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1 INFORMATION

1.1 Test Item

TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591

Name LEGO

FCC ID NP147591
ISED ID 3072A - 47591
Model/version HUB NO.7

Serial number

Radiated sample : Marked as “FEP2-530”
Conducted sample: Marked as “Nemko 396223001

Hardware identity and/or version

C

Software identity and/or version

1.00.00.0

Frequency Range

2400 — 2483.5 MHz

Tunable Bands None
Number of Channels 79
Operating Modes TX and RX
Measured BW (99%) 1.03 MHz
Emission clasification F1D

Transmitter spurious, dBuV/m@3m

61.96dBuV/m (7.32GHz) PK and 41.96dBuV/m AV(7.32GHz)

Type of Modulation

GFSK, 8DPSK and 11/4-DQPSK

Data rate

1, 2 and 3 Mbit/s

User Frequency Adjustment

None

Conducted Output Power,Max

0.00158 W (1.99dBm)

Type of Power Supply

7.3Vdc, Rechargeble Lithium ion battery

Antenna Connector

Only integral antenna

Number of Antennas 1
Diversity or Smart Antennas None
Desktop Charger N/A

Description of Test Item

The device tested is a toy which controls dedicated motors and sensors remotely control via BLE or Bluetooth clasic with
remote device such as iOS, Android or similar.
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1.2 Normal test condition
Temperature 20-24°C
Relative humidity 20 - 50 %
Normal test voltage 7.3Vdc

The values are the limit registered during the test period.

1.3 Test Engineer(s)

G.Suhanthakumar

1.4 Description of modification for Modification Filing

Not applicable.

15 Family List Rational

Not Applicable.

1.6 Antenna Requirement
Is the antenna detachable? [ Yes
If detachable, is the antenna connector non-standard? [ Yes

Type of antenna connector: N/A

Ref. FCC §15.203

1.7 Worst-Case Configuration and Mode

TEST REPORT
FCC Part 15.247

Report no.: 396223-02-R00

FCC ID: NPI47591

X No
[ No

Radiated Emissions were performed with the EUT set to transmit at the channel with the highest output power as worst-

case scenario.

Channel no Frequency Modulation Modulation Modulation Power setting
(MHz)
(dBm)
0 2402 GFSK w/4-DQPSK 8DPSK 2
39 2441 GFSK w/4-DQPSK 8DPSK 2
79 2480 GFSK w/4-DQPSK 8DPSK 2
1.8 Comments

All measurements were done with the EUT powered by a fully charged battery.

All ports were populated during spurious emission measurements.
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TEST REPORT

FCC Part 15.247
Nemko Report o 386223.02-R00
2 TEST REPORT SUMMARY

2.1 General

All measurements are tracable to national standards.

The tests were conducted for demonstrating compliance with FCC CFR 47 Part 15, paragraph 15.247 and Industry
Canada RSS-247 Issue 2 and RSS-GEN Issue 5.

Tests were performed in accordance with ANSI C63.4-2014 and and ANSI C63.10-2013.
Radiated tests were made in a semi-anechoic chamber at measuring distances of 1m, 3m and 10m.

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

X New Submission X Production Unit
[ Class Il Permissive Change [1 Pre-production Unit
DSS Equipment Code [] Family Listing

@mko

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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2.2 Test Summary

TEST REPORT

FCC Part 15.247

Report no.:

396223-02-R00

FCC ID: NPI47591

Name of test FCC Part 15 RSS-247 Issue 2, Result
reference RSS-GEN Issue 5
reference
Supply Voltage Variations 15.31(e) 6.11 (RSS-GEN) N/At
Number of Operating Frequencies 15.31(m) 5.1 (d) (RSS-247) Complies
Antenna Requirement 15.203 8.3 (RSS-GEN) N/A2
Power Line Conducted Emission 15.107(a) 8.8 (RSS-GEN) Complies?®
15.207(a)
Channel Separation 15.247(a)(1) 5.1 (b) (RSS-247) Complies
Pseudorandom Hopping Algorithm 15.247(a)(1) 5.1 (a) (RSS-247) Complies
Time of Occupancy 15.247(a)(1)(iii) 5.1 (d) (RSS-247) Complies
Occupied Bandwidth 15.247(a)(1) 5.1 (a) (RSS-247) Complies
Occupied Bandwidth N/A 6.6 (RSS-GEN) N/A*
Minimum 6 dB Bandwidth 15.247(a)(2) 5.2 (a) (RSS-247) N/A*
Peak Power Output 15.247(b) 5.4(b) (RSS-247) Complies
Power Spectral Density 15.247(d) 5.2 (b) (RSS-247) N/A*
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)
N/A®: The tested equipment only operates with rechargeable battery. And recharged with USB power.
N/AZ: Integral antenna
3 : For rechargeable battery.
N/A3: FHSS
2.3 Revision history
Version Date Comment Sign
00 2020.11.30 First version gns
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3 TEST RESULTS

3.1 Number of Frequencies

FCC Part 15.31 (m)

RSS-Gen 6.8
Authorized Band: 2400 - 2483.5 MHz
Low Channel: 2402MHz
Mid channel: 2441MHz
High Channel: 2480MHz

Nemko Norway, Instituttveien 6, Kjeller, Norway

TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591
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3.2 Power Line Conducted Emissions

FCC Part 15.207

ISED RSS-GEN Issue 5, Clause 7.2 /8.8

Measurement procedure:

