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1 Attestation of Test Results

1.1 Description of EUT

The equipment under test was a single board computer with Bluetooth, 2.4 GHz WLAN and 5 GHz WLAN
transceivers.

1.2 General Information

Specification Reference: 47CFR15.247

Specification Title: Code of Federal Regulations Volume 47 (Telecommunications):
Part 15 Subpart C (Intentional Radiators) — Section 15.247

Specification Reference: 47CFR15.209

Specification Title: Code of Federal Regulations Volume 47 (Telecommunications):
Part 15 Subpart C (Intentional Radiators) — Section 15.209

Specification Reference: RSS-Gen Issue 5 February 2021

Specification Title: General Requirements for Compliance of Radio Apparatus

Specification Reference: RSS-247 Issue 2 February 2017

Digital Transmission Systems (DTSs), Frequency Hopping Systems (FHSs)

Specification Title: and Licence-Exempt Local Area Network (LE-LAN) Devices

Site Registration: FCC: 685609, ISEDC: 20903

FCC Lab. Designation No.: UK2011

ISEDC CABID: UKO0001

Location of Testing: Unit 3 Horizon, Wade Road, Kingsland Business Park, Basingstoke,
Hampshire, G24 8AH, United Kingdom

Test Dates: 18 May 2023 to 07 August 2023
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1.3 Summary of Test Results

FCC Reference

ISED Canada

(47CFR) Reference Measurement Result
N/A RSS-Gen 6.7 Transmitter 99% Occupied Bandwidth 7]
RSS-Gen 6.7 / . - .
Part 15.247(a)(2) RSS-247 5.2(a) Transmitter Minimum 6 dB Bandwidth @
RSS-Gen 6.12/ . .
Part 15.247(b)(3) RSS-247 5.4(d) Transmitter Maximum (Average) Output Power @
Part 15.247(e) RSS-247 5.4(b) Transmitter Power Spectral Density @
Part 15.247(d) & | RSS-Gen 6.13/ . . .
15.209(a) RSS-247 5 5 Transmitter Radiated Emissions 7]
Part 15.247(d) & | RSS-Gen 6.13 / . . o
15.209(a) RSS-247 5.5 Transmitter Band Edge Radiated Emissions 7]

Key to Results

@ = complied

a = Did not comply

1.4 Deviations from the Test Specification

For the measurements contained within this test report, there were no deviations from, additions to, or
exclusions from the test specification identified above.
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2 Summary of Testing

2.1 Facilities and Accreditation

The test site and measurement facilities used to collect data are located at Unit 3 Horizon, Wade Road,
Kingsland Business Park, Basingstoke, Hampshire, RG24 8AH, United Kingdom. The following table
identifies which facilities were utilised for radiated emission measurements documented in this report.
Specific facilities are also identified in the test results sections.

Site 1 X
Site 2 -
Site 17 X

UL International (UK) Ltd is accredited by the United Kingdom Accreditation Service (UKAS). UKAS is one of
the signatories to the International Laboratory Accreditation Co-operation (ILAC) Arrangement for the mutual
recognition of test reports. The tests reported herein have been performed in accordance with its terms of
accreditation.

2.2 Methods and Procedures

Reference: ANSI C63.10-2013

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

Reference: KDB 558074 D01 15.247 Meas Guidance v05r02, April 2, 2019

Title: Guidance for Compliance Measurements on Digital Transmission System,
Frequency Hopping Spread Spectrum System, and Hybrid System Devices
Operating Under Section 15.247 of the FCC Rules
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2.3 Calibration and Uncertainty

Measuring Instrument Calibration

In accordance with UKAS requirements all the measurement equipment is on a calibration schedule. All
equipment was within the calibration period on the date of testing.

Measurement Uncertainty & Decision Rule

Overview

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

The expression of uncertainty of a measurement result allows realistic comparison of results with reference
values and limits given in specifications and standards.

Decision Rule

The decision rule applied is based upon the accuracy method criteria. The measurement uncertainty is met
and the result is considered in conformance with the requirement criteria if the observed value is within the
prescribed limit.

Measurement Uncertainty

The reported expanded uncertainties below are based on a standard uncertainty multiplied by an appropriate
coverage factor such that a confidence level of approximately 95% is maintained. For the purposes of this
document “approximately” is interpreted as meaning “effectively” or “for most practical purposes”.

Measurement Type Range Cl?nfide?ce Calcula_ted

evel (%) Uncertainty
99% Occupied Bandwidth 2.4 GHz to 2.4835 GHz 95% +3.92 %
Minimum 6 dB Bandwidth 2.4 GHz t0 2.4835 GHz 95% 14.59 %
Spectral Power Density 2.4 GHz to 2.4835 GHz 95% +1.13 dB
Conducted Maximum Peak Output Power 2.4 GHz to 2.4835 GHz 95% +0.58 dB
Radiated Spurious Emissions 9 kHz to 30 MHz 95% +5.32 dB
Radiated Spurious Emissions 30 MHz to 1 GHz 95% +3.30 dB
Radiated Spurious Emissions 1 GHz to 25 GHz 95% +3.16 dB

The methods used to calculate the above uncertainties are in line with those recommended within the
various measurement specifications. Where measurement specifications do not include guidelines for the
evaluation of measurement uncertainty the published guidance of the appropriate accreditation body is
followed.
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2.4 Test and Measurement Equipment

Test Equipment Used for Transmitter Conducted Tests

Date Calibration | 3"
Asset No. | Instrument Manufacturer Type No. | Serial No. Interval
Due
(Months)
M2071 Thermohygrometer Testo 608-H1 45258132 08 Dec 2023 12
M231908 | Signal Analyser Keysight N9020B MY63430180 20 Dec 2023 12
A220120 | Attenuator Pasternack PE7013- 1 44 Calibrated before -
10 use
M215596 | Power Sensor Boonton RTP5008 | 11819 24 Mar 2024 12
231995 | Switching Unit Mini-Circuits | ZT-400 | 12211020020 S:E')'brated before -
E235134 Environmental Espec PU-1J 15020642 Calibrated before )
Chamber use
M226925 | Thermometer Fluke 52I1 51980008WS 25 Oct 2023 12
M1725 Network Analyser Keysight E5071C MY46316169 09 Nov 2023 12

Test Measurement Software/Firmware Used for Transmitter Conducted Tests

Name

Version

Release Date

Phoenix

1.2.12

02/08/2023
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Test and Measurement Equipment (continued)

Test Equipment Used for Transmitter Radiated Emissions Tests

Asset Date Cal. Interval
Instrument Manufacturer Type No. Serial No. Calibration :
No. Due (Months)
M2003 Thermohygrometer | Testo 608-H1 45046641 09 Dec 2023 12
K0017 | 3m RSE Chamber Wft('j”dus”'es N/A N/A 08 Nov 2023 12
M1995 Test Receiver Rohde & ESU40 100428 02 Nov 2023 12
Schwarz
A2863 Pre-Amplifier Keysight 84498 3008A02100 | 07 Nov 2023 12
Technologies Inc
A2889 Horn Antenna Schwarzbeck BBHA 9120 B | 00653 02 Nov 2023 12
A2916 Attenuator AtlanTecRF AN18W5-10 832827#2 25 Jan 2024 12
A2914 High Pass Filter AtlanTecRF AFH-03000 2155 25 Jan 2024 12
A2890 Horn Antenna Schwarzbeck HWRD 750 014 02 Nov 2023 12
- Atlantic A-LNAKX-
A223628 | Pre-Amplifier Microwave 380116-S5S5 210837001 03 Nov 2023 12
A2947 High Pass Filter AtlanTecRF AFH-07000 1601900001 25 Jan 2024 12
A3036 Low Pass Filter AtlanTecRF AFL-02000 15062902848 | 25 Jan 2024 12
A3167 Pre-Amplifier Com-Power PAM-103 18020010 02 Nov 2023 12
A2148 Attenuator Atlan TecRF AN18-06 090202-06 06 Oct 2023 12
A490 Bi-Log Antenna Chase EMC Ltd CBL6111A 1590 06 Oct 2023 12
A2892 Horn Antenna Schwarzbeck BBHA 9170 9170-727 31 Oct 2023 12
A3265 Pre-Amplifier Schwarzbeck BBV 9721 9721-069 31 Oct 2023 12
K001 | 3m RSE Chamber | (e oo @V | /A N/A 05 Sep 2023 12
M2040 Thermohygrometer | Testo 608-H1 45124934 09 Dec 2023 12
M236226 | Test Receiver SOhde & ESW26 103134 21 Apr 2024 12
chwarz
A3165 Magnetic Loop ETS-Lindgren 6502 00224383 13 Apr 2024 12
Antenna
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Test and Measurement Equipment (continued)

Test Equipment Used for Transmitter Band Edge Radiated Emissions

Asset Date Cal.

