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Test site registration
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Nemko Canada Inc.
Ottawa site:

303 River Road
Ottawa, Ontario
Canada

K1V 1H2
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Organization
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Limits of responsibility

Note that the results contained in this report relate only to the items tested and were obtained in the period between the date of initial receipt of samples
and the date of issue of the report.

This test report has been completed in accordance with the requirements of ISO/IEC 17025. All results contained in this report are within Nemko Canada’s
ISO/IEC 17025 accreditation.

Copyright notification

Nemko Canada Inc. authorizes the applicant to reproduce this report provided it is reproduced in its entirety and for use by the company’s employees only.
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 Canada Inc. accepts no responsibility for damages, if any, suffered by any third party as a result of decisions made or actions based on this report.
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Section 1 Report summary

Nemko

Section1 Report summary

1.1 Test specifications

LP0002 January 10, 2018, Clause 3.10.1 Intentional radiators employing frequency hopping spread spectrum and digital modulation techniques

1.2 Test methods

558074 D01 15.247 Meas Guidance v05r02 Guidance for compliance measurements on digital transmission system, frequency hopping spread
(April 2, 2019) spectrum system, and hybrid system devices operating under section 15.247 of the FCC rules.
ANSI C63.10 v2013 American National Standard of Procedures for Compliance Testing of Unlicensed Wireless Devices

1.3  Exclusions

None

1.4  Statement of compliance

In the configuration tested, the EUT was found compliant.

Testing was performed against all relevant requirements of the test standard except as noted in section 1.2 above. Results obtained indicate that the
product under test complies in full with the requirements tested. The test results relate only to the items tested.

See “Summary of test results” for full details.

1.5 Test report revision history

Table 1.5-1: Test report revision history

Revision # Date of issue Details of changes made to test report
TRF May 20, 2020 Original report issued
R1TRF June 17, 2020 Antenna gain updated to +2.9 dBi
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Section 2 Engineering consideration
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Section 2 Engineering considerations

2.1  Modifications incorporated in the EUT for compliance

There were no modifications performed to the EUT during this assessment.

2.2 Technical judgment

None

2.3 Deviations from laboratory tests procedures

No deviations were made from laboratory procedures.
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Section 3 Test conditions
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Section 3 Test conditions

3.1 Atmospheric conditions

Temperature 15°C-35°C
Relative humidity 30% —60%
Air pressure 86 kPa (860 mbar) — 106 kPa (1060 mbar)

When it is impracticable to carry out tests under these conditions, a note to this effect stating the ambient temperature and relative humidity during the
tests shall be recorded and stated.

3.2 Power supply range

The normal test voltage for equipment to be connected to the mains shall be the nominal mains voltage. For the purpose of the present document, the
nominal voltage shall be the declared voltage, or any of the declared voltages +5 %, for which the equipment was designed.
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Section 4 Measurement uncertainty
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Section 4 Measurement uncertainty

4.1 Uncertainty of measurement

The following referenced documents are used as guidance for measurement uncertainty reasonable estimations with regards to previous experience and
validation of data:

1. TIA-603-B Land Mobile FM or PM Communications Equipment, Measurement and Performance Standards. Nov. 7, 2002

2. UKAS LAB 34: 2003: The Expression of Uncertainty in EMC Testing: United Kingdom Accreditation Service.

3. ETSI TR 100 028-1 v1.4.1 (2001-12): Electromagnetic Compatibility and Radio Spectrum Matters (ERM); Uncertainties in the measurement of
mobile radio equipment characteristics; Part1”.

4, ETSI TR 100 028-2 v 1.4.1(2001-12): Electromagnetic Compatibility and Radio Spectrum Matters (ERM); Uncertainties in the measurement of

mobile radio equipment characteristics; Part2”.

Nemko Canada, Inc. follows these test methods in order to satisfy ISO/IEC 17025 requirements for estimation of uncertainty of measurement for wireless
products.

