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Partial Test Report

USA FCC Part 15.247, 15.209

CANADA RSS-247, RSS-Gen
Radio Frequency Devices. Operation within the bands 902 - 928 MHz, 2400

-2483.5 MHz, and 5725 - 5850 MHz.

Digital Transmission Systems (DTSs), Frequency Hopping Systems (FHSs)
and Licence-Exempt Local Area Network (LE-LAN) Devices.

General Requirements and Information for the Certification of Radio

Apparatus.

(*) Identification of item tested ISM band radio transceiver

(*) Trademark N53 Series

(*) Model and /or type reference nRF5340

Other identification of the product HW version: N5340 QKAA, nRF53 DK v0.9

SW version: nRF Connect SDK v1.3.0
4c0d3be2ed4aded4dc3e614e95e6f8e4330d663b4
FCC ID: Not Applicable

IC: Not Applicable

(*) Features Bluetooth LE, IEEE 802.15.4

Applicant NORDIC SEMICONDUCTOR ASA
Otto Nielsens veg 12, N-7052, Trondheim, Norway

Test method requested, standard USA FCC Part 15.247 (10-1-19 Edition): Operation within the
bands 902 - 928 MHz, 2400 -2483.5 MHz, and 5725 - 5850
MHz.

USA FCC Part 15.209 (10-1-19 Edition): Radiated emission
limits; general requirements.

CANADA RSS-247 Issue 2 (February 2017).

CANADA RSS-Gen Issue 5 (March 2019).

Guidance for Performing Compliance Measurements on Digital
Transmission System, Frequency Hopping Spread Spectrum
System, and Hybrid Systems Devices Operating Under Section
15.247 of the FCC Rules. 558074 D01 Meas Guidance v05r02
dated April 2, 2019.

D01 Meas Guidance v05 dated August 24, 2018.

ANSI C63.10-2013: American National Standard for Testing
Unlicensed Wireless Devices.

Approved by (name / position & signature) __ Fimadodigitamentepor
Jose Carlos Luque St
RF Lab. Supervisor soroo

Date of issue 2020-11-09

Report template No FDT08_22

(*) “Data provided by the client”
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Competences and guarantees

DEKRA Testing and Certification S.A.U. is a testing laboratory accredited by the National Accreditation Body
(ENAC -Entidad Nacional de Acreditacién), to perform the tests indicated in the Certificate No. 51/LE 147.

DEKRA Testing and Certification is a FCC-recognized accredited testing laboratory with appropriate scope of
accreditation that include testing performed in this test report.

DEKRA Testing and Certification is an ISED-recognized accredited testing laboratory with appropriate scope of
accreditation that include testing performed in this test report.

In order to assure the traceability to other national and international laboratories, DEKRA Testing and
Certification S.A.U. has a calibration and maintenance program for its measurement equipment.

DEKRA Testing and Certification S.A.U. guarantees the reliability of the data presented in this report, which is
the result of the measurements and the tests performed to the item under test on the date and under the
conditions stated on the report and, it is based on the knowledge and technical facilities available at DEKRA
Testing and Certification S.A.U. at the time of performance of the test.

DEKRA Testing and Certification S.A.U. is liable to the client for the maintenance of the confidentiality of all
information related to the item under test and the results of the test.

The results presented in this Test Report apply only to the particular item under test established in this
document.

IMPORTANT: No parts of this report may be reproduced or quoted out of context, in any form or by any means,
except in full, without the previous written permission of DEKRA Testing and Certification S.A.U.

General conditions

1. This report is only referred to the item that has undergone the test.

2. This report does not constitute or imply on its own an approval of the product by the Certification Bodies
or competent Authorities.

3. This document is only valid if complete; no partial reproduction can be made without previous written
permission of DEKRA Testing and Certification S.A.U.

4. This test report cannot be used partially or in full for publicity and/or promotional purposes without
previous written permission of DEKRA Testing and Certification S.A.U. and the Accreditation Bodies.

Uncertainty

Uncertainty (factor k=2) was calculated according to the DEKRA Testing and Certification S.A.U. internal
document PODTO00O.

Data provided by the client

The following data has been provided by the client:

1. Information relating to the description of the sample ("Identification of the item tested", "Trademark”,
"Model and/or type reference tested").

2. The sample of the nRF5340 is an ISM band radio transceiver.

DEKRA Testing and Certification S.A.U. declines any responsibility with respect to the information provided by
the client and that may affect the validity of result.
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Usage of samples

Samples undergoing test have been selected by: The client.

- Sample S/01 is composed of the following elements:

Control N° Description SN Date of reception

64430/005 ISM band radio nRF5340 01 2020/06/15
transceiver

64430/004 Antenna - - 2020/06/15

Sample S/01 has undergone the following test(s): All RADIATED tests indicated in Appendixes A, B.

- Sample S/02 is composed of the following elements:

Control N° Description SN Date of reception
64430/005 ISM band radio nRF5340 01 2020/06/15
transceiver

Sample S/02 has undergone the following test(s): All CONDUCTED tests indicated in Appendixes A, B.
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Test sample description

D DEKRA

POMS. .., : Cable
:Z;L:}Z&iand Specified Att.ached Shielded Coupled
max during test to
length [m] patient®
U O U
U O U
O U O
O U O
O U O
O U O
Supplementary information to the
POMS. .o :
Rated power supply ........ccccevenn Reference poles
Voltage and Frequency
L1 L2 L3 N PE
O |AC: Ol l O O O
O |AC: Ol l O O O
X | DC: 5V USB Powered
O |DC:
Rated POWETr ..........cccvvvviiienennnne
Clock frequencies .........ccccceeevnna
Other parameters.........ccccceeeennna
Software Version .........................: nRF Connect SDK v1.3.0
4c0d3be2ed4ade4dc3e614e95e6f8e4330d663b4
Hardware Version........................ N5340 QKAA, nRF53 DK v0.9
Dimensions in cm (W x H x D).....: 135mm x 20mm x 65mm
Mounting position........................ X | Table top equipment
O | wall/Ceiling mounted equipment
O | Floor standing equipment
O | Hand-held equipment
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D DEKRA

O | Other:
Modules/parts ...........cccocoeeeennns Module/parts of test item Type Manufacturer
Accessories (not part of the test Description Type Manufacturer
TEEM) et
Documents as provided by the Description File name Issue date
applicant........cccccvviiiiiiinlt
() Only for Medical Equipment
|dentification of the client
NORDIC SEMICONDUCTOR ASA
Otto Nielsens veg 12, N-7052, Trondheim, Norway
Testing period and place
Test Location DEKRA Testing and Certification S.A.U.
LR 2020-06-17
Date (finish) ‘ 2020-06-24
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Document history

Report number Description

64430RRF.003 2020-11-09 First release

Environmental conditions

In the control chamber, the following limits were not exceeded during the test:

.