Instrument Manufacturer Type No. Serial No. Calibration Interval
No.

Due (Months)
M2003 | Thermohygrometer Testo 608-H1 45046641 09 Dec 2023 12
K0017 | 3m RSE Chamber MXG Industries UK/ N/A 08 Nov 2023 12
M1995 | Test Receiver Rohde & Schwarz ESU40 100428 02 Nov 2023 12
A2863 | Pre-Amplifier Keysight 8449B 3008A02100 | 07 Nov 2023 12
Technologies Inc

A2889 | Horn Antenna Schwarzbeck SBRAST20 1 00653 02 Nov 2023 12
A2916 | Attenuator AtlanTecRF AN18W5-10 | 832827#2 25 Jan 2024 12
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3 Equipment Under Test (EUT)

3.1 Identification of Equipment Under Test (EUT)

Brand Name: Raspberry Pi

Model Name or Number / HVIN: V2.0

PMN: Raspberry Pi 5

Test Sample Serial Number: C9 (Conducted sample #1)
Hardware Version: V2.0

Software Version: V1.0

FCC ID: 2ABCB-RPI5

ISED Canada Certification Number: IC: 20953-RPI5

Date of Receipt: 18 May 2023

Brand Name: Raspberry Pi

Model Name or Number / HVIN: V2.0

PMN: Raspberry Pi 5

Test Sample Serial Number: R29 (Radiated sample #1)
Hardware Version: V2.0

Software Version: V1.0

FCC ID: 2ABCB-RPI5

ISED Canada Certification Number: IC: 20953-RPI5

Date of Receipt: 17 May 2023

3.2 Modifications Incorporated in the EUT

No modifications were applied to the EUT during testing.

Page 11 of 48




TEST REPORT

VERSION 4.0

SERIAL NO: UL-RPT-RP14705831-1116A

ISSUE DATE: 17 OCTOBER 2023

3.3 Additional Information Related to Testing

Technology Tested:

WLAN (IEEE 802.11b,g,n) / Digital Transmission System

Type of Unit:

Transceiver

Modulation Type:

DBPSK, DQPSK, BPSK, QPSK, 16QAM & 64QAM

Data Rates:

802.11b

1,2,5.5 & 11 Mbps (SISO)

802.11g

6,9, 12, 18, 24, 36, 48 & 54 Mbps (SISO)

802.11n HT20

MCSO0 to MCS7 (SISO)

802.11n HT40

MCSO0 to MCS7 (SISO)

Power Supply Requirement(s): Nominal 5.1 VDC via 120 VAC 60 Hz adaptor
Maximum Conducted Output Power: 13.31 dBm
Channel Spacing: 20 MHz

Transmit Frequency Range:

2412 MHz to 2472 MHz

Transmit Channels Tested:

Channel Frequency

Channel ID Channel Number (MHz)
Bottom 1 2412
Middle 6 2437
Top 11 2462
Channel Spacing: 40 MHz

Transmit Frequency Range:

2422 MHz to 2452 MHz

Transmit Channels Tested:

Channel ID

Channel Number

Channel Frequency

(MHz)
Bottom 3 2422
Top 9 2452

3.4 Description of Available Antennas

The radio utilizes a integrated antenna, with the following maximum gain:

Frequency Range (MHz)

Antenna Gain (dBi)

2412 to 2462

3.50
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3.5 Description of Test Setup

Support Equipment

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

Description:

AC to DC USB-C Power Supply

Brand Name:

Raspberry Pi

Model Name or Number:

KSA-15E-051300HK

Serial Number:

Not Marked or Stated

Description: Docking Station
Brand Name: Lenovo

Model Name or Number: 40AT

Serial Number: ZAFOLGYW

Description:

USB-A Cables. Qty 4. 1.5m

Brand Name:

Not Marked or Stated

Model Name or Number:

Not Marked or Stated

Serial Number:

Not Marked or Stated

Description:

Mini HDMI to HDMI Cables. Qty 2. 1.5m

Brand Name:

Raspberry Pi

Model Name or Number:

Not Marked or Stated

Serial Number:

Not Marked or Stated

Description:

Ethernet Cable. 3m

Brand Name:

Not Marked or Stated

Model Name or Number:

Not Marked or Stated

Serial Number:

Not Marked or Stated

Description: Laptop
Brand Name: Lenovo
Model Name or Number: L480
Serial Number: PF1EJ3BY
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Operating Modes

The EUT was tested in the following operating mode(s):

e Continuously transmitting with a modulated carrier at maximum power on the relevant channels as
required using the supported data rates/modulation types.

Configuration and Peripherals

The EUT was tested in the following configuration(s):

e The customer’s test application and supplied instructions were used to place the EUT into WLAN
test mode. The supplied commands were entered into the console menu on the EUT. Test
commands stated in text file located on the /home/pi drive of the EUT were used to configure the
EUT to enable a continuous transmission and to select the test channels and data rate as required.

e The customer declared the following data rates to be used for all measurements as:
o 802.11b - SISO/ 1 Mbps
o 802.11g— SISO /6 Mbps
o 802.11n HT20 - SISO / MCSO0
o 802.11n HT40 — SISO / MCSO0

e The customer supplied a U.FL RF cable with the EUT in order to perform conducted measurements.
The additional path loss was included in any path loss calculations.

e The EUT was powered from an AC to DC USB-C Power Supply. The input was connected to a 120
VAC 60 Hz single phase mains supply.

e Transmitter radiated spurious emissions tests were performed with the EUT in the worst-case
orientation with respect to emissions. The Ethernet port was terminated into a test laptop via an
Ethernet cable. The test laptop was placed in the antechamber. The 2 HDMI ports and 4 USB ports
were terminated into a docking station via HDMI and USB cables. The docking station was placed
under the turntable.
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Test Setup Diagrams

Conducted Tests:

Test Setup for Transmitter Conducted Tests

| |
| 1
| 1
1 |
: Signal Analyser |€ :
H ' Y
1 1
1 |
1 _— |
PC > Switching Unit |« Attenuator |« EUT
: — |
1 |
| 1
: Power Sensor  |<& : A
| |
| 1
|
|________________________________: AC to DC Power
Supply
Radiated Tests:
Test Setup for Transmitter Radiated Emissions
AC to DC Power | .
Laptop PC Supply < AC Mains Supply
v T T
Q;
. . : Measurement o .
Docking Station —HDMIxZ:»-) EUT e Antenna »| Test Receiver
—USBx4+
Semi-Anechoic Chamber < 30 MHz
AC to DC Power | .
Laptop PC Supply < AC Mains Supply
3 v - _
> :
' Measurement :
Docking Station [—HDMix29» EUT e Antenna & S Pre-Amplifier P»| Test Receiver
. 4" Attenuator

Semi-Anechoic Chamber 30 MHz to 1 GHz
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Test Setup for Transmitter Radiated Emissions (continued)

AC to DC Power | .
Laptop PC Supply <€ AC Mains Supply
4
_)
Docking Station |—Homix25»] EUT —> Me::tuer:rr;ent | Attenuator/ Filter —{ Pre-Amplifier |—» Test Receiver
USBréAD>
Fully Anechoic Chamber 1 GHz to 8 GHz
AC to DC Power | .
Laptop PC Supply AC Mains Supply
v
‘-> .
Docking Station —Hbmix2p» EUT —> Me:ituerre”r:;em > Filter —»| Pre-Amplifier —-) Test Receiver
USBx 443 H
Fully Anechoic Chamber 8 GHz to 18 GHz
AC to DC Power | )
Laptop PC Supply AC Mains Supply
2
Y
Docking Station | —+Homiz3» EUT —> Me::t”gﬁr’;em L —»|  Pre-Amplifier |—| Test Receiver
USBRéAP>

Fully Anechoic Chamber 18 GHz to 25 GHz
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4 Antenna Port Test Results

4.1 Transmitter 99% Occupied Bandwidth

Test Summary:

Test Engineer:

Luis Pazos Perez

Test Date:

03 August 2023

Test Sample Serial Number:

C9

Environmental Conditions:

Temperature (°C):

23

Relative Humidity (%):

50

Note(s):

1. The 99% emission bandwidth was calculated by the test system using the raw trace data from the signal
analyser. The resolution bandwidth was set in the range of 1% to 5% of the emission bandwidth and the
video bandwidth set to 3 times the resolution bandwidth. The span was set to capture all products of the
modulation process including emission skirts.

