..%‘ f- Eurofins York Castleford
Unit 5, Speedwell Road

%. e u rO I n S Castleford, WF10 5PY
United Kingdom

E& E +44 (0) 1977 731173

enquiryyork@eurofins.com
eurofins.co.uk/york

Test Report for the
FCC and ISED (ANT+)Testing of a
Zwift Hub 2004

to FCC Rule 47CFR 15.247
and ISED RSS-247 for

Zwift Inc

Test Report number: C14775TR1
Project number: C7078
AAUENOT: oo ees e e e e e et ee e et ee e e eseer s
J Beevers MPhys(Hons), PhD
Radio Testing Team Lead _

W il L
Checked: .....ocveeiii s e e
M Render BSc(Hons), PhD, MIET
Senior Test Engineer .

M C{le. k
APProved: ..., et e,
M Render BSc(Hons), PhD, MIET
Senior Test Engineer

Issue Description Issue by Date
1 Copy 1 Copy 2 PDF \ MR 12" August 2022

This report shall not be reproduced, except in full without the prior written approval of Eurofins York
The results contained in this report are only applicable to the apparatus tested.

Registered Address:
Eurofins York

i54 Business Park, Valiant Way

Wolverhampton, WV9 5GB, UK

FIaN UKAS Registered in England and Wales
il TESTING Company Reg. No. 6048589
VAT Reg. No. GB 887 1276 83

LT
\\\\\ | 1’.'}/

W

(

L

ot
"




Commercial in Confidence
Report Number: C14775TR1
Date: 12" August 2022

CONTENTS
Test REPOIt ChanNQe HiSTOIY uuuiiiiiiiiicciceceiiriissscssssseee e s s s s s s s s ssssse s e e s ssssssssmnne s e sessasssssmnnssseessnsssnsmnensesessasssnnnnnnns 6
Section 1 QLIS A e T =1 T o 7
IO R U | NS Yo ox =T [ =1 1 o] o FO PR 7
Section 2 Customer INfOrmation ... e e e 8
Section 3 Equipment Details........ccccoriiicccceee s e s 9
3.1 EQUIPMENt UNAEr TESE (EUT ) .iiiiiiiiieiiiiiee ittt ettt sttt e st e e s st e e e s sabe e e e s snbaeeeeanes 9
3.2 EUT PROTOGIAPINS ....ce ittt ettt e e skt e e s kbt e e s st e e e e snbr e e e s annneee s 10
3.3 ConfigUration OF EUT .......ciiiiiiiiiiiiiiee ittt s bt e e sttt e e s bt e e e abb e e e e snbr e e e s annneee s 10
3.4 EUT Monitoring/Auxiliary EQUIPMENT .......cooiiiiiiiiiiee ittt srne e 10
3.5 MONItONNG SOFIWEAIE ... ..ottt e et e e e e e e e s bbb e e e e e e e e e snnbbbaeeaaaeaeas 10
Section 4 Test SPecCifiCations ... s 1
4.1  Knowledge Database REEIENCES. ......u.uiiii it e e e e e e s s e e e e e e e 13
411 Radiated Emissions (30MHZz to LOOOMHZ) .........c.cuuviriieiiiiiiiieie e s e e e e e e e e e e ennnes 13
4.1.2 Radiated EmIsSSioNs (1GHZ t0 40GHZ) ....ccoveeiiiiiiiiiieee ettt e e e e e e e e 13
4.2 ComMPlANCE STAIEIMENT .. ..ottt st b e s s b bt e e s e bb e e s e bb e e e s enbeeeeenreas 13
Section 5 Spurious Emission Results — Radiated and Conducted............cccooormrirriicccccerennnnnn. 14
5.1 TSt SPECITICALION ....eeiiiiiiiiii ittt st e e s bb e e s bbbt e e s bt e e e bbb e e e nnnaeee s 14
5.2 Procedure and Test SOftWare VErSIiON .........cc.uuuiiiiiiiiiiiiieiii et eeeeaa e e 14
5.3 Radiated EmISSIONS (BOMHZ 10 L1GHZ) ....ccciiuviiiiiiiiiie ittt 15
531 011 ES3F= LA o PR 15
5.3.2 EMISSIONS MEASUIEIMENTS ......eiiiiiiii ittt ettt et e e ettt e e e e e s aba e et e e e e e e s ababeeeaaaeeeaannnnes 15
5.3.3 D= 1E= R o) B IS ST OO PPTTRP 15
534 L] N T VPP P PP PP PPPPPPPPPPPPPPPPPPN 15
5.35 QL= (=0 N o) V2 SRR 15
5.3.6 L= S0 = LU o 16
5.3.7 Electric field emissions, 3OMHZ 10 L1GHZ .........ccoiiiiiiiiiiii et 17
5.4  Radiated EmISSIONS (LGHZ t0 L8GHZ) ....ciiiuiiiiiiiiiii e 18
541 T ) U 18
542 RECEIVET SEUINGS ... eiei ittt e et e e e st et e e e sabe e e e e snbaeeeeabneeeeane 18
543 EMISSIONS MEASUIMEIMENTS ......eiiiiiei ittt e e e e ettt e e e e e e e sttt e e ae e e s s aeebeeeeaaeeeaaanenbeeeeaaeessaannne 18
544 D= 1= o) I SRR 18
545 L= N T T PP PP PPPPPPPPPPPPPPPN 18
5.4.6 LIRS G0 o) V2T PETP PR OPP 18
54.7 L= ST = U] o PP PPPPPPPP 19
5.4.8 Exploratory Radiated Emission Maximization..............ccooiiiuiiiiieie e iiiiiieee e e e e 20
5.4.9 Electric field emissions, ITGHZ t0 L8GHZ .........cooviiiiiiiiiiii et 21
5.4.10 Example field strength CalCUIAtioN ..............occiiiiiiie e e 23
5411 SAMPIE DALA ... e bbb e e n e e e aeee 23
5.5 Radiated EmiSSIONS (L8GHZ t0 26GHZ) .......uveiiiiiiiiiiiiiiie e 24
551 T ) USRI 24
55.2 RECEIVET SEIINGS ... eiii ittt et e e s bt e e e rabe e e e s abe e e e e sbneeeeaaes 24
55.3 EMISSIONS MEASUIMEIMENTS ......eiiiiieeiiiiiiti it e e e e ettt e e e e e e e ettt e e aeeesaananteeeeaaeeesaannnbeneeaaeeeaaannne 24
554 D= 1= o) I TSR 24
555 L= N T TP PPPPPPPPPPPPPPPPPPPPPPPR 24
5.5.6 LIRS =10 o) V2 TP UTP TR OPP 24
55.7 L= ST = U] o PP PP PPPPPP 24
5.5.8 Exploratory Radiated Emission Maximization..............ccoiiiiiiiiieeeiiiiciiieie e e e e 25
5.6  Conducted Spurious Emissions 30MHZ t0 25GHZ ...........c.ceviiiiiiiiiiieeiee et 26
5.6.1 T 01 £ PRSPPI 26
5.6.2 EMISSIONS MEASUIMEMENTS .....uiiiieieeiiiciiieiireee e e se sttt ee e e e e e s s st ereeeeessassataneeeaeeesaassntaneeeaeessnnnsnes 26
5.6.3 = 1= o) 1= S 26
5.6.4 LIS O (=T T O PP RPP PP OPPPP 26
5.6.5 LT o I o) OO T PP PP PP 26
5.6.6 IS ST (U] o OO PP PP R PR OPPP 27
5.6.7 TESERESUILS ..ttt oottt e e e e s e s bbb ettt e e e e e s e nbabe e e e e e e e e e nnbnbeeeeaas 27
Page 2 of 53