Test Results:

Measurement Data:

Highest measured value (L1 and N): 120Vac, 60Hz with USB AC/DC adaptor, model no: A1401

ANSI C63.4-2014 using 50 pH/50 ohms LISN

Complies

See attached plots

TEST REPORT
FCC Part 15.247
Report no.: 396223-02-R00
FCC ID: NP147591

Frequency QuasiPeak | Average Limit Margin Meas. Time Bandwidth Line Filter
(MHz) (dBuv) (dBuv) | (dBuv) (dB) (ms) (kHz)
0.276 38.43 50.94 12,51 1000 9N OFF
0.276 45.80 60.94 15.14 1000 9| L1 OFF
0.412 34.62 47.61 12.98 1000 9 |L1 OFF
0.420 40.02 57.45 17.43 1000 9N OFF
2.988 23.95 46.00 22.05 1000 9| L1 OFF
3.072 31.33 56.00 24.67 1000 9| L1 OFF
Full Spectrum
807
707
60-\ CFR 47 FCC Pt 15 Class B QP
- CFR 47 FCC Pt 15 Class B AV
> 507
=
m »
©
£ 4071 .
()
>
3
307 ¥
207
107
0 + + + + +—t + + + + + + +—t + + 1
150k 300 400 500 800 1M 2M 3M 4M 5M 6 8 10M 20M  30M
Freauency in Hz
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TEST REPORT
FCC Part 15.247

N em ko Report no.: 396223-02-R00
FCC ID: NPI47591

Channel Separation

Para. No.: 15.247 (a)(1)

ISED RSS-247 Issue 2, Clause 5.1 (b)

Measurement procedure: ANSI C63.10-2013 Clause 7.8.2

Test Results: Complies

Measurement Data:

Channel Separation: 1 MHz

Nominal value for Channel Separation 0.88 MHz

See attached plots

Requirement:

Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of 25
kHz or the 20 dB bandwidth of the hopping channel, whichever is greater.

or:

Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of 25
kHz or two-thirds of the 20 dB bandwidth of the hopping channel, whichever is greater, provided the system
operates with an output power no greater than 125 mW.

No requirements for Digital Transmission Systems.
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TEST REPORT
FCC Part 15.247
N em ko Report no.: 396223-02-R00

FCC ID: NPI47591

Channel Separation

Ref Level 9.50 dBm ® RBW 30 kHz

& Att 10dB  SWT 1.0l ms ® VBW 100 kHz Mode Swieep
TOF "cablet+atte”
1 Frequency Sweep

D1[1] 0.09 dB
7.02200 MHz
0 dBm—Hi M -3-04-dBrm
+ i
2.437 00890 GHz
L) M
0 dBrn 1
1
W W W i W W
-30 dBm
-40 dBm
-50 dBrm
-60 dBm
-70 dBm
-80 dBm
CF 2.441 GHz 1001 pts 900.0 kHz/ Span 9.0 MHz
measuring...  [INNEEEEEN el 202]
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3.3 Pseudorandom Hopping Algorithm

Para. No.: 15.247 (a)(1)
ISED Canada RSS-247 Issue 2, Clause 5.1

Test Results: Complies

Measurement Data: /

The hopping sequence follows the Bluetooth standard.

Requirements:

TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591

The channel frequencies shall be selected from a pseudorandom ordered list of hopping frequencies. Each

frequency must be used equally by the transmitter.

No requirements for Digital Transmission Systems.

Nemko Norway, Instituttveien 6, Kjeller, Norway
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3.4 Occupancy Time

Para. No.: 15.247 (a)(1)(iii)
ISED Canada RSS-247 Issue 2, Clause 5.1 (c)
Measurement procedure: ANSI C63.10-2013 Clause 7.8.4

Test Results: Complies

Measurement Data:

TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591

DH1 DH3 DH5
Number of RF Channels: 79 79 79
Maximum Length of RF Burst | 0.290 1.19 2.22
pr. Channel, ms
Minimum Time between RF 63.8 452.7 389.5
Burst on same RF
Channel,ms
Time of Occupancy, S 0.144 0.083 0.180

BT, 79 Ch Mode:
Time of occupancy: (0.290 x 400 x 79) / 63.8 = 144ms

See attached graph.

Requirements:

The average time of occupancy on any channel shall not be greater than 0.4 seconds within a period of 0.4

seconds multiplied by the number of hopping channels employed.

No requirements for Digital Transmission Systems.
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TEST REPORT

FCC Part 15.247
N em ko Report no.: 396223-02-R00
FCC ID: NPI47591
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3.5 Occupied Bandwidth
Para. No.: 15.247 (a)(1)(iii)

ISED Canada RSS-247 Issue 2, Clause 5.1

ISED Canada RSS-GEN Issue 5, Clause

6.7

Measurement procedure: ANSI C63.10-2013 Clause 6.9.2/7.8.3

Test Results: Complies

Measurement Data:

TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591

Number of RF
Channels in use:

79

79

79

Channel Centre
Frequencies:

2402 to 2480 MHz

2402 to 2480 MHz

2402 to 2480 MHz

Modulation GFSK 8DPSK T/4-DQPSK
99% BW, MHz 0.869 1.22 1.22
20 dB BW, MHz 1.11 1.43 1.44

RF channel has no influence on 20 dB bandwidth.

