TEST REPORT

Test Report No. : UL-RPT-RP11444781JD02A

Manufacturer . PASCE Ltd
Model No. . MRM
FCC ID . 2AD65MRM
Technology . Bluetooth — Basic Rate & EDR
Test Standard(s) . FCC Parts 15.207, 15.209(a) & 15.247
1. This test report shall not be reproduced in full or partial, without the written approval of UL VS LTD.
2. The results in this report apply only to the sample(s) tested.
3. The sample tested is in compliance with the above standard(s).
4, The test results in this report are traceable to the national or international standards.
5. Version 1.0.

Date of Issue: 14 August 2017

Checked by: / E

lan Watch

Senior Test Engineer, Radio Laboratory

Company Signatory:

Toel . WML EeR.

Sarah Williams
Senior Test Engineer, Radio Laboratory

UL VS LTD
\\\\I|II/,,
SN2,
:\\\_///3_ This laboratory is accredited by UKAS.
M The tests reported herein have been
T 3 performed in accordance with its terms
{'/,,///_/\\\\\\\3 UKAS of accreditation.
mmn TESTING
0644

The Bluetooth® word mark and logos are owned by the Bluetooth SIG, Inc. and any use of such marks by
UL VS LTD is under licence. Other trademarks and trade names are those of their respective owners.

ULVSLTD

Pavilion A, Ashwood Park, Ashwood Way, Basingstoke, Hampshire, RG23 8BG, UK
Telephone: +44 (0)1256 312000
Facsimile: +44 (0)1256 312001



TEST REPORT SERIAL NO: UL-RPT-RP11444781JD02A

VERSION 1.0 ISSUE DATE: 14 AUGUST 2017

This page has been left intentionally blank.

Page 2 of 53 UL VS LTD



TEST REPORT

VERSION 1.0

SERIAL NO: UL-RPT-RP11444781JD02A

ISSUE DATE: 14 AUGUST 2017

Table of Contents

I O 1= o100 U= gl [ 0] (0] 2= ) o 15O UUSRPPPPRPIN 4
2. SUMMATY OF TOSTING . uuu it ieieie it es ettt e e e e e et et e e e e e e teeeaeaae e e e eeeeassesss s eaeeeeeeeenssnnnnas 5
2.1. General Information 5
2.2. Summary of Test Results 5
2.3. Methods and Procedures 5
2.4. Deviations from the Test Specification 5
G Lo 01T o] g T=T o 1A Vo [T o =] (6 N PP 6
3.1. Identification of Equipment Under Test (EUT) 6
3.2. Description of EUT 6
3.3. Modifications Incorporated in the EUT 6
3.4. Additional Information Related to Testing 7
3.5. Support Equipment 8
4. Operation and Monitoring of the EUT during TeSti = NG ....oooevieiiiiii e e 9
4.1. Operating Modes 9
4.2. Configuration and Peripherals 9
5. Measurements, Examinations and Derived RESUILS.  ......cooiiiiiiiiiiiiiii e 10
5.1. General Comments 10
5.2. Test Results 11
5.2.1. Transmitter AC Conducted Spurious Emissions 11
5.2.2. Transmitter 20 dB Bandwidth 16
5.2.3. Transmitter Carrier Frequency Separation 21

5.2.4. Transmitter Number of Hopping Frequencies and Average Time of
Occupancy 25
5.2.5. Transmitter Maximum Peak Output Power 28
5.2.6. Transmitter Radiated Emissions 35
5.2.7. Transmitter Band Edge Radiated Emissions 43
6. Measurement UNCEIAINTY ........cooiiiiiiiiiiiis ceeeiei oottt e et et eeeeeeeees 52
7. RePOI REVISION HISTOIY ..uuuiiiiiiiiiiiiiiiis ettt e e e e ettt r s e e e e eeaaaaaaa s e s e e eaeeseesennnnnas 53

UL VS LTD

Page 3 of 53



TEST REPORT

VERSION 1.0

SERIAL NO: UL-RPT-RP11444781JD02A

ISSUE DATE: 14 AUGUST 2017

1. Customer Information

Company Name:

PASCE Ltd

Address:

Unit 4 City Business Park
Easton Road

Bristol

BS5 0SP

United Kingdom
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2. Summary of Testing

2.1. General Information

Specification Reference: 47CFR15.247

Specification Title: Code of Federal Regulations Volume 47 (Telecommunications):

Part 15 Subpart C (Intentional Radiators) - Section 15.247

Specification Reference: 47CFR15.207 and 47CFR15.209

Specification Title: Code of Federal Regulations Volume 47 (Telecommunications):

Part 15 Subpart C (Intentional Radiators) - Sections 15.207 and 15.209

Site Registration: 209735

Location of Testing: UL VS LTD, Unit 3 Horizon, Wade Road, Kingsland Business Park,

Basingstoke, Hampshire, RG24 8AH, United Kingdom

Test Dates: 20 February 2017 to 02 August 2017

2.2. Summary of Test Results

FCC Reference (47CFR) Measurement Result

Part 15.207 Transmitter AC Conducted Emissions )

Part 15.247(a)(1) Transmitter 20 dB Bandwidth @

Part 15.247(a)(1) Transmitter Carrier Frequency Separation Q@

Parisoer) | AT Namber of opoig Freauencies 9

Part 15.247(b)(1) Transmitter Maximum Peak Output Power Q@

Part 15.247(d) & 15.209(a) | Transmitter Radiated Emissions @

Part 15.247(d) & 15.209(a) | Transmitter Band Edge Radiated Emissions @

Key to Results

@- Complied - Did not comply

2.3. Methods and Procedures

Reference: ANSI C63.10-2013

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

Reference: KDB 174176 D01 Line Conducted FAQ v01r01 June 3, 2015

Title: AC Power-Line Conducted Emissions Frequently Asked Questions

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:

Minirig

Model Name or Number:

MRM

Test Sample Serial Number:

Not marked or stated (Radiated sample)

Hardware Version: V2F
Software Version: 6.0.52USB
FCC ID: 2AD65MRM
Brand Name: Minirig
Model Name or Number: MRM

Test Sample Serial Number:

Not marked or stated (Conducted sample with RF port)

Hardware Version:

V2F

Software Version:

6.0.52USB

FCC ID:

2AD65MRM

3.2. Description of EUT

The Equipment Under Test was a portable Bluetooth speaker.

3.3. Maodifications Incorporated in the EUT

No modifications were applied to the EUT during testing.

Page 6 of 53
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3.4. Additional Information Related to Testing

Tested Technology:

Bluetooth

Power Supply Requirement:

Nominal

5VDC

Type of Unit: Transceiver
Channel Spacing: 1 MHz
Mode: Basic Rate Enhanced Data Rate
Modulation: GFSK T/4-DQPSK 8DPSK
Packet Type: (Maximum Payload) DH5 2DH5 3DH5
Data Rate (Mbps): 1 2 3
Maximum Conducted Output Power: 5.4 dBm
Antenna Gain: 0.6 dBi
Transmit Frequency Range: 2402 MHz to 2480 MHz
Transmit Channels Tested: Channel
Channel ID Channel Number Frequency
(MHz)
Bottom 0 2402
Middle 39 2441
Top 78 2480
UL VS LTD Page 7 of 53
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3.5. Support Equipment

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

Description: Laptop PC
Brand Name: Dell
Model Name or Number: E5400
Serial Number: 01160

Description:

USB-SPI Converter. Length 2.48 metres

Brand Name:

CSR

Model Name or Number:

1224

Serial Number:

Not marked or stated

Description:

Level Shifter

Brand Name:

Not marked or stated

Model Name or Number:

Not marked or stated

Serial Number:

Not marked or stated

Description:

Charger/USB Cable

Brand Name:

Not marked or stated

Model Name or Number:

Not marked or stated

Serial Number:

Not marked or stated

Description: Switching Power Supply
Brand Name: Cromecast
Model Name or Number: 5005BBB0500100

Serial Number:

Not marked or stated

Page 8 of 53
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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
(DHS5 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):

The EUT was powered from a fully charged 5 volt battery.

