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Test Report Change History

Date: 20" April 2020

Issue

Date

Modification Details

1 31 March 2020

Original issue of test report

2 2 April 2020

Reissue with new radiated emission results.

3 20t April 2020

Reissue with radiated band edge measurements

10
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Section1 Test Location

All testing was performed at;

Commercial in Confidence

Report Number: 13511TR3

Date: 20" April 2020

Eurofins York Ltd

Unit 5

Speedwell Road

Castleford

WF10 5PY

Tested by M Render, Senior Test Engineer
Tel: 01977 731173
Website http://www.yorkemc.co.uk

UKAS Testing No.

1574

1.1 UKAS Accreditation

Tests marked "Not UKAS Accredited" in this report are not included in the UKAS Accreditation Schedule for

our laboratory.

Opinions and interpretations expressed herein are outside the scope of UKAS Accreditation.

York EMC Services latest accreditation schedule can be found at:

http://www.ukas.org/testing/lab_detail.asp?lab id=989&location id=&vMenuOption=3

FCC Recognition

Eurofins York Castleford Laboratory is an Accredited facility recognised by the Federal Communications
Commission (FCC) for certification testing. The appropriate FCC Designation Number is number UK0022,

dated 5t September 2017

ISED Recognition

Eurofins York Castleford Laboratory is an Accredited facility recognised by the Innovation, Science and
Economic Development Canada (ISED) for certification testing. The appropriate ISED number is 22959

FCC Report Template Issue 3
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Date: 20" April 2020

Section 2 Customer Information

Company name Lumi holdings Itd

Address Armoury House

Ordnance Business Park,

Midhurst Road,

Liphook

Hampshire,

GU30 7ZA

Tel: R

Contact -

Customer Representative(s) present

during testing Not present.

Page 6 of 58
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Section 3

Commercial in Confidence

Equipment Details

Equipment Under Test (EUT)

Report Number: 13511TR3
Date: 20" April 2020

Date received: 31st January 2020

EUT name: Communicator

FCCID In progress

EUT description: Handheld wireless communication device for audience voting and feedback
Hardware version PRDVO6a

Firmware version B2.11.0R

Transmission Frequency Hopping Spread Spectrum (FHSS)

Modulation GMSK modulation

Page 7 of 58
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Report Number: 13511TR3
Date: 20" April 2020

No of units tested:

One

EUT power:

Battery operation

Highest internal frequency:

2480MHz

Highest frequency to test
to for emissions (

24.8350GHz (tenth harmonic of the highest fundamental)

Number of channels to test

Three, one near the bottom, middle and top

Mode/s of operation

Transmitting on channel 2403.56MHz
Transmitting on channel 2436.45MHz
Transmitting on channel 2479.68MHz
Frequency hopping enabled

Modifications incorporated
during testing:

None

FCC Report Template Issue 3
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Commercial in Confidence
Report Number: 13511TR3
Date: 20" April 2020

3.2 EUT Photos

Photographs of the apparatus and test set ups are provided separately.

Page 9 of 58
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Report Number: 13511TR3
Date: 20" April 2020

3.3 Configuration of EUT

EUT (no connections)

Signal

EUT with temporary Analyser

antenna connector

Figure 1: Diagram of EUT

3.4 EUT Monitoring/Auxiliary Equipment

None.

Page 10 of 58
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Report Number: 13511TR3

Section 4 Test Specifications

The tests were performed in accordance with Eurofins York Quotation QuC3881

FCC Requirements

Date: 20" April 2020

FCC Rule

47 CFR Part 15 Radio Frequency Devices; Subpart C Intentional Radiators

Test standard

ANSI| C63.10-2013

Test description Rule Part Result Summary

Intentional emission, band | 47 CFR 15.215(C) Pass

occupancy, 20dB 47 CFR 15.247 (a)(1)(i)

bandwidth

FHSS Requirements Number of hopping channels 47CFR15.247(a)(1)(i) Pass
Channel separation 47CFR15.247(a)(1)(i) Pass
Hopping channel occupancy time 47CFR15.247(a)(1)(i) | Pass
Hopping sequence 47CFR15.247(a)(1)(i) Pass

Peak power output 47 CFR 15.247 b (2) Pass

(conducted)

Maximum antenna gain 47 CFR 15.247 Pass
b(4)

Radiated spurious 15.247(d) Pass

emissions*

30MHz to 10GHz

Restricted band 47CFR15.247(d) and Pass

compliance 45CFR15.205 and 47CFR15.209

Mains conducted 47 CFR Part 15C Section 15.207 Not applicable

ggnl\'/lsglons 150kHz to Test standard: ANSI C63.10-2013

_ z ) Not applicable — battery powered

Applicable if the apparatus

connects to the AC supply

directly or via other

apparatus.

Note 1 :All testing was carried out at a test distance of 3m and the limits adjusted accordingly. This is a
deviation from the standard as Class A limits are specified at 10m test distance.

Note 2: Applies to carrier current systems see reference 47CFR Part 15Clause 15.109(e).

FCC Report Template Issue 3

Page 11 of 58



ISED Requirements

Commercial in Confidence

Report Number: 13511TR3
Date: 20" April 2020

Test description

RSS Reference

Result Summary

Intentional emission, band - Pass
occupancy
FHSS Requirements RSS-247 Issue 2 Section 5.1 Pass
Channel separation
Hopping sequence
System receiver bandwidth
Number of hopping channels
Hopping channel occupancy time
Peak power output (conducted) RSS-247 Issue 2 Section 5.4 (b) Pass

Maximum antenna gain

Pass (declaration)

Radiated spurious emissions

RSS-247 Issue 2 Section 5.5

Pass

Restricted band compliance

RSS-247 Issue 2 Sections 3.3
and 5.5

RSS-Gen Issue 5 Section 8.10

Pass

AC power line conducted emissions

RSS-247 Section 3.1
RSS Gen Section 8.8

Applicable when powered via USB

Not applicable

FCC Report Template Issue 3
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Commercial in Confidence

Report Number: 13511TR3

4.1 Knowledge Database References

The following KDBs were referenced during the testing.

The latest knowledge database references are available via the FCC KDB website at:

https://apps.fcc.qgov/kdb

4.1.1 Radiated Emissions (30MHz to 1000MHz)

Date: 20" April 2020

Publication Keyword Publication Date
Number
913591 Measurement of radiated emissions at the band-edge for a 04/05/2017
Part 15 RF Device

4.1.2 Radiated Emissions (1GHz to 40GHz)

Publication Keyword Publication Date

Number

704992 Test Site Validation Requirements above 1 GHZ. 12/06/2015

149045 Comparison Noise Emitter (CNE), reference noise source, .pdf 05/04/2007

913591 Measurement o_f radiated emissions at the band-edge for a 04/05/2017
Part 15 RF Device

934285 Comparison Noise Emitters (CNE), test equipment, 05/04/2007
Broadband.pdf

4.2 Compliance Statement

The Communicator as tested, was shown to meet requirements of the standards listed in Section 4 of this

report.

FCC Report Template Issue 3
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Report Number: 13511TR3
Date: 20" April 2020

Section 5 Maximum Conducted Output Power

FCC Rule Part 47CFR15.247(b)(2)

ISED RSS-247 Issue 2 Section 5.4(a)

Standard ANSI C63.10:2013

Measurement Uncertainty The reported uncertainty of measurementy + U, where expanded
uncertainty U is based on a standard uncertainty multiplied by a coverage

factor of k=2, providing a level of confidence of approximately 95% is
+1.5dB

5.1.1 Date of Test
3rd March 2020

5.1.2 Test Area
Laboratory 4
5.1.3 Test Setup

The equipment under test was provided with an SMA antenna connector and connected directly to the
spectrum analyser using a short cable.

