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1 INFORMATION

1.1 Test Item

TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Name : Multiplex

FCCID: 2APABCOCKPITSX
Industry Canada ID : 23810-COCKPITSX
Model/version : Cockpit SX9 Trinity

Frequency Range :

2402 - 2479 MHz

Tunable Bands : None
Number of Channels : 39
Operating Modes : Transceiver
Type of Modulation : FHSS

User Frequency Adjustment : None
Output Power (radiated) : 91.2 mW

Type of Power Supply :

3.3 Vdc (LiFePo-Battery)

Antenna Connector :

None (PCB antenna)

Antenna Diversity Supported :

No

Desktop Charger :

Yes

Description of Test Item

The EUT is a remote-control transmitter for model planes. The transmitter is controlled by the main
microcontroller. A pcb antenna is utilized. The device will communicate with a receiver in the model.

Communication is bi-directional.

Theory of Operation

Operational description of the M-LINK ,Spectrum Sharing Mechanism®.

M-LINK is a bidirectional FHSS-system hopping over 39 channels. The hopping sequence is generated
during production by a random generator, so in every sequence each hopping frequency appears uniquely.
The hopping channel separation is 2MHz.

Nemko GmbH & Co. KG, Reetzstralte 58, 76327 Pfinztal, Germany
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TEST REPORT
FCC Part 15.247

N m ko Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

1.2 Normal test conditions
Temperature: 20-26°C
Relative humidity: 45-55%
Normal test voltage: 3.3 Vdc (LiFePo-Battery)

The values are the limit registered during the test period. All tests were performed with fully charged
batteries.

1.3 Test Engineer(s)
Markus Korny

1.4 Description of modification for Modification Filing
Not applicable.

1.5 Family List Rational
Not Applicable.

1.6 Antenna Requirement
Is the antenna detachable? [ Yes X No
If detachable, is the antenna connector non-standard? [ Yes O No

Type of antenna connector: N/A
Ref. FCC §15.203

1.7 Worst-Case Configuration and Mode

Radiated Emissions was performed with the EUT set to transmit at the channel with the highest output power as worst-
case scenario.

1.8 Comments

And the output level is set to maximum in the software.

The radiated measurements are tested on three axes.

Three fully charged batteries are used.

All ports were populated during spurious emission measurements.
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TEST REPORT

FCC Part 15.247
N em ko Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

2 TEST REPORT SUMMARY

21 General

All measurements are tracable to national standards.

The tests were conducted for the purpose of demonstrating compliance with FCC CFR 47 Part 15,
paragraph 15.247 and Industry Canada RSS-247 Issue 2.

Tests were performed in accordance with ANSI C63.4-2014 and and ANSI C63.10-2013.

Radiated tests were performed in a semi-anechoic shielded room (f < 1 GHz) and a fully-anechoic shielded
room (f > 1 GHz) at a measuring distance of 3m.

A description of the test facility is on file with the FCC and Industry Canada.

Xl New Submission X Production Unit
[] Class Il Permissive Change ] Pre-production Unit
DTS Equipment Code (] Family Listing

@emko

THIS TEST REPORT APPLIES ONLY TO THE ITEM(S) AND CONFIGURATIONS TESTED.
Deviations from, additions to, or exclusions from the test specifications are described in “Summary of Test Data”.

Nemko Group authorizes the above named company to reproduce this report provided it is reproduced in its entirety and for use by the
company’s employees only. Any reproduction of parts of this report requires approval in writing from Nemko Group.

Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, are the responsibility of such
third parties. Nemko Group accepts no responsibility for damages suffered by any third party as a result of decisions made or actions
based on this report.
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TEST REPORT
FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

2.2 Test Summary
Name of test FCC Part 15 RSS-247 Issue 2, | Result
reference RSS-GEN Issue 4
reference
Supply Voltage Variations 15.31(e) 6.11 (RSS-GEN) N/A 2
Number of Operating Frequencies 15.31(m) 5.1 (6) (RSS-247) |N/A
Antenna Requirement 15.203 8.3 (RSS-GEN) Complies’
Power Line Conducted Emission 15.107(a) 8.8 (RSS-GEN) Complies®
15.207(a)
Channel Separation 15.247(a)(1) 5.1 (4) (RSS-247) | N/A
Pseudorandom Hopping Algorithm 15.247(a)(1) 5.1 (3) (RSS-247) |N/A
Time of Occupancy 15.247(a)(1)(iii) 5.1 (5) (RSS-247) [N/A
Occupied Bandwidth 15.247(a)(1) 5.1 (7) (RSS-247) | N/A
Occupied Bandwidth / 99% OCC-BW N/A 6.6 (RSS-GEN) -
Minimum 6 dB Bandwidth 15.247(a)(2) 5.2 (1) (RSS-247) | Complies
Peak Power Output 15.247(b) 5.4 (RSS-247) Complies
Power Spectral Density 15.247(d) 5.2 (2) (RSS-247) | Complies
Spurious Emissions (Antenna Conducted) 15.247(c) 5.5 (RSS-247) Complies'
Spurious Emissions (Radiated) 15.247(c) 5.5 (RSS-247) Complies
15.109(a) 6.13 (RSS-GEN)
15.209(a) 8.9 (RSS-GEN)

' The tested equipment has integrated antennas only
2EUT is battery powered

3EUT charging via wall-plug adapter

- Only for information
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TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

3 TEST RESULTS

3.1 Power Line Conducted Emissions

Para. No.: 15.207 (a)/8.8

Test Performed By: Thomas Stein Date of Test: 2018-02-08

Measurement procedure: ANSI C63.4-2014 using 50 pH/50 ohms LISN.
Test Results: Complies.
Measurement Data: See attached graph.