Transmit tests: A laptop PC with CSR Bluetest application was used to place the EUT into Bluetooth
test mode. Operating channels were selected in the test application. For radiated tests, the laptop
was disconnected from the EUT once in test mode and prior to testing.

Radiated spurious emissions were performed with the EUT in the worst case orientation/position.
Tests were performed with the EUT connected to its AC adaptor and USB cable. All other ports were
terminated with suitable terminations.

AC conducted emissions tests were performed with the EUT transmitting DH5 packet type, as this
mode was found to transmit the highest power. All active ports were terminated.

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 radiated sample was used for AC conducted emissions and radiated spurious emissions
tests.

The EUT conducted sample was used for all other tests.
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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 UKAS 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 AC Conducted Spurious Emissions

Test Summary:

Test Engineer: David Doyle Test Date: 06 March 2017
Test Sample Serial Number: Not marked or stated (Radiated sample)

FCC Reference: Part 15.207

Test Method Used: ANSI C63.10 Section 6.2 / FCC KDB 174176 and notes below

Environmental Conditions:

Temperature (C): 22
Relative Humidity (%): 42
Note(s):

1. The EUT was connected to an AC charger via a USB cable. The AC charger was connected to 120 VAC

60 Hz single phase supply via a LISN.

2. In accordance with FCC KDB 174176 Q4, tests were performed with a 240 VAC 60 Hz single phase
supply as this was within the voltage range marked on the AC power supply.

A pulse limiter was fitted between the LISN and the test receiver.

4. Pre-scans were performed and markers placed on the highest live and neutral measured levels. Final
measurements were performed on the marker frequencies and the results entered into the tables below.

Test setup:
EUT < Power Supply > LISN Pulse Limiter »| Test Receiver
A
Single Phase
AC Supply
UL VS LTD Page 11 of 53
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Transmitter AC Conducted Spurious Emissions (contin ued)
Results: Live / Quasi Peak / 120 VAC 60 Hz

i Line @) @) e Result
0.429 Live 46.4 57.3 10.9 Complied
0.438 Live 44.7 57.1 12.4 Complied
0.848 Live 42.0 56.0 14.0 Complied
1.230 Live 43.5 56.0 125 Complied
1.289 Live 43.9 56.0 12.1 Complied
2.427 Live 38.8 56.0 17.2 Complied

Results: Live / Average / 120 VAC 60 Hz

Fre(lc\]/lu:;)cy Line (I&E\f\l/) (SIBTR/) M(ng;n Result
0.429 Live 38.7 47.3 8.6 Complied
0.857 Live 35.5 46.0 10.5 Complied
0.974 Live 34.9 46.0 111 Complied
1.289 Live 33.3 46.0 12.7 Complied
2.328 Live 32.9 46.0 13.1 Complied
2.589 Live 31.1 46.0 14.9 Complied

Results: Neutral / Quasi Peak / 120 VAC 60 Hz

i Line @) @) g Result
0.438 Neutral 38.2 57.1 18.9 Complied
0.443 Neutral 39.6 57.0 17.4 Complied
0.816 Neutral 30.0 56.0 26.0 Complied
0.857 Neutral 32.4 56.0 23.6 Complied
2.522 Neutral 30.0 56.0 26.0 Complied
2.634 Neutral 30.2 56.0 25.8 Complied

Results: Neutral / Average / 120 VAC 60 Hz

o | | ey | e | e | mew
0.434 Neutral 35.4 47.2 11.8 Complied
0.438 Neutral 36.2 47.1 10.9 Complied
0.879 Neutral 24.1 46.0 21.9 Complied
0.893 Neutral 25.7 46.0 20.3 Complied
2.180 Neutral 22.0 46.0 24.0 Complied
2.882 Neutral 21.3 46.0 24.7 Complied
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Transmitter AC Conducted Spurious Emissions (contin ued)
Results: 120 VAC 60 Hz
FOC Part 15 Class B Voltage with 2-Line-LISN Live with A2755 cable FOC Part 15 Class B Voltage wih 2-Line-LISN Neutal wih A2755 cable
oy 8
o 7q

Level in dBpV
IS

0

150k

300400600  800LM 2M 3M 4M5M6 8 10M 20M 30M

Frequency in Hz

Level in dBpV

30

0

150k

300400600  800LM 2M 3M 4M5M6 8 10M 20M 30M

Frequency in Hz

Live

Neutral

Note: These plots are pre-scans and for indication purposes only. For final measurements, see accompanying tables.
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Transmitter AC Conducted Spurious Emissions (contin ued)
Results: Live / Quasi Peak / 240 VAC 60 Hz

i Line @) @) e Result
0.366 Live 47.8 58.6 10.8 Complied
0.479 Live 46.6 56.4 9.8 Complied
0.825 Live 47.5 56.0 8.5 Complied
0.897 Live 47.8 56.0 8.2 Complied
1.334 Live 46.1 56.0 9.9 Complied
2,711 Live 45.7 56.0 10.3 Complied

Results: Live / Average / 240 VAC 60 Hz

Fre(lc\]/lu:;)cy Line (I&E\f\l/) (SIBTR/) M(ng;n Result
0.362 Live 40.5 48.7 8.2 Complied
0.479 Live 39.6 46.4 6.8 Complied
0.843 Live 38.8 46.0 7.2 Complied
0.897 Live 38.5 46.0 7.5 Complied
1.379 Live 38.0 46.0 8.0 Complied
2.391 Live 36.0 46.0 10.0 Complied

Results: Neutral / Quasi Peak / 240 VAC 60 Hz

i Line @) @) g Result
0.542 Neutral 36.9 56.0 19.1 Complied
0.659 Neutral 37.0 56.0 19.0 Complied
1.626 Neutral 37.1 56.0 18.9 Complied
2.216 Neutral 39.7 56.0 16.3 Complied
2.693 Neutral 42.9 56.0 13.1 Complied
3.845 Neutral 37.9 56.0 18.1 Complied

Results: Neutral / Average / 240 VAC 60 Hz

o | | ey | e | e | mew
0.362 Neutral 36.0 48.7 12.7 Complied
0.474 Neutral 34.7 46.4 11.7 Complied
0.839 Neutral 32.3 46.0 13.7 Complied
0.897 Neutral 31.9 46.0 14.1 Complied
1.320 Neutral 30.6 46.0 15.4 Complied
2.346 Neutral 30.6 46.0 15.4 Complied
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Transmitter AC Conducted Spurious Emissions (contin

ued)

Results: 240 VAC 60 Hz

FCC Part 15 Class B Voltage with 2-Line-LISN Live with A2755 cable

5

4

{ e L

Level in dBpV

3
2

|
]

150k 300400600  800LM

Frequency in Hz

2M 3M 4M5M6 8 10M 20M 30M

FCC Part 15 Class B Voltage with 2-Line-LISN Neutral with A2755 cable

79

Level in dBpV
P (5

@
-1

or—+ A————+——+
150k 300400600  800LM

2M  3M 4M5M6 8 10M 20M 30M
Frequency in Hz

Live

Neutral

Note: These plots are pre-scans and for indication purposes only. For final measurements, see accompanying tables.