5.1.4 Maximum Peak Conducted Power Limit

47CFR15.247(b)(1)

For frequency hopping systems operating in the 2400MHz to 24835MHz band: 1 watt (30dBm) for
systems employing at least 50 hopping channels.

5.1.5 Test Results
Frequency Measured Measured Cable Conducted | Limit | Margin Result
(MHz) Power (mW) Power loss power (dBm) (dB) Summary
(dBm) (dB) (dBm)
2403.56 193.67 22.87 0.5 23.37 30.0 -6.63 Pass
2436.45 166.14 22.20 0.5 22.7 30.0 -7.3 Pass
2479.68 104.33 20.2 0.5 20.7 30.0 -9.3 Pass
Note:

10dBm = 0.01W

Page 14 of 58
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Agilent Spectrum Analyzer - Swept SA
B [ RFPRESEL [Sow ac [ | B ALIGN AUTD 02:02:44 PM Mar 03, 2020

Marker 1 2.403560000000 GHz ) Avg Type: Voltage
PNO: Fast 50 Trig: Free Run Avg|Hold:>100/100

IFGain:Low Atten: 40 dB

Mkr1 2.403 56 GHz
Ref 1.000 W 193.67 mwW

Center 2.403560 GHz Span 10.00 MHz
#Res BW (CISPR) 1 MHz #/BW 3.0 MHz Sweep 1.000 ms (1001 pts)

MSG ﬁESTATUS

Figure 2: Peak output power — Bottom Channel 2403.56MHz

Agilent Spectrum Analyzer - Swept SA
B [ REPREsEL [Soe oaCc || B ALIGN AUTO 02:04:33 PM Mar 03, 2020

Ref Level 1.000 W ) Avg Type: Voltage
PNO: Fast 5O Trig: Free Run Avg|Hold:>100/100

IFGain:Low Atten: 40 dB

Mkr1 2.436 45 GHz
Ref 1.000 W 166.14 mw

Center 2.136450 GHz Span 10.00 MHz
#Res BW (CISPR) 1 MHz #VBW 3.0 MHz Sweep 1.000 ms (1001 pts)

MSG ﬁESTATUS

Figure 3: Peak output power — Middle Channel 2436.45MHz

Page 15 of 58
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Report Number: 13511TR3
Date: 20" April 2020

it Spectrum Analyzer - Swept SA
soe_ac ] : ALIGN AUTO

[/
Ref Level 1.000 W i Avg Type: Voltage
PNO: Fast 5O Trig: Free Run Avg|Hold:>100/100

IFGain:Low Atten: 40 dB

Mkr1 2.479 68 GHz
Ref 1.000 W 104.33 mw

Center 2.479680 GHz Span 10.00 MHz
#Res BW (CISPR) 1 MHz #VBW 3.0 MHz Sweep 1.000 ms (1001 pts)

MsG E STATUS

Figure 4. Peak output power — Top Channel 2479.68MHz

Page 16 of 58
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Report Number: 13511TR3
Date: 20" April 2020

Section 6 Conducted Spurious Emission Results

FCC Rule Part 47CFR15.247(d)

ISED RSS-247 Issue 2

Standard ANSI C63.10:2013

Measurement Uncertainty The reported uncertainty of measurementy + U, where expanded

uncertainty U is based on a standard uncertainty multiplied by a coverage
factor of k=2, providing a level of confidence of approximately 95% is

+1.5dB

6.1.1 Date of Test

3rd March 2020

6.1.2 Test Area

Laboratory 1

6.1.3 Test Setup

The equipment under test was provided with an SMA antenna connector and connected directly to the
spectrum analyser using a short (30cm) low loss coaxial cable

6.1.4 Maximum Peak Conducted Spurious Power Limit

47CFR15.247(d)

The unwanted 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

Emissions within the restricted bands must comply with the radiated emission limits of 47CFR 15.209.

6.1.5 Test Results

The measurements were taken with the equipment transmitting on the top, middle and bottom channels.

In the spectrum analyser displays the green display line is positioned 40dB below the peak carrier. All
disturbances are greater than 40dB below the carrier in all cases.

Disturbance within the restricted bands were measured radiated.

Page 17 of 58
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Report Number: 13511TR3
Date: 20" April 2020

Agilent Spectrum Analyzer - Swept SA

e [ rF [soe ac [ ] B ALIGN AUTO 04:27:23 PM Mar 03, 2020
RBW 100 kHz Avg Type: Log-Pwr
PHO: Fast 0 Trig: Free Run Avg|Hold:»100/100
IFGain:Low #Atten: 40 dB DET!

Mkr1 2.440 00 GHz
Ref 30.00 dBm — dBm

Start 30.0 MHz Stop 1.0000 GHz
#Res BW 100 kHz #/BW 300 kHz Sweep 92.73 ms (1001 pts)

MSG EESTATUS

Figure 5: Conducted emissions bottom channel 30MHz to 1GHz

Agilent Spectrum Analyzer - Swept SA

RF soq A [ | B ALIGN AUTO 04:22:56 PM Mar 03, 2020

o
Marker 1 2.392000000000 GHz Avg Type: Log-Pwr
Avg|Hold: 321100

PNO: Fast 0 Trig: Free Run
IFGain:Low #Atten: 40 dB

Mkr1 2.392 GHz
Ref 30.00 dBm 22,503 dBm

’1

£

Start 1.00 GHz Stop 25.00 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 2.294 s (1001 pts)

MSG E STATUS

Figure 6: Conducted emissions bottom channel 1GHz to 10GHz

Page 18 of 58
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Commercial in Confidence
Report Number: 13511TR3
Date: 20" April 2020

i Spectrum Analyzer - Swept SA
B [ rF [som ac [ ] B ALIGN AUTO 04:26:18 PM

RBW 100 kHz Avg Type: Log-Pwr
PNO: Fast G Trig: Free Run Avg|Hold:»100{100

IFGain:Low #Atten: 40 dB

Mkr1 2.440 00 GHz
Ref 30.00 dBm — dBm

Start 30.0 MHz Stop 1.0000 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 92.73 ms (1001 pts)

MSG ﬁESTATUS

Figure 7: Conducted emissions middle Channel 30MHz to 1GHz

Agilent Spectrum Analyzer - Swept SA
e [ rF [soe ac [ ] B ALIGN AUTO 04:23,52 PM Mar 03, 2020

Marker 1 2.440000000000 GHz ) Avy Type: Log-Pwr
PHO: Fast 0 Trig: Free Run Avg|Held: 8/100

IFGain:Low #Atten: 40 dB

Mkr1 2.440 GHz
Ref 30.00 dBm 21.721 dBm

‘1

-20.00 ciBm)

Stop 25.00 GHz
#VBW 300 kHz Sweep 2.294 s (1001 pts)

Figure 8: Conducted emissions middle channel 1GHz to 25GHz

Page 19 of 58
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Date: 20" April 2020

i Spectrum Analyzer - Swept SA
B [ rF [som ac [ ] B ALIGN AUTO 04:28:26 PM

RBW 100 kHz Avg Type: Log-Pwr
PNO: Fast G Trig: Free Run Avg|Hold:»100{100

IFGain:Low #Atten: 40 dB

Mkr1 2.440 00 GHz
Ref 30.00 dBm — dBm

Start 30.0 MHz Stop 1.0000 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 92.73 ms (1001 pts)