AC/DC adapter type: Peak Tech 6010D
Input voltage to AC/DC adapter: 115V/60Hz
Highest measured value (L1 and N):
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TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Final measurements QP with Quasi-Peak-Detector

Frequenz Pegel Transd Limit Margin Line PE
MHz dBpv dB dBuv dB
0.150000 57.30 10.00 66.00 8.70 N FLO
0.195500 52.80 10.00 63.80 11.00 N FLO
0.247500 50.80 10.00 61.80 11.00 N FLO
0.293000 46.40 10.00 60.40 14.10 N FLO
0.345000 45.00 10.00 59.10 14.00 N FLO
0.559500 38.90 10.00 56.00 17.10 N FLO
0.572500 41.60 10.00 56.00 14.40 N FLO
0.754500 34.00 10.00 56.00 22.00 N FLO
1.209500 32.30 10.00 56.00 23.70 N FLO
1.255000 31.10 10.00 56.00 24.90 N FLO
1.794500 31.00 10.10 56.00 25.00 N FLO
2.288500 30.80 10.10 56.00 25.20 N FLO
2.847500 29.90 10.10 56.00 26.10 N FLO
3.790000 29.00 10.20 56.00 27.00 NG| FLO
4.914500 27.10 10.20 56.00 28.90 N FLO
6.546000 25.70 10.30 60.00 34.30 N FLO
10.192500 26.60 10.50 60.00 33.40 11| FLO
11.635500 31.60 10.60 60.00 28.40 L1 FLO
13.832500 22.10 10.80 60.00 37.90 N FLO
29.478000 22.00 10.90 60.00 38.00 N | FLO
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TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Final measurements AV with Average-Detector

Frequenz Pegel Transd Limit Margin Line PE
MHz dBpv dB dBuv dB
0.150000 40.30 10.00 56.00 15.70 N FLO
0.195500 35.20 10.00 53.80 18.60 N FLO
0.247500 33.50 10.00 51.80 18.40 N FLO
0.299500 31.10 10.00 50.30 19.20 N FLO
0.345000 28.50 10.00 49.10 20.50 N FLO
0.559500 28.00 10.00 46.00 18.00 N FLO
0.579000 32.10 10.00 46.00 13.90 N FLO
0.767500 24.90 10.00 46.00 21.10 N FLO
1.196500 23.50 10.00 46.00 22.50 N FLO
1.294000 23.00 10.00 46.00 23.00 N FLO
1.807500 22.10 10.10 46.00 23.90 N FLO
2.282000 21.70 10.10 46.00 24.30 N FLO
3.322000 19.90 10.20 46.00 26.10 N FLO
3.855000 19.60 10.20 46.00 26.40 NG| FLO
4.882000 17.70 10.20 46.00 28.30 N FLO
6.403000 16.60 10.30 50.00 33.40 N FLO
7.995500 15.20 10.40 50.00 34.80 N | FLO
11.863000 15.60 10.60 50.00 34.40 N FLO
17.466000 13.70 11.00 50.00 36.30 N FLO
29.471500 14.60 10.90 50.00 35.40 N | FLO
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TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

3.2 Occupied Bandwidth

Para. No.: 15.247 (a)(1)(iii)
Para. No.: 6.6 RSS-Gen

Test Performed By: Markus Korny Date of Test: 2018-05-30

Test Results: Complies

Measurement Data:

Number of RF Channels in use: 39

Channel Center Frequencies: The channels are centered at each full
MHz from 2402 to 2479 MHz

99 % Bandwidth (OBW) 1165 kHz

Fully charged battery is used

Requirements:

Frequency hopping systems in the 2400 — 2483.5 MHz band shall use at least 15 non-overlapping channels.
No requirements for bandwidth for this frequency band.

No requirements for Digital Transmission Systems.
Reported for information only
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TEST REPORT
FCC Part 15.247
Report no.: 347031-01-002

FCC ID: 2APABCOCKPITSX
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TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

3.4 Minimum 6 dB Bandwidth

Para. No.: 15.247 (a)(2)

Test Performed By: Markus Korny Date of Test: 2018-05-30

Test Results: Complies

Measurement Data:

Measured 6 dB Bandwidth (kHz)

2402 MHz, Ch 2 2440 MHz, Ch 40 2479 MHz, Ch 79
998.6 962.4 933.4

Fully charged battery is used

Requirements:

For Digital Transmission Systems in the 2400-2483.5 MHz band the minimum 6 dB bandwidth shall be at
least 500 KHz.

No requirements for Frequency Hopping Systems.
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TEST REPORT
FCC Part 15.247

N m ko Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

3.5 Peak Power Output
Para. No.: 15.247 (b)

Test Performed By: Markus Korny Date of Test: 2018-03-21, 2018-05-30

Test Results: Complies

Measurement Data:

RF channel 2402 MHz 2440 MHz 2479 MHz
Measured Maxium Field strength 114.83 112.71 111.28
(dBuV/m) — HP

Calc. Radiated Power (dBm) 19.60 17.48 16.05
Calc. Radiated Power (mW) 91.23 55.99 40.28
Measured Conducted Power (dBm) 14.49 14.24 13.55
Measured Conducted Power (mW) 28.12 26.55 22.65
Calculated Antenna Gain (dBi) 3.0 1.1 0.4

Antenna gain = 10*log (EIRP/Conducted power) dBi

EIRP is calculated from measured field strength by the formulas in KDB 412172 D01 Determining ERP and
EIRP vO1.