2. The test system was connected to the RF port on the EUT using suitable attenuation and RF cable.
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Transmitter 99% Emission Bandwidth (continued)

Results:

Frequency Range: 2400-2483.5 MHz Band: 2.4 GHz

Limit Clause: RSS-Gen 6.7 Test Method: C63.106.9.3

Antenna Configuration: | SISO Mode: 802.11b

Test Port: 1(P1) Modulation/Rate: 1 Mbps (DBPSK)

Test Frequency 99% Bandwidth (MHz) Limit
(MHz) 1 2 3 4 (kHz)

2412 (CH1) 11.800 - - - -

2437 (CHob) 11.800 - - - -

2462 (CH11) 11.800 - - - -

[Spectrum Analyzer 1
Swept SA

KEYSIGHT Atten: 1408 [PNO: Fast #Avg Typs: Voltage
ol Proamp O (Calo: OF AvglHold 30130
IF Gain: Low  Trig: Free Run
g Track Off

Aften: 128 PNO: Fast g Type: Voltage
Gate O

CorrCCorRCal  Preamp, O AvglHold 3030

Freq Ref-Int (5) IF Gain:Low g Free Run
Sig Track: OF

Ref Ll Offset 17.96 dB AMkr2 11.80 MHz

Ref Level 20.00 dBm -0.42 dB|

Ref Lvl Offset 18.02 dB AMkr2 11.80 MHz
Ref Level 20.00 dBm -0.38 dB

#Video BW 1.0 MHz ‘Span 40.00 MHz|
#Sweep 1.00 s (1001 pts)

#Video BW 1.0 MHz Span 40,00 MHz|
#Sweep 1.00 s (1001 pts)

P1 (1) 2437 MHz (CH6) 99% Bandwidth

PNO: Fast #Avg Type: Voltage
Gate: AvglHold: 30130
Trig: Free Run

Ref Lvi Offset 17.98 & AMkr2 11.80 MHz|
Ref Level 20.00 dBm 3.03 dB|

#Video BW 1.0 MHz Span 40.00 MHz
#Sweep 1.00 s (1001 pts)

2028 @ . I3
== 2l | ? ﬁ{%s?i‘uw b I \L*i} ,:v

P1 (1) 2462 MHz (CH11) 99% Bandwidth
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Transmitter 99% Emission Bandwidth (continued)

Frequency Range:

2400-2483.5 MHz

Band:

24 GHz

Limit Clause:

RSS-Gen 6.7

Test Method:

C63.106.9.3

Antenna Configuration:

SISO

Mode:

802.11g

Test Port:

1(P1)

Modulation/Rate:

6 Mbps (BPSK)

Test Frequency
(MHz)

99% Bandwidth (MHz)

Limit

2

3

(kHz)

2412 (CH1)

16.620

2437 (CHB)

16.620

2462 (CH11)

16.320

Atten: 24 dB.
| Preamp: Off

PNO: Fast

Sig Track: Off

Ref Lvl Offset 17.96 dB
Ref Level 30.00 dBm

#Video BW 1.0 MHz

Aug 03,2023
4:38:34PM | 5

®H9 o ?

[Spectrum Analyzer 1
[Swept SA
KEYSIGHT Atten: 24 dB

PNO: Fast
al  Preamp: OFf o

ut. R
ping:
s

Gate:
IF Gain: Low

Sig Track: Off

Ref Lvl Offset 17.98 dB
Ref Level 30.00 dBm

#Video BW

Aug 03,2023 Ty
459:33PM 5

9~ l?

P1 (1) 2462 MHz (CH

g e volgs  [1]2
horon oo
o
PN
AMKr2 16.62 MHz|
0.39 dB|

R e 2
\
A

‘Span 60.00 MHz|
#Sweep 1.00 s (1001 pts)

#Avg Type: Voltage
‘AvglHoid: 30130

AMkr2 16.32 MHz|
-0.38 dB

Y,
kg
i T

1.0 MHz ‘Span 60.00 MHz,

#Sweep 1.00 s (1001 pts)

11) 99% Bandwidth

i+
oz 500

Gow Goon Rcal
S

[Spectrum Analyzer 1
Swept SA

Atten: 22 4B
Proamp: Off

0Ol ? S

PNO: Fast

Sig Track: OFf

Ref Lvl Offset 18.02 dB.
Ref Level 30.00 dBm

#Video BW 1.0 MHz

#Avg Type: Voltage:
Avgltold: 30130
Tig. Free Run

AMkr2 16.62 MHz|
0.56 dB|

Span 60.00 MHz|
#Sweep 1.00 s (1001 pts)

P1 (1) 2437 MHz (CH6) 99% Bandwidth
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Transmitter 99% Emission Bandwidth (continued)

Frequency Range:

2400-2483.5 MHz

Band:

24 GHz

Limit Clause:

RSS-Gen 6.7

Test Method:

C63.106.9.3

Antenna Configuration:

SISO

Mode:

802.11n HT20

Test Port:

1(P1)

Modulation/Rate:

MCSO0 (BPSK)

Test Frequency
(MHz)

99% Bandwidth (MHz)

Limit

2 3

4 (kHZ)

2412 (CH1)

17.880

2437 (CHB)

17.820

2462 (CH11)

17.520

Atten: 24 dB.
| Preamp: Off

PNO: Fast

Sig Track: Off

Ref Lvl Offset 17.96 dB

g e volgs  [1]2
horon oo
o

Ref Level 30.00 dBm

#Video BW

Aug 03,2023 >y
54917 PM | 55

®H9 o ?

[Spectrum Analyzer 1
[Swept SA
KEYSIGHT Atten: 24 dB

PNO: Fast
al  Preamp: OFf o

ut. R
ping:
s

Gate:
IF Gain: Low

Sig Track: Off

Ref Lvl Offset 17.98 dB

Wtk

1.0 MHz

#Sweep 1.00 s (1001 pts)

i e Votage (1] - 4
Agtog 00
Run

PNN NN

Ref Level 30.00 dBm

#Video BW

Aug 03,2023 >y
5:40:16PM | 5

9~ l?

oy,
Y "“"’”‘"\"Mh

1.0 MHz

AMkr2 17.88 MHz|

Y ddag e,
il = T

]+

InputZ: 500

[Spectrum Analyzer 1
Swept SA

Freq Ref.Int (S)

0.05 dB|

ot

‘Span 60.00 MHz,

AMkr2 17.52 MHz|

0.63 dB|

‘Span 60.00 MHz,

#Sweep 1.00 s (1001 pts)

P1 (1) 2462 MHz (CH11) 99% Bandwidth

Atten: 22 4B
Corr CCorrRCal ~ Preamp: Off

PNO: Fast
Gate: Off

IF Gain: Low
Sig Track: OFf

Ref Lvl Offset 18.02 dB.
Ref Level 30.00 dBm

#Video BW 1.0 MHz

#Avg Type: Voltage:
Avgltold: 30130
Tig. Free Run

AMkr2 17.82 MHz|
0.72 dB|

Span 60.00 MHz|
#Sweep 1.00 s (1001 pts)

P1 (1) 2437 MHz (CH6) 99% Bandwidth
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TEST REPORT

VERSION 4.0

SERIAL NO: UL-RPT-RP14705831-1116A

ISSUE DATE: 17 OCTOBER 2023

Transmitter 99% Emission Bandwidth (continued)

Frequency Range: 2400-2483.5 MHz

Band:

24 GHz

Limit Clause: RSS-Gen 6.7

Test Method:

C63.106.9.3

Antenna Configuration: | SISO

Mode:

802.11n HT40

Test Port: 1(P1)

Modulation/Rate:

MCSO0 (BPSK)

Test Frequency

99% Bandwidth (MHz)

Limit

(MHZ) 1

2

3

4 (kHZ)

2422 (CH1) 36.400

2437 (CH4) 36.300

2452 (CH7) 36.300

Mz NO T T v [12
Reo Py 01 Gao Aol 030
) Run

'Sig Track: Ot PN NN NN
Ref Lvl Offset 18.04 4B AMkr2 36.4 MHZ
Ref Level 30.00 dBm 0.44 dB)

/
oAt Tl

#Video BW 2.0 MHz ‘Span 100.0 MHz|
#Sweep 1.00 s (1001 pts)

- Aug 03,2023
sl I dietremll

[Spectrum Analyzer 1
Swept SA
KEYSIGHT Input RF Aten 2268 PNO: Fast #v Type: Voltage
ping Proamp Ol Gate: O AuglHod: 30130
i IF Gain Low .
Sig Track: O
Ref Lvl Offset 18,02 dB AMkr2 36.3 MHz,
Ref Level 30.00 dBm 0.39 dB|