FCC Report Template Issue 5



Commercial in Confidence
Report Number: C14775TR1
Date: 12" August 2022

5.6.8 Antenna port conducted emissions, 30MHZ t0 25GHZ ..........cccoiviiiiiiieie i 28
Section 6 6dB Bandwidth and 99% Occupied Bandwidth .............cccoiiiimiinniinnnncineene, 29
6.1 TSt SPECITICALION ... .eeteeeeeie ettt e e e e e s ettt et e e e e e s e abb b e e e e e e e e e e e annnbeeeaaaeeeaannnae 29
6.2  Procedure and Test SOftWAIrE VEISION .....cccceeiiiiiiiiee et e e e e et e e e e e e e eeababa s eeeaees 29
6.2.1 EMiSSIONS MEASUIEIMENTS .. .uvuviviririririreeeeererererrrsresererereresesssesrsrsesrsererrrsrerrrererrssrrrrsrererrrrrrrre 30
6.2.2 D LI o 1T SRR 30
6.2.3 LTS AN =T R 30
6.2.4 L= (=0 N o) V2 SRR 30
6.2.5 L= S0 = LU o 30
6.2.6 LTS A R STV £ 30
Section 7 Peak OULPUL POWET ......cooiiiiiccecriin i ssce s r s smss s s e s s s s smn s e e e e e s s snmn e e e e e e s s mnmnnnns 33
% R =TS ] o= Tl {Tor=1 (o] o H PRSPPI 33
7.2  Procedure and Test SOftWAIrE VEISION .....ccceiviiieiiiiiee ettt et tee s e e e e e et e e e e e e s eeababanseeeaees 33
7.2.1 EMiSSIONS MEBASUIEIMENTS ...vvveii ettt e e e e et e e s e e e e e e e aa bt e e e e e s eesbaaa et eeeserersrannsnss 34
7.2.2 DN (=N o ) N =) SRR 34
7.2.3 LTS AN =T PR 34
7.2.4 LIRS 10 [ o) V2T TP ETPPR PP 34
7.25 L= ST =T U] o PP PP PP P PPPPPPPP 34
7.2.6 L= R T U L PP 35
Section 8 Power Spectral DeNSItY ......cccccccerrresirrisssreress e s ssssseesss s ssse s sssssess s ssme e s s s ssme e e s s ssmeensssnmnneas 37
S 0t R =1y A0S o =T o= 4o o PR 37
8.2  Procedure and Test SOftware VEISION ........cooooeeiiiiiiie e 37
8.2.1 EMiSSIONS MEBASUIEIMENTS ..uvveii ittt et e e e e e e et s e e e s e e e e et e e e e e e s e eebaanseeeeeeerabaannns 38
8.2.2 DN (I 0 ) N 1Y) S 38
8.2.3 LTS AN (=T DTSSR 38
8.24 BT T o I o) OO TP P PP PPPPPP 38
8.2.5 LIS RS T= (U] o PP PR PR PPP 38
8.2.6 TESE RESUILS ...ttt e e e e e e e e et e e s e e e e eeeba b s eeeeeeeasbaa e e eeeeeeeraraanss 39
Section 9 Band Edge CompliancCe.........cccceiiimimiinieininis s s ssnne s 41
9.1 TSt SPECITICALION ...ttt e e e et e e e e e e e s bt e e e e e e e e aannberaeeeaae e s 41
9.2  Procedure and Test SOftWare VEISION .........coooieiiiii i 41
9.2.1 EMiSSIONS MEASUIEMENTS ... ..vvviviririrereieeerereeeresererereresereeesesesesssssssssereresssesssesesrsssssrsrerrrsrrrrrsrare 42
9.2.2 DN (30 ) N 1) S 42
9.2.3 LIS AN (=T TP TSR UPTTN 42
9.24 TS (o 1 o) Y2 PP 42
9.25 IS ST (U] o TP PP PR OPRP 42
9.2.6 TESE RESUILS ..ttt ettt e e e e e e et e e e e e e e e e et et e e e e e e e ees b e e e e e s eeerabaanns 42
Section 10 Mains Conducted EMISSIONS ........cccoiiiiiiiiiiiiiiceii e e e e e s e e e e e e e e 46
10.1  TeSt SPECIHTICALION ....eeeeeiieeiiiiie ettt e ettt e e e e e s bbb e e e e e e e e e sanbn b e e e e e e e e e annnbenneeas 46
10.2 Power LiNe EMISSION LIMES ....couuuiiiiiiiiiiiiiiiiee ettt e e e e e ettt e e e e e e e e e et s e e e e e eeanbannnns 46
10.3  RECEIVEI SEIHINGS ....teeeiiieeiiiiiit ettt ettt e e e e e s abb b et et e e e e e s abebeeeeaeeaeannbsbeeeaaeeaeannbeneeeas 46
10.4 Procedure and TeSt SOftWAIrE VEISION .........uuueuiieieieieieeeeeeeeeeeeeeeeeseeesesssesssseressssessrrrsrssrrrrrrerr————.. 46
O R B 7= Y o) 1= SRR 47
O I S =Y N =T WP 47
L10.4.3  TESIEA DY .ottt e e e naaea s 47
O I T ST (1 o OO PR P PP PP PRPPPPP 47
10.4.5 Mains Conducted EMISSIONS RESUILS..........couuueeiiiiiiiiieeiee e e e e e e e e e e 48
O I S T O 4 =Tt 1101 i = (01 (0 ] ¢SRS 50
L10.4.7  SAMPIE DALA ...eeeieiiiiiee ettt ettt e et e e e e b e e e s b e e e e e b e e e e e b et e e e a b e e e e e arreea e 50
Appendix A EUT Test PROLOS.......ooiiiiiiir s s s 51
Appendix B Test EQUIPMENt List ... cmee s mms e s 52
Page 3 of 53