The maximum field strength is obtained in XY plane and Vertical polarization

See attached graph.
Detachable antenna? [ Yes X No
If detachable, is the antenna connector non-standard? [ Yes [ No
Type of antenna connector: N/A

Requirements:

The maximum peak output power shall not exceed the following limits:

For frequency hopping systems employing at least 75 hopping channels: 1 Watt

For all other frequency hopping systems in the 2400 - 2483.5 MHz band: 0.125 Watts
For Digital Transmission Systems in the 2400 - 2483.5 MHz band: 1 Watt

If transmitting antennas of directional gain greater than 6 dBi are used, the peak output power from the
intentional radiator shall be reduced below the stated value above by the amount in dB that the directional
gain of the antenna exceeds 6 dBi.

Nemko GmbH & Co. KG, Reetzstralte 58, 76327 Pfinztal, Germany Page 15 (68)



g TEST REPORT
7.\ FCC Part 15.247

f N k Report no.: 347031-01-002
|
| e m 0 FCC ID: 2APABCOCKPITSX

N’

Spectrum | ln%:[ I

Ref Level 117.00 dBpv/m @ RBW 10 MHz
|& ALt 20dE  SWT 1ms @ VYBW 28 MHz Mode auto Sweep
TOF
@ 1Pk Yiew
I
115 dBpv/m M1[1] 114.83 dBpY/m

2.4017830 GHz

110 dBuV,-‘rri M"’/’ \
105 dBuV,-’rr‘ M

100 dBuV,-"ITW"L“M : %
W Ll“.ulajl. W1
S depwfm i

90 dBpvSm

25 dBpvim

20 dBpvm

75 dBpvim

70 dBpvim

CF 2.402 GHz 691 pts Span 50.0 MHz

] [ ] Measuring... IIIIIIII' o nig?:;':;: %

Date: 21.MAR.2018 14:46:49

Radiated field strength, HP, 2402 MHz

Spectrum | In%: I

Ref Level 117.00 dBpv/m @ RBW 10 MHz
j& Att 20dE  SWT 1ms @ VBW 28 MHz Mode &uto Sweep
TODF
@ 1Pk View
T
115 dBpv/m - M1[1] 112.71 dBp¥/m

2.4396380 GHz

P M

110 dBpv/m
| i
105 dBpw/m :
|
100 dBpsm
s e

WMMW
90 dBpvim
a3 depv/m
ad depv/m
73 depv/m
70 depv/m
CF 2.44 GHz 691 pts Span 50.0 MHz
] [ ] Measuring... MURNRRECE i i y

Date: 21.MAR.2018 15:26:47

Radiated field strength, HP, 2440 MHz

Nemko GmbH & Co. KG, Reetzstralte 58, 76327 Pfinztal, Germany Page 16 (68)



C

1

(Nemko

\"-1:—:5‘!{}7

Spectrum

TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

=)

Ref Level 117.00 dBpv/m

& RBW 10 MHz

1

ff‘—”_l!'_“““—\

j& Att 20 dE  SWT 1ms @ YBW 28 MHz Mode Auto Sweep
TOF
@ 1Pk View
T
115 dBpvim M1[1] 111.28 dBpY/m

2.4792890 GHz

110 dBpvfm

i

N

105 dBpv/m M

100 dBpv/m W‘“
a nI.UM

90 dBpvim

85 dBpv/m

80 dBpvim

75 dBpvim

70 dBpvim

CF 2.479 GHz

691 pts

Span 50.0 MHz

J|

]

Date: 21.MAR.2018 15:35:02

Measuring...

T fpticr i

Radiated field strength, HP, 2479 MHz

Spectrum |

(=)

Ref Level 19.00 dBm

TOF

& RBW 10 MHz

Att 35dE SWT 1ms @ VBW 28 MHz

Mode Auto Sweep

@ 1Pk Max

T

M1[1]

14.49 dBm
2.402720 GHz

10 dBm

e

0 dBrm

AR
LT

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

CF 2.402 GHz

691 pts

Span 100.0 MHz

Jl

]

Date: 30.MAY.2018 08:36:05

Nemko GmbH & Co. KG, Reetzstralte 58, 76327 Pfinztal, Germany

Measuring...

Conducted power — 2402MHz

—
WEREEED e B y

Page 17 (68)



7\
( Nemko

N’

Spectrum |

TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

(=)

Ref Level 19.00 dBm @ RBW 10 MHz

Att 3EdBE SWT 1ms @ VBW 28 MHz Mode Auto Sweep
TOF

@ 1Pk Max

M1[1]

10 dBm /J—m\

14.24 dBm
2.439860 GHz

0 dBm

M‘
o Grstprt=

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

CF 2.44 GHz 691 pts

Span 100.0 MHz
—

] [ ] Measuring...

Date: 30.MAY.2018 08:56:38

Conducted power — 2440MHz

Spectrum |

30.05.2018
L CECREEE N 08:56:37
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Ref Level 19.00 dBm @ RBW 10 MHz

Att 35dE SWT 1ms @ ¥YBW 28 MHz  Mode Auto Sweep
TDF
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0 dBm
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-40 dBm

S0 dBm

-50 dBm

=70 dBm

CF 2.479 GHz 691 pts

Span 100.0 MHz
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Conducted power — 2479MHz
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TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

3.6 Conducted Emissions at Antenna Connector
Para. No.: 15.247 (d)

Test Performed By:Markus Korny Date of Test: 2018-05-30

Test Results: Complies

RF conducted power to 25 GHz see attached plots.
Maximum RF level outside operating band:
RF ch 2402MHz: 60 dB/C, margin >30 dB
RF ch 2440MHz: 61 dB/C, margin >30 dB
RF ch 2479MHz: 60 dB/C, margin >30 dB