Measurement uncertainty budgets for the tests are detailed below. Measurement uncertainty calculations assume a coverage factor of K = 2 with 95%

certainty.
Table 4.1-1: Measurement uncertainty calculations
Test name Measurement uncertainty, dB
All antenna port measurements 0.55
Conducted spurious emissions 1.13
Radiated spurious emissions 3.78
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Section 5 Summary of test results

5.1 Testing location

Test location (s) Ottawa

5.2 Testing period

Test start date April 15, 2020 Test end date April 15, 2020

5.3 Sample information

Receipt date April 14, 2020 Nemko sample ID number land?2

5.4 Technical information

Operating band 2400-2483.5 MHz

Operating frequency range 2402-2480 MHz

Bandwidth (99 %) 1066 kHz

Number of channels 40

Types of modulation GFSK

EUT power requirements 3 Voc from 2 Type “AAA” batteries
Antenna type integral antenna, +2.9 dBi (max)
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Section 5 Summary of test results
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5.5 Summary of test results

Table 5.5-1: Results

Part Test description

Verdict

2.3 AC conducted limits

Maximum peak output power, operation within 2400-2483.5 MHz: For frequency hopping systems
3.10.1.2 (1)(A) i i
employing at least 75 hopping channels; below 1 watt

Maximum peak output power, operation within 2400-2483.5 MHz: For frequency hopping systems
according to section 3.10.1.6 (1) (A) (a) excluded by (A): below 0.125 watt

Maximum peak output power, operation within 2400-2483.5 MHz: For systems using digital modulation:

3.10.1.2 (1)(B)

3.10.1.2 (1)(C) below 1 watt

31012 (2) Maximum peak output power, operation within 5725-5850 MHz: For frequency hopping systems below 1
S watt

3.10.1.3 (1)(A) Limits of antenna gains, operation within 2400-2483.5 MHz: Fixed point-to-point operation directional
U antenna gains greater than 6 dBi

3.10.1.3 (1)(8) Limits of antenna gains, operation within 2400-2483.5 MHz: Transmitters that emit multiple directional

Not applicable!

Not applicable

Not applicable

Pass

Not applicable
Not applicable

Not applicable

beams
31013 (2) Limits of an'tenna gains, operatic?n within 5725-5850 MHz: Fixed point-to-point operation within directional Not applicable
antenna gains greater than 6 dBi
3.10.1.5 Limits on emissions outside the frequency band (Spurious emissions) Pass
3.10.1.6 (1)(A) Hopping channel carrier frequencies separation requirements Not applicable
3.10.1.6 (1)(A)(a) Frequency hopping systems operating in the 2400-2483.5 MHz band, other requirements Pass
3.10.1.6 (1)(A)(b) Frequency hopping systems operating in the 5725-5850 MHz band, other requirements Not applicable
3.10.1.6 (2)(A) Minimum 6 dB bandwidth for systems using digital modulation techniques Pass
3.10.1.6 (2)(B) Power spectral density for digitally modulated devices Pass
3.10.1.6 (3) Hybrid systems requirements Not applicable
Notes: 1The EUT is a battery-operated equipment, the testing was performed using fresh batteries.
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Section 6 Information provided by the applicant
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Section 6 Information provided by the applicant

6.1 Disclaimer

This section contains information provided by the applicant and has been utilized to support the test plan. Inaccurate information provided by the applicant
can affect the validity of the results contained within this test report. Nemko accepts no responsibility for the information contained within this section and
the impact it may have on the test plan and resulting measurements.

6.2  Applicant/Manufacturer

Company name LEGO System A/S
Address Aastvej 1, 7190 Billund, Denmark

6.3 EUT information

Product name
Model
Serial number

BLE Transceiver
LEAF No.1
None

Description/theory of operation The device tested is a construction LEGO toy which controls arms, legs and remotely control via BLE with remote

device such as iOS, Android or similar.

6.4  EUT setup details

6.4.1 EUT Exercise

The EUT was setup for continuous transmission on low, mid and high channels with modulated signal.

6.4.2 EUT test configuration

EUT EUT

Antenna RF Cable (EUT equipped with SMA
connector on antenna port)

Spectrum analyzer

nmnn
o= o

=
R
i
oo
®OF
==

°

G

550G
o8
o

i

©

Radiated setup Conducted setup

Figure 6.4-1: Block diagrams
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Section 7 Test equipment

7.1 Test equipment list

Table 7.1-1: Equipment list

Equipment Manufacturer Model no. Asset no. Cal cycle Next cal.