FCC Report Template Issue 5



Commercial in Confidence
Report Number: C14775TR1
Date: 12" August 2022
List of Figures

Figure 1 Test Setup for E-Field Measurements from 30MHZ t0 1GHZ ........c.ccccceeiiiiciiiiieeee e 16
Figure 2 Electric field emissions Plot, 30MHz to 1GHz, ANT+ OPEration...........ccouicuviieieieeniiiiiiiee e e 17
Figure 3 Test Setup for Final E-Field Measurements from 1GHz to 18GHz...........cccccoiviiiiiiiiic e, 19
Figure 4 Electric field emissions Plot, 1GHz to 18GHz. ANT+ OPEration........c.ccccevccuviveeeeeeeiiiiiiieeeeeeeesennnns 21
Figure 5 Electric field emissions Plot, 10GHz to 18 GHz. 1m measurement distance. ANT+ operation...... 22
Figure 6 — manual investigation — ANT+ OPEIAtION .......uuiiiiiiii i e e e e e s e s e e e e e e e s e sanraeereaeeesannnnes 25
Figure 7 Conducted emissions 30MHz t0 25GHZ. ANT+ OPEratioN .........ccuvveiriiiieiniiiie et 28
Figure 8 Bandwidth at 6dB Point. ANT+ OPEIALION........coiiuiiiiiiiiii et 31
Figure 9 99% Occupied Bandwidth. ANT+ OPEIAtION......ccccciii ittt e e e e e e aaees 32
Figure 10 Peak output power, ANT+ OPEIALION .......ocuviiiiiiiiiie ittt e e sabe e e s 36
Figure 11 Power spectral density, ANT+ OPEIAtION.........cuiiiiiiiiiiiiiiiee e e e s siiter e e e e e s s srreereee e s s e sanraeereaeeesannnnes 40
Figure 12 Band Edge Measurement — upper band edge - horizontal polarity............ccccovieiniic e, 44
Figure 13 Band Edge Measurement — upper band edge - vertical polarity..........ccccccvvveeereeiiiiiiiieeeeee e, 44
Figure 14 Band Edge Measurement — lower band edge - horizontal polarity ..........cccceeeieiiiiiiiii s 45
Figure 15 Band Edge Measurement — lower band edge - vertical polarity ..........ccccveiiiiniiiniie e, 45
Figure 30: Test setup for Conducted Emissions on the AC POWET POIT ........uiiiiiiiiiiiiiiiieeee et e e 47
Figure 17: Mains Conducted Emissions Plot — ANT+ operation - Input Power 120V 60Hz Live.................. 48
Figure 18: Mains conducted Emissions Plot — ANT+ operation - Input Power 120V 60Hz Neutral.............. 49
Page 4 of 53

FCC Report Template Issue 5



Commercial in Confidence
Report Number: C14775TR1
Date: 12" August 2022

List of Tables

Table 1 Electric Field Emissions Peaks, 30MHz to 1GHz. ANT+ Operation ..........ccccceevivereiniienesniiiee e, 17
Table 2 Frequencies identified during Exploratory Radiated Emission maximization.............ccccccccoevcvvnneenn. 20
Table 3 Electric Field Emissions Peaks, 1GHz to 18GHz — ANT+ OPEeration ..........ccccoviveeeiiiieeesniiene e 21
Table 4 Electric Field Emissions Peaks, 10GHz to 18GHz. 1m measurement distance — ANT+ operation. 22
Table 5 Bandwidth MEaSUIEMENTS ..........uuiiiiieai ittt e et e e e e e e et e e e e e e s aabe e e e e e e e e e sanbeseeeaaeeseaannreneeeas 30
Table 6 Peak Output POWEr MEASUIEIMENTS .........uuiiiiiiieeeieciiieieeee e e se st eee e e e e e ssnteteeeaeeesssnntaneeeeeeeseannrnneees 35
Table 7 Peak Spectral Density MEASUIEMENLS ...........uiiiiiaiiiiiiiiiieeee e e ettt e e e e e e st ee e e e e e e e s e snnbeeeeeeeeeaeannnees 39
Table 8 Upper Band Edge, Peak detector MeasUrE€MENTS.........cuvieeeiiiiuiiiirie e eciieieeee e e e s s snreeereee e e s e snnnnneees 43
Table 9 Upper Band Edge, average deteCtor MEaSUrEMENTS.........ccovicuviiiireeeesiicirieere e e e e e senrerer e e e e e s e snnrnneees 43
Table 10 Lower Band Edge, Peak detector MeaSUIrEMENTS........ccuiiiiiiiiiiiiieee e eiiiieeee e siieeee e e e e 43
Table 11 Lower Band Edge, average deteCtor MeasSUrE€MENtS.........ccccvuueiireeeesiiiiiieeee e e e s seieree e e e e e s e snneenee s 43
Table 12: Input Power Live Conducted Emissions Peaks — ANT+ Operation ...........cccccoeviieieeeeeeennniiiineen. 48
Table 13: Input Power Neutral Conducted Emissions Peaks — ANT+ operation ..........ccccceeevvivereeniiene e, 49
Page 5 of 53

FCC Report Template Issue 5



Commercial in Confidence

Test Report Change History

Report Number: C14775TR1
Date: 12" August 2022

Issue

Date

Modification Details

1 12" August 2022

First Issue

2

10

FCC Report Template Issue 5

Page 6 of 53



Section 1 Test Location

All testing was performed at;

Commercial in Confidence

Report Number: C14775TR1
Date: 12" August 2022

Eurofins York

Unit 5

Speedwell Road

Castleford

WF10 5PY

Tel:

01977 731173

Website

http://www.yorkemc.co.uk

UKAS Testing No.