Limit
Peak measurement RMS averaging
20 dBc or more in 100 kHz bandwidth 30 dBc or more in 100 kHz bandwidth

Detector type shall be the same as used for measuring Output Power.
Attenuation below the general limits specified in part 15.209(a) is not required.
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TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

7\
@emko
-

Spectrum | :%:[ I
Ref Level 10.00 dBm @ RBW 100 kHz
j& Att 20dB @ SWT 3 @ VBW 300 kHz Mode Auto Sweep
TDF
@ 1Pk Max
i D2[1] -60.57 dB
796.0 MHz
0 dem mM1[1] 10.69 dBm
2.4150 GHz
-10 dBm
-20 dBém
-30 dBém
-40 dBém
Dz
e M WNWM‘U" ’
T Y VRPN TV ST o e [T —
70 dBm
-80 dBm
Start 10.0 MHz 691 pts Stop 25.0 GHz
-
Ji | Measuring...  WURNNRAND Wt 30.05.201%

09:35:52

V.

Date: 30.MAY.2018 09:55:53

Conductd spurious emission 10MHz — 25GHz - ch2402MHz

Spectrum | In%:[ I
Ref Level 10.00 dBm @ RBW 100 kHz
j& ALt 20dE @ SWT 2 s @ YBW 300 kHz Mode Auto Sweep
TOF
@ 1Pk Max
L D2[1] -60.86 dB
796.0 MHz
0 dBm M1[1] 10.76 dBm
2.4510 GHz
-10 dBm
-20 dBm
-30 dBm
-40 dBm
Flgadsasg Pt
WWW"” W
-70 dBm
-50 dBm
Start 10.0 MHz 691 pts Stop 25.0 GHz
I
] [ ] Measuring... 'IIIIIII' A 3"6';?52‘":;: %

Date: 30.MAY.2018 09:54:45

Conductd spurious emission 10MHz — 25GHz - ch2440MHz
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Spectrum |

TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

=

Ref Level 10.00 dBm @ RBW 100 kHz
j= Att Z0dE @ SWT 35 @ YBW 300 kHz
TOF

Mode Auto Sweep

@ 1Pk Max

0 dem

D2[1]

M1[1]

-59.97 dB
832.0 MHz
10.59 dBm
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-10 dBm

-20 dBm

-30 dBm

-40 dBm
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.
0 dBm

TP Ak e

=70 dBm

-80 dBm
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691 pts

Stop 25.0 GHz

Jl

)

Date: 30.MAY.2018 09:53:23

Measuring...

00D e 30.05.2018

09:53:23 7

Conducted spurious emission 10MHz — 25GHz - ch2479MHz
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TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

3.7 Restricted Bands of operation
Restricted Bands of operation for FCC and ISED are defined in FCC Part 15.205 and ISED RSS-GEN, Issue 4 clause
8.10.

Generally, no fundamentals are allowed in the restricted bands and all emissions must comply with the limits in FCC
15.209 or RSS-GEN, Issue 4, clause 8.9.

FCC (MHz) ISED (MHz) FCC (GHz) ISED (GHz)
0.090-0.110 996124 0.96-1.427
0.495-0.505 1.435-1.6265
2.1735-2.1905 1.6455-1.6465
3.020-3.026 1.660-1.710
4.1254.128 1.7188-1.7222
417725417775 2223
4.20725-4.20775 2.31:2.39
5.677-5.683 2.48352.5
6.215-6.218 2.69-2.9 2.655-2.9
6.26775-6.26825 3.26-3.267
6.31175-6.31225 3.332-3.339
8.291-8.294 3.3458-3.358
8.362-8.366 3.64.4 3.54.4
8.37625-8.38675 45515
8.41425-8 41475 5.35-5.46
12.20-12.293 7.25-7.75
12.51975-12.52025 8.025-8.5
12.57675-12.57725 9.0-9.2
13.36-13.41 9.3-95
16.42-16.423 10.6-12.7
16.69475-16.69525 13.25-13.4
16.80425-16.80475 14.47-14.5
25.5-25 67 15.35-16.2
37.5-38.25 17.7-214
73-74.6 22.01-23.12
748752 23.6-24.0
N e 108-138 312-31.8
149.9-150.05 36.43-36.5
156.52475-156.52525 Above 38.6
156.7-156.9
162.0125-167.17
167.72173.2
240-285
322-335.4
399.9-410
608-614

Frequencies in Bold text are specific for FCC or ISED, all other frequencies are common.
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3.8 Spurious Emissions (Radiated)
Para. No.: 15.247 (c)

TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Test Performed By: Markus Korny

Date of Test: 2018-03-21

Test Results: Complies

Band-edge, @3m

Frequency Measured Field Strength | Detector Limit Margin
@3m, dBpuV/m dBuV/m dB
2.39 GHz 55.68 PK 74 18.32
35.68 ¥) AV 54 18.32
2.4835 GHz 61.78 PK 74 12.22
41.78 **) AV 54 12.22

*) Ch 2.390GHz: 55.68dBuV/m — 20 dB=35.68 dBuV/m
**) Ch 2.4835GHz: 61.78dBuV/m — 20 dB=41.78 dBuV/m

Average values are measured with Peak Detector and corrected for Duty Cycle.
See attached plots.