B )
e,

#Video BW 2.0 MHz ‘Span 100.0 MHz|
#Sweep 1.00 s (1001 pts)

- Aug 03,2023 o
=. q (., - ? 6“.?!0.02!"1\4 —

P1 (1) 2452 MHz (CH7) 99% Bandwidth

T -

IpUtZ:50Q  Atlen: 2208
Corr CCorrRCal ~ Preamp: Off
Freq Ref.Int (S)

PNO: Fast

Ref Lvl Offset 18.03 dB
Ref Level 30.00 dBm 0.20 dB

#Avg Type: Voltage:
Avgltold: 30130
Tig. Free Run

AMkr2 36.3 MHz|

A el
i IM%w\-mMu,m, .
oy

#Video BW 2.0 MHz ‘Span 100.0 MHz|

#Sweep 1.00 s (1001 pts)

P1 (1) 2437 MHz (CH4) 99% Bandwidth
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TEST REPORT SERIAL NO: UL-RPT-RP14705831-1116A

VERSION 4.0 ISSUE DATE: 17 OCTOBER 2023

4.2 Transmitter Minimum 6 dB Bandwidth

Test Summary:

Test Engineer: Luis Pazos Perez Test Date: 03 August 2023

Test Sample Serial Number: C9

Environmental Conditions:

Temperature (°C): 23
Relative Humidity (%): 50
Note(s):

1. Measurements were performed in accordance with ANSI C63.10 Section 11.8.1 Option 1 measurement
procedure. The test receiver resolution bandwidth was set to 100 kHz and video bandwidth 300 kHz. A
peak detector was used, sweep time was set to auto and the trace mode was Max Hold. The DTS
bandwidth was measured at 6 dB down from the peak of the signal

2. The test system was connected to the RF port on the EUT using suitable attenuation and RF cable.
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TEST REPORT SERIAL NO: UL-RPT-RP14705831-1116A

VERSION 4.0 ISSUE DATE: 17 OCTOBER 2023

Transmitter Minimum 6 dB Bandwidth (continued)

Results:

Frequency Range: 2400-2483.5 MHz Band: 2.4 GHz

Limit Clause: 15.247 (a)(2) Test Method: C63.10 11.8.1
RSS-247 5.2(a)

Antenna Configuration: | SISO Mode: 802.11b

Test Port: 1(P1) Modulation/Rate: 1 Mbps (DBPSK)

Test Frequency 6 dB Bandwidth (MHz) Limit
(MHz) 1 2 3 4 (kHz)

2412 (CH1) 8.600 - - - >500

2437 (CHS) 8.160 - - - >500

2462 (CH11) 8.600 - - - >500

Spectrum Analyzer 1

Swept SA'

KEYSIGHT Input RF 7500 Afen 1208 PNO:Fast #Aug Type: Volage
Proamp: Off Gale Off vglHold: 3030

IF GainLow  Trig: Free Run
Sig Track: Off

uZ00 i PNo T HagTpsVetms 1
g | b %
0

Cal Proamp Off  Gato OF Avgold 3073
FreaRet nt(S) IFGan'Low  Trig Free Run
Sig Track: O PN NN
Ref Lvl Offset 17.96 d8 AMkr4 8.60 MHZ
Ref Level 20.00 dBm 0.74 dB|

Ref Lvl Offset 18.02 dB AMkr4 8.16 MHz|
Ref Level 20.00 dBm -1.06 dB

flLld g 441\ 3

#Video BW 300 kHz Span 40.00 MHz
#Sweep 1.00 s (1001 pts)

Aug 03, 2023 (>
? 34006 P G =i w

#Video BW 300 kHz Span 40.00 MHz|
#Sweep 1.00 s (1001 pts)

P1 (1) 2437 MHz (CH6) 6 dB Bandwidth

KEYSIGHT nput RE 0 #Avg Typs: Voltage 54
R T op. Cowping AC RCal Gete. O AvglHold 30130 m
Align: Partl 5 Gain: L Tig: Free Run
PN NN N N
Ref Lvl Offset 17.98 dB AMkr4 8.60 MHZ
Ref Level 20.00 dBm 0.74 dB|

#Video BW 300 kHz Span 40.00 MHz
#Sweep 1.00 s (1001 pts)

Aug 03, 2023 (> oY
"G ? UG ® B % ~

P1 (1) 2462 MHz (CH11) 6 dB Bandwidth
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TEST REPORT SERIAL NO: UL-RPT-RP14705831-1116A

VERSION 4.0 ISSUE DATE: 17 OCTOBER 2023

Transmitter Minimum 6 dB Bandwidth (continued)

Frequency Range: 2400-2483.5 MHz Band: 2.4 GHz

Limit Clause: 15.247 (a)(2) Test Method: C63.10 11.8.1
RSS-247 5.2(a)

Antenna Configuration: | SISO Mode: 802.11g

Test Port: 1(P1) Modulation/Rate: 6 Mbps (BPSK)

Test Frequency 6 dB Bandwidth (MHz) Limit
(MHz) 1 2 3 4 (kHz)

2412 (CH1) 16.440 - - - >500

2437 (CHob) 16.440 - - - >500

2462 (CH11) 15.240 - - - >500

KEYSIGHT Input RF INpUZ 500 [Attem24B  [PNO: Fast #Avg Type: Voltage
Couplng AC  ComCCoRCal  Proamp: O Gato Of Avgltioid 3030
el FreqRef Int(S) IF Gain Low  Trig: Free Run
‘Sig Track: Of

IpUtZ:50Q  Aflen: 2208 PNO: Fast #Avg Type: Voltage
Corr CCorrRCal  Preamp: Off Gate: Off AvglHold: 30130
Freq Ref- Int (S) IFGain:Low  Trig: Free Run

Sig Track: OFf

Ref Lvl Offset 17.96 dB AMkr4 16.44 MHz|
Ref Level 30.00 dBm -0.47 dB

Ref Lvl Offset 18.02 dB. AMkr4 16.44 MHz|
Ref Level 30.00 dBm -0.25 dBj

#Video BW 300 kHz ‘Span 60.00 MHz|
#Sweep 1.00 s (1001 pts)

#Video BW 300 kHz Span 60.00 MHz|
#Sweep 1.00 5 (1001 pts)

0O Ol ? S

P1 (1) 2412 MHz (CH1) 6 dB Bandwidth P1 (1) 2437 MHz (CH6) 6 dB Bandwidth

InpUZ 500 [Attem24dB  [PNO: Fast
CorCConRCal  Proamp Of  Gate: Off
Freq Ret.Int (S) IF Gain. Low
'Sig Track: Of
Ref Lvl Offset 17.98 4B AMkr4 15.24 MHz
Ref Level 30.00 dBm -1.38 dB|

N
g
T DAL Ay o,

#Video BW 300 kHz ‘Span 60.00 MHz|
#Sweep 1.00 s (1001 pts)

"9 C A ?

P1 (1) 2462 MHz (CH11) 6 dB Bandwidth

Page 24 of 48




TEST REPORT

VERSION 4.0

SERIAL NO: UL-RPT-RP14705831-1116A

ISSUE DATE: 17 OCTOBER 2023

Transmitter Minimum 6 dB Bandwidth (continued)

Frequency Range:

2400-2483.5 MHz

Band:

24 GHz

Limit Clause:

15.247 (a)(2)
RSS-247 5.2(a)

Test Method:

C63.10 11.8.1

Antenna Configuration:

SISO

Mode:

802.11n HT20

Test Port:

1(P1)

Modulation/Rate:

MCSO0 (BPSK)

Test Frequency
(MHz)

20 dB Bandwidth (MHz)

Limit

2 3

4 (kHZ)

2412 (CH1)

17.400

- >500

2437 (CH6)

17.400

- >500

2462 (CH11)

15.300

- >500

KEYSIGHT Input RF Inputz: 500 Atten: 24dB. PNO: Fast
Coupling: AC (Corr CCorrRCal  Preamp: Off
el FreqRef: Int (S)

Sig Track: Off

Ref Lvl Offset 17.96 dB

ai e Viaoe [12
Avg|Hold: 30130 M
Tt P Run

PN

AMkr4 17.40 MHz|

Ref Level 30.00 dBm -1.69 dB

Tl o e e O L
|

i
,\
W

Y
e,
G s,
LT
Ll A

#Video BW 300 kHz ‘Span 60.00 MHz

Inputz: 500 Atten: 24dB.
CorCCorrRCal  Preamp: Off
FreqRef. Int (S)

Sig Track: Off

RefLvl Offset 17.98 dB

#Sweep 1.00 s (1001 pts)

AMkr4 15.30 MHz|

Ref Level 30.00 dBm 0.52 dB|

#Video BW 300 kHz ‘Span 60.00 MHz

09 l?