Test Equipment Used:

ﬁ(s;et Instrument Manufacturer Type No. erial No. B‘j;e Calibration E:'\;T(I).nltn;g)rval
M2013 | Thermohygrometer | Testo 608-H1 45046419 10 Jun 2017 12
A067 LISN Rohde & Schwarz | ESH3-Z5 890603/002 | 20 Jul 2017 12
A1830 | Pulse Limiter Rohde & Schwarz | ESH3-Z2 100668 08 Mar 2017 12
M1263 | Test Receiver Rohde & Schwarz | ESIB-7 100265 07 Nov 2017 12
M1818 | Multimeter Fluke 79 Series Il | 71811580 27 Apr 2017 12
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5.2.2. Transmitter 20 dB Bandwidth

Test Summary:

Test Engineer:

David Doyle

Test Date: 20 February 2017

Test Sample Serial Number:

Not marked or stated (Conducted sample with RF port)

FCC Reference:

Part 15.247(a)(1)

Test Method Used:

ANSI| C63.10 Section 6.9.2

Environmental Conditions:

Temperature (T):

24

Relative Humidity (%):

36

Note(s):

1. The signal analyser resolution bandwidth was set to 30 kHz and video bandwidth 100 kHz. A peak
detector was used, sweep time was set to auto and the trace mode was Max Hold. The span was set to
3 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 signal analyser was connected to the RF port on the EUT using suitable attenuation and RF cable.

Test setup:

Level Shifter

EUT

Attenuator

Signal Analyser

h

Test Laptop

Page 16 of 53
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Transmitter 20 dB Bandwidth (continued)

Results DH5:

Channel

20 dB Bandwidth (kHz)

Bottom

950.800

Middle

942.100

Top

946.500

Spectrum ? Spectrum ?
Ref Level 30.00 dem  Offset 20.70dB @ RBW 30 kHz Ref Level 30.00 dem  Offset 20.70dB @ RBW 30 kHz
Att 29.dB SWT 11ms @ VBW 100 kHz  Mode Sweep Att 29d8  SWT 11lms @ VBW 100 kHz Mode Sweep
@ 1Pk View @ 1Pk View
m1[1] -13.06 dBm| m1[1] -12.02 dBm|
2.40153550 GHz} 2.44053550 GHz]
20 dr D2[1] 0.43d8) 20 dbm D2[1] 0.47 dB)
950.80 kHz] 942.10 kH]
1d D1 7.500 B LRI, 5,500 cer
y M\P ¥ ~
0 " 0 M1
0 Do -12.500 dBm- ¥ L 10 D2 -11,500 denm /_,J' ‘\\
. [ ™ 7
a0 d \ 30 d
N} | = o
-40 df -40
50 df 50 df
60 60 df
CF 2.402 GHz 691 pts Span 3.0 MHz CF 2.441 GHz 691 pts Span 3.0 MHz
il (Y] il WD W
11444781 11444781
[Date: 20 FEB 2017 07:07:00 Date: 20 FEB 2017 07:12:36

Bottom Channel

Att

Spectrum
Ref Level 30.00 dém Offset 20.70 dB @ RBW 30 kHz

=]

29 db

SWT

1.1ms @ VBW 100 kHz  Mode Sweep

@ 1Pk View

20 dem:

m1[1]

10 dBm—

D2[1]

-11.96 dBm|
2.47953550 GHz|
0.20 dB)|

946.50 kHz|

D1 8.900 dBny

ML It

-11.100 dBm

CF 2.48 GHz

691 pts

Span 3.0 MHz

Il

11444781

[Date: 20.FEB.2017 07:14:26

Top Channel

Middle Channel

UL VS LTD

Page 17 of 53




TEST REPORT

VERSION 1.0

SERIAL NO: UL-RPT-RP11444781JD02A

ISSUE DATE: 14 AUGUST 2017

Transmitter 20 dB Bandwidth (continued)

Results 2DH5:

Channel

20 dB Bandwidth (kHz)

Bottom

1280.800

Middle

1293.800

Top

1285.100

[Date: 20FEB 2017 07:21:42

[Date: 20FEB.2017 07:19:49

Spectrum ] DE Spectrum ] DE
Ref Level 30.00 dem  Offset 20.70 dB @ RBW 30 knz Ref Level 30.00 dem  Offset 20.70 dB @ RBW 30 knz
o Att 20db SWT  1Lims @ VBW 100 kHz Mode Sweep o Att 20ds SWT  1ims e VBW 100KkHz Mode Sweep
@17k view @17k View
Mi[1] -13.33 dBm| Mi[1] -12.35 dBm|
2.40134880 GHz 2.44034010 GHz
20d D2[1] -0.14 dB| 20d D2[1] -0.15 dB|
1.28080 MHz| 1.29380 MHz]
10 d 10 d
D1 6.700 dBm 01 7,600 dm
y N y A A
10 10
D2 -13.300 B} % b2 -1z.200 57“ A\
20 / 204
304 304
40 40
504 504
60 d 60 d
CF 2.402 GHz 691 pts Span 8.0 MHzZ CF 2.441 GHz 691 pts Span 8.0 MHzZ
—
| (TR 1 (Y]
11444781 11444781

Bottom Channel

Spectrum

=]

RefLevel 30.00dBm  Offset 20.70 dB @ RBW 30 kHz

o att 20d8 SWT_ Lims e VBW 100 kH2 Mode Sweep
@17k View
M1[1] -12.10 dBm|
2.47934440 GHz]
20d D2[1] 0.03 dB|
1.28510 MHz
10 df
D1 8,000 dem \/\
y o\
. ™
10
D2 -12.000 duy %\
204
N
-30d
-40d
504
-£0d
CF 2.48 GHz 691 pts Span 3.0 MHz

Il

11444781
[Date: 20FEB.2017 07:17:58

Top Channel

Middle Channel
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Transmitter 20 dB Bandwidth (continued)
Results 3DH5:

Channel 20 dB Bandwidth (kHz)

Bottom 1272.100
Middle 1272.100
Top 1272.100

Spectrum ] T Spectrum ] T
RefLevel 30.00dBm  Offset 20.70dB @ RBW 30 kHz RefLevel 30.00dBm  Offset 20.70dB @ RBW 30 kHz
o att 20d8 SWT  1lms @ VBW 100KkHz Mode Sweep o att 20d8 SWT  Llms @ VBW 100KkHz Mode Sweep
@17k view @17k view
m1[1] -13.94 dBm| m1[1] -12.41 dBm|
2.40135310 GHz} 2.44035310 GHz|
20 dém D2[1] 0.26 dB)| 20 dem D2[1] -0.02 da|
1.27210 MHz 1.27210 MHz
10 df 10 df
01 6700 dem D1 7.800 dim
y n Ju A y A
L7 W
d d )
-10 -10
b2 13,300 e - 02 -12.200 dﬂy %\
s i .
PV
-30d -30d
-40d -40d
s0d s0d
-£0d -£0d
CF 2,402 GHz 691 pts Span 3.0 MHz CF 2,441 GHz 691 pts Span 3.0 MHz
—
) [T ) [T
11004781 11004781
Date: 20 FEB 2017 07:2351 Date: 20 FEB 2017 07:25:44

Bottom Channel Middle Channel

'
Spectrum ] m

Ref Level 30.00 dém Offset 20,70 dB @ RBW 30 kHz

o att 20d8 SWT  Llms @ VBW 100KkHz Mode Sweep
@17k view
m1[1] -12.23 dBm|
2.47935310 GHz|
20 dem D2[1] -0.06 dp|
1.27210 MHz
10 df

D1 8.000 dBm

. [ )
Al

D2 -12.000 dem¥.