Duty Cycle Correction Factor Calculation:

Duty Cycle = On Time / (Period * Number of Channels) =4.18 ms / (6 ms * 39) = 0.0179
Duty Cycle Correction factor = -20 x log (Duty Cycle) = 34.9 dB

Maximum allowed Duty Cycle Correction: 20 dB

Spectrum |n§
Ref Level 25.00 dBm @ RBW 1 MHz
| Att 40 dE @ SWT & ms @ ¥YBW 3 MHz
TRG:VID
@ 1Pk Max
D2[1] 11.73 dB
20 dBm 4.1855 ms
M1[1] -20.82 dBm
10 dBm “14.5 ps
0 dBm
D2
-10 dBm
ML
B TRG -20.000 dBm
-30 dBm
e bt bty g
-50 dem
-60 dBm
-70 dBm
CF 2.44 GHz 691 pts §00.0 ps/
A i 30.05.2018 ]
] [ ] wait for Trigger... [RRRRRLED 6 19:02:04 %

Date: 30.MAY.2018 19:03:05

Burst length
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TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Spectrum In%:( I

Ref Level 25.00 dBm @ RBW 1 MHz
j= ALt 40 dB @ SWT S ms @ VBW 3 MHz
TEG VID
@ 1Pk Yiew

D2[1] 11.80 dB
20 dBm 5.9942 ms
M1[1] -20.82 dBm
10 dBm -14.5 ps

0 dBm

Dz

-10 dBm

Il
BB TRG -20.000 dBrm

)

-30 dBm

o s bbbty g oL e

-50 dBm

-60 dBm

-70 dBm

GF 2.44 GHz 691 pts 800.0 ps/

i | Wait for Trigger... QUANNRRLD W6 s y.
i 7

Date: 30.MAY.2018 19:11:13

Sequence time

Spectrum | In%:[ I

Ref Level 10.00 dBm @ RBW 100 kHz
Alt 30 dB SWT 132.7 us @ YBW 300 kHz  Mode Auto FFT
@ 1Pk Max
M2[1] -10.51 dBm
2.477950 GHz
0 dBm M1[1] -11.16 dBm
2.402020 GHz
1 =
o ﬂ ﬂ r] ﬂ H ﬂ ﬂ ﬂ ﬂ ﬂ
o U‘UU K I U\J‘ i LJJHL
-40 dBm l
-50 dBm
4 o \Jx {0 it
-70 dBm
-80 dBm
Start 2.39 GHz 691 pts Stop 2.5 GHz
I
] [ ] Measuring... 'IIIIIII. LM 3l]il;?ézﬁl:‘1'g %

Date: 30.MAY.2018 18:36:45

Hopping channels
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TEST REPORT

%.‘:-
/" “% FCC Part 15.247
f N k Report no.: 347031-01-002
A

"} MKO FCC ID: 2APABCOCKPITSX

Spectrum | ln%:[ I

Ref Level 117.00 dBp¥/m @ RBW 1 MHz

j& Att 20dB  SWT 5.7 ps @ YBW I MHz  Mode Auto FFT
TDF

@ 1Pk View

| /l M1[1] 113.54 dBpV/m
110 dauwwi / ‘M\I\\ 2.4016960 GHz
100 depwfm

a0 dBuV,-:m fﬂ/v \/\R\—‘

a0

70 dBpvfm

60 dBpvw/m

50 dBpv/m

40 dBpm

30 dBpv/m

20 dBpifm
CF 2.402 GHz 691 pts Span 30.0 MHz

][ ] Measuring... [ RREERRD i 2103.2018 y

Date: 21.MAR.2018 16:14:17

Max field strength 2390 MHz

Spectrum | n%:[ I

Ref Level 117.00 dBpv/m @ RBW 30 kHz
j& Att 20 dB SWT 126.4 ps @ VBW 100 kHz Mode Auto FFT
TDF
@ 1Pk View
| M1[1] 107.30 dBpv/m|
110 dBp/m 11 2.4017400 GHz
| M2[1] 49.98 dBpY/m
J\,‘ 2.3900000 GHz
100 dBpvw/m I \
a0 depvim f{ Uk
20 depv/m

i )\
AR

60 dBpv/m
e
EMM W\M\M‘
| S0 AR e

Ww
40 dBpv/m
20 dBpv/m
20 depv/m
CF 2.402 GHz 691 pts Span 30.0 MHz
] [ ] Measuring...  JRERRREND ik sLoszne y

Date: 21.MAR.2018 16:16:29

Marker Delta, 2390 MHz, Peak Detector
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TEST REPORT

/’ﬁ‘"‘% FCC Part 15.247
; N em ko Report no.: 347031-01-002
-

FCC ID: 2APABCOCKPITSX

Spectrum In%? I

Ref Level 112.00 dBpv/m @ RBW 1 MHz

|& ALt 15 dB SWT 5.7 ps @ VBW 3 MHz  Mode Auto FFT
TDF

@ 1Pk View

ki

. M1[1] 109.95 dBpY/m
/ ’-\ 2.4786090 GHz
100 dBpv/m \
90 dBpvfm
20 dBpvym / \

Bl i

60 dBpvfm

50 dBuvfm

40 dBpvfm

20 dBpvym

20 dBuvim

CF 2.479 GHz 691 pts Span 30.0 MHz

][ ] Measuring... [JURNREREN i T y

Date: 21.MAR.2018 16:10:46

Max field strength 2483.5 MHz

Spectrum | IE%: I

Ref Level 112.00 dBp%/m @ RBW 30 kHz
j& Att 15 dE  SWT 126.4 ps @ VBW 100 kHz Mode Auto FFT
TOF
@ 1Pk Yiew
I M1[1] 104.37 dBpY/m)
I 2.4792600 GHz|
¥ m2[1] 56.20 dBPY/m
100 depm r 2.4835430 GHz
90 depv/m

80 depv/m /‘J ]]H“L\
70 depw/m i

60 dapv/m ﬂm \r\ wm
50 dBpv/m EN=C it

Ll K
40 dBpvfm
30 depvfm
20 depv/m
CF 2.479 GHz 691 pts Span 30.0 MHz
] [ ] Measuring...  JRREREEND s ZIi‘;?:‘-'zs':;g y

Date: 21.MAR.2018 16:08:22

Marker Delta, 2483.5 MHz, Peak Detector
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Radiated emissions 10 kHz-30 MHz.