See attached plots.

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.

No requirement for 99% BW, reported for information only.
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TEST REPORT

FCC Part 15.247
N em ko Report no.: 396223-02-R00
FCC ID: NPI47591

Ref Lovel 9.5 cBm - RBW 1 1z Raf Lovel 5.50 d&m - RBW 1 MHz
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TEST REPORT
FCC Part 15.247

Report no.: 396223-02-R00

FCC ID: NPI47591
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TEST REPORT

FCC Part 15.247
N em ko Report no.: 396223-02-R00
FCC ID: NPI47591

Multiview = | Spactrum B | (specnum a

Raf Laval 9,50 dBm = Raw 0
° At 10,45 = SWT 500 ms @ VBw 100 ; Ref Level 0.00 dBm @ RBW 30 kHz
TDF “cabie satte” p= Att 15 dB @ SWT 500 ms @ VBW 100 kHz  Mode Auto Sweep
; TDF
ML 8514

. sbnmzznon| | @R

M 11 Mi[1] 7.31 dBm)|

AR _ - - | 2.47982340 GHz

P s A A A -10 dB e Y 1.221418234 MHz,

29 =t | ] i ! /JM N

-20

7 S| f‘ \
A% - -40

500 dby
[FEai o 1001 pis 00,051 Spon 2.0 WHz
I 70 ey
M1 1 2.4408222 GHz B Occ B 1.220303 325 MHI
T 1 249030451 G2 - Occ B Centrold 2441 004 66 Gz 0
12 1 2,441 61481 GHz sila Occ B Freg Dffset 4,660 302 561 kHZ .
veouer . MMM o T
-o0

99% Bandwidth — DQPSK, ch2441MHz

CF 2.48 GHz 691 pts Span 2.0 MHz
)i | Measuring... M) I!“I,En! m' 4

Date: 12.NOV 2020 09:0337

99% Bandwidth — DQPSK, ch2480MHz

Ref Lovel 9.5 cBm - RBW 100 kHz
- art 10dB ® SWT 500 ms @ VBW 300kH: Made Swaeep
TOF "cable +atte"

= RBW 100 kiz
& SWT 500 ms = VAW 300Kz Made Sweep

il CIIE) 006 di
1 143060 Ml
o — — i o o ! ! [ {2404 dBi
“ 2,440 448 60 Gz -t 2440298 70 G
\ .
~T T 4
e ™ o e
~ RN .
0
[CE 2,441 GHz 1001 p: 200.0 kiiz, Span 2.0 Mz |CF 2.441 GHz. 1001 pts 200.0 Eﬁz{ pan 2.0 MHz
w20
e oesrivg . AN L

20 dB BW — GFSK, ch 2441MHz 20 dB BW — 8DPSK, ch 2441MHz

Ref Laval 950 cem = RAW 100 kHz
- A -

rd g
e 1001 p F000RE, o
o BN e V0

forr

20 dB BW — DQPSK, ch 2441MHz

Nemko Norway, Instituttveien 6, Kjeller, Norway Page 17 (48)



TEST REPORT

FCC Part 15.247

N em ko Report no.: 396223-02-R00
FCC ID: NPI47591

3.6 Peak Power Output

FCC part 15.247 (b)

ISED Canada RSS-247 Issue 2, Clause 5.4

Measurement procedure: ANSI C63.10-2013 Clause 11.9.1.2
Test Results: Complies

Measurement Data:

Mode 2402 MHz 2441 MHz 2480 MHz
Measured Conducted Power (dBm) -0.89 -0.45 0.45
Short cable loss from EUT (dB) 1 1 1
Calculated conducted power(dBm) 0.11 0.55 1.45
GFSK
Conducted Power (mW) 1.03 1.14 14
Field Strength (dBuVv/m),HP 98.12 97.14 94.31
EIRP, Calculated (mW) 1.95 1.55 0.81
Antenna gain (dBi) 2.8 14 -2.4
Conducted Power (dBm) 0.42 0.88 1.71
Short cable loss from EUT (dB) 1 1 1
8.DPSK Calculated conducted power(dBm) 1.42 1.88 2.71
Conducted Power (mW) 1.39 1.54 1.87
Field Strength (dBuV/m),HP 99.14 97.39 95.61
EIRP, Calculated (mW) 2.45 1.64 1.09
Antenna gain (dBi) 25 0.3 -2.3
Conducted Power (dBm) -0.22 0.24 1.14
Short cable loss from EUT (dB) 1 1 1
14-DOPSK Calculated conducted power(dBm) 0.78 1.24 2.14
Conducted Power (mW) 1.20 1.33 1.64
Field Strength (dBpVv/m),HP 98.37 96.09 94.23
EIRP, Calculated (mW) 2.06 1.22 0.79
Antenna gain (dBi) 2.4 -0.4 -3.1

Maximum field strength is obtained in HP and in XZ plane
Antenna gain = 10*log(EIRP/Conducted power) dBi
EIRP is calculated from measured field strength by the formulas in KDB 412172 DO1.

See attached plots.