CF 2.48 GHz 691 pts Span 3.0 MHz

] [ [T X

11444781
[Date: 20FEB.2017 07:27:26

Top Channel
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Transmitter 20 dB Bandwidth (continued)

Test Equipment Used:

Asset Instrument Manufacturer Type No. Serial No. Date Calibration &?érval

No. Due (Months)
M1659 | Thermohygrometer | JM Handelspunkt | 30.5015.13 | Not stated 02 Apr 2017 12
M1996 | Signal Analyser Rohde & Schwarz | FSV13 100975 22 Nov 2017 12
A2923 | Attenuator AtlanTecRF AN18W5-20 | 83282846 Calibrated before use -
M260 Signal Generator Rohde & Schwarz | SMP02 829076/008 | 09 May 2017 12
M199 Power Meter Rohde & Schwarz | NRVS 827023/075 | 11 Apr 2018 24
M1267 | Power Sensor Rohde & Schwarz | NRV-Z52 100155 15 Apr 2018 24
Page 20 of 53 UL VS LTD
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5.2.3. Transmitter Carrier Frequency Separation

Test Summary:

Test Engineer: David Doyle Test Date: 20 February 2017
Test Sample Serial Number: Not marked or stated (Conducted sample with RF port)

FCC Reference: Part 15.247(a)(1)

Test Method Used: ANSI C63.10 Section 7.8.2

Environmental Conditions:

Temperature (T): 24

Relative Humidity (%): 36

Note(s):

1. The 20 dB bandwidth measured for the middle channel operating at 2440 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 signal analyser resolution bandwidth was set to 30 kHz and
video bandwidth set to 100 kHz. A peak detector was used, sweep time was set to auto and trace mode
was Max Hold. The span was wide enough to capture the peaks of two adjacent channels. A marker was
placed at the peak on the first channel and a delta marker was placed at the peak of the adjacent
channel. The delta between the two markers was recorded for each mode of operation.

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

Test setup:

A
A

Level Shifter EUT Attenuator Signal Analyser

Test Laptop
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Transmitter Carrier Frequency Separation (continued )
Results: DH5

Carrier Frequency Limit ( %/5 of 20 dB BW) Margin Result
Separation (kHz) (kHz) (kHz)
998.600 628.067 370.533 Complied
Spectrum ] [@
Ref Level 30.00 dBm Offset 20,70 d @ RBW 30 kHz
jo Att 20dB SWT 1.1ms @ VBW 100 kHz Mode Sweep

@ 1Pk View®@2Pk View

m1[1] 7.82 dBm|

2.44100510 GHz
20 dBm D2[2] 0.76 da)

998.60 kHz
10d M1 o

)
R

" ««;\,Nf[

~

CF 2.4415 GHz 691 pts Span 3.0 MHz
—
] [ [T CCTE™ )

11444781
[Date: 20FEB.2017 07:46:59
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Transmitter Carrier Frequency Separation (continued )
Results: 2DH5

Carrier Frequency Limit ( %/5 of 20 dB BW) Margin
. Result
Separation (kHz) (kHz) (kHz)
1002.900 862.533 140.367 Complied
Spectrum ] [@
Ref Level 30.00 dBm Offset 20,70 d @ RBW 30 kHz
jo Att 20dB SWT 1.1ms @ VBW 100 kHz Mode Sweep
@ 1Pk View®2Pk View
M1[1] 7.82 dBm|
2.44100510 GHz|
20 dem D2[2] 0.04 dB}
1.00290 MHz|
10 db M1 &
. alll N
a g o~
-10d
. N
fN W\VW
30
Pden-
0
04
CF 2.4415 GHz 691 pts Span 3.0 MHz
][ WRRRERRD e
11444781
[Date: 20 FEB.2017 07:44:46
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Transmitter Carrier Frequency Separation (continued )
Results: 3DH5

Carrier Frequency Limit ( %/5 of 20 dB BW) Margin Result
Separation (kHz) (kHz) (kHz)
1002.900 848.067 154.833 Complied
Spectrum ] @
Ref Level 30.00 dBm Offset 20,70 d @ RBW 30 kHz
jo Att 20d8  SWT 1.1ms @ VBW 100 kHz Mode Sweep
@ 1Pk View®2Pk View
mi[1] 7.87 dBm)|
2.44100510 GHz|
20 dem D2[2] -0.14 dBj|
1.00290 MHz|
10 db M1 &
y A M
y7 =
. [
20
-
CF 2.4415 GHz 691 pts Span 3.0 MHz
) (Y]
lDla:A;JaItEB 2017 07:41:49
Test Equipment Used:
Asset ) Date Calibration cal.
Instrument Manufacturer Type No. Serial No. Interval
No. Due
(Months)
M1659 | Thermohygrometer | JM Handelspunkt | 30.5015.13 | Not stated 02 Apr 2017 12
M1996 | Signal Analyser Rohde & Schwarz | FSV13 100975 22 Nov 2017 12
A2923 | Attenuator AtlanTecRF AN18W5-20 | 832828#6 Calibrated before use -
M260 Signal Generator Rohde & Schwarz | SMP02 829076/008 | 09 May 2017 12
M199 Power Meter Rohde & Schwarz | NRVS 827023/075 | 11 Apr 2018 24
M1267 | Power Sensor Rohde & Schwarz | NRV-Z52 100155 15 Apr 2018 24
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5.2.4. Transmitter Number of Hopping Frequencies and Aver age Time of Occupancy

Test Summary:

Test Engineer: David Doyle Test Date: 20 February 2017
Test Sample Serial Number: Not marked or stated (Conducted sample with RF port)

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

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

Environmental Conditions:

Temperature (T): 24

Relative Humidity (%): 36

Note(s):

1. Tests were performed to determine the average time of occupancy in number of channels (79) x 0.4

5.

seconds. The calculated period is 31.6 seconds.

Number of Hopping Frequencies test: The signal analyser resolution bandwidth was set to 100 kHz and
video bandwidth of 300 kHz. 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 which covers the frequency band of operation. The number of
hopping frequencies was recorded.

Emission Width test: The signal analyser 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.

Number of Hops in a 32 second period test: The centre channel was monitored. The signal analyser
resolution bandwidth was set to 100 kHz and video bandwidth of 300 kHz. A peak detector was used
and sweep time was set to 32 seconds. The EUT was set to transmit in a hopping frequency mode. The
total number of hops on the centre channel observed in a 32 second period was recorded.