Temperature m:x :1355(%
— o

Relative humidity mg]x _ sg Q

In the semianechoic chamber, the following limits were not exceeded during the test.

Min. = 15°C
Temperature Max. = 35 °C

500
Relative humidity m:x :2705&

In the chamber for conducted measurements, the following limits were not exceeded during the test:

Temperature 15°C
35°C

Relative humidity 20 %
75 %
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Remarks and comments

D DEKRA

The tests have been performed by the technical personnel: Jaime Barranquero and Cristina Calle.

Used instrumentation:

Conducted Measurements:

Shielded Room ETS LINDGREN S101

Signal Generator 8 KHz-6 GHz, ROHDE AND
SCHWARZ SMB100B

Signal and Spectrum Analyzer ROHDE AND
SCHWARZ FSV 40

OPEN SWITCH UNIT UP TO 18 GHz OSP150
ROHDE AND SCHWARZ

Vector Signal Generator 8 kHz-6GHz ROHDE
AND SCHWARZ SMBV100B

Radiated Measurements:

Semianechoic Absorber Lined Chamber
ALBATROSS P29419

Ultralog Antenna 30MHz-6GHz, ROHDE AND
SCHWARZ HL562E_UPG

EMI Test Receiver 2Hz-44GHz, ROHDE AND
SCHWARZ ESW44

Horn Antenna 1-18 GHz SCHWARZBECK
MESS-ELEKTRONIK BBHA 9120 D
Preamplifier 30dB 500MHz-18GHz,
SCHWARZBECK BBV 9718 C

Horn Antenna 18-40 GHz SCHWARZBECK
BBHA 9170

Pre-amplifier G>30dB 18-40 GHz BONN
ELEKTRONIK BLMA 1840-3G
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2021/01

2020/12

2021/11

2020-11-09



DEKRA Testing and Certification, S.A.U.

Parque Tecnoldgico de Andalucia,

¢/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Esparia
C.I.F. A29507456

Testing verdicts

D DEKRA

Not applicable:

N/A

Pass:

Fail:

Not measured:

N/M

Summary

1. Bluetooth Low Energy 5.0 (1M, 2M).

FCC PART 15 PARAGRAPH/ RSS-247

Requirement — Test case

Verdict Remark

FCC 15.247 (a)(2) / RSS-247 5.2. (a) 6 dB Bandwidth P (1)

FCC 15.247 (b) / RSS-247 5.4. (d) Maximum output power and p (1)
antenna gain

FCC 15.247 (d) / RSS-247 5.5. Band-edge emissions

) ; P (1)

compliance (Transmitter)

FCC 15.247 (e) / RSS-247 5.2. (b) Power spectral density P (1)

FCC 15.247 (d) / RSS-247 5.5. Emission limitations p (1)
radiated (Transmitter)

Supplementary information and remarks:

1) Test for only 1M operating mode was requested

2. |IEEE 802.15.4.
FCC PART 15 PARAGRAPH/ RSS-247
Requirement — Test case Verdict Remark
FCC 15.247 (a)(2) / RSS-247 5.2. (a) 6 dB Bandwidth P
FCC 15.247 (b) / RSS-247 5.4. (d) Maximum output power and p
antenna gain
FCC 15.247 (d) / RSS-247 5.5. Band-fedge emission_s p
compliance (Transmitter)
FCC 15.247 (e) I RSS-247 5.2. (b) Power spectral density P
FCC 15.247 (d) / RSS-247 5.5. Em'ission Iimitatio'ns =
radiated (Transmitter)
Supplementary information and remarks:
None.
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Appendix A: Test results.

Bluetooth Low Energy 5.0 (1M)

D DEKRA
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INDEX
TEST CONDITIONS . ..ottt et e ettt et et et e e ettt et tataaatataeaeaeeeeaees 12
Occupied BandWidth ............oiiiii i a e 15
FCC 15.247 (a)(2) / RSS-247 5.2. (2) 6 dB Bandwidth ................uuuuuiimimiimmiiiiiiiiiiieneieneeinnenennn. 17
FCC 15.247 (b) / RSS-247 5.4. (d) Maximum output power and antenna gain ...........ccccceeeeeeeeeeennns 19
FCC 15.247 (d) / RSS-247 5.5. Band-edge emissions compliance (Transmitter)...........cccocoeeevveennn. 21
FCC 15.247 (e) / RSS-247 5.2. (b) Power spectral denSity.............uuuueriiiimmiimiiiiiiiiiiiiiiiiiiiiiiniininnnnnns 23
FCC 15.247 (d) / RSS-247 5.5. Emission limitations radiated (Transmitter)............cccccveeeeeeieeeeeeennnn, 25
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TEST CONDITIONS
POWER SUPPLY (V):

V nonimal: 5Vdc

Type of Power Supply: USB.
ANTENNA:

Type of Antenna: PCB.

Maximum Declared Antenna Gain: +1 dBi

TEST FREQUENCIES:

Low Channel: 2402 MHz
Middle Channel: 2440 MHz
High Channel: 2480 MHz

(*) Test for only 1M operating mode was requested

CONDUCTED MEASUREMENTS:

The equipment under test was set up in a shielded room and it is connected to the spectrum analyser using a low
loss RF cable. The reading of the spectrum analyser is corrected taking into account the cable loss.

SPECTRUM
EUT ANALYZER

RADIATED MEASUREMENTS:

All radiated tests were performed in a semi-anechoic chamber. The measurement antenna (Bilog antenna for the
range between 30 MHz to 1000 MHz and 1 GHz-17 GHz Double ridge horn antenna) is situated at a distance of 3
m and a distance of 1 m for the frequency range 17 GHz-26 GHz (18 GHz-40 GHz horn antenna).