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.
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TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591
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TEST REPORT
FCC Part 15.247

N em ko Report no.: 396223-02-R00
FCC ID: NPI47591
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TEST REPORT
FCC Part 15.247

Report no.: 396223-02-R00

FCC ID: NPI147591
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TEST REPORT
FCC Part 15.247

FCC ID: NPI47591

( N e m ko Report no.: 396223-02-R00

3.7 Conducted Emissions at Antenna Connector

Para. No.: 15.247 (d)
ISED Canada RSS-247 Issue 2, Clause 5.5
Measurement procedure: ANSI C63.10-2013 Clause 11.11
Test Results: Complies
RF conducted power to 25 GHz see attached plots.
Maximum RF level outside operating band:
RF in, GFSK: >48 dB/C, margin >20 dB
RF in, 8DPSK: >49 dB/C, margin >20 dB
RF in, 4m8DPSK: >47 dB/C, margin >20 dB
RF in hopping mode, DH1: >48 dB/C, margin >20 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.: 396223-02-R00

FCC ID: NPI4759
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TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NPI47591
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3.8 Spurious Emissions (Radiated)

FCC Part 15.247
ISED Canada RSS-GEN Issue 5, Clause 7.3 /8.9

Measurement procedure:

Test Results: Complies

Measurement Data:

Band-edge radiated:

ANSI C63.10-2013 Clause 11.12

TEST REPORT
FCC Part 15.247

Report no.: 396223-02-R00

FCC ID: NPI47591

Modulation Detector Measured field strength (dBuV/m) Limit Margin
Scheme 2390 MHz 2483.5 MHz dBuVv/m dB
GFSK/3Mbit Peak Detector 51.9 55.1 74 22.1 18.9

Average Detector / 35.1 54 / 18.9
8DPSK/3Mbit | Peak Detector 53.7 55.6 74 20.3 18.4

Average Detector / 35.6 54 / 18.4
mw/4-DQPSK | Peak Detector 51.3 55.2 74 22.7 18.8
/3Mbit

Average Detector / 35.2 54 / 18.8
DH1, . Peak Detector 52.4 52.9 74 21.6 21.1
2%%%'”9 Average Detector / / 54 / /
DH3, Peak Detector 52.0 53.3 74 22 20.7
m%%%mg Average Detector / / 54 / /
DH5, _ Peak Detector 51.7 53.3 74 22.3 20.7
:%%ng Average Detector / / 54 / /

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

See attached plots.

Duty Cycle Correction Factor Calculation:

Duty Cycle = slot length / (frame lengthxhopping channels)=0.626ms/(216msx79)= 2.9

Duty Cycle Correction factor = -20 x log (Duty Cycle) = -30.7 dB

Maximum Duty Cycle Correction Factor according to Para 15.35 (b): 20 dB
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TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591
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TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591
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Radiated emission 30 — 1000 MHz.
ISED Canada RSS-GEN Issue 5, Clause 7.3 /8.9

Measurement procedure:

ANSI C63.10-2013 Clause 11.12
Measuring distance 3 m according to ANSI.

TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00

FCC ID: NPI47591

Frequency QuasiPeak Limit Margin Meas. Time Bandwidth | Height | Pol Azimuth
(MHz) (dBuV/m) | (dBuV/m) (dB) (ms) (kHz) (cm) (deg)
30.165866 16.86 40.00 23.14 1000.0 120.000 106.0 12.0
96.758050 6.82 43.50 36.68 1000.0 120.000 105.0 141.0
302.384100 6.35 46.00 39.65 1000.0 120.000 115.0 102.0

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 (uVv/m)

Quasi Peak (dBuVv/m)

30-88 100 40.0
88 — 216 150 43.5
216 — 960 200 46.0
Above 960 500 54.0
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Full Spectrum

TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NPI47591
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GFSK Modulation:
Radiated Emissions, 1-25 GHz; Measuring distance:3m (1 — 18 GHz), 1m (18 — 25 GHz); A pre-scan was

performed above 18 GHz and no spurious emissions were detected.

Peak Detector:

TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00

FCC ID: NPI47591

Modulation Frequency Polari Dist. corr. Field strength, Duty cycle Limit Margin
scheme . factor Peak Detector, 3m corr. factor
zation
GHz dB dBuvim dB dBuV/m dB
4.804 HP 0 / / 74 /
GFSK
4.882 HP 0 / / 74 /
4.960 HP 0 / / 74 /
7.206 HP 0 56.93 / 74 17.07
GFSK
7.323 HP 0 / / 74 /
7.440 HP 0 / / 74 /
9.608 HP 0 / / 74 /
GFSK
9.760 HP 0 / / 74 /
9.920 HP 0 / / 74 /
12.01 HP 0 / / 74 /
GFSK
12.205 HP 0 / / 74 /
12.400 HP 0 / / 74 /
Other freqs L,M,H VP/HP / None detected / 74 >20

*distance correction is included in the plot
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TEST REPORT
FCC Part 15.247

Report no.: 396223-02-R00

FCC ID: NPI47591

Average:
Modulation Frequency Polari Dist. corr. Field strength, Duty cycle Limit Margin
scheme . factor Peak Detector, 3m corr. factor
zation
MHz dB dBuvim dB dBuV/m dB
4.804 VP 0 / 20 54 /
GFSK 4.882 VP 0 / 20 54 /
4.960 VP 0 / 20 54 /
7.206 VP 0 36.93 20 54 17.07
GFSK
7.323 VP 0 / 20 54 /
7.440 VP 0 / 20 54 /
9.608 VP 0 / 20 54 /
GFSK
9.760 VP 0 / 20 54 /
9.920 VP 0 / 20 54 /
12.01 VP 0 / 20 54 /
GFSK
12.205 VP 0 / 20 54 /
12.400 VP 0 / 20 54 /
Other freqs L,M,H VP/HP / None detected 20 54 >20

Distance correction for 1m is included in the spectrum analyser.