Measuring distance 3 m, measured with Peak detector.

No component detected, see attached graph.

Limit is converted to 3 m using 40 dB/decade according to 15.31 (f) (2).

Spectrum |

TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

(=)

Ref Level 137.00 dBp%/m @ RBW 200 Hz

= Att E0dBE  SWT 3.5 ¥BW 500 Hz Mode Sweep
TODF DC

@ 1Pk View

10 HHeit Check : PASS | : M1[1]
130 HEpRYAACLA.2N9 @AM 9K-3NM DASS :
FCC 15209 @3M 9K-30M

|
120 dBpvm

76.12 dBpY/m
99.193 kHz

110 dBpvm

100 dBepm

o0 dBprm

20 dBpvm

<

Ll oy

60 dBpim

T

.
=

50 dBprm

40 CIIE-I.IU,-'m g T T i i

Start 9.0 kHz 1001 pts

Stop 150.0 kHz

] [ ] Measuring... JRERRREED gk Zlil:?égl:g y

Date: 21.MAR.2018 11:22:21

Radiated Emissions, 9 kHz — 150 kHz @3m
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TEST REPORT

FCC Part 15.247
N em ko Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Spectrum | I :%1 I

Ref Level 107.00 dBpv/m @ RBW 10 kHz

& Attt 10 dB SWT 299 ms YBW 320 kHz Mode Sweep
TODF DC

@ 1Pk View

Limit Check . H B 0 1 MHERASS H T M1[1] 52.50 dBp¥Y/m
FEEUL%EQ &M foaeMapam ak-anm: ¢ | pass : : 11.0797 MHz

90 depvim
g0 depvim

70 depy/m— \R‘*‘

60 dopm— SN a

40 dBpvim

30 dBpv/m

20 dBpvm

10 dBpv/m e :
Start 150.0 kHz 1001 pts

Stop 30.0 MHz
Measuring... [JRERRREED ik 2111132%0‘1‘3 y
125: 4

Date: 21.MAR.2018 11:25:42

Radiated Emissions, 150 kHz - 30MHz @3m
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TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Radiated emission 30 — 1000 MHz.
Detector: Quasi-Peak
Measuring distance 3 m.

Frequency | Operational Detector Field strength Measuring Limit Margin
condition distance FCC15.209

MHz dBuV/m metres dBuV/m dB

/ TX on PK / 3 40.0 /

See attached graphs.

Requirements/Limit

FCC Part 15.209 @ frequencies defined in §15.205
ISED RSS-GEN Issue 4, Clause 8.9 @ frequencies defined in clause 8.10
Radiated emission limit @3 meters
Frequency (MHz) Quasi Peak (uV/m) Quasi Peak (dBpV/m)
30-288 100 40.0
88 — 216 150 43.5
216 — 960 200 46.0
Above 960 500 54.0
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FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Spectrum | Inv::[ I

Ref Level £0.00 dBpv/m @ RBW 100 kHz
j@ Attt 0dB  SWT 1.7 ms ¥YBW 300 kHz Mode Sweep
TOF
@ 1Pk View
Limit ¢heck PARS M1[1] 20.95 dBp¥Y/m
Line FGCC 15.209 CLASS B @3M 30M PAES 187.180 MHz
50 dBphim

Ac An i |

FCC 15,209 CLASS B @3M 30M-1G

20 dBpm

20 dBv/m o

Mwmmmww

0 dBpesfm
-10 dBpm
-20 dBpvm
-20 dBpvm
Start 30.0 MHz 1001 pts Stop 200.0 MHz
| I | Measuring...  EENRRNNLD 6 e

Date: 21.MAR.2018 13:49:30

Radiated Emissions, 30 — 200 MHz, VP, @3m, PK scan
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FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Spectrum | Inv::[ I

Ref Level £0.00 dBpv/m @ RBW 100 kHz
j@ Attt 0dB  SWT 1.7 ms ¥YBW 300 kHz Mode Sweep
TOF
@ 1Pk Max
Limit ¢heck PARS M1[1] 24.13 dBp¥Y/m
Line FGCC 15.209 CLASS B @3M 30M PAES 187.690 MHz
50 dBphim

Ac An i |

FCC 15,209 CLASS B @3M 30M-1G

20 dBpm

WLMWW

10 dBpm

M1

oL

0 dBpesfm

-10 dBpm

-20 dBpvm

-20 dBpvm

Start 30.0 MHz 1001 pts Stop 200.0 MHz

| I | Measuring...  QURERNNLD 6 T

Date: 21.MAR.2018 11:44:07

Radiated Emissions, 30 — 200 MHz, HP, @3m, PK scan

Nemko GmbH & Co. KG, Reetzstralte 58, 76327 Pfinztal, Germany Page 31 (68)



TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Spectrum | Inv::[ I

Ref Level 75.00 dBpv/m @ RBW 100 kHz

j@ Attt OdB  SWT 2 ms ¥BW 300 kHz Mode Sweep
TDF

@ 1Pk View

Limit ¢heck PARS M1[1] 20.95 dBp¥Y/m
70 dBjruEni- T SR PAGS 200.400 MHz

i
=l
b
'l

60 dBpvim

50 dBpvm

||
F(.:._(.:ul._.S,_:gEﬁ @3M F0M-1G

30 dBpvm WM " | it
: W”"
sl
20 depwim MW |tk otz
10 dBpvm
0 dBpssm
-10 dBpvfm
-20 dBpwim
Start 200.0 MHz 1001 pts Stop 1.0 GHz
| I | Measuring...  QURERNNLD 6 T

Date: 21.MAR.2018 14:05:21

Radiated Emissions, 200 - 1000 MHz, VP, @3m, PK scan
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FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Spectrum | Inv::[ I

Ref Level 75.00 dBpv/m @ RBW 100 kHz

j@ Attt OdB  SWT 2 ms ¥BW 300 kHz Mode Sweep
TOF

@ 1Pk View

Limit ¢heck PARS M1[1] 25.19 dBp¥Y/m
70 dBjruEni- T SR PAGS 201.200 MHz

i
E
3
¥
g

60 dBpvim
50 dBpvm |

||
F(.:._(.:ul._.S,_:gEﬁ @3M F0M-1G

PR TN |

20 dBpvim

B/ W

10 dBpvm

0 dBpssm

-10 dBpvfm

-20 dBpwim

Start 200.0 MHz 1001 pts Stop 1.0 GHz
| I | Measuring...  QURERNNLD 6 T

Date: 21.MAR.2018 14:00:10

Radiated Emissions, 200 - 1000MHz, HP, @3m, PK scan
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TEST REPORT
FCC Part 15.247

N em ko Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Radiated Emissions, 1-25 GHz
Measuring distance:  3m (1 — 25 GHz)

A pre-scan was performed above 18 GHz and no spurious emissions were detected.

Peak Detector:

Frequency |RF Dist. corr. Field strength, Duty cycle | Limit Margin
channel |factor Peak Detector corr. factor

GHz L,M,H dB dBuV/m dB dBuV/m dB

4.80 L 0 55.56 0 74 18.44
4.88 M 0 56.79 0 74 17.21
4.96 H 0 56.64 0 74 17.36
7.207 L 0 56.57 0 74 17.43
7.319 M 0 59.62 0 74 14.38
7.438 H 0 61.27 0 74 12.73
9.609 L 0 52.85 0 74 >20

9.759 M 0 54.21 0 74 19.79
9.917 H 0 54,22 0 74 19.78
12.008 L 0 59.48 0 74 14.52
12.201 M 0 60.37 0 74 13.63
12.397 H 0 57.51 0 74 16.49
14.414 L 0 62.14 0 74 11.86
14.642 M 0 63.04 0 74 10.96
14.876 H 0 57.65 0 74 16.35
17.990 L,MH 0 60.71 0 74 13.29
Other freqs L,M,H / <54 0 74 >20
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TEST REPORT

FCC Part 15.247

Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Average Detector:

Frequency |RF Dist. corr. Field strength, Duty cycle | Limit Margin
channel |factor Average Detector corr. factor

GHz L,M,H dB dBuVv/m dB dBuVv/m dB
4.80 L 0 35.56 *) 20 54 18.44
4.88 M 0 36.79 *) 20 54 17.21
4.96 H 0 36.64 *) 20 54 17.36
7.207 L 0 36.57 *) 20 54 17.43
7.319 M 0 39.62 *) 20 54 14.38
7.438 H 0 41.27 %) 20 54 12.73
9.609 L 0 / 0 54 /
9.759 M 0 34.217%) 20 54 19.79
9.917 H 0 34.22 %) 20 54 19.78
12.008 L 0 39.48 *) 20 54 14.52
12.201 M 0 40.37 %) 20 54 13.63
12.397 H 0 37.517) 20 54 16.49
14.414 L 0 4214 %) 20 54 11.86
14.642 M 0 43.04 %) 20 54 10.96
14.876 H 0 37.65 %) 20 54 16.35
17.990 L,M,H 0 49.69 0 54 4.31
Other freqs L,M,H / / 0 54 /

*) Average Values are calculated from Peak Values by Duty Cycle Correction Factor.
Tested according to KDB 558074 D01 DTS Meas Guidance v03r05, Section 12.2.5.2
Antenna factor, amplifier gain and cable loss are included in spectrum analyzer “Transducer factor”.

See plots.

No harmonics detected in the frequency range 18 — 25 GHz
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Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Spectrum | IE%: I

Ref Level 97.00 dBpv/m @ RBW 1 MHz
j& Att 0de  SWT 1.9ps @ YBW 3 MHz Mode Auto FFT
TDF

@ 1Pk Wiew
Limit ¢heck PASS M1[1] 55.560 dBpY/m
a0 db{Re- = | 4.8033340 GHz

20 depw/m

FCC 15,209 @3M 1G-40G PEAK 2.4GHZ
JU LB

60 dEp/m T

50 dBpsm

- ]
40 dBpw/m

30 dEpfm

20 depw/m

10 dBpw/m

0 dBpvim
CF 4.804 GHz 691 pts Span 10.0 MHz

] [ ] Measuring...  GHRARECED e zzi:fgiﬂz y.