For radiated emissions in the range 17 GHz-26 GHz that is performed at a distance closer than the specified
distance, an inverse proportionality factor of 20 dB per decade is used to normalize the measured data for
determining compliance.

The equipment under test was set up on a non-conductive platform above the ground plane and the situation and
orientation was varied to find the maximum radiated emission. It was also rotated 360° and the antenna height
(Bilog antenna and Double ridge horn antenna) was varied from 1 to 4 meters to find the maximum radiated
emission.

Measurements were made in both horizontal and vertical planes of polarization.
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DEKRA Testing and Certification, S.A.U.

Parque Tecnoldgico de Andalucia,

¢/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Esparia
C.I.F. A29507456

D DEKRA

Radiated measurements setup from 30 MHz to 1 GHz:

ANECHOIC CHAMBER
Measuring 360° ioitjlmng
Antenna able
Device Und

Test

| (Antennaheight variation: 1-4 m)

‘ ‘ | 3 mdistance
I ]

‘ S

AntennaMast

Spectrum analyser

Shielded Control RoomFor
Radiated Measurements

Radiated measurements setup from 1 GHz to 17 GHz:

SN

NN

Spectrum Analyser
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Radiated measurements setup f > 17 GHz:

VWWWWWVWWWAWWWWWWY

Preamplifier Hom antenna

EUT

\ 3 B
1 m distance

Shielded control room for
radiated measurements

Spectrum
analyser
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Occupied Bandwidth
RESULTS:

e 1M modulation

>

DEKRA

Low Channel | Middle Channel | High Channel
2402 MHz 2440 MHz 2480 MHz
99% bandwidth (MHz) 1.045000 1.045000 1.050000
Measurement uncertainty (kHz) <+5.20
- Low Channel:
99 % Bandwidth
oT
10T
5
1,045 Mz |
2403

2401 2401,5 2402 2402,5

Freauencv in MHz

- Middle Channel:
99 % Bandwidth

Level in dBm

2439 2439,5 2440 2440,5

Freauencv in MH7

2441
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- High Channel:
99 % Bandwidth

D DEKRA

Level in dBm

1,050 Mz |

T T T T
2479 2479,5 2480
Freauencv in MHz
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FCC 15.247 (a)(2) / RSS-247 5.2. (a) 6 dB Bandwidth

SPECIFICATION:

The minimum 6 dB bandwidth shall be at least 500 kHz.

RESULTS:

e 1M modulation

Low Channel | Middle Channel | High Channel
2402 MHz 2440 MHz 2480 MHz
6 dB Bandwidth (kHz) 712.872 693.070 693.070
Measurement uncertainty (kHz) <+12.7
Verdict: PASS
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- Low Channel:

6 dB Bandwidth

D DEKRA

Level in dBm

2401 2401,5 2402 2402,5 2403
Freauencv in MHz
- Middle Channel:
6 dB Bandwidth
15T
10T
S
[2a)
©
£
o
>
s
t t t t t t |
2439 2439,5 2440 2440,5 2441
Freauencv in MHz
- High Channel:
6 dB Bandwidth
15T
10T
S
[24)
©
£
o
>
4
t t t t t t t i
2479 2479,5 2480 2480,5 2481

Freauencv in MHz7
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FCC 15.247 (b) / RSS-247 5.4. (d) Maximum output power and antenna gain

SPECIFICATION:

For systems using digital modulation in the 2400-2483.5 MHz band: 1 watt (30 dBm).
The e.i.r.p. shall not exceed 4 W (36 dBm) (Canada).

RESULTS:

The maximum peak conducted output power level in the fundamental emission was measured using the method
according to point 11.9.1.1 "RBW = DTS bandwidth” of ANSI C.63.10-2013.

The EIRP power (dBm) is calculated by adding the declared maximum antenna gain to the measured
conducted power.

Maximum Declared Antenna Gain: +1 dBi

¢ 1M modulation:

Low Channel Middle Channel High Channel
2402 MHz 2440 MHz 2480 MHz
Maximum Conducted Power (dBm) 4.80 4.50 4.40
Maximum EIRP Power (dBm) 5.80 5.50 5.40
Measurement uncertainty (dB) <+2.57

The maximum directional gain of the antenna is less than 6 dBi and therefore the maximum output power is not
required to be reduced from the stated values.

Verdict: PASS
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- Low Channel:

D DEKRA

Peak Power
30T
20T
g 10T
©
£ T
o
3 OT
4
-10 F
t t t t t t t i
2400,5 2401 2401,5 2402 2402,5 2403 2403,5
Freauencvin MHz7
Connector 1 Peak Connector 1
- Middle Channel:
Peak Power
30T
20T
§ 10T
el
£ T
o
3 OT
-l
-10F
t t t t t t t i
2438,5 2439 2439,5 2440 2440,5 2441 2441,5
Freauencv in MHz
Connector 1 Peak Connector 1
- High Channel:
Peak Power
30T
20T
1
[2a]
©
£
o
>
s
t t t t t t t |

Connector 1

2479,5 2480

Freaiiencv in MHz7

Peak Connector 1
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FCC 15.247 (d) / RSS-247 5.5. Band-edge emissions compliance (Transmitter)

SPECIFICATION:

In any 100 kHz bandwidths outside the frequency band in which the intentional radiator is operating, the radio
frequency power that is produced by the intentional radiator shall be at least 20 dB below that in the 100 kHz
bandwidth within the band that contains the highest level of the desired power, based on either an RF conducted or
a radiated measurement, provided the transmitter demonstrates compliance with the peak conducted power limits.
If the transmitter complies with the conducted power limits based on the use of RMS averaging over a time interval,
the attenuation required under this paragraph shall be 30 dB instead of 20 dB.