MSG ﬁESTATUS

Figure 9: Conducted emissions top channel 30MHz to 1GHz

Spectrum Analyzer - Swept SA

e & [soaoAc [ | : ALIGNAUTO 041952 PM
Display Line -20.00 dBm Avy Type: Log-Pwr TRACE
Avg|Held: 511100 TYPE

DET! RALEK

Mkr1 2.461 GHz
Ref 30.00 dBm 20.937 dBm

‘1

PNO: Fast 0 Trig:Free Run
IFGain:Low #Atten: 40 dB

-20.00 ciBm)

Start 1.00 GHz Stop 25.00 GHz
#Res BW 100 kHz #/BW 300 kHz Sweep 2.294 s (1001 pts)

MSG ﬁESTATUS

Figure 10: Conducted emissions top channel 1GHz to 25GHz

Page 20 of 58
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Commercial in Confidence
Report Number: 13511TR3
Date: 20" April 2020

Section 7 Radiated Emission Results

7.1 Test Specification

FCC Rule Part

47CFR15.247(d) and 47CFR15.209

Standard

ANSI C63.10-2013

Measurement Uncertainty

The reported uncertainty of measurementy £ U, where expended
uncertainty U is based on a standard uncertainty multiplied by a coverage
factor of k=2, providing a level of confidence of approximately 95% is

+/- 4.27dB for the frequency range from 9kHz to 30MHz
+/- 5.81dB for the frequency range 30MHz to 1GHz

+/- 4.64dB for the frequency range from 1GHz to 6GHz
+/- 4.96dB for the frequency range from 6GHz to 18GHz
+/- 4.77dB for the frequency range from 18GHz to 40GHz

7.2 Procedure and Test Software Version

Eurofins York Test procedure (9kHz to 30MHz) CEP22 Issue 2
Eurofins York test procedure (30MHz to 1GHz) CEP23b Issue 2
Eurofins York test procedure (1GHz to 40GHz) CEP®64b Issue 2

Test software

Radimation Version 2018.2.8

FCC Report Template Issue 3
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7.2.1 Electric Field

The electric field strength limits are defined in 47CFR15.209. The radiated limits apply to any disturbance
within the restricted bands defined section 47CFR15.205. All other emissions must comply with the conducted

Commercial in Confidence

Strength Limits

emission requirement of 47CFR15.247(d).

Report Number: 13511TR3
Date: 20" April 2020

Frequency
(MHz) Quasi Peak (dBuV/m)
30-88 40.0
88 -216 435
216 - 960 46.0
960- 1000 54.0

Note: FCC 47 CFR Part 15 Section 15.209 specifies test limits at 3m.

7.2.2 Receiver Settings

Receiver Parameters Setting
Detector Function for spectrum analyser swept measurements Peak hold
Detector Function for final measurements Quasi Peak
Start Frequency 30MHz
Stop Frequency 1000MHz
Resolution Bandwidth 120kHz
Video Bandwidth Auto

7.2.3 Emissions m

7.2.4 Date of Test
4t February 2020

7.25 Test Area

Laboratory 1

easurements

FCC Report Template Issue 3
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Commercial in Confidence
Report Number: 13511TR3
Date: 20" April 2020

7.2.6 Test Setup

The EUT was configured in the Semi-Anechoic Chamber (SAC) on an 80cm high table.

The measurement was performed with an antenna to EUT separation distance of 3m. The Quasi peak limits
are therefore increased by 10dB (from the 10m values), to allow for the reduction in the measurement distance.

The results were maximised in orientation 0-360 degrees and height 1-4m.

-

3m

———mmim

EUT

0.8m Table
Receiver /
Spectrum
Analyser

Reference Ground Plane

Figure 11: Arrangement for radiated electric field emissions 30MHz to 1GHz

There were no significant environmental temperature changes during the test duration and hence it was not
considered necessary to consider any variation in cable loss.

EUT Orientation

The device was tested in all three orientations as per C63.10 clause 5.10.1.
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7.2.7 Radiated Electric field emissions, 30MHz to 1GHz

Radilfation

FCCClassB ——— RBW: 120 kHz, Both Max Peak

——— RBW: 120 kHz, Vertical Max Peak

60

50

“ - MW‘M’ pt ™

20 %m

Electrical Field (dBpuV/m)

Oo
O

30M 50M 100M 200M 300M 500 M 1G
Frequency (Hz)
Figure 12: Radiated electric field emissions bottom channel
Fr?&l:_lezr)lcy %ueea}lsl! Pe(gllialjlmit %Lijfaler_epnecik %ueaaskl- (:;ngle Height Polarization
(@Bpv/im) | (dBuvim) (dB) Status gree) (m)
266.46 12.3 46 -33.7 Pass 325 15 Vertical
428.22 12.3 46 -33.7 Pass 195 1.8 Horizontal
653.16 25 46 21 Pass 15 15 Vertical
715.38 26.6 46 -19.4 Pass 360 15 Vertical
736.14 29 46 -17 Pass 360 1.4 Vertical
777.6 31.3 46 -14.7 Pass 10 1.3 Vertical
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Radilfation

FCC Class B RBW: 120 kHz, Both Max Peak RBW: 120 kHz, Vertical Max Peak

60

50

40

L
W [m]

Electrical Field (dByV/m)

Oo

330M 50M 100M 200 M 300 M 500 M 1G

Frequency (Hz)

Figure 13 Radiated electric field emissions middle channel

Quasi- Quasi- Quasi-Peak Quasi- .
Frequency Peak Peak Limit | Difference Peak Angle Height Polarization
(MHz) Stat (degree) (m)
(dBuVv/m) (dBpVv/m) (dB) atus

502.14 14 46 -28.8 Pass 150 3.4m Vertical
570.24 15.6 46 -18.1 Pass 345 im Vertical
632.46 24.3 46 -21.7 Pass 270 1.3m Horizontal
736.14 27.9 46 -30.4 Pass 45 1.4m Vertical
777.6 30.4 46 -32 Pass 5 1.3m Vertical
829.14 17.2 46 -15.6 Pass 75 3m Horizontal
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RadilMation

FCC Class B

RBW: 120 kHz, Both Max Peak

RBW: 120 kHz, Vertical Max Peak

Electrical Field (dBuV/m)

20 " .AMQM_’V'LMM

3M 50M 100M 200 M 300 M 500 M 1G

Frequency (Hz)

Figure 14: Radiated electric field emissions top channel

Quasi- Quasi- Quasi-Peak Quasi- .
Fre(&t:_'er;cy Peak Peak Limit | Difference Peak Angle Height Polarization
V4
@BmV/m) | (dBmV/m) (dB) Status | (degree) (m)

777.6 313 46 -14.7 Pass 360 13m Vertical
736.14 29 46 -17 Pass 360 1.4m Vertical
690.36 16.9 46 -29.1 Pass 65 2.1m Horizontal
653.16 25.1 46 -20.9 Pass 20 1.5m Vertical
632.46 26 46 -20 Pass 360 1.6m Vertical
611.7 27.6 46 -18.4 Pass 355 1m Vertical
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7.2.8 Quasi Peak correction factors

The reported field strength consists of Indicated signal level (receiver voltage reading), Antenna factor (AF)
and Cable loss (CL).