Average Detector values are calculated from Peak values by Duty Cycle Correction Factor.

Antenna factor, amplifier gain and cable loss are included in spectrum analyzer “Transducer factor”.

See plots.

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)

AV (dBpV/m)

Peak (dBuV/m)

Above 1 GHz

54.0

74.0
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FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591
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FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591
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M‘“““"J"‘V‘}\u PRI PSRN RIS Sl v B D Y

Date: 4.NOV.2020 09:53:54

Pre-scan VP, 18 - 25GHz , GFSK @ 1m distance

fre— “ReW 1wz
1932371795 onz vew 10 wiz
Rt 70.5 amuv/m cace 10 an swr 15 ms
Seifer 5. o
=== | v
“““‘%WM PR U SETHIN T SUNONS RgeP L] Y P e oY
2
sooes | F15209 E
[ N B B P e T R R
b
enter 21.5 on 00 : on

Date: 4.NOV.2020 09:53:22

Pre-scan HP, 18 - 25GHz , GFSK @ 1m distance
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TEST REPORT
FCC Part 15.247

N em ko Report no.: 396223-02-R00
FCC ID: NPI47591

8DPSK Modulation:

Radiated Emissions, 1-25 GHz; Measuring distance:3m (1 — 18 GHz), 1m (18 — 25 GHz); A pre-scan was
performed above 18 GHz and no spurious emissions were detected.

Peak Detector:

Modulation Frequency Polari Dist. corr. Field strength, Duty cycle Limit Margin
scheme . factor Peak Detector, 3m corr. factor
zation
GHz dB dBuvim dB dBuV/m dB
4.804 VP 0 49.0 / 74 25.0
8DPSK
4.882 VP 0 49.1 / 74 24.9
4.960 VP 0 50.0 / 74 24.0
7.206 VP 0 52.5 / 74 215
8DPSK
7.323 VP 0 / / 74 /
7.440 VP 0 / / 74 /
9.608 VP 0 / / 74 /
8DPSK
9.760 VP 0 / / 74 /
9.920 VP 0 / / 74 /
12.01 VP 0 / / 74 /
8DPSK
12.205 VP 0 / / 74 /
12.400 VP 0 / / 74 /
Other freqs L,M,H VP/HP / None detected / 74 >20

*distance correction is included in the plot
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TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591

Average:
Modulation Frequency Polari Dist. corr. Field strength, Duty cycle Limit Margin
scheme . factor Peak Detector, 3m corr. factor
zation
MHz dB dBuvim dB dBuV/m dB
4.804 HP 0 / 20 54 /
8DPSK 4.882 HP 0 / 20 54 /
4.960 HP 0 / 20 54 /
7.206 HP 0 / 20 54 /
8DPSK
7.323 HP 0 / 20 54 /
7.440 HP 0 / 20 54 /
9.608 HP 0 / 20 54 /
8DPSK
9.760 HP 0 / 20 54 /
9.920 HP 0 / 20 54 /
12.01 HP 0 / 20 54 /
8DPSK
12.205 HP 0 / 20 54 /
12.400 HP 0 / 20 54 /
Other freqs L,M,H VP/HP / None detected 20 54 >20

*distance correction is included in the plot

Average Detector values are calculated from Peak values by Duty Cycle Correction Factor.

Antenna factor, amplifier gain and cable loss are included in spectrum analyzer “Transducer factor”.

See attached plots.

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)

AV (dBpV/m)

Peak (dBuV/m)

Above 1 GHz

54.0

74.0
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TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591

MARKER 2 SREW 1 Mz
7.211538462 GHz VBW 10 MHz
Ref 80 dBpv/m “aAtt 10 am SWT 100 ms

Date: 4.NOV.2020 08:22:11

VP, 1 - 18GHz , 8DPSK, ch2402MHz, PK scan

“REW 1 Muz

Ref 80 dBuv/m “att 10 am SWT 100 ms

Date: 4.NOV.2020 08:23:33

HP, 1 - 18GHz , 8DPSK, ch2402MHz, PK scan

MARKER 1 “RBW 1 MHz
4.861076923 onz vew 10 wiz
Ref 80 dmuv/m ~act 10 am Swr 100 ms
L (al
==
2w Lase™
s | e bt
INURPINCY T YOS W T
. ructenila L~
fre
PN PP S
o Ze | ]
PN

Date: 4.NOV.2020 08:26:19

VP, 1 - 18GHz , 8DPSK, ch2441MHz, PK scan

MARKER 2 “REW 1 MHz
7.320512821 GHz vEW 10 Mz
Ref 80 ABuv/m ~Att 10 aB SWT 100 ms
2 R

Date: 4.NOV.2020 08:24:34

HP, 1 - 18GHz , 8DPSK, ch2441MHz, PK scan

MARKER 1 *RBW 1 MHz

4.922807652 cnx vew 10 s
Rer 80 amuv/m cact 10 am Sur 100 ms
L (2l
s
P
2w
o | v . o WA .
NL}‘\WW“““‘“W -
g A
\_\L\N NWMM
A
Conter 5.5 onx 1.7 on e "