RESULTS:

¢ 1M modulation:

- Low Channel:
Band Edge
10T
ot
‘07T
E 20T
© -4
£ 1
< -30
g 1
9 1
-40
50T
-60 7
f t t t t t —
2310 2350 2400 2450 2483,5
Freauencv in MHz7
Limit —  SumLevel X Fail

| Measurement uncertainty (dB) | <+2.57 |

Verdict: PASS
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- High Channel:

Level in dBm

D DEKRA

Band Edge

2400 2420 2440 2460 2480 2500
Freauencv in MHz7
Limit Sum Level X Fail
| Measurement uncertainty (dB) | <#2.57 |
Verdict: PASS
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FCC 15.247 (e) / RSS-247 5.2. (b) Power spectral density

SPECIFICATION:

For digitally modulated systems, the power spectral density conducted from the intentional radiator to the antenna
shall not be greater than 8 dBm in any 3 kHz band during any time interval of continuous transmission.

RESULTS:

The maximum power spectral density level in the fundamental emission was measured using the method according

to point 11.10.2.” Method PKPSD (peak PSD)” of of ANSI C.63.10-2013.

¢ 1M modulation:

Low Channel Middle Channel High Channel
2402 MHz 2440 MHz 2480 MHz
Power Spectral Density (dBm) -4.677 -4.965 -5.122
Measurement uncertainty (dB) <+2.57
Verdict: PASS
2020-11-09
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- Low Channel:

D DEKRA

Peak Power Spectral Density

Level in dBm

2401,25 24014 2401,6 2401,8 2402 2402,2 2402,4 2402,6  2402,75
Freauencv in MHz
Limit Sum Level . PSD
- Middle Channel:
Peak Power Spectral Density
10 F

Level in dBm

2439,25 24394 2439,6 2439,8 2440 2440,2 2440,4 2440,6  2440,75
Freauencv in MHz
Limit Sum Level 4 PSD
- High Channel:
Peak Power Spectral Density
10

Level in dBm

2479,25  2479,4 2479,6 2479,8 2480 2480,2 2480,4 2480,6  2480,75
Freauencv in MHz
Limit Sum Level * PSD
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FCC 15.247 (d) / RSS-247 5.5. Emission limitations radiated (Transmitter)

SPECIFICATION:

Radiated emissions which fall in the restricted bands, as defined in Section 15.205(a), must also comply with the
radiated emission limits specified in Section 15.209(a) (see Section 15.205(c)/RSS-Gen):

Frequency Range Field strength (uVv/m) Field strength Measurement
(MHz) (dBuV/m) distance (m)
0.009-0.490 2400/F(kHz) - 300
0.490-1.705 24000/F(kHz) - 30
1.705 - 30.0 30 - 30
30 - 88 100 40 3
88 - 216 150 435 3
216 - 960 200 46 3
960 - 10000 500 54 3

The emission limits shown in the above table are based on measurements employing CISPR quasi-peak detector
except for the frequency bands 9-90 kHz, 110-490 kHz and above 1000 MHz. Radiated emission limits in these
three bands are based on measurements employing an average detector.

For average radiated emission measurements above 1000 MHz, there is also a limit corresponding to 20 dB above
the indicated values in the table is specified when measuring with peak detector function.

RSS-247: Attenuation below the general field strength limits specified in RSS-Gen is not required.

RESULTS:

The situation and orientation was varied to find the maximum radiated emission. It was also rotated 360° and
the antenna height was varied from 1 to 4 meters to find the maximum radiated emission.

Measurements were made in both horizontal and vertical planes of polarization.

All tests were performed in a semi-anechoic chamber at a distance of 3 m for the frequency range 30 MHz-17
GHz and at distance of 1 m for the frequency range 17 GHz-26 GHz.

The field strength is calculated by adding correction factor to the measured level from the spectrum analyzer. This
correction factor includes antenna factor, cable loss and pre-amplifiers gain.

Frequency range 30 MHz - 1 GHz:
The spurious frequencies detected do not depend neither on the operating channel nor the modulation mode.

Spurious frequencies detected at less than 20 dB below the limit:

Spurious frequency | Emission Level o Measurement
Polarization Detector Uncertainty
(MH2) (dBuv/m) (dB)
52.8920 21.82 V Quasi Peak <+4.94
455.9755 31.04 V Quasi Peak <+4.94
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D DEKRA

Frequency range 1 - 26 GHz:

The results in the next tables show the maximum measured levels in the 1-26 GHz range including the restricted
bands 2.31-2.39 GHz and 2.4835-2.5 GHz.

Spurious frequencies with peak levels above the average limit (54 dBuV/m at 3 m) are measured with average
detector for checking compliance with the average limit.

¢ 1M modulation:

- LOW CHANNEL. Spurious frequencies detected at less than 20 dB below the limit;

Spurious Frequency | Emission Level Polarization | Detector Measu_rement
(GH2) (dBuV/m) Uncertainty (dB)
7.2050 45,29 H Peak <t 4.60

19.2135 43.84 V Peak <t 4.89

- MIDDLE CHANNEL. Spurious frequencies detected at less than 20 dB below the limit:

Spurious Frequency | Emission Level Polarization | Detector Measurement
(GH2) (dBuVv/m) Uncertainty (dB)
19.5175 43.73 V Peak <+ 4.89

- HIGH CHANNEL. Spurious frequencies detected at less than 20 dB below the limit:

Spurious Frequency | Emission Level Polarization | Detector Measurement
(GH2) (dBpv/m) Uncertainty (dB)
9.9185 50.82 H Peak <+ 4.60

19.8410 44.07 \Y% Peak <+ 4.89

Verdict: PASS
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FREQUENCY RANGE 30 MHz - 1 GHz:

The spurious frequencies detected do not depend neither on the operating channel nor the modulation mode.
This plot is valid for the Low, Middle and High Channels.

60
L FCC.15.247 QPK
50+
E 40l [ I
S 40
= 1
3 v
= 30+
2 200 L
8 20¢ P
10+
0 t t t +—1 t t t t t t t t |
30M 50 60 80 100M 200 300 400 500 800 1G
Frequency in Hz
Preview Result 1 V-PK+ Preview Result 1 H-PK+ FCC15.247 QPK
¢ Final_Result QPK Final_Result PK+

The above plot shows the results of the scan using peak detector.