Field strength (FS) is calculated as follows:

FS (dBuV/m) = Indicated Signal Level (dBuV) + AF (dB/m) + CL (dB)

7.2.9 Sample Data
The Quasi-Peak level at 777.6MHz — top channel

FS (dBuVv/m) = 3.2dBuV(indicated signal level)
+ 25.69dB/m (antenna factor)

+ 2.46dB = dBuV/m

=31.3dBuV/m
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7.3 Radiated electric field emissions 1GHz to 26GHz
7.3.1 Limits

Report Number: 13511TR3
Date: 20" April 2020

Frequency Average Peak
(GHz) (dBpVv/m) (dBuV/m)
1-26 54 74
7.3.2 Receiver Settings
Receiver Parameters Setting
Detector Function for spectrum analyser swept measurements Peak hold
Detector Function for final measurements Average
Start Frequency 1GHz
Stop Frequency 25GHz
Resolution Bandwidth 1MHz
Video Bandwidth Auto

7.3.3 Emissions measurements

7.3.4 Date of Test
5t February 2020

7.3.5 Test Area

Laboratory 1
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7.3.6 Test Setup

The EUT was configured in the SAC on an 1.5m high polystyrene support.

Exploratory measurements on the EUT were carried out to identify suspect frequencies and worst case
orientations, see Section 7.3.7.

The measurement was then performed with an antenna to EUT separation distance of 3m.

The antenna was kept in the “cone of radiation” from the EUT and pointed at the area both in azimuth and
elevation using the tilt mechanism on the antenna mast.

The results were maximised in orientation 0-360 degrees and height 1-4m.

EUT

T ‘ ToPC

1.5m
Table
|

Reference Ground Plane

Figure 15: Test Setup for Final E-Field Measurements from 1GHz to 25GHz

Note 1: With the EUT de-energized the ambient radio noise and signals met the 6dB peak detection
requirement of ANSI C63.10 2013 Clause 6.6.4.1.

Note 2 : There were no significant environmental temperature changes during the test duration and hence it
was not considered necessary to consider any variation in cable loss.
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7.3.7 Exploratory Radiated Emission Maximization

During exploratory testing, suspect emissions from the EUT were identified both in terms of the frequency and
directionality. This was achieved by manually positioning the antenna close to the EUT and also by scanning
it over all sides of the EUT whilst observing a spectral display. The typical distance between the surface of
the EUT and the scanning antenna was circa 30cm.

No additional signals were investigated during investigative measurements.

Note 1: The front face of the EUT is deemed to be 0°, which is then turned in a clockwise direction through
360 degrees.
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7.3.8 Electric field emissions, 1GHz to 18GHz
1-18GHz class B Avg 1-18GHz class B PK RBW: 1 MHz, Both Max Peak —— RBW: 1 MHz, Horizontal Max Average
—— RBW: 1 MHz, Vertical Max Average RBW: 1 MHz, Vertical Max Peak
80
70
1
L 3 ®
7 64
— 2
E 60
>
a F 9
KA
E 50 s A 1
[
©
o r MMWWNW X
5 | A
T o WWWW
30 ,
| X
20
1G 2G 3G 5G 10G 18G

Frequency (Hz)

Figure 16: Electric field emissions bottom channel, 1GHz to 18GHz

Frequency Peak Peak Limit | o EoeK Peak | e | M9 oo arization

(GHz) (dBuVv/m) (dBuv/m) (dB) Status (m)

2.403 40.76 74 -33.24 Pass 350 1 Vertical
4.807 64.9 74 -9.1 Pass 205 1.6 Vertical
7.211 65.39 74 -8.61 Pass 125 1 Horizontal
12.019 59.59 74 -14.41 Pass 210 1 Vertical
14.285 53.12 74 -20.88 Pass 150 25 Vertical
17.93 58.64 74 -15.36 Pass 230 1.6 Vertical
17.942 61.18 74 -12.82 Pass 295 18 Horizontal
17.946 61.83 74 -12.17 Pass 180 1.1 Horizontal
17.956 60.62 74 -13.38 Pass 210 4 Vertical
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Frequency

(GHz) Average Avggge Average Average Angle Height Polarization
(dBuV/m) Limit Difference Status (m)
(dBuV/m) (dB)
2.403 26.37 54 -27.63 Pass 350 1 Vertical
4.807 48.55 54 -5.45 Pass 205 1.6 Vertical
7.211 50.74 54 -3.26 Pass 125 1 Horizontal
12.019 45.52 54 -8.48 Pass 210 1 Vertical
14.285 40.28 54 -13.72 Pass 150 2.5 Vertical
17.93 44.58 54 -9.42 Pass 230 1.6 Vertical
17.942 47.77 54 -6.23 Pass 295 1.8 Horizontal
17.946 48.23 54 -5.77 Pass 180 1.1 Horizontal
17.956 47.74 54 -6.26 Pass 210 4 Vertical
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—— Horizontal Max Peak 1-18GHz class B Avg 1-18GHz class B PK —— RBW: 1 MHz, Both Max Peak
—— RBW: 1 MHz, Horizontal Max Average RBW: 1 MHz, Vertical Max Average —— RBW: 1 MHz, Vertical Max Peak
— Vertical Max Peak
80
70 3
2
B 1
(0] 9 4
7
E60 8 6%
S @
=
o) C 4 W
o I
° o
50 ¥ 1
i X ]
© ("
Q
g X
o 40
30
20
1G 2G 3G 5G 10G 18G

Frequency (Hz)

Figure 17: Electric field emissions Middle channel, 1GHz to 18GHz

Frequency Peak Peak Limit Dif-fz‘ragrljce -Peak Angle Height Polarization

(GHz) (dBpv/m) (dBpv/m) (dB) Status | (degree) (m)

4.873 63.06 74 -10.94 Pass 20 3.9 Horizontal
7.309 59.53 74 -14.47 Pass 305 1 Horizontal
9.746 58.04 74 -15.96 Pass 110 2 Horizontal
12.184 69.4 74 -4.6 Pass 125 31 Horizontal
14.62 64.34 74 -9.66 Pass 115 1 Horizontal
17.939 60.52 74 -13.48 Pass 5 17 Vertical
17.949 62.17 74 -11.83 Pass 110 3.7 Horizontal
17.969 59.01 74 -14.99 Pass 285 3.1 Vertical
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Average Average Average A
. verage

Frequency 9 Limit Difference g Angle Height Polarization

(GHz) (dBpv/im) Status
(dBpVv/m) (dB)

4.873 49.41 54 -4.59 Pass 20 39m Horizontal
7.309 46.09 54 -7.91 Pass 305 im Horizontal
9.746 43.22 54 -10.78 Pass 110 2m Horizontal
12.184 53.48 54 -0.52 Pass 125 3.1m Horizontal
14.62 48.34 54 -5.66 Pass 115 im Horizontal
17.939 47.16 54 -6.84 Pass 5 1.7m Vertical
17.949 48.62 54 -5.38 Pass 110 37m Horizontal
17.969 46.24 54 -7.76 Pass 285 31lm Vertical
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1-18GHz class B Avg 1-18GHz class B PK
—— RBW: 1 MHz, Vertical Max Average

RBW: 1 MHz, Both Max Peak —— RBW: 1 MHz, Horizontal Max Average
RBW: 1 MHz, Vertical Max Peak

80
70
2
L Q
4
8 q 1
60 6

Electrical Field (dBuV/m)
3

-l
3
%_

20

1G 2G 3G 5G 10G 18G

Frequency (Hz)