Date: 4.NOV.2020 08:27:39

VP, 1 - 18GHz , 8DPSK, ch2480MHz, PK scan

“RBW 1 MHZ
VEW 10 Mz

Ref 80 aBuV/m sAtt 10 aB SWT 100 ms

L L]
=
2 e F#Nm“’“

L;ﬂ’*‘é R Ay S |~

- [ e e ™
MMM
[
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Date: 4.NOV.2020 08:28:36

HP, 1 - 18GHz , 8DPSK, ch2480MHz, PK scan
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TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591

[}

Bt NP ST ok 4 e s fr S|
;\“M““M‘v P R B e Rl e Y e B

Date: 4.NOV.2020 09:56:51

Pre-scan VP, 18 - 25GHz , 8DPSK @ 1m distance

“REW 1 MHz

Ref  70.5 dBpv/m “att 10 am Swr 45 ms

Start 18 GHz 700 MHz/ stop 25 GHz

Date: 4.NOV.2020 09:56:45

Pre-scan HP, 18 - 25GHz , 8DPSK @ 1m distance
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mw/4-DQPSK Modulation:

TEST REPORT
FCC Part 15.247

Report no.: 396223-02-R00

FCC ID: NPI47591

Radiated Emissions, 1-25 GHz; Measuring distance:3m (1 — 18 GHz), 1m (18 — 25 GHz); A pre-scan was

performed above 18 GHz and no spurious emissions were detected.

Peak Detector:

Modulation Frequency Polari Dist. corr. Field strength, Duty cycle Limit Margin
scheme ) factor Peak Detector, 3m corr. factor
zation
GHz dB dBuV/m dB dBuVv/m dB
4.804 HP 0 / / 74 /
/4-DQPSK
m4-DQ 4.882 HP 0 / / 74 /
4.960 HP 0 / / 74 /
7.206 HP 0 56.2 / 74 17.8
T/4-DQPSK
7.323 HP 0 49.9 / 74 24.1
7.440 HP 0 49.3 / 74 24.7
9.608 HP 0 / / 74 /
/4-DQPSK
9.760 HP 0 / / 74 /
9.920 HP 0 / / 74 /
12.01 HP 0 / / 74 /
/4-DQPSK
12.205 HP 0 / / 74 /
12.400 HP 0 / / 74 /
Other freqs L,M,H VP/HP / None detected / 74 >20

*distance correction is included in the plot
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TEST REPORT
FCC Part 15.247

Report no.: 396223-02-R00

FCC ID: NPI47591

Average:
Modulation Frequency Polari Dist. corr. Field strength, Duty cycle Limit Margin
scheme ) factor Peak Detector, 3m corr. factor
zation
MHz dB dBuV/m dB dBuVv/m dB
4.804 HP 0 / 20 54 /
T4-DQPSK 4.882 HP 0 / 20 54 /
4.960 HP 0 / 20 54 /
7.206 HP 0 36.2 20 54 17.8
T/4-DQPSK
7.323 HP 0 / 20 54 /
7.440 HP 0 / 20 54 /
9.608 HP 0 / 20 54 /
/4-DQPSK
9.760 HP 0 / 20 54 /
9.920 HP 0 / 20 54 /
12.01 HP 0 / 20 54 /
/4-DQPSK
12.205 HP 0 / 20 54 /
12.400 HP 0 / 20 54 /
Other freqs L,M,H VP/HP / None detected 20 54 >20

Distance correction for 1m is included in the spectrum analyser.

Average Detector values are calculated from Peak values by Duty Cycle Correction Factor.

Antenna factor, amplifier gain and cable loss are included in spectrum analyzer “Transducer factor”.

See plots.

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)

AV (dBpV/m)

Peak (dBuV/m)

Above 1 GHz

54.0

74.0
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TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591

[rem— rew 1w
1205647436 Gz [
Rer 80 ampv/m “att 10 an swr 20 ms
0
L (2]
-
| }_,,»fﬂ!"\mﬁ
[P W T, PPN TR TIOE .
:
20
Genter 7.206 Giiz 2 vz,
Date: 4.NOV.2020 08:15:33

3rd har, PK, ch2402MHz, 4TDPSK — VP

MARKER 2 +REW 1 MHz
7.222051282 GHz vEW 10 muz
Ref 80 dBuV/m “Att 10 aB SWT 100 ms

- i L™
soxn | e
4l QMWMMW zam
5 3 L L]
I S RN P
L MFWW
I
ET— 1.7 o/ Stop 18 otz

Date: 4.NOV.2020 08:14:21

VP, 1 - 18GHz , 4DPSK, ch2402MHz, PK scan

MARKER 1 “REW 1 MHz
7.222051282 GHz vEW 10 Mz
Ref 80 ABuv/m ~Att 10 aB SWT 100 ms

M

start 1 GHz 1.7 Gz/ stop 18 GHz

Date: 4.NOV.2020 08:12:30

HP, 1 - 18GHz , 4mDPSK, ch2402MHz, PK scan

MARKER 1 “RBW 1 MHz
4.861076923 GHz VEW 10 MHz

Ref 80 dBuV/m “att 10 aB SWT 100 ms

1 ek

i

WM‘ .
el

M’M*“LA’U‘

e

Date: 4.NOV.2020 08:17:32

VP, 1 - 18GHz , 41DPSK, ch2441MHz, PK scan

“RBW 1 MHZ
VEW 10 Mz

Ref 80 aBuV/m sAtt 10 aB SWT 100 ms

2 R

™M
N VB R PRWC S WS e
LA’MWW“ v L~
- ISP P N
AV S
Lo (gt

Date: 4.NOV.2020 08:18:51

HP, 1 - 18GHz , 4DPSK, ch2441MHz, PK scan
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TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591