¢ 1M modulation:

FREQUENCY RANGE 1 - 3 GHz:

- Low Channel:
120+
£ 100+
> e
=
g 80y o FCC15:247 Resticted Bands PK
c =+
g 60 o FCC15:247 Resticted Bands . AVLG
- <
40J-‘.:.' . A = E L o
30! } {
1G 2G 3G
Frequency in Hz
Preview Result 2V-AVG Preview Result 1 V-PK+
Preview Result 2H-AVG Preview Result 1 H-PK+
* Critical_Freqs AVG * Critical_Freqs PK+
FCC 15.247 Restricted Bands PK = ---mm FCC 15.247 Restricted Bands AVG
L3 Final_Result PK+ Final_Result AVG

The peak above the limit is the carrier frequency.
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- Middle Channel:

D DEKRA

120+
£ 100+
S 1
=
g% — FCC'15.247 Resticted Bands PK
= -
g T i FCC 15247 Resgtricted Bands.AVG
— L
30! : :
1G 26 2

Preview Result 2V-AVG

Preview Result 2H-AVG

* Critical_Freqs AVG

FCC 15.247 Restricted Bands PK
' 2 Final_Result PK+

Frequency in Hz

Preview Result 1 V-PK+

Preview Result 1 H-PK+
* Critical_Freqs PK+
FCC 15.247 Restricted Bands AVG
Final_Result AVG

The peak above the limit is the carrier frequency.

- High Channel:
120
£ 1001
> =4
3
Qo 80t o FCC'15.247 Restiicted Bands PK
c +
2 60t o FCC 15247 Resticted BandsA%G
— L
a0k
30l : |
1G 2G 3G

Preview Result 2V-AVG

Preview Result 2H-AVG

* Critical_Freqs AVG

FCC 15.247 Restricted Bands PK
'3 Final_Result PK+

Frequency in Hz

Preview Result 1 V-PK+

Preview Result 1 H-PK+
* Critical_Freqs PK+
FCC 15.247 Restricted Bands AVG
Final_Result AVG

The peak above the limit is the carrier frequency.
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FREQUENCY RANGE 3 - 17 GHz:

- Low Channel:
80 ) LRSS 15547 Resticted Bands PK
£ 60+
> - R B
g +
S 'S )
E 40+ BTN : i« : o
[]
20 im0 .
10 t t t t t t t |
3G 5G 6 7 8 9 10G 17G
Frequency in Hz
——— Preview Result 2V-AVG —— Preview Result 1V-PK+
Preview Result 2H-AVG Preview Result 1 H-PK+
- FCC 15.247 Restricted Bands PK - FCC 15.247 Restricted Bands AVG
L3 Final_Result PK+ Final_Result AVG
- Middle Channel:
80 ) LRSS 15547 Resticted Bands PK
£ 60+ :
S SN R . N FCC 15247 Resticted Bands AVG
©
= 401 g i T
[] -
8 L. " 5 it
- L itk
20L".,- : oo
10! t t t t t t t |
3G 5G 6 7 8 9 10G 17G
Frequency in Hz
——— Preview Result 2V-AVG Preview Result 1 V-PK+
Preview Result 2H-AVG Preview Result 1 H-PK+
- FCC 15.247 Restricted Bands PK = -=--m FCC 15.247 Restricted Bands AVG
¢ Final_Result PK+ Final_Result AVG
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- High Channel:
80+ .
_ R _ECC 15.247 Res’mgted IBarEs PK

§ o7 o . RS 15347 Restricted Bands AVG
a »
ZF 1
-O -
£ 401 : ——
[3) . v
5 1 ’ - v
o —

sl ‘ b

10 t t t t t t |

3G 5G 6 7 8 9 10G

Preview Result 2V-AVG

Preview Result 2H-AVG

FREQUENCY RANGE 17 - 26 GHz:

FCC 15.247 Restricted Bands PK
' 2 Final_Result PK+

Frequency in Hz

Preview Result 1 V-PK+

Preview Result 1 H-PK+

FCC 15.247 Restricted Bands AVG
Final_Result AVG

The spurious frequencies detected do not depend on the operating channel.

FCC 15.247 Restricted Bands PK

FCC15.247 Restricted Bands AVG

Level in dBuV/m
[6)]
nd

Preview Result 2V-AVG

Preview Result 2H-AVG

FCC 15.247 Resticted Bands PK
'3 Final_Result PK+

21

22 23 24

Frequency in GHz

Preview Result 1 V-PK+

Preview Result 1 H-PK+

FCC 15.247 Restriicted Bands AVG
Final_Result AVG

This plot is valid for the Low, Middle and High Channels.
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FREQUENCY RANGE 2.31-2.39 GHz:

- Low Channel:

Full Spectrum

D DEKRA

80—+
70+
£ 60+
; 4
) Poulledlad '4“\«"“‘.”1 Swdabedginalpliban] iy Wldnon sk g Todihib b i il e lmal
E 50+
o) 4
5 e P h A b, e S s i i e P g i A it SN A e e A s At g
-1 40+
30+
20 } } } } } } t t t t t t t t t |
2310 2320 2330 2340 2350 2360 2370 2380 2390
Frequecy il VifZ
———— Preview Result 2V-AVG Preview Result 1 V-PK+

- Middle Channel:

Preview Result 2H-AVG
Critical_Freqs AVG

FCC 15.247 Restricted Bands PK

Final_Result PK+

Preview Result 1 H-PK+

Critical_Freqs PK+

Final_Result AVG

Full Spectrum

FCC 15.247 Restricted Bands AVG

80+
70t
E 601
> 4+ . .
) PO LT P SITEY SIWIN S TSP CE TSR, YO 1V IPHYG PP AR A L1 PN TN SR O OO A
E 50+
L
3 o A SN g MG b M et e AL v et e s e o s e e i e TR
- 40-_
30+
20 t t t t t t t t t t t t t t } |
2310 2320 2330 2340 2350 2360 2370 2380 2390
Fleuualuy iII IVII—IL
Preview Result 2V-AVG Preview Result 1 V-PK+
Preview Result 2H-AVG Preview Result 1 H-PK+
* Critical_Freqs AVG * Critical_Freqs PK+

FCC 15.247 Restricted Bands PK

Final_Result PK+

Final_Result AVG

FCC 15.247 Resticted Bands AVG
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- High Channel:

Full Spectrum

D DEKRA

T¥TVITY A

’lﬁ‘\ Pl as TYE T R Ty A b

b A

Level in dBuV/m
[6)]
bnd

R N UL M MO LT PR S IR B T R S R VRS SRS BN SR O P
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2310 2320 2330 2340
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2360 2370

rrequency i iving

Preview Result 2V-AVG
Preview Result 2H-AVG
* Critical_Freqs AVG *
FCC 15.247 Restricted Bands PK =~ -
Final_Result PK+ L 2

FREQUENCY RANGE 2.4835-2.5 GHz:

- Low Channel:

Preview Result 1 V-PK+

Preview Result 1 H-PK+
Critical_Freqs PK+

FCC 15.247 Resticted Bands AVG
Final_Result AVG

Full Spectrum

Level in dBuV/m

20 t }

A A roN DA > AAN WA 2 DA ALK
Do APz NN OM 5 05200 A PIAAD A RS OTAARAD AR A /S T WAL OAROFANAY A

A A S AN e e e e e i s s N A By A AL Am L Do

2483,5 2490

2495

FrequecCy il ifZ

Preview Result 2V-AVG
Preview Result 2H-AVG
* Critical_Freqs AVG *
FCC 15.247 Restricted Bands PK =~ ---m
Final_Result PK+

Preview Result 1 V-PK+

Preview Result 1 H-PK+
Critical_Freqs PK+

FCC 15.247 Restricted Bands AVG
Final_Result AVG

2500
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- Middle Channel:

Level in dBuV/m
[6)]

60T

ot

40+

Full Spectrum

LA AN SNt Ao COOCR AR AW PR NMPRAVALANANINAAN AL peeth~AAN G 4
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- High Channel:

80

70

Level in dBuV/m
[6)]
o

20

2483.5 2490
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FIequUeNcy i vinZ

Preview Result 1 V-PK+
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Appendix B: Test results. IEEE 802.15.4
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TEST CONDITIONS
POWER SUPPLY (V):

V nonimal: 5Vdc

Type of Power Supply: USB.
ANTENNA:

Type of Antenna: PCB.

Maximum Declared Antenna Gain: +1 dBi

TEST FREQUENCIES:

Low Channel: 2405 MHz
Middle Channel: 2445 MHz
High Channel: 2480 MHz

CONDUCTED MEASUREMENTS:

The equipment under test was set up in a shielded room and it is connected to the spectrum analyser using a low
loss RF cable. The reading of the spectrum analyser is corrected taking into account the cable loss.

SPECTRUM
EUT ANALYZER

The DC supply voltage is applied using an external calibrated power supply with a multimeter.

RADIATED MEASUREMENTS:

All radiated tests were performed in a semi-anechoic chamber. The measurement antenna (Bilog antenna for the
range between 30 MHz to 1000 MHz and 1 GHz-18 GHz Double ridge horn antenna) is situated at a distance of 3
m and a distance of 1 m for the frequency range 17 GHz-26 GHz (18 GHz-40 GHz horn antenna).

For radiated emissions in the range 17 GHz-26 GHz that is performed at a distance closer than the specified
distance, an inverse proportionality factor of 20 dB per decade is used to normalize the measured data for
determining compliance.

The equipment under test was set up on a non-conductive platform above the ground plane and the situation and
orientation was varied to find the maximum radiated emission. It was also rotated 360° and the antenna height
(Bilog antenna and Double ridge horn antenna) was varied from 1 to 4 meters to find the maximum radiated
emission.

Measurements were made in both horizontal and vertical planes of polarization.
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Radiated measurements setup from 30 MHz to 1 GHz:

ANECHOIC CHAMBER
Measuring 360° ioitjlmng
Antenna able
Device Und

Test

| (Antennaheight variation: 1-4 m)

‘ ‘ | 3 mdistance
I ]

‘ S

AntennaMast

Spectrum analyser

Shielded Control RoomFor
Radiated Measurements

Radiated measurements setup from 1 GHz to 17 GHz:

SN

NN

Spectrum Analyser
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Radiated measurements setup f > 17 GHz:

VWWWWWVWWWAWWWWWWY

Preamplifier Hom antenna

EUT

\ 3 B
1 m distance

Shielded control room for
radiated measurements

Spectrum
analyser
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Occupied Bandwidth

RESULTS:
Low Channel | Middle Channel | High Channel
2405 MHz 2445 MHz 2480 MHz
99% bandwidth (MHz) 2.250000 2.260000 2.270000
Measurement uncertainty (kHz) <+6.35
- Low Channel:
99 % Bandwidth
0T
10T
T
D 207
é _
8 307
0] 2250 Mz |
2403 2404 2405 2406 2407
Freauencv in MHz
- Middle Channel:
99 % Bandwidth
0T
10T
_ 1
D 207
£ i
<
8 307
40 2200t
2443 2444 2445 2446 2447
Freauencv in MHz
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- High Channel:
99 % Bandwidth
0T
-10T
& on-
820
£
°
3 4
2 30
t t t t t t 1
2478 2479 2480 2481 2482
Freauency in MHz
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FCC 15.247 (a)(2) / RSS-247 5.2. (a) 6 dB Bandwidth

SPECIFICATION:

The minimum 6 dB bandwidth shall be at least 500 kHz.

RESULTS:
Low Channel | Middle Channel | High Channel
2405 MHz 2445 MHz 2480 MHz
6 dB Bandwidth (kHz) 910.891 910.891 910.891
Measurement uncertainty (kHz) <+13.86
Verdict: PASS
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- Low Channel:
6 dB Bandwidth
10T
£
m
hel
£
©
>
O
-
t t t t t |

2405
Freauency in MHz

- Middle Channel:

6 dB Bandwidth

Level in dBm

T T T
2445
Freauency in MHz

- High Channel:

6 dB Bandwidth

Level in dBm

2478 2479

2480
Freauencv in MHz
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FCC 15.247 (b) / RSS-247 5.4. (d) Maximum output power and antenna gain

SPECIFICATION:

For systems using digital modulation in the 2400-2483.5 MHz band: 1 watt (30 dBm).
The e.i.r.p. shall not exceed 4 W (36 dBm) (Canada).