3 m EMI test chamber TDK SAC-3 FA002047 1 year January 24, 2021
Flush mount turntable Sunol FM2022 FA002082 — NCR

Controller Sunol SC104V FA002060 = NCR

Antenna mast Sunol TLT2 FA002061 — NCR
Receiver/spectrum analyzer Rohde & Schwarz ESU 26 FA002043 1year May 8, 2020
Spectrum analyzer Rohde & Schwarz FSU FA001877 1year October 31, 2020
Horn (1-18 GHz) ETS Lindgren 3117 FA002840 1year January 25, 2021
Preamp (1-18 GHz) ETS Lindgren 124334 FA002873 1 year November 4, 2020
Preamp (1-18 GHz) ETS Lindgren 124334 FA002877 1year November 4, 2020
Bilog antenna (20-3000 MHz) Sunol B3 FA002108 1 year January 14, 2021
Horn antenna (1-18 GHz) EMCO 3115 FA000825 1year October 31, 2020
Horn antenna (18-26.5 GHz) Electro-metrics SH-50/60-1 FA000479 - VOou

Pre-amplifier (1826 GHz) Narda BBS-1826N612 FA001550 = VOou

Notes: VOU - verify on use, NCR - no calibration required
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Section 8 Testing data
Ne m ko Test name Maximum DTS peak output power (2400-2483.5 MHz band)
Specification Low Power LP0002: 2018

Section 8 Testing data

8.1 Clause 3.10.1.2 (1) Maximum DTS peak output power (2400-2483.5 MHz band)

8.1.1 Definitions and limits

(C) For systems using digital modulation: below 1 Watt (30 dBm)
Clause 3.10.1.3 (1) Limits of antenna gains

(A) For fixed, point-to-point operations, the peak conducted output power of the intentional radiator shall be reduced by 1dB for every 3dBi when the
directional gain of the antenna exceeds 6dBi.

8.1.2 Test date

Start date April 15, 2020

8.1.3 Observations, settings and special notes

—  The test was performed using method PKPM1 (Peak power meter method)

The spectrum analyser settings:

Resolution bandwidth 2 MHz
Video bandwidth >3 x RBW
Detector mode Peak
Trace mode Max Hold

8.1.4 Test data

Table 8.1-1: Output power and EIRP measurements results

Conducted output power, dBm

Frequency, MHz Measured Limit Margin, dB Antenna gain, dBi EIRP, dBm EIRP limit, dBm EIRP margin, dB
2402 -2.59 30.0 32.59 2.9 0.31 36.00 35.69
2440 -2.70 30.0 32.70 2.9 0.20 36.00 35.80
2480 -3.28 30.0 32.28 2.9 -0.38 36.00 36.38
Notes: EIRP = Conducted output power, dBm + Antenna gain, dBi
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Section 8 Testing data
Ne m ko Test name Maximum DTS peak output power (2400-2483.5 MHz band)
Specification Low Power LP0002: 2018
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VBW 10 MHz
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Figure 8.1-3: Output Power — high channel
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Section 8 Testing data
Nem ko Test name Limits on emissions outside the frequency band (Spurious emissions)
Specification Low Power LP0002: 2018

8.2 Clause 3.10.1.5 Limits on emissions outside the frequency band (Spurious emissions)

8.2.1 Definitions and limits

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally modulated intentional radiator is operating, the radio
frequency power that is produced by the intentional radiator below that in the 100 kHz bandwidth within the band that contains the highest level of the
desired power, the attenuation shall be as below:

(1) The attenuation shall be at least 20 dB when the conducted power is measured according to Appendix Il of this section, based on either an RF
conducted or a radiated measurement.
(2) The attenuation shall be at least 30 dB when the conducted power is measured according to the paragraph (1) (C) of this section 3.10.1.2.