MARKER 1 SREW 1 Mz
4.942807692 GHz VBW 10 MHz
Ref 80 dBpv/m “aAtt 10 am SWT 100 ms

Date: 4.NOV.2020 08:20:55

VP, 1 - 18GHz , 4mDPSK, ch2480MHz, PK scan

“REW 1 MHz

Ref 80 dBuv/m “att 10 am SWT 100 ms

Date: 4.NOV.2020 08:19:3

HP, 1 - 18GHz , 4mDPSK, ch2480MHz, PK scan

“REW 1 MHz
vEW 10 muz

Ref 70.5 dBav/m “Att 10 aB SWT 45 ms

start 18 GHz 700 mHz/ stop 25 GHz

Date: 4.NOV.2020 09:55:17

Pre-scan VP, 18 - 25GHz , 4TDPSK @ 1m distance

“REW 1 MHz
vEW 10 Mz

Ref  70.5 dBpv/m “att 10 aB SWT 45 ms

70 offfet -9.§ am

J L ST S ppetbalticndlns i
ot 4

start 18 GHz 700 MHz/ stop 25 GHz

Date: 4.NOV.2020 09:56:19

Pre-scan HP, 18 - 25GHz , 4TDPSK @ 1m distance
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TEST REPORT

FCC Part 15.247

N em ko Report no.: 396223-02-R00
FCC ID: NPI47591

Hopping MODE:
Radiated Emissions, 1-25 GHz; Measuring distance:3m (1 — 8 GHz), 1m (8 — 18 GHz); A pre-scan was
performed above 18 GHz and no spurious emissions were detected.

Peak Detector:

Modulation | Frequency Polari | Dist. Field strength, Duty cycle | Limit Margin
scheme sation | €O Peak Detector, 3m | corr. factor
factor

GHz dB dBuV/m dB dBuV/m dB
/ / / / / / /
DH1 7.2-7.45 VP 0 / / 74 /
9.72 -9.81 VP 0 / / 74 /
12.16 — 12.45 VP 0 / / 74 /
/ / / / / / /

DH3 7.2—-7.45 VP 0 56.5 / 74 17.5
9.72-9.81 VP 0 / / 74 /
12.16 — 12.45 VP 0 / / 74 /
/ / / / / / /

DHS 7.2—-7.45 VP 0 53.8 / 74 20.2
9.72-9.81 VP 0 / / 74 /
12.16 — 12.45 VP 0 / / 74 /

Other L,M,H VP/HP / None detected / 74 >20

*distance correction is included in the plot
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FCC Part 15.247
N em ko Report no.: 396223-02-R00
FCC ID: NPI47591

Average:
Modulati | Frequency Polari | Dist. corr. | Field strength, Duty cycle | Limit Margin
on . factor Peak Detector, 3m | corr. factor
scheme zation
MHz dB dBuV/m dB dBuV/m dB
/ / / / / / /
DH1 7.2-7.45 VP 0 / 20 54 /
9.72-9.81 VP 0 / 20 54 /
12.16 — 12.45 VP 0 / 20 54 /
/ / / / / / /
DH3 7.2-7.45 VP 0 36.5 20 54 17.5
9.72 -9.81 VP 0 / 20 54 /
12.16 — 12.45 VP 0 / 20 54 /
/ / / / / / /
DHS 7.2-7.45 VP 0 33.8 20 54 20.2
9.72 -9.81 VP 0 / 20 54 /
12.16 — 12.45 VP 0 / 20 54 /
Other L,MH VP/HP / None detected 20 54 >20

*Distance correction for 1m is included in the spectrum analyser.
Average Detector values are calculated from Peak values by Duty Cycle Correction Factor.
Antenna factor, amplifier gain and cable loss are included in spectrum analyzer “Transducer factor”.

See plots.

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) AV (dBuv/m) Peak (dBuVv/m)
Above 1 GHz 54.0 74.0
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TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591

MARKER 1 SREW 1 Mz
7.218192308 GHz VBW 3 MHz

Ref 80 dBpv/m “aAtt 10 am Swr 20 ms

20
Center 7.245019231 GHz 18 MHz/ Span 180 MHz
Date: 4.NOV.2020 08:37:10

3" har, PK, hopping mode, DH3 — VP

MARKER 3 +REW 1 MHz
7.211538462 GHz vEW 10 muz

Ref 80 dBuV/m “aAct 10 aB SWT 100 ms

Date: 4.NOV.2020 08:30:52

VP, 1 - 18GHz , hopping mode DH1, PK scan

MARKER 2 “REW 1 MHz
5.764423077 GHz vEW 10 Mz

Ref 80 ABuv/m ~Att 10 aB SWT 100 ms

Date: 4.NOV.2020 08:29:42

HP, 1 - 18GHz , hopping mode DH1, PK scan

MARKER 2 “RBW 1 MHz
7.211538462 GHz VEW 10 MHz

Ref 80 dBuV/m “att 10 aB SWT 100 ms

>

A

%
%
i
z

g™

Date: 4.NOV.2020 08:32:04

VP, 1 - 18GHz , hopping mode DH3, PK scan

MARKER 1 “RBW 1 MHZ

7.218192308 Guz VEW 10 Mz

Ref 80 aBuV/m ~Att 10 aB SWT 100 ms

1 ek

Al

M&MMMM
| o]