1574

1.1 UKAS Accreditation

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

Eurofins York latest accreditation schedule can be found at:
http://www.ukas.org/testing/lab _detail.asp?lab id=989&location id=&vMenuOption=3

Eurofins York Castleford Laboratory, is an Accredited facility recognised by the Federal Communications
Commission (FCC) for certification testing. The appropriate FCC Designation Number is UK2013, dated 1%

March 2021.

Eurofins York Castleford Laboratory is recognised by ISED for certification testing.

ISED Assigned Code: 22959

FCC Report Template Issue 5
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Section 2 Customer Information

Company name Zwift Inc

Address 111 W. Ocean Blvd

Suite 1800

Long Beach

CA 90802

USA

Contact Xiaofei Zhang

Email xiaofei.zhang@zwift.com

Page 8 of 53
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Section 3 Equipment Details
3.1 Equipment Under Test (EUT)

Date received:

215 July 2022

EUT name: Zwift Hub 2004

PMN: Zwift Hub 2004

HVIN: A.0

FVIN: v.3.1

FCC ID: 2A4DF-Z004

ISED number: N/A

Serial no’s: EMC Test 1 and EMC Test 2

EUT description:

Zwift Hub Z004 is a stationary smart cycling training equipment
designed for indoor exercises and it can be connected to the Zwift
virtual training App via the built-in Bluetooth and ANT+ modules.

Antenna

Integral Antenna

Transmission

Digital Transmission System (DTS)
ANT+

Modulation schemes

GFSK

Operating frequency band

2400MHz to 2483.5MHz

No of units tested: Two

EUT power: 120V, 60 Hz AC mains

Highest internal frequency: | 2.480GHz

Size of EUT (mm) Width: 500 mm Depth: 620 mm Height: 470 mm

Mode/s of operation:

Continuous transmit of packetized data on 2457MHz — this was
fixed channel operation.

Test software:

EUT flashed with test software to simulate the transmission of
continuous packetized data.

Modifications incorporated
during testing:

The output power of the ANT+ transmitter was limit to +3dBm by
the system firmware.

Ports and Cables Cable Screened/ Connected to
Length unscreened
PSU cable 1.5m unscreened Power supply unit
Page 9 of 53
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3.2 EUT Photographs

Photographs are supplied separately.

3.3 Configuration of EUT

The apparatus was supplied in one single possible configuration.

3.4 EUT Monitoring/Auxiliary Equipment

None.

3.5 Monitoring Software

None. The channel required was selected via software prior to the testing.

Page 10 of 53
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Section 4Test Specifications

For USA:

Regulation / Test
Standard

Regulation:

Title 47 of the Code of Federal Regulations (CFR) Part 15 (47CFR15)
Subpart C — Intentional Radiators

Measurement standard:

ANSI C63.10-2013

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

Requirement FCC Rule Part Comments Result Summary

6 dB Bandwidth FCC 8§ 15.247(a)(2) Applies Pass
Maximum peak conducted FCC § 15.247(b)(3) Applies Pass
power
Power spectral density FCC § 15.247(e) Applies Pass
Band edge compliance FCC § 15.247(d) Applies Pass
Conducted spurious emissions FCC § 15.247(d) Applies pass
Transmitter radiated spurious FCC § 15.247(d) Applies Pass

. . FCC § 15.209
emissions — restricted bands
AC power line conducted FCC § 15.207 Applies Pass
emissions

FCC Report Template Issue 5
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For Canada:
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Regulation / Test Standard

RSS-247 Digital Transmission Systems (DTSs), Frequency Hopping
Systems (FHSs) and Licence-Exempt Local Area Network (LE-LAN)
Devices

Issue 2 February 2017

And,

RSS-Gen — General Requirements for Compliance of Radio
Apparatus

Issue 5 April 2018
+Al March 2019
+A2 February 2021

Requirement ISED Ragulation Comments Results Summary
99% Occupied Bandwidth RSS-Gen 6.6 Applies Pass
6 dB Bandwidth ISED RSS-247 § 5.2 Applies Pass
Maximum peak conducted power ISED RSS-247 85.4 Applies Pass
Power spectral density ISED RSS-247 § 5.2 Applies Pass

ISED RSS-247 § 3.3

and 5.5
Band edge compliance Applies Pass
RSS-GEN Issue 5
Section 8.10

Conducted spurious emissions ISED RSS-247 §5.5 Applies Pass
Transmitter raiated spurious ISED RSS-GEN § 8.9 Applies Pass
emissions
AC power line conducted ISED RSS-247 § 3.1 .

Applies Pass

emissions

FCC Report Template Issue 5
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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.gov/kdb

4.1.1 Radiated Emissions (30MHz to 1000MHz)

Publication Keyword Publication Date
Number
913591 Measurement o_f 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
Measurement of radiated emissions at the band-edge for a

913591 Part 15 RE Device 04/05/2017

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

4.2 Compliance Statement

The Zwift Hub 2004, as tested, was shown to meet requirements of the standards listed in Section 4 of this

report.