RESULTS:

The maximum peak conducted output power level in the fundamental emission was measured using the method
according to point 11.9.1.1 "RBW = DTS bandwidth of ANSI C.63.10-2013.

The EIRP power (dBm) is calculated by adding the declared maximum antenna gain to the measured
conducted power.

Maximum Declared Antenna Gain: +1 dBi

Low Channel Middle Channel High Channel
2405 MHz 2445 MHz 2480 MHz
Maximum Conducted Power (dBm) 4.60 4.40 4.20
Maximum EIRP Power (dBm) 5.60 5.40 5.20
Measurement uncertainty (dB) <+2.57

The maximum directional gain of the antenna is less than 6 dBi and therefore the maximum output power is not
required to be reduced from the stated values.

Verdict: PASS
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- Low Channel:
Peak Power
40T
30T
e T
B 207
e 1
°
g 10T
ot
2403,5 2404 2404,5 2405 2405,5 2406 2406,5
Freauencv in MHz
Connector 1 x Peak Connector 1

- Middle Channel:

Peak Power
40T
07T
e T
8207
e 1
°
g 10T
ot
24435 2444 2444 5 2445 24455 2446 2446,5
Freauencv in MHz
Connector 1 x Peak Connector 1
- High Channel:
Peak Power
40T
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e T
B 207
e 1
°
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ot
2478,5 2479 24795 2480 2480,5 2481 2481,5
Freauencv in MHz
Connector 1 x Peak Connector 1
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FCC 15.247 (d) / RSS-247 5.5. Band-edge emissions compliance (Transmitter)

SPECIFICATION:

In any 100 kHz bandwidths outside the frequency band in which the intentional radiator is operating, the radio
frequency power that is produced by the intentional radiator shall be at least 20 dB below that in the 100 kHz
bandwidth within the band that contains the highest level of the desired power, based on either an RF conducted or
a radiated measurement, provided the transmitter demonstrates compliance with the peak conducted power limits.
If the transmitter complies with the conducted power limits based on the use of RMS averaging over a time interval,
the attenuation required under this paragraph shall be 30 dB instead of 20 dB.

RESULTS:
- Low Channel:
Band Edge
10T
ot
0T
£
L 207
£ T
30T
Q>J 4
— _40 +4+
507
-60- 1 1 1 1 1 1 1 1
2310 2350 2400 2450 24835
Freauencv in MHz
Limit Sum Level X Fail
| Measurement uncertainty (dB) | <#2.57 |

Verdict: PASS
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- High Channel:

Band Edge

10T

Q
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L
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f

r
=]
f
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S
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Level in dBm

A
=}
f

D DEKRA

2400 2420 2440 2460

Freauency in MHz

Limit Sum Level X Fail

| Measurement uncertainty (dB)

<+2.57 |

Verdict: PASS
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FCC 15.247 (e) / RSS-247 5.2. (b) Power spectral density

SPECIFICATION:

For digitally modulated systems, the power spectral density conducted from the intentional radiator to the antenna
shall not be greater than 8 dBm in any 3 kHz band during any time interval of continuous transmission.

RESULTS:

The maximum power spectral density level in the fundamental emission was measured using the method according

to point 11.10.2.” Method PKPSD (peak PSD)” of ANSI C.63.10-2013.

Low Channel Middle Channel High Channel
2405 MHz 2445 MHz 2480 MHz
Power Spectral Density (dBm) -4.809 -5.181 -5.464
Measurement uncertainty (dB) <+2.57
Verdict: PASS
2020-11-09
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- Low Channel:
Peak Power Spectral Density
10F
ot
g 107
5 i
©
£ -207
5 i
3 J
4 -30
407
-507
2403,5 2404 24045 2405 2405,5 2406 2406,5
Freauencv in MHz
Limit Sum Level ¢  psp
- Middle Channel:
Peak Power Spectral Density
10F
ot

L
=]
f

Level in dBm
)
(=)

24435 2444 24445 2445 24455 2446 2446,5
Freauencv in MHz
Limit Sum Level ¢  psp
- High Channel:
Peak Power Spectral Density
10F
g
s}
©
£
°©
>
[]
-

24785 2479 24795 2480 2480,5 2481 24815
Freauencv in MHz
Limit Sum Level ¢  psp
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FCC 15.247 (d) / RSS-247 5.5. Emission limitations radiated (Transmitter)

SPECIFICATION:

Radiated emissions which fall in the restricted bands, as defined in Section 15.205(a), must also comply with the
radiated emission limits specified in Section 15.209(a) (see Section 15.205(c)/RSS-Gen):

Frequency Range Field strength (uVv/m) Field strength Measurement
(MHz) (dBuV/m) distance (m)
0.009-0.490 2400/F(kHz) - 300
0.490-1.705 24000/F(kHz) - 30
1.705 - 30.0 30 - 30
30 - 88 100 40 3
88 - 216 150 435 3
216 - 960 200 46 3
960 - 10000 500 54 3

The emission limits shown in the above table are based on measurements employing CISPR quasi-peak detector
except for the frequency bands 9-90 kHz, 110-490 kHz and above 1000 MHz. Radiated emission limits in these
three bands are based on measurements employing an average detector.

For average radiated emission measurements above 1000 MHz, there is also a limit corresponding to 20 dB above
the indicated values in the table is specified when measuring with peak detector function.

RSS-247: Attenuation below the general field strength limits specified in RSS-Gen is not required.

RESULTS:

The situation and orientation was varied to find the maximum radiated emission. It was also rotated 360° and
the antenna height was varied from 1 to 4 meters to find the maximum radiated emission.

Measurements were made in both horizontal and vertical planes of polarization.

All tests were performed in a semi-anechoic chamber at a distance of 3 m for the frequency range 30 MHz-17
GHz and at distance of 1.5 m for the frequency range 17 GHz-25 GHz.

The field strength is calculated by adding correction factor to the measured level from the spectrum analyzer. This
correction factor includes antenna factor, cable loss and pre-amplifiers gain.

Frequency range 30 MHz - 1 GHz:
The spurious frequencies detected do not depend on the operating channel.