#Sweep 1.00 s (1001 pts)

P1 (1) 2462 MHz (CH11) 6 dB Bandwidth

IpUtZ:50Q  Aflen: 2208 PNO: Fast
Corr CCorrRCal  Preamp: Off
Freq Ref- Int (S) IF Gain: Low

Sig Track: OFf

Ref Lvl Offset 18.02 dB.

#Avg Type: Voltage
AvglHold: 30130
Tig. Free Run

AMkr4 17.40 MHz|

Ref Level 30.00 dBm -1.35 dBj

#Video BW 300 kHz Span 60.00 MHz|
#Sweep 1.00 5 (1001 pts)

P1 (1) 2437 MHz (CH6) 6 dB Bandwidth
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TEST REPORT SERIAL NO: UL-RPT-RP14705831-1116A

VERSION 4.0 ISSUE DATE: 17 OCTOBER 2023

Transmitter Minimum 6 dB Bandwidth (continued)

Frequency Range:

2400-2483.5 MHz

Band:

24 GHz

Limit Clause:

15.247 (a)(2)
RSS-247 5.2(a)

Test Method:

C63.10 11.8.1

Antenna Configuration:

SISO

Mode:

802.11n HT40

Test Port:

1(P1)

Modulation/Rate:

MCSO0 (BPSK)

Test Frequency
(MHz)

20 dB Bandwidth (MHz)

Limit

2 3

4 (kHZ)

2422 (CH1)

35.700

- >500

2437 (CH4)

35.900

- >500

2452 (CH7)

36.100

- >500

[Spectrum Analyzer 1 A+

Swept SA

KEYSIGHT |nput RF InputZ 500 |atten 1208

R T ope (COPINGAC  CorCCorRCal [Proamp: Off
Algn Partiel  Freq Ref. Int(S)

Sig Track: Off

Ref Lvi Offset 13.04 dB

PNO: Fast

g e volags [1]2
o

AvglHoid: 30130
Trig: Free Run
PN NN NN

Ref Level 20,00 dBm

e, ‘M‘W‘m

AMkr4 35.7 MHZ
-0.10 dBj

.
| Swept SA'
KEYSIGHT Input RF Input Z: 50 Q

Coupling A Cor GCorrRCal
RT > ign Pariel FreqRet nt ()

Aften: 128
Proamp: Off

i

/
H
1 Arggniabt e
i
i vm‘llqyJ

e

PNO: Fast #Avg Type: Voltage
Gate: Off AvglHold: 30130
IFGain:Low  Trig: Free Run

Sig Track: OFf

AMkr4 35.9 MHz|
-0.73 dBj

Ref Lvl Offset 18.03 dB.
Ref Level 20,00 dBm

23 el
[ETRVNNRNEREY

r
I

Iinaar
wtbnetitia

#Video BW 300 kHz ‘Span 100.0 MHz

#Sweep 1.00 s (1001 pts)

[Spectrum Analyzer 1 +

[Swept SA

KEYSIGHT |nput RF InputZ: 500 |atten 1208
G CorrCCorrRCal ~ Proamp Off

Freq Ref. It ()

PNO: Fast #Avg Type: Voltage
Gate: OFf ‘AvglHold: 30130
IFGain:Low  Trig: Free Run

Sig Track: Off
AMkr4 36.1 MHZ
-1.11 dB|

RefLvl Offset 18.02 dB
Ref Level 20.00 dBm

o il R
L
et

¢

N,
bt g,
g,

iy

#Video BW 300 kHz ‘Span 100.0 MHz

#Sweep 1.00 s (1001 pts)

P1 (1) 2452 MHz (CH7) 6 dB Bandwidth

bbbl
Mitelyng,,
g

#Video BW 300 KHz Span 100.0 MHz|

#Sweep 1.00 5 (1001 pts)

P1 (1) 2437 MHz (CH4) 6 dB Bandwidth
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TEST REPORT

VERSION 4.0

SERIAL NO: UL-RPT-RP14705831-1116A

ISSUE DATE: 17 OCTOBER 2023

4.3 Transmitter Power Spectral Density

Test Summary:

Test Engineer: Luis Pazos Perez

Test Date:

03 August 2023

Test Sample Serial Number: C9

Environmental Conditions:

Temperature (°C): 23
Relative Humidity (%): 53
Note(s):

1. Testing was performed in accordance with ANSI C63.10 Section 11.10.5 Method AVGPSD-2. The signal
analyser resolution bandwidth was set to 3 kHz and video bandwidth 10 kHz. An RMS detector was used
and sweep time set manually to perform trace averaging over 100 traces. The span was set greater than
1.5 times the 99% emission bandwidth. The highest peak of the measured signal was recorded. The
calculated duty cycle correction was added to the measured level in order to compute the average power

spectral density during the actual transmission time.

2. The test system was connected to the RF port on the EUT using suitable attenuation and RF cable. An
RF level offset was entered on the signal analyser to compensate for the loss of the attenuator and RF

cable.
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TEST REPORT

VERSION 4.0

SERIAL NO: UL-RPT-RP14705831-1116A

ISSUE DATE: 17 OCTOBER 2023

Transmitter Power Spectral Density (continued)

Results:

Frequency Range:

2400-2483.5 MHz

Band:

2.4 GHz

Limit Clause:

15.247 (e))
RSS-247 5.2 b)

Test Method:

C63.10 11.10.5

Note: DCCF was added to the spectrum analyser reference level offset.

Antenna Configuration: | SISO Mode: 802.11b

Test Port: 1(P1) Modulation/Rate: 1 Mbps (DBPSK)
Burst Tx Stability: < +2% Duty Cycle (%): 99.88 Period (ms): 12.432 Width (ms): 12.417

Test Frequency PSD (dBm/3 kHz) Limit Margin

(MHz2) (dBm/3 (dB)

1 2 3 4 > kHz)

2412 (CH1) -19.68 - - - - 8.00 27.68

2437 (CH®6) -19.65 - - - - 8.00 27.65

2462 (CH11) -19.77 - - - - 8.00 27.77

[Spectrum Analyzer 1
Swept SA

KEYSIGHT E
T o

Aften: 128

Mkr1 2.412 616 5 GHz|
-19.678 dBm

Mkr1 2.437 759 0 GHz|
-19.645 dBm

Ref Lvl Offset 17.97 dB
Ref Level 20.00 dBm

Ref Lvl Offset 18.03 dB&
Ref Level 20.00 dBm

v

\K\M

Span 40.00 MHz|
Sweep 5455 (26667 pts)

#Video BW 10 kHz* ‘Span 40.00 MHz|

Sweep 5.45 5 (26667 pts)

#Video BW 10 kHz*

- Aug 03, 2023 | 2
0O A2 EET O

P1 2437 MHz (CH6)

Mkr1 2.461 304 0 GHZ|
-19.774 dBm|

‘Span 40.00 MHz|
Sweep 5.45 s (26667 pts)

] Aug 03, 2023 |y
2O M ? S ©

P1 2462 MHz (CH11)
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TEST REPORT SERIAL NO: UL-RPT-RP14705831-1116A

VERSION 4.0 ISSUE DATE: 17 OCTOBER 2023

Transmitter Power Spectral Density (continued)

Frequency Range: 2400-2483.5 MHz Band: 2.4 GHz

Limit Clause: 15.247 (e)) Test Method: C63.10 11.10.5
RSS-247 5.2 b)

Note: DCCF was added to the spectrum analyser reference level offset.

Antenna Configuration: | SISO Mode: 802.11g

Test Port: 1(P1) Modulation/Rate: 6 Mbps (BPSK)

Burst Tx Stability: < 2% Duty Cycle (%): 98.96 Period (ms): 2.087 Width (ms): 2.065

PSD (dBm/3 kHz) Limit .
Test Frequency (dBm/3 Margin
(MHZ) 1 2 3 4 Z kHZ) (dB)
2412 (CH1) -16.97 - - - - 8.00 24.97
2437 (CH®6) -16.86 - - - - 8.00 24.86
2462 (CH11) -16.24 - - - - 8.00 24.24

-
| Swept SA

[Spectrum Analyzer 1
[Swept SA
KEYSIGHT
RT o>

Atlon 128 #Aug Type: Power (RMS[1] >
Preamp: O Avgliiod: 100100
Run

Ref Lvl Offset 18.07 4B Mkr1 2.436 695 5 GHz
Ref Level 20.00 dBm -16.856 dBm

Re 18.01 dB Mkr1 2.411 695 5 GHz|
Ref Level 20.00 dBm -16.966 dBm

WMMWMWWM ,

‘Span 40.00 MHz)
Sweep 5.45 s (26667 pts)|

‘Span 40.00 MHz|
.45's (26667 pts)

P1 2437 MHz (CH6)

Mkr1 2.461 695 5 GHz|
-16.235 dBm|

Span 40.00 MHz|
Sweep 5455 (26667 pts)

P1 2462 MHz (CH11)
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TEST REPORT SERIAL NO: UL-RPT-RP14705831-1116A

VERSION 4.0 ISSUE DATE: 17 OCTOBER 2023

Transmitter Power Spectral Density (continued)

Frequency Range:

2400-2483.5 MHz

Band:

24 GHz

Limit Clause:

15.247 (e))
RSS-247 5.2 b)

Test Method:

C63.10 11.10.5

Note:

DCCF was added to the spectrum analyser reference level offset.