FCC Report Template Issue 5
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Section 5 Spurious Emission Results — Radiated and Conducted

5.1 Test Specification

FCC Rule Part

47CFR 15.247 (d)

Standard

ANSI| C63.10:2013

Measurement Uncertainty

Radiated tests

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

+/- 5.85dB 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

Measurement Uncertainty

Conducted tests

+1.4dB

5.2 Procedure and Test Software Version
Radiated tests:- 47CFR15.205 and 47CFR15.209

Eurofins York test procedure (30MHz to 1GHz) CEP23b Issue 8

Eurofins York test procedure (LGHz to 40GHz) CEP64b Issue 8

Test software

RadiMation Version 2016.2.8

Conducted Tests 47CFR 15.247(d)

ANSI C63.10-2013 Clause reference: 11.11.2 and 11.11.3

Test software

N/A

FCC Report Template Issue 5
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5.3 Radiated Emissions (30MHz to 1GHz)
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Radiated electric field emission measurements are applied as defined in 47CFR15.205 and 47CFR15.209.

5.3.1 Limits at 3m

Frequency Electric Field Strength Limit
(MHz) (dBuVv/m) at 3m measurement distance
Quasi Peak
30 - 88 40.0
88 -216 435
216 - 960 46.0
960- 1000 54.0

Note: FCC 47 CFR Part 15 Section 15.209 and 15.205 specifies test limits at 3m

Receiver Settings

Receiver Parameters Setting
Detector Function Quasi Peak
Start Frequency 30MHz
Stop Frequency 1000MHz

Resolution Bandwidth 120kHz
Video Bandwidth Auto

5.3.2 Emissions measurements

5.3.3 Date of Test
25™ July 2022

5.3.4 Test Area

LAB 1 (SAC)

5.3.5 Tested by

J Beevers

FCC Report Template Issue 5
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5.3.6 Test Setup

The EUT was configured in the SAC on an 80cm high polystyrene table.

The measurement was performed with an antenna to EUT separation distance of 3m. The results were
maximised in orientation 0-360 degrees and height 1-4m.

3m

EUT

0.8m Table
Receiver /
Spectrum
Analyser

Reference Ground Plane

Figure 1 Test Setup for E-Field Measurements from 30MHz to 1GHz

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

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.

Operating Mode During testing

During spurious emission testing the equipment under test was set to transmit at the same frequency
2457MHz.

Page 16 of 53
FCC Report Template Issue 5



Commercial in Confidence
Report Number: C14775TR1
Date: 12" August 2022
5.3.7 Electric field emissions, 30MHz to 1GHz

FCC Class B RBW: 120 kHz, Horizontal Max Peak RBW: 120 kHz, Vertical Max Peak
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Figure 2 Electric field emissions Plot, 30MHz to 1GHz, ANT+ Operation

Frequency| Quasi- Quasi Quasi- Quasi- | Angle |Height|Polarization
Peak |[Peak Limit| Peak Peak
Difference| Status
MHz dBuVv/m | dBuVvV/m dB degrees| m
157.20 311 43.5 -12.4 Pass 185 1.9 Horizontal
30.36 25.7 40.0 -14.3 Pass 315 1.0 Vertical
30.06 25.1 40.0 -14.9 Pass 205 1.0 Vertical
30.72 25.2 40.0 -14.8 Pass 0 1.0 Vertical
50.70 16.9 40.0 -23.1 Pass 115 1.1 Vertical
65.58 16.4 40.0 -23.6 Pass 275 1.6 Vertical
80.88 18.6 40.0 -21.4 Pass 300 1.4 Vertical
92.10 26.1 43.5 -17.4 Pass 260 1.1 Vertical
181.14 24.5 43.5 -19.0 Pass 210 1.9 Horizontal
206.70 12.2 43.5 -31.3 Pass 205 1.5 Horizontal
307.26 14.4 46.0 -31.6 Pass 135 1.4 Horizontal
866.64 14.6 46.0 -31.4 Pass 325 2.7 Vertical

Table 1 Electric Field Emissions Peaks, 30MHz to 1GHz. ANT+ Operation
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5.4 Radiated Emissions (1GHz to 18GHz)

Commercial in Confidence

Report Number: C14775TR1
Date: 12" August 2022

5.4.1 Limits
Frequency Limit Limit
(GHz) (dBuVv/m) (dBuVv/m)
Peak Average
1-18 74.0 54.0

5.4.2 Receiver Settings

Receiver Parameters

Setting

Detector Function

Average and Peak

Start Frequency 1GHz

Stop Frequency 18GHz
Resolution Bandwidth 1MHz

Video Bandwidth Auto

5.4.3 Emissions measurements

5.4.4 Date of Test
5% August 2022

545 Test Area
LAB 1 (SAC)

5.4.6 Tested by

J Beevers

FCC Report Template Issue 5
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Commercial in Confidence
Report Number: C14775TR1
Date: 12" August 2022
5.4.7 Test Setup
The EUT was configured in the SAC on an 1.5m high table Exploratory measurements on the EUT were carried
out to identify suspect frequencies and worst case orientations, see Section 5.4.8.
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.

ToPC

1.5m
Table
e

Reference Ground Plane

Figure 3 Test Setup for Final E-Field Measurements from 1GHz to 18GHz

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

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.

Note 3: For final measurements, between 10GHz and 18GHz the measurements were repeated with a
measurement distance of 1m in order to reduce the measurement noise floor in this frequency
range.

Note 4: On all swept and final measurements made between 1GHz and 18GHz a 2.4GHz Microtronics
BRM50702 notch filter was placed in the measurement chain between the antenna and pre-amplifier
in order to prevent the artificial generation of harmonics within the pre-amplifier.
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Commercial in Confidence

5.4.8 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.

Report Number: C14775TR1
Date: 12" August 2022

Frequency Mode of operation EUT face |Emissions Angle| Height Polarization
(GHz2) * (w.r.t. turntable)
2.136 Transmitting on 2457MHz front face 90 2.0 H
4914 Transmitting on 2457MHz front face 90 2.0 H
7.308 Transmitting on 2457MHz front face 90 2.0 H
7.370 Transmitting on 2457MHz front face 90 2.0 H
12.284 Transmitting on 2457MHz front face 90 2.0 H

Table 2 Frequencies identified during Exploratory Radiated Emission maximization

Note 1: The front face of the EUT is deemed to be 0°, which is then turned in a clockwise direction through

360°.

