12/2017 24
. . . WHKX10-5850-
624 | Wainwright 6 GHz high-pass filter 6500-18000-40SS 5 9/6/2016 60
628 | Maturo Antenna mast CAM 4.0-P 224/19590716 | n/a n/a
629 | Maturo Kippeinrichtung KE 2.5-R-M MATO002 n/a n/a
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Test site: SR 9

ID Manufacturer Type Model Serial No. Calibration Date | Cal. Cycle
424 | EMCO Antenna, Horn EMCO 3116 00046537 7/28/2016 24
472 | Rohde & Schwarz Generator, Vektorsignal SMU200A 102409 7/111/2017 12
592 | Rohde & Schwarz | \/ideband Radio CMW 500 119503 8/15/2017 12

Communication tester
622 | Rohde & Schwarz Step Attenuator RSC 101904 7/13/2017 12
Verification - only
625 | Schwarzbeck Antenna, H-field HFSL 7101 109 relative n/a
measurements
626 | Rohde & Schwarz Bluetooth Tester CBT 100481 9/1/2016 24
634 | Rohde & Schwarz | \Vireless Devices Test TS8997 711172017 12
System
635 | Rohde & Schwarz Signal generator SMB100A 179875 7/111/2017 12
636 | Rohde & Schwarz switching unit OSP120 101698 7/14/2017 12
637 | Rohde & Schwarz Spectrum Analyzer FSV40 101587 7/111/2017 12

)
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8. Report Revision History

Version Revision Details

Number Page No(s) | Clause Details

1.0 - Initial Version

1.1 7 3 Changed FCC ID

1.2 32 & 36 ggg & Test Dates Corrected

--- END OF REPORT ---
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