The signal analyser was connected to the RF port on the EUT using suitable attenuation and RF cable.

Test setup:

Level Shifter EUT Attenuator Signal Analyser

Test Laptop
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Transmitter Number of Hopping Frequencies and Avera ge Time of Occupancy (continued)

Results:

Number of Average Time Limit Marain
Hops in 31.6 of Occupancy (s) (ss)J
Seconds (s)

Emission

Width (ps) Result

2891.300 106 0.306 0.4 0.094 Compiled

Spectrum ] [%] Spectrum ] [%]

RefLevel 30.00 dBm  Offset 20.70dB @ RBW 100 kHz RefLevel 30,00 cém  Offset 20.70 dé @ RBW 1 MHz
o att 20d8  SWT 1ms @ VBW 300 kHz  Mode Sweep o att 20d8 @ SWT 5ms @ VBW 3 MHz
@17k view SeL
@ 1Pk View
m1[1] 8.48 dBm|
20 dem 1.96377 ms
20 D2[1] 0.38 dB)

2.80130 msj
ol

‘IIIIIIIIHIIlHlIlIHIII‘IIIIHII

W

5 o
L=

ﬁ« 30 \
uf\« | g iy 7 N, WI

50 S50
60 60
Start 2.4 CHz 691 pts Stop 2.4835 CHz CF 2.441 GHz 691 pts 500.0 ps/
) [T il (]
11444781 11444781
[Date: 20FEB.2017 08:03:25 [Date: 20.FEB.2017 08:19.47
Number of Hopping Frequencies Emission Width

o
Spectrum ] m

RefLevel 30.00dBm  Offset 20.70 dB @ RBW 100 kHz
o att 20 db @ SWT 325 @ VBW 300 khz
SGL

@17k View

20 dem

-50d

0

CF 2.441 GHz 691 pts 3.25/

Il ]

11444781
[Date: 20FEB.2017 080524

Number of Hopping Frequencies in 32 s
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Transmitter Number of Hopping Frequencies and Avera

ge Time of Occupancy (continued)

Test Equipment Used:

Asset Instrument Manufacturer Type No. erial No. Date Calibration &?(la'rval

No. Due (Months)
M1659 | Thermohygrometer | JM Handelspunkt | 30.5015.13 | Not stated 02 Apr 2017 12
M1996 | Signal Analyser Rohde & Schwarz | FSV13 100975 22 Nov 2017 12
A2923 | Attenuator AtlanTecRF AN18W5-20 | 83282846 Calibrated before use -
M260 Signal Generator Rohde & Schwarz | SMP02 829076/008 | 09 May 2017 12
M199 Power Meter Rohde & Schwarz | NRVS 827023/075 | 11 Apr 2018 24
M1267 | Power Sensor Rohde & Schwarz | NRV-Z52 100155 15 Apr 2018 24
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5.2.5. Transmitter Maximum Peak Output Power

Test Summary:

Test Engineer: Stefan Ho Test Date: 02 August 2017
Test Sample Serial Number: Not marked or stated (Conducted sample with RF port)

FCC Reference: Part 15.247(b)(1)

Test Method Used: ANSI C63.10 Section 7.8.5

Environmental Conditions:

Temperature (T): 24
Relative Humidity (%): 38
Note(s):

1. The signal analyser resolution bandwidth was set to 2 MHz (>20 dB bandwidth) and video bandwidth of
5 MHz. A peak detector was used, sweep time was set to auto and trace mode was Max Hold. The span
was set to 5 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 signal analyser was connected to the RF port on the EUT using suitable attenuation and RF cable.
An RF offset level was entered on the signal analyser to compensate for the loss of the attenuator and
RF cable.

Test setup:

A
A

Level Shifter

EUT Attenuator Signal Analyser

Test Laptop
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Transmitter Maximum Peak Output Power (continued)

Results: DH5
Conducted Conducted Peak Marain
Channel Peak Power Power Limit (dlg) Result
(dBm) (dBm)
Bottom 3.6 30.0 26.4 Complied
Middle 5.4 30.0 24.6 Complied
Top 4.9 30.0 25.1 Complied
Conducted Declared EIRP De Facto Marain
Channel Peak Power Antenna Gain (dBm) EIRP Limit (dé]) Result
(dBm) (dBi) (dBm)
Bottom 3.6 0.6 4.2 36.0 31.8 Complied
Middle 5.4 0.6 6.0 36.0 30.0 Complied
Top 4.9 0.6 5.5 36.0 30.5 Complied
UL VS LTD
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Transmitter Maximum Peak Output Power (continued)

Results: DH5

Att 15dB  SWT

Ref Level 20.00 dBm  Offset 21.40 dB @ RBW 2 MHz

1ms @ VBW 5MHz  Mode Sweep

@ 1Pk view

10df

Mm1[1]

4.86 dBm|
2.47983360 GHz|

M1

GF 2.48 GHz

691 pts

Span 5.0 MHz

Il

11444781
Dae2AUG 2017115613

Top Channel

Spectrum ] u%: Spectrum ] u%:
Ref Level 20.00 dBm  Offset 21.40 dB @ RBW 2 MHz Ref Level 20.00 dBm  Offset 21.40 df @ RBW 2 MHz
Att 15dB  SWT 1ms @ VBW 5MHz  Mode Sweep Att 15dB  SWT 1ms @ VBW 5MHz  Mode Sweep
0 1Pk View 0 1Pk View
M1[1] 3.63 dBm| M1[1] 5.35 dBm|
2.40212300 GHz] 2.44078290 GHz]
10l 10l T
ML
h S0
o [ S g [ —
20 20
30 -30
-40 -40
50 50
-50 df -60
-70 df -70
CF 2.402 GHz 691 pts Span 5.0 MHz CF 2.441 GHz 691 pts Span 5.0 MHz
) (Y] ) (Y]
11444781 11444781
Dak2AU G 2017115353 Dae2AUG 2017115445
Spectrum u%:
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Transmitter Maximum Peak Output Power (continued)
Results: 2DH5

Conducted Conducted Peak Marain
Channel Peak Power Power Limit (dlg) Result
(dBm) (dBm)
Bottom 2.7 21.0 18.3 Complied
Middle 4.3 21.0 16.7 Complied
Top 3.9 21.0 17.1 Complied
Conducted Declared EIRP De Facto Marain
Channel Peak Power Antenna Gain (dBm) EIRP Limit (dé]) Result
(dBm) (dBi) (dBm)
Bottom 2.7 0.6 3.3 27.0 23.7 Complied
Middle 4.3 0.6 4.9 27.0 221 Complied
Top 3.9 0.6 4.5 27.0 225 Complied
UL VS LTD
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Transmitter Maximum Peak Output Power (continued)