FCC Report Template Issue 5
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Commercial in Confidence
Report Number: C14775TR1
Date: 12" August 2022
5.4.9 Electric field emissions, 1GHz to 18GHz

—— 1-18GHz class B Avg
—— RBW: 1 MHz, Horizontal Max Peak

1-18GHz class B PK RBW: 1 MHz, Horizontal Max Average
RBW: 1 MHz, Vertical Max Average RBW: 1 MHz, Vertical Max Peak
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Figure 4 Electric field emissions Plot, 1GHz to 18GHz. ANT+ operation

Frequency|Average|Average| Average |Average| Angle |Height|Polarization
Limit |Difference| Status

GHz dBuV/m [dBuV/m dB degrees| m
4913 52.13 54 -1.87 Pass 125 3.2 | Horizontal
7.372 41.49 54 -12.51 Pass 130 1.0 Horizontal
8.501 40.23 54 -13.77 Pass 270 1.2 Vertical
10.489 41.39 54 -12.61 Pass 295 35 Vertical
9.616 40.04 54 -13.96 Pass 125 2.0 | Horizontal
11.190 42.14 54 -11.86 Pass 275 2.8 Vertical
11.614 42.37 54 -11.63 Pass 70 1.9 Horizontal
12.298 42.98 54 -11.02 Pass 25 2.9 Vertical
12.793 44.39 54 -9.61 Pass 250 1.2 Vertical
13.188 43.72 54 -10.28 Pass 245 2.1 | Horizontal
13.913 44.53 54 -9.47 Pass 360 24 Vertical
14.497 47.48 54 -6.52 Pass 105 3.0 Horizontal

Table 3 Electric Field Emissions Peaks, 1GHz to 18GHz — ANT+ operation
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Commercial in Confidence
Report Number: C14775TR1
Date: 12" August 2022

—— 1-18GHz class B Avg —— 1-18GHz class B PK
—— RBW: 1 MHz, Horizontal Max Peak RBW: 1 MHz, Vertical Max Average

RBW: 1 MHz, Horizontal Max Average
RBW: 1 MHz, Vertical Max Peak
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Figure 5 Electric field emissions Plot, 10GHz to 18GHz. 1m measurement distance. ANT+ operation

Frequency|Average|Average| Average |Average| Angle |Height|Polarization
Limit |Difference| Status

GHz dBuVvV/m [dBpVv/im dB degrees| m
17.887 43.38 54 -10.62 Pass 15 1.7 Vertical
17.770 43.27 54 -10.73 Pass 275 25 Vertical
17.694 42.06 54 -11.94 Pass 225 3.7 Vertical
17.405 42.12 54 -11.88 Pass 15 3.6 | Horizontal
16.854 40.98 54 -13.02 Pass 100 3.6 | Horizontal
17.129 40.54 54 -13.46 Pass 245 1.8 | Horizontal
15.535 40.25 54 -13.75 Pass 165 2.2 | Horizontal
14.500 39.27 54 -14.73 Pass 5 1.7 | Horizontal

Table 4 Electric Field Emissions Peaks, 10GHz to 18GHz. 1m measurement distance — ANT+
operation

Page 22 of 53
FCC Report Template Issue 5



Commercial in Confidence
Report Number: C14775TR1
Date: 12" August 2022

5.4.10 Example field strength calculation

The total average corrections are shown in the above table. This correction figure consists of Preamplifier
gain (PG), Antenna factor (AF); and Cable loss (CL), and where necessary distance extrapolation factor (dB).

Field strength (FS) is calculated as follows:
FS (dBuv/m) = Indicated Signal Level (dBuV) - PG (dB) + AF (dB) + CL (dB)

5.4.11 Sample Data

From Figure 4 and table 3, The Average level at 14.497GHz is calculated as follows:

FS (dBuV/m) = 40.17(dBuV) — 50.40(dB) +46.71(dB/m) +11.00 (dB) = 47.48pV/m

Between 10GHz and 18GHz the final measurement was made at 1m distance. The data was then
extrapolated to the value expected at 3.

The extrapolation value was calculated as:
= -20logio(measurement distance (1m) / specification distance (3m)

= 20log10(1/3) = -9.5dB
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5.5 Radiated Emissions (18GHz to 26GHz)

Commercial in Confidence

Report Number: C14775TR1
Date: 12" August 2022

5.5.1 Limits
Frequency Limit Limit
(GHz2) (dBuV/m) (dBuV/m)
Peak Average
18-25 74.0 54.0

5.5.2 Receiver Settings

Receiver Parameters

Setting

Detector Function

Average and Peak

Start Frequency 18GHz

Stop Frequency 25GHz
Resolution Bandwidth 1MHz

Video Bandwidth Auto

5.5.3 Emissions measurements

5.5.4 Date of Test
26™ July 2022

5.5.5 Test Area
LAB 1 (SAC)

5.5.6 Tested by

J Beevers

5.5.7 Test Setup

This is the same as for the 1-18GHz range for final measurements, except with a measurement distance of

im.

FCC Report Template Issue 5
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Report Number: C14775TR1
Date: 12" August 2022

5.5.8 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.

Frequency Mode of operation EUT face |Emissions Angle| Height Polarization
(GHz) * (w.r.t. turntable)

Tx on channels 2402MHz, 2440MHz
and 2480MHz.

Table 4: Frequencies identified during Exploratory Radiated Emission maximization

Note 2 : The front face of the EUT is deemed to be 0°, which is then turned in a clockwise direction through
360°.

No emissions were identified for further investigation above 18GHz.