Figure 18: Electric field emissions top channel 1GHz to 18GHz

Frequency Peak Peak Limit Dif_fz(reglrfce -Peak Angle Height | o Jarization
(GHz) (dBpv/m) (dBpv/m) (dB) Status (m)
4.958 48.92 74 -25.08 Pass 105 1.3 Horizontal
7.439 60.62 74 -13.38 Pass 120 3.1 Horizontal
9.919 59.68 74 -14.32 Pass 245 1 Horizontal
12.4 65.89 74 -8.11 Pass 135 3 Horizontal
17.942 61.14 74 -12.86 Pass 305 3.5 Vertical
17.946 61.52 74 -12.48 Pass 45 25 Horizontal
17.951 61.39 74 -12.61 Pass 225 3.5 Horizontal
17.954 61.27 74 -12.73 Pass 210 4 Vertical
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Average Average Average A
. verage

Frequency g Limit Difference g Angle Height Polarization

(GHz) (dBpv/im) Status
(dBpVv/m) (dB)
4.958 33.58 54 -20.42 Pass 105 1.3 Horizontal
7.439 45.58 54 -8.42 Pass 120 3.1 Horizontal
9.919 45.29 54 -8.71 Pass 245 1 Horizontal
12.4 50.08 54 -3.92 Pass 135 3 Horizontal

17.942 47.72 54 -6.28 Pass 305 3.5 Vertical
17.946 48.22 54 -5.78 Pass 45 25 Horizontal
17.951 48.26 54 -5.74 Pass 225 3.5 Horizontal
17.954 47.94 54 -6.06 Pass 210 4 Vertical
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7.3.9 Electric field emissions, 18G to 26GHz
FCC 18GHz to 40GHz Class B AV —— FCC 18GHz to 40GHz Class B PK —— RBW: 1 MHz, Both Max Peak
—— RBW: 1 MHz, Horizontal Max Average —— RBW: 1 MHz, Vertical Max Average —— RBW: 1 MHz, Vertical Max Peak
80
70
’\E\ 60
3
=t
z
o
T 50
ﬁ 5 13 54
8 | | Dot I i Ol Y 5
w 40
L XX X
30
20
18G 19G 20G 21G 2G 23G 24G 25G 26G
Frequency (Hz)
Figure 19: Electric field emissions bottom channel 18GHz to 26GHz
Frequency Peak Peak Limit _-Peak -Peak Angle Height
Difference Polarization
(GHz) (dBpv/m) (dBpv/m) (dB) Status | (degrees) (m)
25.436 47.1 74 -26.9 Pass 125 1.3 Horizontal
25.474 47.21 74 -26.79 Pass 135 1.7 Horizontal
25.628 46.84 74 -27.16 Pass 175 3.1 Horizontal
25.833 46.68 74 -27.32 Pass 285 1.9 Vertical
25.987 46.7 74 -27.3 Pass 185 3.3 Vertical
26 46.43 74 -27.57 Pass 295 2.2 Horizontal
Average Average Average A Angl
verage ngle
Frequency g Limit Difference g g Height Polarization
(GHz) (dBpv/m) Status (degrees)
(dBpVv/m) (dB)
25.436 33.48 54 -20.52 Pass 125 1.3 Horizontal
25.474 33.82 54 -20.18 Pass 135 1.7 Horizontal
25.628 33.74 54 -20.26 Pass 175 3.1 Horizontal
25.833 33.54 54 -20.46 Pass 285 1.9 Vertical
25.987 33.85 54 -20.15 Pass 185 3.3 Vertical
26.000 33.83 54 -20.17 Pass 295 2.2 Horizontal
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——— Horizontal Max Peak FCC 18GHz to 40GHz Class B AV FCC 18GHz to 40GHz Class B PK

—— RBW: 1 MHz, Both Max Peak —— RBW: 1 MHz, Horizontal Max Average RBW: 1 MHz, Vertical Max Average
—— RBW: 1 MHz, Vertical Max Peak — Vertical Max Peak
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Figure 20: Electric field emissions middle channel 18GHz to 26GHz
A -Peak .
Peak Peak Limit . R Height
Frequency Difference peak Angle g Polarization
(GHz) (dBpv/m) (dBpv/m) (dB) Status (m)
25.346 47.3 74 -26.7 Pass 280 3.1 Vertical
25.423 46.87 74 -27.13 Pass 80 1 Horizontal
25.551 48.19 74 -25.81 Pass 170 3.5 Horizontal
25.692 46.8 74 -27.2 Pass 185 2.9 Vertical
25.872 46.84 74 -27.16 Pass 215 2 Horizontal
25.974 47 74 -27 Pass 250 1.6 Horizontal
Average Average Average Average
L Y,
Frequency g Limit Difference g Angle Height Polarization
(GHz) (dBpV/m) Status
(dBpVv/m) (dB)
25.346 33.58 54 -20.42 Pass 280 3.1 Vertical
25.423 33.39 54 -20.61 Pass 80 1 Horizontal
25.551 33.8 54 -20.2 Pass 170 35 Horizontal
25.692 33.42 54 -20.58 Pass 185 2.9 Vertical
25.872 33.65 54 -20.35 Pass 215 2 Horizontal
25.974 33.75 54 -20.25 Pass 250 1.6 Horizontal
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—— FCC 18GHz to 40GHz Class B AV —— FCC 18GHz to 40GHz Class B PK —— RBW: 1 MHz, Both Max Peak
—— RBW: 1 MHz, Horizontal Max Average —— RBW: 1 MHz, Vertical Max Average —— RBW: 1 MHz, Vertical Max Peak
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Figure 21: Electric field emissions top channel 18GHz to 26GHz
A -Peak .
Peak Peak Limit . R Height
Frequency Difference peak Angle g Polarization
(GHz) (dBpv/m) (dBpv/m) (dB) Status (m)
25.372 46.7 74 -27.3 Pass 215 3.5 Horizontal
25.436 47.57 74 -26.43 Pass 255 3.4 Vertical
25.5 46.76 74 -27.24 Pass 360 1.9 Horizontal
25.538 47.41 74 -26.59 Pass 280 1.1 Vertical
25.936 47.47 74 -26.53 Pass 70 3.2 Horizontal
26.000 46.21 74 -27.79 Pass 80 1.2 Vertical
Average Average Average Average
L Y,
Frequency g Limit Difference g Angle Height Polarization
(GHz) (dBpV/m) Status
(dBpVv/m) (dB)
25.372 33.44 54 -20.56 Pass 215 35m Horizontal
25.436 33.59 54 -20.41 Pass 255 3.4m Vertical
25.5 33.89 54 -20.11 Pass 360 1.9m Horizontal
25.538 33.36 54 -20.64 Pass 280 1.1m Vertical
25.936 33.87 54 -20.13 Pass 70 3.2m Horizontal
26 33.48 54 -20.52 Pass 80 1.2m Vertical
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7.3.10 Contributing calibration factors

The reported field strength consists of Indicated signal level (receiver voltage reading) Preamplifier gain (PG),
Antenna factor (AF) and Cable loss (CL).