Antenna Configuration:

SISO

Mode:

802.11n HT20

Test Port:

1(P1)

Modulation/Rate:

MCSO0 (BPSK)

Burst Tx Stability: <

+2%

Duty Cycle (%): 98.89

Period (ms): 1.943

Width (ms): 1.921

Test Frequency

PSD (dBm/3 kHz)

Limit Margin

(MHz)

3

(dBm) (dB)

2412 (CH1)

-19.55 -

8.00 27.55

2437 (CH6)

-19.82 -

8.00 27.82

2462 (CH11)

-18.68 -

8.00 26.68

[Spectrum Analyzer 1 N+
[Swept SA

InputZ 500 [Afton 1248
CorrCCorrRCal  Preamp: OFf
Freq Ref Int (s)

Ref Lvl Offset 13.01 dB
Ref Level 20.00 dBm

#hvg Type: Power (RMS[1
AvglHold: 1007100 |

Low  Trg: Free Run

o
Sig Track Off AN

Mkr1 2.411 673 0 GHz|
-19.553 dBm|

Y
A JV*’VWNNNNM Ty

|
h

W.WMWMW\WMW

Center 2.41200 GHz
[#Res BW 3.0 kHz

DR

#Video BW 10 kHz*

‘Span 40.00 MHz)
Sweep 5.45 s (26667 pts)|

P1 2412 MHz (CH1)

St Al 1
-

InputZ 500 Aften: 12dB
Corr CCorrRCal ~ Proamp: Off
FreqRef.Int (S)

PNO: Fast
Gate: Off
IF Gain: Low

80 Type: Power (RMS[T >
Avg|Hold: 100/100 n
g Free Run

Sig Track: Off AN N

Ref Lvl Offset 18.03 dB
Ref Level 20.00 dBm

{M’v‘-"/‘»"/\W«‘\WM’
i

.
w»mw‘mwwmww'

Center 2.46200 GHz

[#Res BW 3.0 kHz

= Aug 03, 2
0O CM|? s

Iy
" NW‘\A,'M ”(WVV’MWN o
I Wk

#Video BW 10 kKHz*

Mkr1 2.461 650 5 GHz|
-18.676 dBm|

.WMN‘M‘\
W N

\M’VM

WWVWW»‘\W

Span 40.00 MHz|
Sweep 5455 (26667 pts)

P1 2462 MHz (CH11)

[spectrum Analyzer 1
Swept SA
KEYSIGHT Input

Coupling: AC
RT o> ion: Partl

pul Z Afton 128
Corr CCorrRCal  Preamp: Off
FreqRef: Int (S)

1 Spectrum

h Re
ScaleDiv 10 dB R

PNO Fast #Avg Type: Power (RMS[1 ]~ 4
Sate: O Aughoid 100100,
Trig: Free Run

AN NN NN

Mkr1 2.436 664 0 GHZ|
-19.817 dBm|

ef Lvi Offset 18.07 dB
ef Level 20.00 dBm

'
;v‘ﬂ/W\WWM’\‘MWM' \’“"”‘t\ WA G
L}

|

i

ww.wr.vm*/wwwmw"‘

P Aug 03, 2023 |y
RO G2 A E

b
W
",

WAy

#Video BW 10 kHz* ‘Span 40.00 MHz|

Sweep 5.45 5 (26667 pts)

P1 2437 MHz (CH6)
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TEST REPORT SERIAL NO: UL-RPT-RP14705831-1116A

VERSION 4.0 ISSUE DATE: 17 OCTOBER 2023

Transmitter Power Spectral Density (continued)

Frequency Range:

2400-2483.5 MHz

Band:

24 GHz

Limit Clause:

15.247 (e))
RSS-247 5.2 b)

Test Method:

C63.10 11.10.5

Note: DCCF was added to the spectrum analyser reference level offset.
Antenna Configuration: | SISO Mode: 802.11n HT40
Test Port: 1(P1) Modulation/Rate: MCSO0 (BPSK)

Burst Tx Stability: <

+2%

Duty Cycle (%): 97.82

Period (ms): 0.967

Width (ms): 0.945

Test Frequency

PSD (dBm/3 kHz)

Limit Margin

(MHz)

3

(dBm) (dB)

2422 (CH1)

-24.50 -

8.00 32.50

2437 (CH4)

-22.33 -

8.00 30.33

2452 (CH7)

-23.50 -

8.00 31.50

[Spectrum Analyzer 1
[Swept SA

|+
Input Z: 50 O Atten: 12 dB
Bten S
Freq Ref: Int (S)

Ref Lvl Offset 13.14 dB

#hvg Type: Power (RMS[1
AvglHold: 1007100 |

Low  Trg: Free Run

o
Sig Track Off AN

Ref Level 20.00 dBm

4 1
‘ww.wﬁmmw.!vm'/M.\'MW‘W""M RS
i |

mwm‘rM‘M'M\')M‘oMﬁ\WM/\»\‘M,\\WM\'/

Center 2.42200 GHz
[#Res BW 3.0 kHz

DR R

I}
()

y

Mkr1 2.418 565 0 GHz|

-24.498 dBm|

L\
\“wmmmmw.wr.ww»mvmmwm

#Video BW 10 kHz*

‘Span 80.00 MHz)

Sweep 109 s (53335 pts)|

P1 2422 MHz (CH1)

St Al 1
-

InputZ 500 Aften: 12dB
Corr CCorrRCal ~ Proamp: Off
FreqRef.Int (S)

PNO: Fast
Gate: Off
IF Gain: Low

80 Type: Power (RMS[T >
Avg|Hold: 100/100 n
g Free Run

Sig Track: Off AN N

RefLvl Offset 18.12 dB

Ref Level 20.00 dBm

it

Center 2.45200 GHz

[#Res BW 3.0 kHz

= Aug 03, 2
0O M2 e

.1
mmmm.WWMWWMWMMWM\'M\'MVMWWm\w
i |
i

\'MW«\'N.\WMWMVM'/

)

0

Mkr1 2.455 441 0 GHz|
-23.502 dBm|

\
“««»«wmw.\mmwvmmwm

#Video BW 10 kKHz*

‘Span 80.00 MHz)

Sweep 109 5 (53335 pts)

P1 2452 MHz (CH7)

[spectrum Analyzer 1
Swept SA
KEYSIGHT Input

Coupling: AC
RT o> ion: Partl

pul Z Afton 128
Corr CCorrRCal  Preamp: Off
FreqRef: Int (S)

1 Spectrum
Scale/Div 10 dB

PNO Fast #Avg Type: Power (RMS[1 ]~ 4
Sate: O Aughoid 100100,
Trig: Free Run

AN NN NN

Mkr1 2.433 565 0 GHZ|
-22.333 dBm|

Ref Lvl Offset 18.13 dB
Ref Level 20.00 dBm

1

4
Wi\‘h\'f(.\mmvm\'M\"M"AWAW"W\‘»("W'W/“'M‘WMWA'MW/vWMVM‘JM'MWL
i

nwmwMw.ww.mwwmm

Center 2.43700 GHz
[#Res BW 3.0 kHz

a5 ¢ WS

\*Mwm'mmvmwwmwmrmwl,‘m

#Video BW 10 kHz* ‘Span 80.00 MHz|

Sweep 109 s (53335 pts)

P1 2437 MHz (CH4)
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4.4 Transmitter Maximum (Average) Output Power

Test Summary:

Test Engineer: Luis Pazos Perez

Test Date:

03 August 2023

Test Sample Serial Number: C9

Environmental Conditions:

Temperature (°C): 23
Relative Humidity (%): 53
Note(s):

1. Testing was performed using a fast power sensor in accordance with ANSI C63.10 Clause 11.9.2.3.2;

AVGPM-G method.