UJ“‘"‘“’WW
[

20
Center 9.5 GHz 1.7 Guz/ Span 17 GHz

Date: 4.NOV.2020 08:42:16

HP, 1 - 18GHz , hopping mode DH3, PK scan

Nemko Norway, Instituttveien 6, Kjeller, Norway

Page 44 (48)



TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591

MARKER 1 SRBW 1 MHz
7.245435897 GHz VBW 10 MHz
Ref 80 dBpv/m “aAtt 10 am SWT 100 ms
0
2 mm
maxs LT

v

Date: 4.NOV.2020 08:44:47

VP, 1 - 18GHz , hopping mode DH5, PK scan

“REW 1 MHz

Ret 80 amav/m “ate 10 as swr 100 me

: I

[ L2l
o= |
2w
o e
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:
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Date: 4.NOV.2020 08:43:46

HP, 1 - 18GHz , hopping mode DH5, PK scan

“REW 1 MHz

vEW 10 muz

Ret 705 ampv/m ‘At 10 as Swr 45 me
ofefer 5] a=

=

b PR S AT PRIV T
2 Floveregiedord |
s | r152008

T PN VPN BEIPC S S N
| ot
k-
starc 1s onz 700 iz stop 25 otz

Date: 4.NOV.2020 09:58:13

Pre-scan VP, 18 - 25GHz , @ 1m distance

MARKER 2 “REW 1 MHz

vEW 10 Mz

Ret  70.5 aBuv/m cact 10 an swr 45 ms
Srefer 5.1 v
(2]
2 =d
= |
i APEY » ool AR el s prontdicd
- A W

start 18 GHz 700 MHz/ stop 25 GHz

Date: 4.NOV.2020 09:57:53

Pre-scan HP, 18 - 25GHz @ 1m distance
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4 Measurement Uncertainty

TEST REPORT

FCC Part 15.247

Report no.: 396223-02-R00
FCC ID: NP147591

Measurement Uncertainty Values
Test Item Uncertainty
Output Power +0.5 dB
Power Spectral Density +0.5 dB
Out of Band Emissions, Conducted < 3.6 GHz +0.6 dB

> 3.6 GHz +0.9dB
Spurious Emissions, Radiated <1GHz +2.5dB

>1 GHz +2.2 dB

Emission Bandwidth +4 %
Power Line Conducted Emissions +2.9/-4.1dB
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.

TEST REPORT
FCC Part 15.247

Report no.: 396223-02-R00

FCC ID: NPI147591

No. | Instrument/ Type of instrument/ Manufacturer Ref. no. Cal. Cal.

ancillary ancillary Date Due

1. | ESU40 EMI Receiver Rohde & Schwarz LR1639 2020.01 2021.01

2. | HFH2-Z2 Active Loop antenna Rohde & Schwarz LR1660 2019.11 2021.11

3. [ 3117-PA Horn antenna with PreA [ EMCO LR 1717 2017.12 2020.12

4.1638 Antenna Horn NARDA LR 1480 N/A

5.1637 Antenna Horn NARDA LR 099 N/A

6. | VULB9163 Bi-log Hybrid Antenna | Schwarzbeck LR 1616 2020.01 2022.01

7.|4768-10 Attenuator Narda LR 1356 Cal b4 use

8. | NO324415 Notch Filter Microwave LR1760 | Calb4use

9. | 8449B Pre-amplifier Hewlett Packard LR 1322 2020.08 2021.08

10| 310N Pre-amplifier Sonoma LR 1686 2020.08 2021.08

11| Model 45 Multimeter Fluke LT 5218 2018.11 2020.11

12| 6812B AC power source Agilent LR 1515 2020.04 2021.04

13| ESCI3 EMI Receiver Rohde & Schwarz N-4529 2019.10 2021.10

14| ENV216 Two line network Rohde & Schwarz LR 1665 2019.11 2021.11

The software listed below has been used for one or more tests.
No. Manufacturer Name Version Comment
1 Rohde & Schwarz GPIBShot 2.7 Screenshots from R&S Spectrum Analyzers

Rohde & Schwarz RScommander 1.9.2 64bit | Verssatile Software Tool for R&S Instruments
Rohde & Schwarz EMC 32 10.50.40 Radiated Emission test software
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TEST REPORT
FCC Part 15.247

N em ko Report no.: 396223-02-R00
FCC ID: NPI47591

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

This test setup is used for all radiated emissions tests. For frequencies below 30 MHz the measuring distance is 10m, for all other
frequencies it is 3m or 1m. Emissions above 1 GHz are measured with a Spectrum Analyzer and Horn Antenna. For measurements
above 18 GHz the test receiver is moved inside the anechoic chamber and located next to the antenna to minimize the cable loss. All
measurements at 1GHz and above were performed with turntable height 1.5m and with the ground plane covered by absorbers. A pre-
amplifier is used for all measurements above 30 MHz, and High-Pass or Band-Pass filter is used for all harmonics.

Nemko Norway, Instituttveien 6, Kjeller, Norway Page 48 (48)