Date: 22_.MAR.2018 14:56:41

2" harmonic — ch2402MHz, HP - PK

Spectrum | ln%[ I

Ref Level 97.00 dBpv/m @ RBW 1 MHz

}& Att 0dB  SWT 1.9ps @ VBW 3 MHz Mode &uto FFT
TOF

@ 1Pk View
Limit ¢heck PABS M1[1] 56.79 dBp¥Y/m
90 db{REF: = I 4.8806950 GHz

S0 dBpvim

FCC 15,209 @3M 1G-40G PEAK 2.4GHZ
FU LBV

60 dBprdim i

S0 dBpvim

— { 1 _—_h‘“mq_______u_r_u_____\_
40 dBpvim

30 dBpvim

20 dBpim

10 dBpvim

0 dBpv/m
CF 4.88 GHz 691 pts Span 10.0 MHz

] [ ] Measuring...  JURNEREED e zzig?:ﬁzal!g y
1031 Z

Date: 22.MAR.2018 15:03:22

2"d harmonic — ch2440MHz, HP — PK
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Report no.: 347031-01-002
FCC ID: 2APABCOCKPITSX

Spectrum | |“§‘ I
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3.9 Power Spectral Density (PSD)
Para. No.: 15.247 (d)

Test Performed By: Markus Korny Date of Test: 2018-05-30

Test Results: Passed

Measured and Calculated Data:
The measurement procedures PKPSD described in KDB 558074 D01 v03r05 was used.

calculated peak PSD
dBm
Power Spectral Density @2402 MHz 3.30
Power Spectral Density @2440 MHz 3.25
Power Spectral Density @2479 MHz 2.61

Requirements:

The Power Spectral Density of a Digital Transmission System shall be no greater than +8 dBm in any 3 kHz
band

No requirements for Frequency Hopping Systems.
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4 Measurement Uncertainty

Measurement Uncertainty Values

Test Item Uncertainty
Output Power +0.8 dB
Power Spectral Density +0.8 dB
Out of Band Emissions, Conducted < 3.6 GHz +0.8 dB
> 3.6 GHz +1.2dB
Spurious Emissions, Radiated <200 MHz +4.77 dB
200 MHz - 1 GHz +5.02 dB
1 GHz - 18 GHz +4.94 dB
>18 GHz +5.91 dB
Emission Bandwidth 4 %
Power Line Conducted Emissions +3.58 %
Spectrum Mask Measurements Frequency 5%
Amplitude +1.0dB
Frequency Error +0.6 ppm
Temperature Uncertainty +1°C

All uncertainty values are expanded standard uncertainty to give a confidence level of 95%, based on
coverage factor k=2
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5 LIST OF TEST EQUIPMENT

To facilitate inclusion on each page of the test equipment used for related tests, each item of test equipment
and ancillaries are identified (numbered) by the Test Laboratory.

Ref No Instrument/ ancillary | Manufacturer Type of instrument/ ancillary | Cal. Date Cal. Due
1-0039 Loop antenna Rohde & Schwarz HFH2-22 2017-09 2018-09
1-0040 | Biconical antenna Rohde & Schwarz HK116 2015-08 2018-08
1-0055 LopPer antenna Rohde & Schwarz HL223 2015-08 2018-08
1-0080 | Turntable H. Deisel DS 420 - -
1-0256 | Horn antenna Schwarzbeck Mess- | BBHA 9120 - -
Elektronik
1-0361 Semi anechoic Reinhold & Mahla 3m 2017-06 2020-06
chamber
1-0364 | Antenna cable 2 Kabelwerk Eupen RF/Cord CMS / RG 214-N/7 | 2016-09 2019-09
1-0604 EMI test receiver Rohde & Schwarz ESU8 2017-09 2018-09
1-0611 Signal analyzer Rohde & Schwarz FSV 40 2017-09 2018-09
1-0614 Log.-per. antenna Schwarzbeck Mess- | STLP 9148 Stacked Log.-Per. | 2016-11 2019-11
Elektronik Antenne
1-0615 Pre amplifier Schwarzbeck Mess- | BBV-9718 Broadband 2017-09 2018-09
Elektronik Preamplifier
1-0619 | Coaxial cable (to Huber+Suhner SF106/2x11N-651/2m 2016-09 2019-09
SAC)
1-0620 | Antenna cable 3 Huber+Suhner SF106/2x11N-651/3m 2016-09 2019-09
1-0771 Broadband Horn Schwarzbeck Mess- | SHF-EHF Horn, 15-40GHz 2018-03 2021-03
antenna Elektronik
1-0781 Pre amplifier Schwarzbeck Mess- | BBV 9721 2017-09 2018-09
Elektronik
1-0782 | Antenna cable Huber & Suhner FB142A 2015-07 2018-07
1-0789 | High Pass Filter Mini Circuits VHF-1320+ 1700-3800 MHz | 2016-09 2019-09
1-0790 | High Pass Filter Mini Circuits VHF-3100+ 3400-9900MHz | 2016-09 2019-09
1-0791 High Pass Filter Mini Circuits VHF-740+ 900-2200MHz 2016-09 2019-09
1-0870 10 dB Attenuator Mini Circuits BW-N10W5+ 2016-09 2019-09
1-0924 | Cable 1m - SMA 2016-09 2019-09
1-0925 | Cable 1m - SMA 2016-09 2019-09
1-0926 | Cable 1m Harbour Industries | SMA 2016-09 2019-09
1-0927 | Cable 1m Harbour Industries | SMA 2016-09 2019-09
1-0966 RF power meter DARE RPR3006W 2017-07 2018-07
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6 BLOCK DIAGRAM

6.1 Power Line Conducted Emission

Shielded Room

EUT LISN Test Receiver

6.2 Test Site Radiated Emission

Anechoic Chamber

Antenna /

H=1-4m

EUT

Non-conducting
support on Turntable,
H=0.8m Ground Plane

Test Receiver

Shielded Room

Measurements at 1GHz and above were performed with turntable height 1.5m and with the ground plane
covered by absorbers.
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