Results: 2DH5

Spectrum ] u%: Spectrum ] u%:
RefLevel 20.00 dBm  Offset 21.40 d® @ RBW 2 MHz RefLevel 20.00 dBm  Offset 21.40 d® @ RBW 2 MHz
Att 15dB  SWT 1ms @ VBW 5MHz  Mode Sweep Att 15dB  SWT 1ms @ VBW 5MHz  Mode Sweep
@ 1Pk iew @ 1Pk iew
M1[1] 2.74 dBm| M1[1] 4,33 dBm|
2.40188420 GHZ| 2.44089150 GHZ|
10d 10d
M1 M1
0 df | | I—— o d — ] [
] «{d{/
-20 -20
=30 =30
40 40
S0 -50
-60 d 60
=70 d -70
GF 2.402 GHz 691 pts Span 5.0 MHz GF 2.441 GHz 691 pts Span 5.0 MHz
) (Y] ) (Y]
11444781 11444781
D ae2AU G 2017120046 IDae2AU G 2017120136
Bottom Channel Middle Channel
Spectrum u%:
RefLevel 20.00 dBm  Offset 21.40 d® @ RBW 2 MHz
Att 15dB  SWT 1ms @ VBW 5MHz  Mode Sweep
@ 1Pk View
Mm1[1] 3.90 dBm|
2.47984800 GHZ|
10d
M1
) /(——-J*—\H_\
a
-20
=30
40
-50
-60 d
=70 d
GF 2.48 GHz 691 pts Span 5.0 MHz
) [ CECEEEE ]
11444781
IDae2A U G 2017120302
Top Channel
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Transmitter Maximum Peak Output Power (continued)
Results: 3DH5

Conducted Conducted Peak Marain
Channel Peak Power Power Limit (dlg) Result
(dBm) (dBm)
Bottom 3.2 21.0 17.8 Complied
Middle 4.8 21.0 16.2 Complied
Top 4.3 21.0 16.7 Complied
Conducted Declared EIRP De Facto Marain
Channel Peak Power Antenna Gain (dBm) EIRP Limit (dé]) Result
(dBm) (dBi) (dBm)
Bottom 3.2 0.6 3.8 27.0 23.2 Complied
Middle 4.8 0.6 5.4 27.0 21.6 Complied
Top 4.3 0.6 4.9 27.0 22.1 Complied
UL VS LTD
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Transmitter Maximum Peak Output Power (continued)

Results: 3DH5

Spectrum ] [%] Spectrum ] [%]
Ref Level 20.00 dBm  Offset 21.40 d& @ RBW 2 MHz Ref Level 20.00 dBm  Offset 21.40 d& @ RBW 2 MHz
Att 15dB  SWT 1ms @ VBW 5MHz  Mode Sweep Att 15dB  SWT 1ms @ VBW 5MHz  Mode Sweep
@ 1Pk View @ 1Pk View
M1[1] 3.16 dBm| M1[1] 4.75 dBm|
2.40195660 GHZ| 2.44102170 GHZ|
10d 10d T
f—”—bﬂlw /ML_\\
od od
B R /m/
20 -20
30 =30
40 -40
50 =50
60 df &0
70 df 70
GF 2.402 GHz 691 pts — Span 5.0 MHz GF 2.441 GHz 691 pts — Span 5.0 MHz
il [ ] ) [T
11444781 11444781
IDae2AU G 2017120438 IDae2AU G 2017120548
Bottom Channel Middle Channel
Spectrum ] @]
Ref Level 20.00 dBm  Offset 21.40 d& @ RBW 2 MHz
Att 15dB  SWT 1ms @ VBW 5MHz  Mode Sweep
@ 1Pk View
M1[1] 4,33 dBm|
2.48001450 GHZ|
10d n
0 d e R
L] [
)m/
-20
=30
-40
=50
a0 d
70d
GF 2.48 GHz 691 pts Span 5.0 MHz
Il | CEEREEE ]
11444781
Dak2AUG 2017120651
Top Channel
Test Equipment Used:
Asset Date Cal.
Instrument Manufacturer Type No. Serial No. Calibration Interval
No.
Due (Months)
M1873 | Signal Analyser Rohde & Schwarz FSV30 103074 06 Jun 2018 12
A2505 | Directional Coupler AtlanTecRF CDC-003060- | 1101230 Calibrated -
20 before use
G0614 | Signal Generator Rohde & Schwarz SMB100A 177687 08 May 2020 36
M2002 | Thermohygrometer Testo 608-H1 45041825 22 Feb 2018 12
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5.2.6. Transmitter Radiated Emissions

Test Summary:

Test Engineer: David Doyle Test Date: 28 February 2017
Test Sample Serial Number: Not marked or stated (Radiated sample)

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): 21

Relative Humidity (%): 35

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.

2. The final measured value in the table below incorporates the calibrated antenna factor and cable loss.

3. 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.

4. 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.

5. Measurements below 1 GHz were performed in a semi-anechoic chamber (Asset Number KO001) 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.

6. 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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Transmitter Radiated Emissions (continued)

Test setup for radiated measurements:

RF Attenuator
EUT — Me:;‘ﬁf’:"aem > and/or
RF Filter

Amplifier

Test Receiver

Anechoic or Semi-anechoic Chamber
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Transmitter Radiated Emissions (continued)
Results: Middle Channel

Frequency Antenna Level Limit Margin Result
(MHz) Polarity (dB uV/m) (dB puVv/m) (dB)
987.655 Vertical 30.8 54.0 23.2 Complied
100
9P
8
m
6}
§ FCC Part 15 Class 8 Field §
- |
% 45—,—‘ 987.655311
30.752 dBp V|
. Y
2p
W s n
1t + + *
30M 50 60 80 100M 200 300 400 500 800 1G
Frequency in Hz
Test Equipment Used:
Asset - A Date Calibration Cal. Interval
No. Instrument Manufacturer 'ype No. Serial No. Due (Months)
M2014 | Thermohygrometer | Testo 608-H1 45046246 | 10 Jun 2017 12
K0001 | 5m RSE Chamber | Rainford EMC N/A N/A 07 Dec 2017 12
M1273 | Test Receiver Rohde & Schwarz | ESIB26 100275 11 Apr 2017 12
A2959 | Antenna Schwarzbeck VULB 9163 | 9163-967 | 08 Sep 2017 12
G0543 | Amplifier Sonoma 310N 230801 09 Jun 2017 6
A1834 | Attenuator Hewlett Packard 8491B 10444 30 Mar 2017 12
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Transmitter Radiated Emissions (continued)

Test Summary:

Test Engineer: David Doyle Test Dates: 22 February 2017 &
23 February 2017

Test Sample Serial Number: Not marked or stated (Radiated sample)

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 (T): 23t0 26

Relative Humidity (%): 42 to 44

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.

2. 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 at 2441 MHz.

4. 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.

5. 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.

6. Measurements above 1 GHz were performed in a fully anechoic chamber (Asset Number K0002) 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.