] =
Spectrum ry

Ref Level 102.00 depy @ RBW (EMI) 1 MHz

= Att 10 dB & SWT 150 ms & YBW 3 MHz Mode asuto Sweep Input 1 AC
PS

O 1Pk Max

M1[1] 42.35 dBpvY
18.000000 GHz
90 dBpy

80 dBpv

70 dBpy

&0 dBpy

50 dBpv
1

40 deBpy

30 dBpy

20 dBpv

10 dBpv

Start 18.0 GHz 10000 pts

Stop 25.0 GHz
Marker Peak List

No | X-value Y-value | mNo | X-value

Y-value |
1 19.684550 GHz 47.224 dBpv 2

15:48:56

S
H J Measuring... [ ERRCRENE gl 25.07.2022 y
2
Date: 25.JUL.2022 15:48:56

Figure 6 — manual investigation — ANT+ operation
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5.6 Conducted Spurious Emissions 30MHz to 25GHz

5.6.1 Limits

Report Number: C14775TR1
Date: 12" August 2022

Frequency Limit, 47CFR 15.247(d)
(MHz) Peak
30 — 25000 -20dBc
Spectrum analyser settings as specified by ANSI C63.10-2013 Clause 11.11.2
Receiver Parameters Setting
Detector Function Peak
Start Frequency 30MHz
Stop Frequency 1000MHz
Start Frequency 1000MHz
Stop Frequency 25000MHz
Resolution Bandwidth 100kHz
Video Bandwidth 300kHz
Sweep rate Auto couple
Trace mode Max hold

5.6.2 Emissions measurements

5.6.3 Date of Test
215t July 2022

5.6.4 Test Area
LAB 1

5.6.5 Tested by

J Beevers

FCC Report Template Issue 5
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Commercial in Confidence
Report Number: C14775TR1
Date: 12" August 2022

5.6.6 Test Setup

The antenna port was connected directly to the signal analyser.

EUT Signal Analyser

Antenna port | RFinput

5.6.7 Test Results

The results of the conducted spurious emissions are stated below and by the signal analyser images.

All disturbances detected were > 20dB below the carrier.
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Report Number: C14775TR1
Date: 12" August 2022

5.6.8 Antenna port conducted emissions, 30MHz to 25GHz

MultiView =8 Receiver X Spectrum
Ref Level -1 g RBW

e Att VBW KH: Count 100/100 Frequency 12.5150000 GHz

Input Notch

1 Frequency Sweep
11
: 3

30.0 MHz 23500 pts 2.5 GHz/
2 Marker Peak List

No X-Value X-Value
1 0 dEn 4

- Measuring... [[[[[[[[]] 21.07.2022

12:21:00

12:21:01 21.07.2022

Figure 7 Conducted emissions 30MHz to 25GHz. ANT+ operation
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Commercial in Confidence
Report Number: C14775TR1
Date: 12" August 2022

Section 6 6dB Bandwidth and 99% Occupied Bandwidth

6.1 Test Specification

FCC Rule Part 46CFR 15.247 (b)(2)

Standard ANSI C63.10:2013

6.2 Procedure and Test Software Version

Conducted Tests

ANSi C63.10-2013 Clause reference:

11.9.1.1 (RBW>DTS bandwidth)

Test software

N/A

Frequency
(MHz)

Limit, 47CFR 15.247(a)(2)
6dB bandwidth

Peak

2400MHz to 2483.5MHz

At least 500kHz

Spectrum analyser settings as specified by ANSI C63.10-2013 Clause 11.8.1

Receiver Parameters Setting
Detector Function Peak
Span 3MHz
Resolution Bandwidth 50kHz
Video Bandwidth 150kHz
Sweep rate Auto couple
Trace mode Max hold

FCC Report Template Issue 5
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6.2.1 Emissions measurements

6.2.2 Date of Test
21t July 2022

6.2.3 Test Area
LAB 1

6.2.4 Tested by

J Beevers

6.2.5 Test Setup

Commercial in Confidence

The antenna port was connected directly to the signal analyser.

EUT

Report Number: C14775TR1
Date: 12" August 2022

Antenna port

Signal Analyser

RF input

6.2.6 Test Results
The results of the 6dB bandwidth measurements are stated in the table below and by the signal analyser
images.
Channel 99% Occupied Measured 6dB Minimum Figures Result
(MHz) Bandwidth bandwidth (kHz) requirement
(MH2) (kHz)
2457.00 1.0155 513.45 500.0 8 and 9 Pass

FCC Report Template Issue 5

Table 5 Bandwidth Measurements

Page 30 of 53



Commercial in Confidence
Report Number: C14775TR1

Date: 12" August 2022

Multiview &2 Receiver X  Spectrum
Ref Level 10.00 ¢ ® RBW k
® Att dB us (~5 VBW Auto FFT  Count 100/100 Frequency 2.4570000 GHz
Input Notch
1 Frequency Sweep e 1Pk Iv
-2.03 dBm

2,457000000 GHz

Span 3.0 MHz

23500 pts 300.0 kHz /

CF 2.457 GHz

2 Marker Table
Type Ref X-Value ¥-Value Function

M1 2.457 GHz 6.0 dB
T1 2.45 55 dBm 3 513.45 kHz
) 3

teasuring... [[[]1]]1]] e notar
- - MBESLII’II'Ig... 14:09:07

Function Result

14:09:07 21.07.2022

Figure 8 Bandwidth at 6dB Point. ANT+ operation
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Report Number: C14775TR1

Date: 12" August 2022

MultivView &8 Receiver Spectrum
Ref Level 10.00 00 k
s Att < ALIED Count 100/100 Frequency 2.4570000 GHz
Input Z g
1 Occupied Bandwi ® 1Pk Iv
M1[1] 0.27 dBm
245700000 GHz

Span 3.0 MHz

1001 pts 300.0 kHz/

CF 2.457 GHz

2 Marker Table
Type Ref X-Value ¥-Value Function Function Result
M1 0.27 dBm 1.015450605 MHz
T1 -15.48 dBm 5 3H

T2 i
teasuring... [TT11111] 2 osier
) = MEESLII’IHI;... 14:25:57

14:25:58 21.07.2022

Figure 9 99% Occupied Bandwidth. ANT+ operation
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Section 7 Peak Output Power

7.1 Test Specification

Report Number: C14775TR1
Date: 12" August 2022

FCC Rule Part 46CFR 15.247 (b)(3)

Standard ANSI C63.10:2013

7.2 Procedure and Test Software Version

Conducted Tests

ANSI C63.10-2013 Clause reference: 11.9.1.1 (RBS>DTS bandwidth)
Test software N/A
Frequency Limit, 47CFR 15.247(b)(2)
(MHz)
Peak
2457.0 1 watt
Spectrum analyser settings as specified by ANSI C63.10-2013 Clause 11.11.2
Receiver Parameters Setting
Detector Function Peak
Span 10MHz

Resolution Bandwidth

2MHz (>DTS Bandwidth)

Video Bandwidth 6MHz
Sweep rate Auto couple
Trace mode Max hold
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7.2.1 Emissions measurements

7.2.2 Date of Test
21t July 2022

7.2.3 Test Area
LAB 1

7.2.4 Tested by

J Beevers

7.25 Test Setup

Commercial in Confidence

The antenna port was connected directly to the signal analyser.