Field strength (FS) is calculated as follows:

FS (dBuV/m) = Indicated Signal Level (dBuV) - PG (dB) + AF (dB/m)) + CL (dB)

7.3.11 Sample Data

The Average level at (top channel)

FS (dBuVv/m) =

67.6dBpV (receiver voltage level)
-51.9 dB (pre-amplifier gain)

+ 36.3dB/m (antenna factor)
+8.6dB (cable loss)
=60.6dBuV/m
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Section 8 20dB Bandwidth

FCC Rule Part

47CFR15.247(a)(1)(i)

ISED

RSS Gen Clause 6.7

Standard

ANSI| C63.10:2013

Measurement Uncertainty

The reported uncertainty of measurementy = U, where expended
uncertainty U is based on a standard uncertainty multiplied by a coverage
factor of k=2, providing a level of confidence of approximately 95% is

Frequency: +108

8.1.1 Date of Test
11t March 2020

8.1.2 Test Area

Laboratory 4

8.1.3 Test Setup

The equipment under test was provided with an SMA antenna connector and connected directly to the
spectrum analyser using a short (30cm)

8.1.4 20dB Bandwidth Requirement

The bandwidth of a frequency hopping channel is the 20 dB emission bandwidth, measured with the

hopping. stopped.

The 20dB bandwidth must remain with the frequency allocation.
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8.1.5 Test Results

Agilent Spectrum Analyzer - Occupied BW

[ I I =T

ALIGN AUTO

Report Number: 13511TR3
Date: 20" April 2020

12:29:23 PMFeb 05, 2020

Center Freq 2.403646000 GHz

#IFGain:Low

Center Freq: 2.403646000 GHz

Trig: Free Run
#Atten: 40 dB

Radio Std: Nohe
Avg|Held:>10/10

Radio Device: BTS

Ref 28.00 dBm

Center 2.404 GHz
#Res BW 510 Hz

Occupied Bandwidth

39.357 kHz
-3.052 kHz
16.14 kHz

Transmit Freq Error
x dB Bandwidth

#VBW 2 kHz

Total Power

OBW Power
x dB

Mkr1 2.4036463 GHz
8.3835 dBm

Span 100 kHz
Sweep 467.1 ms

16.8 dBm

99.00 %
-20.00 dB

[% STATUS

Figure 22: 20dB Bandwidth bottom channel 2403.656MHz

Agilent Spectrum Analyzer - Occupied BW

ALIGH AUTO

12:25:35 PMFeb 05, 2020

Ref 28.00 dBm

Center 2.436 GHz
#Res BW 510 Hz

Occupied Bandwidth

39.305 kHz
-6.085 kHz
16.41 kHz

Transmit Freq Error
x dB Bandwidth

ter Freq: 2.436480000 GHz

#VBW 2 kHz

Total Power

OBW Power
x dB

Avg|Hold:>10/10
Radio Device: BTS

Mkr1 2.4364764 GHz
6.9580 dBm

Span 100 kHz
Sweep 467.1 ms

16.1 dBm

99.00 %
-20.00 dB

[% STATUS

Figure 23: 20dB Bandwidth middle channel 2436.484MHz
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Agilent Spectrum Analyzer - Occupied BW

ALIGN AUTO

Report Number: 13511TR3
Date: 20" April 2020

12:38:09 PMFeb 05, 2020

#IFGain:Low

Ref 28.00 dBm

Center 2.48 GHz
#Res BW 510 Hz

Occupied Bandwidth

38.794 kHz
-2.938 kHz
15.78 kHz

Transmit Freq Error
x dB Bandwidth

Center Freq: 2.479664900 GHz

Trig: Free Run
#Atten: 40 dB

#VBW 2 kHz

Total Power

OBW Power
x dB

Avg|Hold:»10/10

14.0 dBm

99.00 %
-20.00 dB

Radio Std: None

Radio Device: BTS

Mkr1 2.4796649 GHz
5.5136 dBm

Span 100 kHz
Sweep 467.1ms

[y sTATUS

Figure 24: 20dB Bandwidth top channel 2479.68MHz
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Section 9 Frequency Hopping Spread Spectrum Requirements

9.1 Number of Hopping Frequencies

FCC Rule Part

47CFR15.247(a)(1)(iii)

ISED

RSS-247 Issue 2 Section 5.1

Standard

ANSI C63.10:2013

Measurement Uncertainty

The reported uncertainty of measurementy + U, where expended
uncertainty U is based on a standard uncertainty multiplied by a coverage
factor of k=2, providing a level of confidence of approximately 95% is

Not applicable

9.1.1 Date of Test
31st January 2020

9.1.2 Test Area

Laboratory 1

9.1.3 Test Setup

The equipment under test was provided with an SMA antenna connector and connected directly to the
spectrum analyser using a short (<30cm) coaxial cable.

9.1.4 Requirement

Frequency hopping systems in the 2400-2483.5MHz band shall use at least 15 channels.

The procedure described in ANSI C63.10-2013 Clause 7.8.3 was followed.

9.1.5 Test Results

The results show that 89 hopping channels were utilised. The analyser screen displays show the 89 hopping
channels, split into four subranges:

Overall requirement of at least 15 channels was met.
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um Analyzer - Swept SA
REPRESEL [S0m  ac [ | B ALIGN AUTO 03:11:26 PM

7
RBW 120 kHz Avy Type: Voltage
PNO: Fast G Trig: Free Run Avg|Hold:»100{100

IFGain:Low Atten: 34 dB

Ref 23.00 dBm

Start 240000 GHz Stop 2.42000 GHz
#Res BW (CISPR) 120 kHz VBW 910 kHz Sweep 2.267 ms (1001 pts)

MSG ﬁESTATUS

Figure 25: Number of hopping frequencies

Agilent Spectrum Analyzer - Swept SA
B [ REPRESEL [Soe aCc [ ] B ALIGN AUTO 03:14:19 PM Jan 31, 2020

Stop Freq 2.440000000 GHz ) Avg Type: Voltage
PNO: Fast G Trig: Free Run Avg|Hold:>100{100

IFGain:Low Atten: 34 dB

Ref 23.00 dBm

Start 242000 GHz Stop 2.44000 GHz
#Res BW (CISPR) 120 kHz VBW 910 kHz Sweep 2.267 ms (1001 pts)

MSG ﬁESTATUS

Figure 26: Number of hopping frequencies
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Agilent Spectrum Analyzer - Swept SA

Bt | REPRESEL [S0q ac [ |

ALIGH AUTO

Report Number: 13511TR3
Date: 20" April 2020

031 16:09 P

Avyg Type: Voltage

Stop Freq 2.460000000 GHz
Avg|Held:>100/100

Trig: Free Run

PNO: Fast )
™ Atten: 34 dB

IFGain:Low

Ref 23.00 dBm

Start 2.44000 GHz
#Res BW (CISPR) 120 kHz VBW 910 kHz

MSG ﬁESTATUS

Sweep 2.267 ms (1001 pts)

Stop 2.46000 GHz

Figure 27: Number of hopping frequencies

Agilent Spectrum Analyzer - Swept SA
B | RPPRESEL[S0a ac [

ALIGN AUTO

032102 PM

Avy Type: Voltage
Trig: Free Run Avg|Hold:>100{100

PNO: Fast )
™ Atten: 34 dB

IFGain:Low

Ref 23.00 dBm

Start 2.46000 GHz
#Res BW (CISPR) 120 kHz VBW 910 kHz

MSG ﬁESTATUS

Sweep 2.667 ms (1001 pts)

Stop 2.48330 GHz

Figure 28: Number of hopping frequencies
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9.2 Frequency Hopping Channel Separation

FCC Rule Part 47CFR15.247(a)(1)

ISED RSS-247 Issue 2 Section 5.1

Standard ANSI C63.10:2013

Measurement Uncertainty The reported uncertainty of measurementy + U, where expended

uncertainty U is based on a standard uncertainty multiplied by a coverage
factor of k=2, providing a level of confidence of approximately 95% is

Frequency: +108

9.2.1 Date of Test
31st January 2020

9.2.2 Test Area

Laboratory 1

9.2.3 Test Setup

The equipment under test was provided with an SMA antenna connector and connected directly to the
spectrum analyser using a short (<30cm) coaxial cable.