In addition, radiated emissions that fall under Section 2.7 the restricted bands must also comply with the radiated emission limit specified in

Section 2.8.
Table 8.2-1: Section 2.8 Radiated emission limits
Field strength of emissions
Frequency, MHz uv/m dBuv/m Measurement distance, m

0.009-0.490 2400/F 67.6 — 20 x logio(F) 300
0.490-1.705 24000/F 87.6 — 20 x logio(F) 30
1.705-30.0 30 29.5 30

30-88 100 40.0 3

88-216 150 435 3

216-960 200 46.0 3

above 960 500 54.0 3

Notes: In the emission table above, the tighter limit applies at the band edges. F is in kHz units

For frequencies above 1 GHz the limit on peak RF emissions is 20 dB above the maximum permitted average emission limit applicable to the equipment under test

Table 8.2-2: Section 2.7 restricted frequency bands

MHz MHz MHz
0.090-0.110 240.00-285.00 3332.0-3339.0
0.490-0.510 322.00-335.40 3345.8-3358.0
2.172-2.198 399.90-410.00 3500.0-4400.0
3.013-3.033 485.00-510.00 4500.0-5250.0
4.115-4.198 608.00-614.00 5350.0-5460.0
5.670-5.690 703.00-748.00 7250.0-7750.0
6.200-6.300 758.00-803.00 8025.0-8500.0
8.230-8.400 825.00-915.00 9000.0-9200.0

12.265-12.600 930.00-1240.0 9300.0-9500.0
13.340-13.430 1300.0-1427.0 10600-12700
14.965-15.020 1435.0-1626.5 13250-13400
16.700-16.755 1660.0-1785.0 14470-14500
19.965-20.020 1805.0-1880.0 15350-16200
25.500-25.700 1885.0-1900.0 17700-21400
37.475-38.275 1905.0-1985.0 22010-23120
73.500-75.400 2010.0-2025.0 23600-24000
108.00-138.00 2110.0-2170.0 31200-31800
149.90-150.05 2200.0-2300.0 36430-36500
156.70-156.90 2310.0-2390.0 Above 38600
162.01-167.17 2483.5-2900.0

167.72-173.20 3260.0-3267.0
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Section 8 Testing data
Nem ko Test name Limits on emissions outside the frequency band (Spurious emissions)

Specification Low Power LP0002: 2018

8.2.2 Test date

Start date April 15, 2020

8.2.3 Observations, settings and special notes

—  The spectrum was searched from 30 MHz to the 10t harmonic.

- Cabinet radiation measurements were performed at a distance of 3 m.

- EUT was rotated in 3 planes to find the maximum value for radiated emissions.

—  Since fundamental power was tested using peak power method, the spurious emissions outside restricted bands limit is =20 dBc/100 kHz
- Conducted plots have been corrected with associated transducer factors (i.e. cable loss attenuators).

Spectrum analyser settings for radiated below 1 GHz:

Resolution bandwidth: 100 kHz
Video bandwidth: 300 kHz
Detector mode: Peak
Trace mode: Max Hold

Spectrum analyser settings for peak radiated measurements above 1 GHz:

Resolution bandwidth: 1 MHz
Video bandwidth: 3 MHz
Detector mode: Peak
Trace mode: Max Hold
Trace mode: Average

Spectrum analyser settings for conducted spurious emissions outside restricted bands measurements:

Resolution bandwidth: 100 kHz
Video bandwidth: 300 kHz
Detector mode: Peak
Trace mode: Max Hold
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Section 8 Testing data
Nem ko Test name Limits on emissions outside the frequency band (Spurious emissions)
Specification Low Power LP0002: 2018

8.2.4 Test data

“REW 100 kHz “REW 100 kHz
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Span 10 MHz Center 2.4835 GHz 1 MHzZ/ Span 10 MHz
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Date: 15.APR.2020 10:26:14 Date: 15.APR.2020 10:53:41
Figure 8.2-2: Conducted spurious emissions outside restricted bands at the

Figure 8.2-1: Conducted spurious emissions outside restricted bands at the
upper band edge (2483.5 MHz), on BLE — high channel

lower band edge (2400 MHz), on BLE — low channel

“RBW 100 kHz

VBW 300 kHz

WT 2.5 s

Ref 10 dBm “Att 20 dB

—90
stop 25 GHz Start 30 MHz stop 25 GHz

Start 30 MHz

Date: 15.APR.2020 10:31:06 Date: 15.APR.2020 10:41:34
Figure 8.2-4: Conducted spurious emissions outside restricted bands, on BLE

Figure 8.2-3: Conducted spurious emissions outside restricted bands, on BLE
—mid channel

—low channel
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Section 8 Testing data
Test name Limits on emissions outside the frequency band (Spurious emissions)
Specification Low Power LP0002: 2018

“RBW 100 kHz
VBW 300 kHz

Ref 10 dBm “Att 20 dB sWr 2.5 s

10 To0 MHz 1 GHz 10 [GHz

Date: 15.APR.2020 10:55:05

Figure 8.2-5: Conducted spurious emissions outside restricted bands, on BLE — high channel

§15.35(c) When the radiated emission limits are expressed in terms of the average value of the emission, and pulsed operation is employed; the
measurement field strength shall be determined by averaging over one complete pulse train, including blanking intervals, as long as the pulse train does

not exceed 0.1 seconds.