7. 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 (dBpuv/m) (dBpVv/im) (dB)
4803.571 Vertical 46.8 54.0 7.2 Complied
12009.768 Horizontal 44.8 54.0 9.2 Complied
Results: Peak / Middle Channel / DH5
Frequency Antenna Peak Level Average Limit Margin Result
(MHz) Polarity (dBpuv/m) (dBpv/im) (dB)
4882.271 Vertical 45.6 54.0 8.4 Complied
7322.519 Horizontal 48.4 54.0 5.6 Complied
12204.151 Vertical 45.7 54.0 8.3 Complied
Results: Peak / Top Channel / DH5
Frequency Antenna Peak Level Average Limit Margin Result
(MHz) Polarity (dBpVv/m) (dBpVv/m) (dB)
4960.286 Vertical 45.6 54.0 8.4 Complied
7440.280 Horizontal 47.7 54.0 6.3 Complied
12400.601 Vertical 45.5 54.0 8.5 Complied
Results: Peak / Hopping Mode / DH5
Frequency Antenna Peak Level Average Limit Margin Result
(MHz) Polarity (dB uV/m) (dB uv/m) (dB)
4819.551 Vertical 50.2 54.0 3.8 Complied
7334.776 Horizontal 46.8 54.0 7.2 Complied
12035.673 Vertical 45.5 54.0 8.5 Complied
UL VS LTD Page 39 of 53




TEST REPORT

VERSION 1.0

SERIAL NO: UL-RPT-RP11444781JD02A

ISSUE DATE: 14 AUGUST 2017

Transmitter Radiated Emissions (continued)

Date: 22.FEB.2017 13:11:11

@ RBW 1 MHz Marker 1[T1] @ RBW 1 MHZ Marker 1[T1]
VBW 3 MHz 54.72 dBV VBW 3 MHz 49.14 BV
Ref 110dBuv At 10dB SWT 10ms 2.740000000 GHz Ref 80 dBuv At 10dB SWT 20ms 3.891000000 GHz
110 Offs¢t 10.1dB Markef 2 [T2 ] 80 Offsgt 0.7¢B Markef 2 [T2 ]
h4.89 dBy| D174 dBjpV 8.50.dE
L CA ] 4o0boooooco stz | N
1Rk
viEw
2 v 2 54 dBuv
o wew T o
IORTN T PR Yoy P ST RV
[ YRS v aeg i y kil
D e T e
N
1
2 54 dBuV T 08 08
PR T
ey ‘
| PRSI BSON
PR
|, rrpnsnT
10 20
Start 1GHz 200 MHz/ Stop 3 GHz Start 3 GHz 100 MHz/ Stop 4 GHz
11444781 11444781
Date: 23 FEB2017 13:2252 Date: 23 FEB.2017 13:25:40
RBW 1 MHz Marker 1 [T1] @) RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 47.95 dBpV VBW 3 MHz 4717 dBV
Ref 80 dBpv At 10dB SWT 20ms 4.882500000 GHz Ref 80dBuv At 0dB SWT 20ms 7.323717949 GHz
80 Offset  0.4¢iB Markef 2 [T2] H 80 Offspt  0.6§B
D174 dBjV .
4 LA] LA]
1Pk
view
2 54 dBuv ——p1sadsjv
. o B o
I T T N PP T} Sl WVLM
L " P RV RO e e S T
Lyl i L 4 i U " oAkl I
o o
10 10
20 20
Start 4 GHz 200 MHz/ Stop 6 GHz Start 6 GHz 200 MHz/ Stop 8 GHz
11444781 11444781

Date: 23.FEB.2017 08:40:57
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Transmitter Radiated Emissions (continued)

RBW 1 MHz Marker 1[T1] RBW 1 MHz Marker 1[T1]
VBW 3 MHz 45.53 dBuV VBW 3 MHz 46.99 dBuV
Ref 80 dBuV At 10dB SWT 30ms 12.209535256 GHz Ref 80 dBuV At 0dB SWT 35ms 17.823317308 GHz
80 Offsft 0448 Marke| 2 [T1] w0
[+2.96 dBy|
9.756025641GHz. [A] LAl
g g
.
——1o1 54 cyv —lbisaampy
o o
1 v
2 AL
v J“L i . oA P
I N o b s
]
= o
20 20
Start 8 GHz 475 MHz/ Stop 12.75 GHz Start 12.75 GHz 525 MHz/ Stop 18 GHz
11444781 11444781
[Date: 23.FEB.2017 09:44:01 [Date: 23.FEB.2017 11:01:45
RBW 1 MHz Marker 1[T1]
VBW 3 MHz 36.77 dBuV
Ref 80 dBuV At 0dB SWT 45 ms 22913461538 GHz
£
LAl
g
——to1 54 cyv
o
AATAY ST PR MWW&WMWW
o
20
Start 18 GHz 700 MHz/ Stop 25 GHz
11444781
[Date: 23.FEB.2017 11:37:18

Note: These plots are pre-scans and for indication purposes only. For final measurements, see accompanying tables.
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Transmitter Radiated Emissions (continued)

Test Equipment Used:

ﬁffet Instrument Manufacturer Type No. Serial No. 8Z}iebration Due (C'\;T(I).nltnr:g)rval
M1656 | Thermohygrometer | JM Handelspunkt 30.5015.13 Not stated 02 Apr 2017 12
K0002 3m RSE Chamber Rainford EMC N/A N/A 16 Nov 2017 12
M1886 | Test Receiver Rohde & Schwarz | ESU26 100554 21 Mar 2017 12
A1534 Pre Amplifier Hewlett Packard 8449B 3008A00405 | 09 Nov 2017 12
A1818 | Antenna EMCO 3115 00075692 08 Nov 2017 12
A253 Antenna Flann Microwave 12240-20 128 08 Nov 2017 12
A254 Antenna Flann Microwave 14240-20 139 08 Nov 2017 12
A255 Antenna Flann Microwave 16240-20 519 08 Nov 2017 12
A256 Antenna Flann Microwave 18240-20 400 08 Nov 2017 12
A2896 Pre-Amplifier Schwarzbeck BBV 9721 9721-023 09 Nov 2017 12
A2895 [ Antenna Schwarzbeck BBHA 9170 | 9170-728 07 Apr 2017 12
A1396 | Attenuator Huber & Suhner 6810.17.B 757987 26 Apr 2017 12
A1975 | High Pass Filter AtlanTecRF AFH-03000 090424010 26 Apr 2017 12
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5.2.7. Transmitter Band Edge Radiated Emissions

Test Summary:

Test Engineer: David Doyle Test Dates: 21 February 2017 &
20 March 2017

Test Sample Serial Number: Not marked or stated (Radiated sample)

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 (T): 23

Relative Humidity (%): 3710 43

Note(s):

1.

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

The lower band edge is adjacent to a non-restricted band. 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. A marker was placed on the band edge spot frequencies and a
second marker placed on the highest emission level in the adjacent band (where a higher level emission
was present). Marker frequencies and levels were recorded.

The upper band edge is adjacent to a restricted band. The test receiver resolution bandwidth was set to
1 MHz and video bandwidth 3 MHz. Peak and average measurements were performed with their
respective detectors, 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 was placed on the band edge spot frequencies and a second marker placed on the
highest emission level in the adjacent band (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 and 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.
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Transmitter Band Edge Radiated Emissions (continued )

Results: Static Mode / DH5

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

2340.769 Horizontal 51.8 74.0 22.2 Complied
2400.0 Horizontal 63.9 84.0* 20.1 Complied
2483.5 Horizontal 67.5 74.0 6.5 Complied

Frequency Antenna Average Level Limit Margin Result
(MHz) Polarity (dB uV/m) (dB uv/m) (dB)

2381.923 Horizontal 47.2 54.0 6.8 Complied

2483.5 Horizontal 53.8 54.0 0.2 Complied
ULVSLTD
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Transmitter Band Edge Radiated Emissions (continued )