9.2.4 Requirement 47CFR15.247(a)(1)

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

Since 25kHz is greater than the measured 20dB bandwidth, the carrier frequency separation shall be >
25kHz.

9.2.5 Procedure

The procedure described in ANSI C63.10-2013 Clause 7.8.2 was followed.

9.2.6 Test Results

Between any two adjacent channels the carrier separation was measured to be, compliant with the
requirement.

Measured Separation Limit (kHz) Result
(kHz)
871.10 >25kHz Pass
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Agilent Spectrum Analyzer - Swept SA

REPRESEL [S0m ac [ | B ALIGN AUTO 03:01;35 PM Jan 31, 2020

20 kHz Avy Type: Voltage
PNO: Wide Trig: Free Run Avg|Hold:»100{100

IFGain:Low Atten: 34 dB

AMEkr1 871.10 kHz
Ref 23.00 dBm 0.005 dB

Start 24033000 GHz Stop 2.4048500 GHz
#Res BW (CISPR) 120 kHz VBW 910 kHz Sweep 1.000 ms (1001 pts)

MSG EESTATUS

Figure 29: Carrier frequency separation
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9.3 Hopping Channel Occupancy Time

Report Number: 13511TR3
Date: 20" April 2020

FCC Rule Part

47CFR15.247(a)(1)(i)

ISED

RSS-247 Issue 2 Section 5.1

Standard

ANSI| C63.10:2013

Measurement Uncertainty

Frequency: +108

The reported uncertainty of measurementy £+ U, where expended
uncertainty U is based on a standard uncertainty multiplied by a coverage
factor of k=2, providing a level of confidence of approximately 95% is

9.3.1 Date of Test

4t February 2020

9.3.2 Test Area

LAB 4 bench area.

9.3.3 Test Setup

The equipment under test was provided with an SMA antenna connector and connected directly to the
spectrum analyser using a short (30cm) coaxial cable.

9.3.4 Requirement 47CFR15.247(a)(1)(iii)

The average time of occupancy on any channel shall not be greater than 0.4 seconds multiplied by the
number of hopping channels employed.

9.3.5 Procedure

The procedure described in ANSI C63.10-2013 Clause 7.8.4 was followed.

9.3.6 Test Results

s 'r\:gposf hNO pf period N.O of hogs o
weep opping L in perio ccupancy o Average
: measured specified by o ! Limit (s) .
time (s) in sweep channels requirements spec_:lfled by time (s) time (s)
time used requirements

; lowest 10 12 89 35.6 42.72 3.87x10% 0.4 0.016533
requency

centre 10 12 89 35.6 42.72 3.87x10% 0.4 0.016533
frequency

Highest 10 12 89 35.6 42.72 3.87x10% 0.4 0.016533
frequency
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trum Analyzer - Swept SA

S0 Ac [ | B ALIGH AUTO

1
Sweep Time 620.9 ps Trig Delay-107.0 ps Avyg Type: Voltage
PNO: Fast G Trig: Yideo Avg|Hold:»100{100

IFGain:Low Atten: 40 dB

AMKr1 387.5 us
Ref 30.00 dBm -1.521 dB

Center 2.403650000 GHz Span 0 Hz
#Res BW (CISPR) 1 MHz #VBW 1.0 MHz Sweep 620.9 ps (10000 pts)

MSG ﬁESTATUS

Figure 30: Bottom channel, transmit time per hop

Agilent Spectrum Analyzer - Swept SA
ALIGN AUTO 01:53;39 PM Feb 04, 2020
Center Freq 2.403650000 GHz Trig Delay-895.7 ps Avg Type: Voltage
PNO: Wide Trig: Video Avg|Held: 47100
IFGain:Low Atten: 40 dB

AMEKr1 -890.2 ms
Ref 30.00 dBm 0.616 dB

Center 2.403650000 GHz Span 0 Hz
#Res BW (CISPR) 120 kHz #VBW 1.0 MHz Sweep 10.00 s (40000 pts)

MSG ﬁESTATUS

Figure 31: Bottom channel, number of hops in specified period
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Agilent Spectrum Analyzer - Swept SA

ALIGNAUTO 11:15:33 AM Feb 04, 2020
Trig Delay-107.0 ps Avy Type: Voltage
PHO: Fast 0 Trig: Video Avg|Hold:»100/100
IFGain:Low Atten: 40 dB EE] L

AMKr1 387.5 us
Ref 30.00 dBm -0.561 dB

Marker 1 A 387.455 us

Center 2.436500000 GHz Span 0 Hz
#Res BW (CISPR) 1 MHz #VBW 620 kHz Sweep 634.1 ps (1001 pts)

MSG EESTATUS

Figure 32: Centre channel, transmit time per hop

Agilent Spectrum Analyzer - Swept SA

e | & lsoaac [ | : ALIGNAUTO  [01:55:43 PMFeb O

Center Freq 2.436500000 GHz Trig Delay-899.7 ps Avg Type: Yoltage 4 Frequency
PNO: Wide L, T1Mg:Video Avg|Hold: 51100

IFGain:Low Atten: 40 dB

AMEKr1 -890.2 ms Auto Tune
Ref 30.00 dBm 0672 dB

Center Freq
2.436500000 GHz

StartFreq
2.436500000 GHz

Stop Freq
2.436500000 GHz

CF Step
91.000 kHz
Auto Man

Freq Offset
0Hz

Center 2.436500000 GHz Span 0 Hz
#Res BW (CISPR) 120 kHz #VBW 1.0 MHz Sweep 10.00 s (40000 pts)

MSG EESTATUS

Figure 33: Centre channel, number of hops in specified period
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ALIGH AUTO

Report Number: 13511TR3
Date: 20" April 2020

11:39:52 AM Feb 04, 2020

PNO: Fast )

IFGain:Low

Ref 30.00 dBm

Center 2.479680000 GHz
#Res BW (CISPR) 1 MHz

#VBW 1.0 MHz

MSG ﬁESTATUS

Avyg Type: Voltage
Avg|Held: 75100

Trig Delay-107.0 us
Trig: Video
Atten: 40 dB

Sweep 620.9 ys (10000 pts)

AMEkr1 387.5 us
-2.207 dB

Span 0 Hz

Figure 34: Top channel, transmit time per hop

Spectrum Analyzer - Swept SA

Center Freq 2.479680000 GHz

Ref 30.00 dBm

Center 2.479680000 GHz
#Res BW (CISPR) 120 kHz

ALIGH AUTO

01:51:23 PM

PNO: Wide 0
IFGain:Low

#VBW 1.0 MHz

MSG ﬁESTATUS

Avg Type: Voltage
Avg|Held: 51100

Trig Delay-899.7 ps
Trig: Video
Atten: 40 dB

TRACE
TYPE
DET!