Spurious frequencies detected at less than 20 dB below the limit:

Spurious frequency | Emission Level Polarization Detector Measurement
(MH2) (dBpvV/m) Uncertainty (dB)
52.7950 24.32 V Quasi Peak <+4.94
68.6545 20.61 V Quasi Peak <+ 4.94
503.9905 27.25 V Quasi Peak <+4.94
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Frequency range 1 - 26 GHz:

The results in the next tables show the maximum measured levels in the 1-26 GHz range including the restricted
bands 2.31-2.39 GHz and 2.4835-2.5 GHz.

Spurious frequencies with peak levels above the average limit (54 dBuV/m at 3 m) are measured with average
detector for checking compliance with the average limit.

- LOW CHANNEL. Spurious frequencies detected at less than 20 dB below the limit:

Spurious frequency ETies\/sEi?n Polarization Detector Measurement
(GHz2) (dBuV/m) Uncertainty (dB)
19.24300 44.02 V Peak <+ 4.89
- MIDDLE CHANNEL. Spurious frequencies detected at less than 20 dB below the limit:
Spurious frequency Emission Measurement
(GH2) Level Polarization Detector Uncertainty (dB)
(dBuV/m) y
9.78150 50.66 H Peak <+ 4.60
19.56300 44.48 V Peak <+ 4.89
- HIGH CHANNEL. Spurious frequencies detected at less than 20 dB below the limit:
Spurious frequenc Emission | Duty Cycle Corrected Measurement
P (GHz)q y Level Correction | Emission Level | Polarization Detector Uncertainty (dB)
(dBuV/m) (dB) (dBuV/m) Y
59.17 - 59.17 Peak <+ 3.98
2.48353 50.82 1.36 52.18 Average <+ 4.60
9.92150 51.34 - 51.34 H Peak <+ 4.89
19.84300 44.04 - 44.04 V Peak <+ 4.89

Verdict: PASS

Report No: (NIE) 64430RRF.003

Page 50 of 57

2020-11-09




DEKRA Testing and Certification, S.A.U.

Parque Tecnoldgico de Andalucia,

c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafa
C.I.F. A29507456

FREQUENCY RANGE 30 MHz - 1 GHz:

D DEKRA

The spurious frequencies detected do not depend on the operating channel. This plot is valid for the Low,

Middle and High Channels.

FECC 15.247 QPK

Level in dBuV/m

204"

0 —— '
30M 50 60

Preview Result 1 V-PK+
¢ Final_Result QPK

80 100M

Preview Result 1 H-PK+
Final_Result PK+

200 300 400 500

Frequency in Hz

FCC15.247 QPK

The above plot shows the results of the scan using peak detector.

FREQUENCY RANGE 1 - 3 GHz:

- Low Channel:
100+
IS £
S 80 . FCC 15.247 Restricted Bands PK
g 4
©
c
5 897 o FCC15.247 Restricted BandsdAVG
o 41
40J= . s e e P
30! : |
1G 2G 3G

Preview Result 2V-AVG

Preview Result 2H-AVG

FCC 15.247 Restricted Bands PK
'3 Final_Result PK+

Frequency in Hz

Preview Result 1 V-PK+

Preview Result 1 H-PK+

FCC 15.247 Restricted Bands AVG
Final_Result AVG

The peak above the limit is the carrier frequency.
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- Middle Channel:

Level in dBuV/m

- High Channel:

Level in dBuV/m

100+
807 o FEC 15247 Resticted Bands PK
60T o FCC 15247 Resticted BandsysANG
30+ } {
1G 2G 3G
Frequency in Hz
Preview Result 2V-AVG Preview Result 1 V-PK+
Preview Result 2H-AVG Preview Result 1 H-PK+
FCC 15.247 Restricted Bands PK ~ ---mm FCC 15.247 Restricted Bands AVG
Final_Result PK+ Final_Result AVG
The peak above the limit is the carrier frequency.
100+
807 o FEC 15247 Resfricted Bands PK
60T o FCC 15247 Resticted BandsgAMG
_,.. . : ... o aelntyt Iy 8 -
30! } {
1G 2G 3G
Frequency in Hz
Preview Result 2V-AVG Preview Result 1 V-PK+
Preview Result 2H-AVG Preview Result 1 H-PK+
FCC 15.247 Restricted Bands PK  ---mm FCC 15.247 Restricted Bands AVG
Final_Result PK+ Final_Result AVG

The peak above the limit is the carrier frequency.

D DEKRA
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FREQUENCY RANGE 3 - 17 GHz:

- Low Channel:
80 N o CECE 15247 Resticted Bands PK
E 60 .
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& L T
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£ 40 A
) \ i - B
10! t t t t t t t |
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Frequency in Hz
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- Middle Channel:
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- High Channel:
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FREQUENCY RANGE 17 - 26 GHz:
The spurious frequencies detected do not depend on the operating channel.
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This plot is valid for the Low, Middle and High Channels.
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FREQUENCY RANGE 2.31-2.39 GHz:

- Low Channel:

Full Spectrum
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- High Channel:
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FREQUENCY RANGE 2.4835-2.5 GHz:
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o]
o
N
1

FCC 15.247 Restricted Bands PK =~ -

2340 2350 2360 2370 2380 2390
Frequency in ivinZz

Preview Result 1 V-PK+

Preview Result 1 H-PK+

FCC 15.247 Resticted Bands AVG
L 2 Final_Result AVG

Full Spectrum

~
o
:
f

(2]
o
1
T

Level in dBpuV/m
[6)]
hnd

; X
G AR P AR A A A A AR o T Gt Ao q 700 POAP AR APDAP AN TSI,

T i e T A )
40+
30+
20 } } } } } |
2483.,5 2490 2495 2500

Preview Result 2V-AVG
Preview Result 2H-AVG

'3 Final_Result PK+

FCC 15.247 Restricted Bands PK =~ ---m

Frequency i vinZ

Preview Result 1 V-PK+

Preview Result 1 H-PK+

FCC 15.247 Restricted Bands AVG
X' 3 Final_Result AVG

Report No: (NIE) 64430RRF.003

Page 56 of 57

2020-11-09



DEKRA Testing and Certification, S.A.U.
Parque Tecnoldgico de Andalucia, D E K R A
c/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafa

C.I.F. A29507456

- Middle Channel:

Full Spectrum
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