TXon
Duty cycle or average factor = 20 X logyq (Tx—)
Period

Duty cycle/average factor calculations for BLE

REW 1 MHz
vEW 3 Mz

Ref 25 dBm “ate 20 aB swr 2 ms

Date: 15.APR.2020 10:34:02

Figure 8.2-6: Duty cycle Tx Packet burst

Duty Cycle Correction Factor Calculation:
Duty Cycle = On Time / (Period time x number of channels) = (390.8 us / (624.8 us x 40) = 0.0156. Duty cycle Correction factor = 20 x logyo (Duty Cycle) = -36.11 dB.
Maximum significant Duty Cycle Correction: -20 dB.
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Section 8 Testing data
Nem ko Test name Limits on emissions outside the frequency band (Spurious emissions)
Specification Low Power LP0002: 2018
Table 8.2-3: Radiated spurious emissions results
Transmit Emission Peak field strength, dBuv/m Peak Average field strength, dBuV/m Average
frequency, MHz  Frequency, MHz = Measured Limit margin, dB DCCF Calculated Limit margin, dB
2402 2390 53.00 74.0 21.00 -20.00 33.00 54.00 21.00
2402 4804 60.06 74.0 13.94 -20.00 40.06 54.00 13.94
2440 4880 57.05 74.0 16.95 -20.00 37.05 54.00 16.95
2480 2483.5 53.27 74.0 20.73 -20.00 33.27 54.00 20.73
2480 4960 54.65 74.0 19.35 -20.00 34.65 54.00 19.35
Notes: Field strength (dBuV/m) = Spectrum analyzer value (dBuV) + transducer factors (dB)
Transducer factors (i.e. antenna factors, cable loss, amplifier gains, and attenuators.
- All other emissions within restricted bands were greater than 20 dB below the limit.
- All radiated emissions not within restricted bands were 40 dB below the fundamental transmitter power.
g st k] zsmw
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Figure 8.2-7: Radiated spurious emissions outside restricted bands below 1
GHz, on low channel

Figure 8.2-8: Radiated spurious emissions outside restricted bands below 1
GHz, on mid channel
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Figure 8.2-9: Radiated spurious emissions outside restricted bands below 1 GHz, on high channel
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Section 8 Testing data
Test name Limits on emissions outside the frequency band (Spurious emissions)
Specification Low Power LP0O002: 2018
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Figure 8.2-10: Radiated spurious emissions outside restricted bands within Figure 8.2-11: Radiated spurious emissions outside restricted bands within

1-3 GHz, on low channel 1-3 GHz, on mid channel
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Figure 8.2-12: Radiated spurious emissions outside restricted bands within Figure 8.2-13: Radiated spurious emissions outside restricted bands within

1-3 GHz, on high channel 3-18 GHz, on low channel
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Figure 8.2-14: Radiated spurious emissions outside restricted bands within Figure 8.2-15: Radiated spurious emissions outside restricted bands within

3-18 GHz, on mid channel 3-18 GHz, on high channel
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Section 8 Testing data
Test name Limits on emissions outside the frequency band (Spurious emissions)
Specification Low Power LP0O002: 2018
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Figure 8.2-17: Radiated spurious emissions outside restricted bands above
18 GHz, on mid channel

Figure 8.2-16: Radiated spurious emissions outside restricted bands above
18 GHz, on low channel

Levelin dBuV/m

18 185 19 195 20 205 21 215 22 225 23 235 2 245 2
Frequency in GHz

Radiated spurious emissions

AVG_MAXH
——— PK+_MAXH

——— FCC15.209 and RSS-Gen Restiicted bands peak limits
——— FCC15.209 and RSS-Gen Restricied bands average limits