AMEKr1 -890.2 ms
-0.203 dB

Span 0 Hz
Sweep 10.00 s (40000 pts)

Figure 35: Top channel, number of hops in specified period
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Section 10 Band Edge Compliance

FCC Rule Part

47CFR15.247(a)(1)

ISED

RSS-247 Issue 2 Sections 3.3 and 5.5
RSS-Gen Issue 5 Section 8.10

Standard

ANSI| C63.10:2013

Measurement Uncertainty

The reported uncertainty of measurementy + U, where expended
uncertainty U is based on a standard uncertainty multiplied by a coverage
factor of k=2, providing a level of confidence of approximately 95% is

Frequency: +108

10.1.1 Date of Test
16" April 2020

10.1.2 Test Area

Laboratory 1

10.1.3 Test Setup

The test method used was radiated. The EUT was positioned on a 1.5m polystyrene support. The
measurement distance used was 3m.

10.1.4 Requirement 47CFR15/ RSS-GEN.
For a 2400MHz to 2483.5MHz device, there are restricted bands at:

2310 to 2390MHz

and

2483.5 to 2500MHz

For FHSS apparatus, frequency hopping was turned off according to ANSI C63.10-2013 Clause 6.10.5.2 a).

10.1.5 Procedure

The procedure described in ANSI C63.10-2013 Clause 6.10.5 “Restricted Band Edge Measurements”.

FCC Report Template Issue 3
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10.1.6 Results

The following radiated band edge measurements were measured and recorded as follows:

frequency | Amplitude | Preamp Cable Limit Margin
Pol Detector (MH2) (dBuVv) (dB) I((()sts) AF(dB/m) | E(dBuV/m) (dBuV/m) (dB)
v PK 2483.5 87.76 50.47 2.55 28.5 68.34 74 -5.66 Pass
% Av 2483.5 53.45 50.49 2.57 28.81 34.34 54 -19.66 | Pass
h Pk 2483.5 73.96 50.47 2.55 28.5 54.54 74 -19.46 | Pass
h Av 2483.5 51.16 50.47 2.55 28.5 31.74 54 -22.26 | Pass
V Pk 2390 76.61 50.46 2.53 28.36 57.04 74 -16.96 | Pass
% Av 2390 53.52 50.46 2.53 28.36 33.95 54 -20.05 | Pass
h Pk 2390 67.87 50.46 2.53 28.36 48.3 74 -25.7 Pass
h Av 2390 51.49 50.46 2.53 28.36 31.92 54 -22.08 | Pass

Pk = Peak detector
Av = Linear average detector
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10.1.7 Analyser Displays

Agilent Spectrum Analyzer - Swept SA

B0 | RePResEL oo Al ]

Report Number: 13511TR3
Date: 20" April 2020

ALIGH AUTD

Start Freq 2.468105202 GHz

PNO: Fast () Trig: Free Run
IFGain:Low #Atten: 38 dB

Avg Type: Voltage
Avg|Hold:=>100/100

Ref 132.99 dBpV

Start 2.46811 GHz

Res BW (CISPR) 1 MHz #VBW 3.0 MHz

Mkr2 2.500 00 GHz
70.843 dBp

Trace
(+ State)

Stop 2.50303 GHz
Sweep 1.000 ms (1001 pts)

FUMCTION WIDTH FUMCTIOM VALLE &

Agilent Spectrum Analyzer - Swept SA

K[ REPRESEL |50 aC | ]

Start Freq 2.468105202 GHz

Avg Type: Voltage

Frequency

o Trig: Free Run Avg|Hold:>100/100
IFGain:Low #Atten: 36 dB
Mkr2 2.500 00 GHz Auto Tune
Ref 132.99 dBpv 61.951 dB/ V] IRREEE—
Center Freq
2485567042 GHz
|
StartFreq
2.468105202 GHz
JE——
Stop Freq
2503028882 GHz
|
Start 2.46811 GHz Stop 2.50303 GHz CF Step
Res BW (CISPR) 1 MHz #VBW 3.0 MHz Sweep 1.000 ms (1001 pts) 3.492368 MHz
MKR MODE TRC SCL ® ¥ FUNCTION FUNCTION WIDTH FUNCTION VALUE A Auto Man
0 N |1 f| 2 249350GHz| 72533aBwv| | | M|
!l N [1[f[  250000GHz[ 61881dBuv| | [ |
3 - [ ] Freq Offset
g 0Hz
6
7
8
9
10
1 I
< B
MSG HbSTATUS

Figure 37: Upper band edge — horizontal polarity
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Report Number: 13511TR3
Date: 20" April 2020

Agilent Spectrum Analyzer - Swept SA

) | RFPRESEL [S0@  ac | | g ALTGNAUTO 02:26:37 PM Apr 16, 2020

Start Freq 2.360462640 GHz ) Avg Type: Voltage
PNO: Fast () Trig: Free Run Avg|Hold=> 1001100

IFGain:Low #Atten: 36 dB

Screen Image

Themes
Mkr2 2.366 05 GHz 3D Color
Ref 132.99 dBpV 67.442 dBp

Start 2.36046 GHz Stop 2.42500 GHz
Res BW (CISPR) 1 MHz #VEW 3.0 MHz Sweep 1.000 ms (1001 pts)

MKR MODE| TRC SCL » FUNCTION

Y
1 INEEEEE 2,390 00 GHz 75819dBuv| |
| N [ 1]

FUNCTION ‘wiIDTH FUNCTION VALLUE &

[ A
2 [ 236605GHz| 674d2dBwv] [ [ ]
3 I R A
4
5
6
7
8
9
10
1 | [ [ H

Agilent Spectrum Analyzer - Swept SA
K [ RePREsEL [soge ol | ]

Start Freq 2.360783722 GHz ) Avg Type: Voltage
PNO: Fast () 1rig:FreeRun Avg|Hold:>100/100

IFGainiLow — #Atten: 36 dB

Mkr2 2.366 05 GHz
Ref 132.99 dBpv 62.791 dBp

(+ State)

Start 2.36078 GHz Stop 2.42500 GHz
Res BW (CISPR) 1 MHz #VBW 3.0 MHz Sweep 1.000 ms (1001 pts)

MER| MODE TRC SCL X FUNCTION

hd
i N (1] f] 2,390 00 GHz 66453dBuv| [ 0000 000000000 |
N (1] 2,366 05 GHz 62791dBuv] [ 0]
]

FUMCTION WIDTH FUMCTION VALUE =~

Figure 39: Lower band edge horizontal polarity
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Appendix A EUT Test Photos

Photographs are supplied separately.
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Appendix B Test Equipment List

Radiated and conducted antenna port emissions Equipment

Iltem Serial No. Last Calibration Calibration
Date Interval

Laboratory 1 Semi-Anechoic Chamber Lab 1 5th November 2019 24 Months
ETS Lindgren 2017B Mast (1 — 4m) -- N/A N/A
with tilting mechanism

HF18 Cable (For use from 9kHz to 18GHz) 167004-001 January 2020 12 Months
Keysight PXA EMI Receiver / signal analyser, MY54170531 4th May 2018 24 Months
Teseq CBL6112D Bilog Antenna 49040 15" August 2018 18 Months
6dB Attenuator (For use with Bilog Antenna) 78708B 15" August 2018 18 Months
HF14 Cable (For use from 9kHz to 18GHz) 167003-001 January 2020 12 Months
HF17 Cable (For use from 9kHz to 18GHz) 167002-001 January 2020 12 Months
EMCO 3115 1-18GHz Horn Antenna 9712-5380 2" May 2018 24 Months
BONN BLMA 0118-5A Preamplifier 149759 3 February 2020 12 Months
ETS Lindgren 18-40GHz horn antenna 3116C-PA 17" October 2019 36 Months
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