Results: Static Mode / DH5

RBW 100 kHz Marker 1 [T1] @ RBW 1 MHz Marker 1 [T1]
VBW 300 kHz 63.87 dBUV VBW 3 Mz 67.54 dBUV
Ref 120 dBuvV At 10dB SWT 20 ms 2.400000000 GHz Ref 120 dBuvV At 10dB SWT 25ms 2.483500000 GHz
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11444781 1444781
Date: 21 FEB2017 102059 Date: 21 FEB 2017 11:1437
@ RBW 1 MHz Marker 1[T1] @ RBW 1 MHz Marker 1[T1]
VBW 3 MHz 51.77 dBuV VBW 3 MHz 53.80 dBuV
Ref 120 dBuvV At 10dB SWT 25ms 2.340769231 GHz Ref 120 dBuvV At 10dB SWT 25ms 2.483500000 GHz
120 Offs¢t 10.1dB Markef 2 [T2 ] 120 Offsgt 10.1dB
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Date: 20MAR 2017 1043:18 Date: 20MAR 2017 10:10:47

2310 MHz to 2390 MHz Restricted Band

Upper Band Edge Average Static
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Transmitter Band Edge Radiated Emissions (continued )

Results: Hopping Mode / DH5

Frequency Antenna Peak Level Limit Margin
. Result
(MHz) Polarity (dBpv/m) (dB pv/m) (dB)

2399.199 Horizontal 60.2 84.5* 24.3 Complied
2400.0 Horizontal 56.6 84.5* 27.9 Complied
2483.5 Horizontal 67.2 74.0 6.8 Complied

Frequency Antenna Average Level Limit Margin Result
(MHz) Polarity (dB uV/m) (dB uv/m) (dB)
2483.5 Horizontal 50.5 54.0 35 Complied
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[Date: 20 MAR.2017 10:15:55
Upper Band Edge
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Transmitter Band Edge Radiated Emissions (continued )
Results: Static Mode / 2DH5

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

2399.615 Horizontal 63.8 83.1* 19.3 Complied
2400.0 Horizontal 62.4 83.1* 20.7 Complied
2483.5 Horizontal 69.7 74.0 4.3 Complied

Frequency Antenna Average Level Limit Margin Result
(MHz) Polarity (dBpv/m) (dBpv/m) (dB)
2483.5 Horizontal 51.2 54.0 2.8 Complied
120 Offset 9.9¢B Markef 2 [T1] 120 Offs¢t 9.9¢B o
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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) (dB uv/m) (dB)
2400.0 Horizontal 60.3 84.6* 24.3 Complied
2483.5 Horizontal 68.7 74.0 5.3 Complied
Frequency Antenna Average Level Limit Margin Result
(MHz) Polarity (dB uV/m) (dBpv/im) (dB)
2483.5 Horizontal 47.7 54.0 6.3 Complied
RBW 100 kHz Marker 1 m ] RBW 1 MHz Marker 1 T1]
Ref 120dBuvV At 10dB SWT 10 ms 2.400000000 GHz Ref 120 dBuvV Attt 10dB SWT 2.5ms 2.483500000 GHz
= [ WUQVAMVAVW“ VIELTTI T 1= | e \
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[Date: 21.FEB.2017 12:59:51 [Date: 21.FEB.2017 11:31:22

Lower Band Edge

Upper Band Edge

@ RBW 1 MHz Marker 1 [T1]
VBW 3 Mz 4773 dBuv
Ref 120 dBuV At 104 SWT 25ms 2483500000 GHz
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s, Al Mo

20

Center 2.4835 GHz
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Date: 20MAR 2017 10:25:53

Span 50 MHz

Upper Band Edge

Page 48 of 53

UL VS LTD




TEST REPORT

VERSION 1.0

SERIAL NO: UL-RPT-RP11444781JD02A

ISSUE DATE: 14 AUGUST 2017

Transmitter Band Edge Radiated Emissions (continued )

Results: Static Mode / 3DH5

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

2399.487 Horizontal 63.7 83.0* 19.3 Complied
2400.0 Horizontal 62.2 83.0* 20.8 Complied
2483.5 Horizontal 69.1 74.0 4.9 Complied

Frequency Antenna Average Level Limit Margin Result
(MHz) Polarity (dB uV/m) (dB uv/m) (dB)

2483.5 Horizontal 52.3 54.0 1.7 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) (dB uv/m) (dB)

2399.615 Horizontal 61.4 84.7* 23.3 Complied
2400.0 Horizontal 60.8 84.7* 23.9 Complied
2483.5 Horizontal 68.9 74.0 5.1 Complied

Frequency Antenna Average Level Limit Margin Result
(MHz) Polarity (dB uV/m) (dB uv/m) (dB)
2483.5 Horizontal 50.9 54.0 3.1 Complied
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Transmitter Band Edge Radiated Emissions (continued )

Test Equipment Used:

Asset . : Date cal.
No. Instrument Manufacturer l'ype No. Serial No. Calibration Due Interval
(Months)

M1656 | Thermohygrometer | JM Handelspunkt | 30.5015.13 Not stated 02 Apr 2017 12
K0002 | 3m RSE Chamber | Rainford EMC N/A N/A 16 Nov 2017 12
M1886 | Test Receiver Rohde & Schwarz | ESU26 100554 21 Mar 2017 12
A1534 | Pre Amplifier Hewlett Packard 8449B 3008A00405 09 Nov 2017 12
A1818 | Antenna EMCO 3115 00075692 08 Nov 2017 12
A1396 | Attenuator Huber & Suhner 6810.17.B 757987 26 Apr 2017 12
M2003 | Thermohygrometer | Testo 608-H1 45046641 22 Apr 2017 12
K0017 | 3m RSE Chamber Rainford EMC N/A N/A 17 May 2017 12
M1995 | Test Receiver Rohde & Schwarz | ESU40 100428 21 Mar 2017 12
A2863 | Pre Amplifier Agilent 8449B 3008A02100 07 Apr 2017 12
A2889 | Antenna Schwarzbeck BBHA9120B | BBHA9120B653 | 07 Apr 2017 12
A2916 | Attenuator AtlanTecRF AN18W5-10 | 832837#1 19 May 2017 12

UL VS LTD Page 51 of 53




TEST REPORT SERIAL NO: UL-RPT-RP11444781JD02A

VERSION 1.0 ISSUE DATE: 14 AUGUST 2017

6. Measurement Uncertainty

No measurement or test can ever be perfect and the imperfections give rise to error of measurement in the
results. Consequently the result of a measurement is only an approximation to the value of the measurand
(the specific quantity subject to measurement) and is only complete when accompanied by a statement of
the uncertainty of the approximation.

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 Confidence Calculajted

Level (%) Uncertainty

AC Conducted Spurious Emissions 0.15 MHz to 30 MHz 95% 1+4.69 dB
Conducted Maximum Peak Output Power 2.4 GHz to 2.4835 GHz 95% +1.13dB
Carrier Frequency Separation 2.4 GHz to 2.4835 GHz 95% +4.59 %
Average Time of Occupancy 2.4 GHz to 2.4835 GHz 95% +3.53 ns
20 dB Bandwidth 2.4 GHz to 2.4835 GHz 95% +4.59 %
Radiated Spurious Emissions 30 MHz to 1 GHz 95% 15.65 dB
Radiated Spurious Emissions 1 GHz to 26.5 GHz 95% +2.94 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. Report Revision History

Revision Details

Version
Number Page No(s) | Clause Details
1.0 - - Initial Version
--- END OF REPORT ---
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