Figure 8.2-18: Radiated spurious emissions outside restricted bands above
18 GHz, on high channel
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Figure 8.2-19: Radiated spurious at the lower band edge
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Figure 8.2-20: Radiated spurious at the upper band edge
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Nemko

8.3

Section 8
Test name
Specification

Testing data
Minimum 6 dB bandwidth for systems using digital modulation techniques

Low Power LP0002: 2018

Clause 3.10.1.6 (2)(A) Minimum 6 dB bandwidth for systems using digital modulation techniques

8.3.1

Definitions and limits

For digitally modulated systems, the minimum 6dB bandwidth shall be at least 500 kHz.

8.3.2 Test date
Start date April 15, 2020
8.3.3 Observations, settings and special notes

Test performed for BLE.

Spectrum analyzer settings were:

Resolution bandwidth 100 kHz
Video bandwidth >3 x RBW
Detector mode Peak
Trace mode Max Hold
8.3.4 Test data
Table 8.3-1: 6 dB bandwidth results
Frequency, MHz 6 dB bandwidth, kHz Minimum limit, kHz Margin, kHz
2402 673.1 500.0 173.1
2440 681.1 500.0 181.1
2480 673.1 500.0 173.1
Table 8.3-2: 99 % bandwidth results
Frequency, MHz 99 % bandwidth, MHz
2402 1.066
2440 1.066
2480 1.066
Notes: There is no 99% occupied bandwidth requirement, this value is reported for information only
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Section 8 Testing data

Nem ko Test name Minimum 6 dB bandwidth for systems using digital modulation techniques

Specification Low Power LP0002: 2018
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Figure 8.3-1: 6 dB bandwidth plot — low channel Figure 8.3-2: 6 dB bandwidth plot — mid channel
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Figure 8.3-3: 6 dB bandwidth plot — high channel
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Section 8 Testing data
Nem ko Test name Minimum 6 dB bandwidth for systems using digital modulation techniques

Specification Low Power LP0002: 2018
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Figure 8.3-4: 99% bandwidth plot — low channel Figure 8.3-5: 99% bandwidth plot — mid channel
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Figure 8.3-6: 99% bandwidth plot — high channel
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Section 8 Testing data
Ne m ko Test name Peak power spectral density for digitally modulated devices
Specification Low Power LP0002: 2018

8.4  Clause 3.10.1.6 (2)(B) Peak power spectral density for digitally modulated devices

8.4.1 Definitions and limits

For digitally modulated systems, the peak power spectral density conducted from the intentional radiator to the antenna shall be less than or equal to 8 dBm
in any 3kHz band during any time interval of continuous transmission,

8.4.2 Test date

Start date April 15, 2020

8.4.3 Observations, settings and special notes

—  The test was performed using method PKPSD (peak PSD).

Spectrum analyzer settings were:

Resolution bandwidth: 3 kHz

Video bandwidth: 10 kHz

Span: 1.5 times the DTS bandwidth
Detector mode: Peak

Trace mode: Max hold

8.4.4 Test data

Table 8.4-1: PSD measurements results

Frequency, MHz PSD, dBm/3 kHz PSD limit, dBm/3 kHz Margin, dB
2402 -18.38 8.00 26.38
2440 -18.73 8.00 26.73
2480 -18.95 8.00 26.95
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Section 8 Testing data
N em ko Test name
Specification Low Power LP0002: 2018

Ref 10 dBm “Att 20 dB SWT 225 ms

m A T
il
it i

e

200 kHz/ Span 2 MHz

Date: 15.APR.2020 10:22:40

Figure 8.4-1: PSD — low channel
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Figure 8.4-2: PSD plot — mid channel
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Figure 8.4-3: PSD plot — high channel
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Section 9
(Nemko

Block diagrams and Test set-ups photos

Section 9 Block diagrams and Test set-ups photos

9.1

Block diagram of Radiated emissions set-up
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9.2 Radiated emissions set-up above 1 GHz
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Section 9 Block diagrams and Test set-ups photos
Nemko

9.3 Radiated emissions set-up photos

Figure 9.3-1: Radiated spurious emissions setup photo below 1 GHz

Figure 9.3-2: Radiated spurious emissions setup photo above 1 GHz

End of the test report
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