2. The test system was connected to the RF port on the EUT using suitable attenuation and RF cable. An
RF level offset was entered on the test system to compensate for the loss of the attenuator and RF

cable.
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Transmitter Maximum (Average) Output Power (continued)

Results:

Frequency Range:

2400-2483.5 MHz

Band:

2.4 GHz

Limit Clause:

15.247 (b)(3)
RSS-247 5.4 d)

Test Method:

C63.1011.9.2.3.2

Antenna Configuration:

SISO

Mode:

802.11b

Test Port:

1(P1)

Modulation/Rate:

1 Mbps (DBPSK)

Burst Tx Stability: < +2% Duty Cycle (%): 99.88 Period (ms): 12.432 Width (ms): 12.417
Maximum Conducted Output Power

Test (dBm) P Limit | Margin | Gain | ERP | EIRP | EIRP
Frequency (dBm) (dB) (dBi) (dBm) Limit | Margin
(MHz) 1 3 4 5 (dBm) | (dB)
2412 (CH1) | 11.93 - - - 30.00 | 18.07 3.50 15.43 | 36.00 | 20.57
2437 (CHe6) | 12.17 - - - 30.00 | 17.83 3.50 15.67 | 36.00 | 20.33
2462 (CH11) | 11.85 - - - 30.00 | 18.15 3.50 15.35 | 36.00 | 20.65
Frequency Range: 2400-2483.5 MHz Band: 2.4 GHz

Limit Clause:

15.247 (b)(3)
RSS-247 5.4 d)

Test Method:

C63.1011.9.2.3.2

Antenna Configuration:

SISO

Mode:

802.11g

Test Port:

1(P1)

Modulation/Rate:

6 Mbps (BPSK)

Burst Tx Stability: < £2% Duty Cycle (%): 98.96 Period (ms): 2.087 Width (ms): 2.065
Maximum Conducted Output Power

Test (dBm) P Limit | Margin | Gain | ERP | EIRP | EIRP
Frequency (dBm) (dB) (dBi) (dBm) Limit | Margin
(MHz) 1 3 4 3 (dBm) (dB)
2412 (CH1) 12.80 - - - 30.00 | 17.20 3.50 16.30 | 36.00 | 19.70
2437 (CHG6) 13.31 - - - 30.00 | 16.69 3.50 16.81 | 36.00 | 19.19
2462 (CH11) | 13.02 - - - 30.00 | 16.98 3.50 16.52 | 36.00 | 19.48
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Transmitter Maximum (Average) Output Power (continued)

Frequency Range:

2400-2483.5 MHz

Band:

24 GHz

Limit Clause:

15.247 (b)(3)
RSS-247 5.4 d)

Test Method:

C63.10 11.9.2.3.2

Antenna Configuration:

SISO

Mode:

802.11n HT20

Test Port:

1(P1)

Modulation/Rate:

MCSO0 (BPSK)

Burst Tx Stability: < 2% Duty Cycle (%): 98.89 Period (ms): 1.943 Width (ms): 1.921
Maximum Conducted Output Power

Test (dBm) Limit | Margin | Gain | ERp | EIRP | EIRP
Frequency (dBm) (dB) (dBi) (dBm) Limit | Margin
(MHz) 1 3 4 5 (dBm) | (dB)
2412 (CH1) | 12.80 - - - 30.00 | 17.20 3.50 16.30 | 36.00 | 19.70
2437 (CH6) | 12.66 - - - 30.00 | 17.34 3.50 16.16 | 36.00 | 19.84
2462 (CH11) | 13.16 - - - 30.00 | 16.84 3.50 16.66 | 36.00 | 19.34
Frequency Range: 2400-2483.5 MHz Band: 2.4 GHz

Limit Clause:

15.247 (b)(3)
RSS-247 5.4 d)

Test Method:

C63.10 11.9.2.3.2

Antenna Configuration:

SISO

Mode:

802.11n HT40

Test Port:

1(P1)

Modulation/Rate:

MCSO0 (BPSK)

Burst Tx Stability: < 2% Duty Cycle (%): 97.82 Period (ms): 0.967 Width (ms): 0.945
Maximum Conducted Output Power

Test (dBm) Limit | Margin | Gain | ERp | EIRP | EIRP
Frequency (dBm) (dB) (dBi) (dBm) Limit | Margin
(MHz) 1 3 4 5 (dBm) (dB)
2412 (CH1) | 10.87 - - - 30.00 | 19.13 3.50 14.37 | 36.00 | 21.63
2437 (CHe6) | 12.89 - - - 30.00 | 17.11 3.50 16.39 | 36.00 | 19.61
2462 (CH11) | 12.07 - - - 30.00 | 17.93 3.50 156.57 | 36.00 | 20.43
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5 Radiated Test Results

5.1 Transmitter Radiated Emissions <1 GHz

Test Summary:

Test Engineer: Andrew Harding Test Dates: 22 May 2023 to
02 June 2023

Test Sample Serial Number: R29

FCC Reference: Parts 15.247(d) & 15.209(a)

ISED Canada Reference: RSS-Gen 6.13 / RSS-247 5.5

Test Method Used: ANSI C63.10 Sections 6.3, 6.4 and 6.5

Frequency Range 9 kHz to 1000 MHz

Environmental Conditions:

Temperature (°C): 23 to 24

Relative Humidity (%): 38 to 41

Note(s):

1.

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

The preliminary scans showed similar emission levels below 1 GHz, for each channel of operation.
Therefore final radiated emissions measurements were performed with the EUT set to the middle
channel only.

All other emissions shown on the pre-scan plots were investigated and found to be ambient, >20 dB
below the applicable limit or below the measurement system noise floor and therefore not recorded.

Measurements below 1 GHz were performed in a semi-anechoic chamber (Asset Numbers
K0017/K0001) at a distance of 3 metres. The EUT was placed at a height of 80 cm above the reference
ground plane in the centre of the chamber turntable. Maximum emission levels were determined by
height searching the measurement antenna over the range 1 metre to 4 metres.

The limits in CFR 47, Part 15, Subpart C, paragraph 15.209 (a), are identical to those in RSS-Gen
Section 8.9, Table 6, since the measurements are performed in terms of magnetic field strength and
converted to electric field strength levels (as reported in the table) using the free space impedance of
377Q. For example, the measurement frequency X kHz resulted in a level of Y dBuV/m, which is
equivalentto Y - 51.5 = Z dBuA/m, which has the same margin, W dB, to the corresponding RSS-Gen
Table 6 limit as it has to the 15.209(a) limit.

Pre-scans were performed and markers placed on the highest measured levels. The test receiver was
configured as follows: For 9 kHz to 150 kHz, the resolution bandwidth was set to 300 Hz and video
bandwidth 1 kHz. A peak detector was used and trace mode was Max Hold. For 150 kHz to 30 MHz, the
resolution bandwidth was set to 10 kHz and video bandwidth 30 kHz, trace mode was Max Hold. For 30
MHz to 1 GHz, the resolution bandwidth was set to 120 kHz and video bandwidth 500 kHz. A peak
detector was used, sweep time was set to auto and trace mode was Max Hold.

Final measurements were performed on the marker frequencies and the results entered into the table
below. The test receiver resolution bandwidth was set to 120 kHz, using a CISPR quasi-peak detector
and span wide enough to see the whole emission.
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Transmitter Radiated Emissions (continued)

Results: Middle Channel / Quasi-Peak
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Note: These plots are pre-scans for indication purposes only. For final measurements, see accompanying table.
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5.2 Transmitter Radiated Emissions >1 GHz

Test Summary:

Test Engineer: John Ferdinand & Test Dates: 22 May 2023 to
Andrew Harding 07 August 2023

Test Sample Serial Number: R29

FCC Reference: Parts 15.247(d) & 15.209(a)

ISED Canada Reference: RSS-Gen 6.13 & 8.9 / RSS-247 5.5

Test Method Used: FCC KDB 558074 Sections 8.5 & 8.6 referencing ANSI C63.10
Sections 6.3, 6.6, 11.11, 11.12.2.4 & 11.12.2.5.2

Frequency Range 1 GHz to 25 GHz

Environmental Conditions:

Temperature (°C): 2210 24
Relative Humidity (%): 37 to 47
Note(s):

1.

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

All other emissions shown on the pre-scan plot were investigated and found to be ambient or >20 dB
below the appropriate limit or below the measurement system noise floor.

The emission shown approximately at 2437 MHz on the 1 GHz to 3 GHz plot is the EUT fundamental.

*In accordance with ANSI C63.10 Section 6.6.4.3 (Note 1), if the peak measured value complies with the
average limit, it is unnecessary to perform an average measurement.

Pre-scans above 1 GHz were performed in a fully anechoic chamber (Asset Number K0017) at a
distance of 3 metres. The EUT was placed at a height of 1.5 metres above the test chamber floor in the
centre of the chamber turntable. All measurement antennas were placed at a fixed height of 1.5 metres
above the test chamber floor, in line with the EUT. Final measurements above 1 GHz were performed in
a semi-anechoic chamber (Asset Number KO017) at a distance of 3 metres. The EUT was placed at a
height of 1.5 m above the reference ground plane in the centre of the chamber turntable. Maximum
emission levels were determined by height searching the measurement antenna over the range 1 metre
to 4 metres.
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Transmitter Radiated Emissions (continued)

Results: Bottom Channel / Peak

Frequency Anten.na Peak Level Peak Limit Margin Result
(MHz) Polarity (dBuV/m) (dBuVim) (dB)
3617.181 Horizontal 50.0 54.0* 4.0 Complied
18772.200 Horizontal 46.7 54.0* 7.3 Complied
19980.100 Horizontal 43.2 54.0* 10.8 Complied
20000.250 Horizontal 41.8 54.0* 12.2 Complied
Results: Middle Channel / Peak
Frequency Antenna Peak Level Peak Limit Margin Result
(MHz) Polarity (dBuV/m) (dBuV/m) (dB)
3656.987 Horizontal 50.0 54.0* 4.0 Complied
18772.200 Horizontal 46.7 54.0* 7.3 Complied
19980.100 Horizontal 43.2 54.0* 10.8 Complied
20000.250 Horizontal 41.8 54.0* 12.2 Complied
Results: Top Channel / Peak
Frequency Antenna Peak Level Peak Limit Margin Result
(MHz) Polarity (dBpV/m) (dBuV/m) (dB)
3693.748 Horizontal 49.3 54.0* 4.7 Complied
18772.200 Horizontal 46.7 54.0* 7.3 Complied
19980.100 Horizontal 43.2 54.0* 10.8 Complied
20000.250 Horizontal 41.8 54.0* 12.2 Complied
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Transmitter Radiated Emissions (continued)
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Note: These plots are pre-scans for indication purposes only. For final measurements, see accompanying tables.
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5.3 Transmitter Band Edge Radiated Emissions

Test Summary:

Test Engineer: Jose Bayona Test Date: 18 May 2023
Test Sample Serial Number: R29

FCC Reference: Parts 15.247(d) & 15.209(a)

ISED Canada Reference: RSS-Gen 6.13 / RSS-247 5.5

Test Method Used: KDB 558074 Section 8.7 referencing ANSI C63.10

Sections 6.10, 11.11, 11.12 & 11.13

Environmental Conditions:

Temperature (°C): 24
Relative Humidity (%): 36
Note(s):

1.

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

The maximum conducted (average) output power was previously measured. In accordance with ANSI
C63.10 Section 11.11.1(b), the lower band edge measurement should be performed with a peak detector
and the -30 dBc limit applied.

As the lower band edge is adjacent to a non-restricted band, only peak measurements are required. In
accordance with ANSI C63.10 Section 11.11.1, the test method in Section 11.3 was followed: the test
receiver resolution bandwidth was set to 100 kHz and video bandwidth 300 kHz. A peak detector was
used, sweep time was set to auto and trace mode was Max Hold. The test receiver was left to sweep for
a sufficient length of time in order to maximise the carrier level and out-of-band emissions. A marker and
corresponding reference level line were placed on the peak of the carrier. As the maximum conducted
(average) output power was measured using an RMS detector in accordance with ANSI C63.10 Section
11.9.2.2.2 or 11.9.2.2.4 an out-of-band limit line was placed 30 dB (ANSI C63.10 Section 11.11.1(b))
below the peak level. A marker was placed on the band edge spot frequencies and a second marker
placed on the highest emission level in the adjacent non-restricted band of operation (where a higher
level emission was present). Marker frequencies and levels were recorded.

As the upper band edge is adjacent to a restricted band both peak and average measurements were
recorded by placing a marker at the edge of the band. For peak measurements the test receiver
resolution bandwidth was set to 1 MHz and the video bandwidth 3 MHz. A peak detector was used,
sweep time was set to auto and trace mode was Max Hold. For average measurements the test receiver
resolution bandwidth was set to 1 MHz and the video bandwidth 3 MHz. An RMS detector was used,
sweep time was set to auto and trace mode was trace averaging over 300 sweeps. A marker was placed
on the band edge spot frequencies and a second marker placed on the highest emission level in the
adjacent restricted band of operation (where a higher level emission was present). Marker frequencies
and levels were recorded.

There is a restricted band 10 MHz below the lower band edge. The test receiver was set up as follows:
the RBW set to 1 MHz, the VBW set to 3 MHz, with the sweep time set to auto couple. Peak and
average measurements were performed with their respective detectors. Markers were placed on the
highest point on each trace.
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Transmitter Band Edge Radiated Emissions (continued)

Results: 802.11b / 20 MHz / SISO / 1 Mbps

Results: Lower Band Edge

Frequency Level -30 dBc Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2399.519 55.2 73.2 18.0 Complied
2400 54.5 73.2 18.7 Complied
Results: Upper Band Edge / Peak
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBpV/m) (dB)
2483.5 52.7 74.0 21.3 Complied
2501.561 55.5 74.0 18.5 Complied
Results: Upper Band Edge / Average
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2483.5 41.9 54.0 12.1 Complied
2483.724 42.0 54.0 12.0 Complied
Results: 2310 MHz to 2390 MHz Restricted Band / Peak
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2336.410 54.6 74.0 19.4 Complied
Results: 2310 MHz to 2390 MHz Restricted Band / Average
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2389.487 421 54.0 11.9 Complied
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Transmitter Band Edge Radiated Emissions (continued)
Results: 802.11b / 20 MHz / SISO / 1 Mbps
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Transmitter Band Edge Radiated Emissions (continued)

Results: 802.11g /20 MHz / SISO / 6 Mbps

Results: Lower Band Edge

Frequency Level -30 dBc Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2399.439 67.9 70.7 2.8 Complied
2400 65.6 70.7 5.1 Complied
Results: Upper Band Edge / Peak
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBpV/m) (dB)
2483.5 62.8 74.0 11.2 Complied
Results: Upper Band Edge / Average
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2483.5 47.8 54.0 2.8 Complied
2483.612 47.9 54.0 5.1 Complied
Results: 2310 MHz to 2390 MHz Restricted Band / Peak
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2390.000 71.5 74.0 2.5 Complied
Results: 2310 MHz to 2390 MHz Restricted Band / Average
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2390.000 52.0 54.0 2.0 Complied
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Transmitter Band Edge Radiated Emissions (continued)

Results: 802.11g /20 MHz / SISO / 6 Mbps

2310 MHz to 2390 MHz Restricted Band
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Transmitter Band Edge Radiated Emissions (continued)

Results: 802.11n HT20 / SISO / MCS0

Results: Lower Band Edge

Frequency Level -30 dBc Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2398.878 65.9 711 52 Complied
2400 64.4 711 6.7 Complied
Results: Upper Band Edge / Peak
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBpV/m) (dB)
2483.5 69.4 74.0 4.6 Complied
Results: Upper Band Edge / Average
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2483.5 49.1 54.0 4.9 Complied
Results: 2310 MHz to 2390 MHz Restricted Band / Peak
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2389.615 69.0 74.0 5.0 Complied
Results: 2310 MHz to 2390 MHz Restricted Band / Average
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2390.000 51.3 54.0 2.7 Complied
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Transmitter Band Edge Radiated Emissions (continued)

Results: 802.11n HT20 / SISO / MCS0
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Transmitter Band Edge Radiated Emissions (continued)

Results: 802.11n HT40 / SISO / MCS0

Results: Lower Band Edge

Frequency Level -30 dBc Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2396.971 63.4 65.8 2.4 Complied
2400 62.8 65.8 3.0 Complied
Results: Upper Band Edge / Peak
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBpV/m) (dB)
2483.5 69.7 74.0 4.3 Complied
2484.029 66.1 74.0 7.9 Complied
Results: Upper Band Edge / Average
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2483.5 50.9 54.0 3.1 Complied
Results: 2310 MHz to 2390 MHz Restricted Band / Peak
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2389.615 71.0 74.0 3.0 Complied
Results: 2310 MHz to 2390 MHz Restricted Band / Average
Frequency Level Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dB)
2389.615 53.1 54.0 0.9 Complied
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Transmitter Band Edge Radiated Emissions (continued)
Results: 802.11n HT40 / SISO / MCS0
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