EUT

Antenna port

FCC Report Template Issue 5
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Signal Analyser

RF input




Commercial in Confidence
Report Number: C14775TR1
Date: 12" August 2022

7.2.6 Test Result

The results of the peak output power measurements are stated in the table below and by the signal analyser
images.

Frequency Mgﬁ\%fd Cable Peak Power | Peak Power Limit Figure
(MHz2) dBm) Loss (dB) (dBm) (Watts) (Watts) 9
2457 -0.57 2.30 1.73 0.00149 1 10

Table 6 Peak Output Power Measurements
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Report Number: C14775TR1
Date: 12" August 2022

Agilent Spectrum Analyzer - Swept SA

Xl = | RFPRESEL |So@ aC | ] SEMSE:INT A\ ALIGN OFF

Video BW 8.0 MHz i Avg Type: Log-Pwr
PNO: Fast (o Trig:Free Run Avg|Hold:>100/100

IFGainLow — WAtten: 20 dB

Mkr1 2.456 80 GHz
Ref 8.00 dBm -0.569 dBm

Center 2.457000 GHz Span 10.00 MHz
#Res BW 2.0 MHz #VBW 8.0 MHz Sweep 1.000 ms (1001 pts)

Figure 10 Peak output power, ANT+ operation
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Section 8 Power Spectral Density

8.1 Test Specification

Report Number: C14775TR1
Date: 12" August 2022

FCC Rule Part 46CFR 15.247 (e)

Standard ANSI C63.10:2013

8.2 Procedure and Test Software Version

Conducted Tests

ANSI C63.10-2013 Clause reference:

Clause 11.10.2

Test software

N/A

Frequency Limit, 47CFR 15.247(e)
(MHz)
Peak
2457.00 <8dBm in any 3kHz band during any time interval of
complete transmission

Spectrum analyser settings as specified by ANSI C63.10-2013 Clause 11.10.2

Receiver Parameters

Setting

Detector Function

Peak

Span

1.5xDTS bandwidth

Resolution Bandwidth

3kHz <RBW =<100kHz

Video Bandwidth 3 x RBW
Sweep rate Auto couple
Trace mode Max hold
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8.2.1 Emissions measurements
8.2.2 Date of Test
5" August 2022

8.2.3 Test Area
LAB 1

8.2.4 Tested by

J Beevers

8.25 Test Setup

Commercial in Confidence

The antenna port was connected directly to the signal analyser.

EUT

Antenna port

FCC Report Template Issue 5
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Date: 12" August 2022

Signal Analyser

RF input




8.2.6 Test Results

Commercial in Confidence

Report Number: C14775TR1

Date: 12" August 2022

Frequency | Measured Power | Cable Loss Power in Limit Figure Result
(MHz) in 3kHz RBW (dB) 3kHz RBW (dBm)
(dBm) (dBm)
2457 -10.87 2.30 -8.57 8.0 11 Pass

Table 7 Peak Spectral Density Measurements

FCC Report Template Issue 5
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Commercial in Confidence
Report Number: C14775TR1
Date: 12" August 2022

Agilent Spectrum Analyzer - Swept SA

X [ RFPRESEL [S0@ oac | ] [ M\ BLIGN OFF 04:26:12 PM Aug 05, 2022

Marker 1 2.457010500000 GHz . Avg Type: Log-Pwr
PNO: Wide ) Trig: Free Run Avg|Hold:>100/100

IFGain:Low #Atten: 20 dB

Mkr1 2.457 010 5 GHz
Ref 8.00 dBm -10.872 dBm

Center 2.4570000 GHz Span 1.500 MHz
#Res BW 3.0 kHz #VBW 10 kHz Sweep 158.2 ms (1001 pts)

Figure 11 Power spectral density, ANT+ operation
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Report Number: C14775TR1
Date: 12" August 2022

Section 9 Band Edge Compliance

9.1 Test Specification

FCC Rule Part 46CFR 15.205 and 47CFR15.209

Standard ANSI C63.10:2013

9.2 Procedure and Test Software Version

Radiated Tests

ANSI C63.10-2013 Clause reference:

Test software

N/A

Frequency
(MHz)

Limit, 47CFR 15.247(e)

Clause 6.10.4 Authorised band-edge measurements

Peak

2400MHz to 2483.5MHz

radiated emission limits of 47CFR15.209

Spectrum analyser settings as specified by ANSI C63.10-2013 Clause 6.10.5 “Restricted band-edge

measurements”

Receiver Parameters

Setting

Detector Function

Peak

Span As necessary
Resolution Bandwidth 1MHz
Video Bandwidth 3 x RBW
Sweep rate Auto couple
Trace mode Max hold

FCC Report Template Issue 5
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9.2.1 Emissions measurements

9.2.2 Date of Test
26 July 2022

9.2.3 Test Area
LAB 1

9.2.4 Tested by

J Beevers

9.25 Test Setup

Commercial in Confidence

The test setup was identical to radiated emissions testing 1-18GHz.

9.2.6 Test Results

Results are presented in two formats:

Report Number: C14775TR1
Date: 12" August 2022

Tabular results of measurements at the band edges. Manual measurements were performed to measure the
maximum value of signal at the band edge. The tabular data includes the following:

Frequency at the band edge

Pre-amplifier gain
Cable loss
Antenna factor

NougokrwbdE

Polarity of the measurement antenna

Amplitude of signal at the input of the test receiver

Resultant Electric field strength = 3-4+5+6

Spectrum analyser screen displays are also included. Please note that the screen displays do not include

losses or antenna factor.

FCC Report Template Issue 5
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Tabular Data

Commercial in Confidence

The following radiated measurements were made at the band edges:

Upper band edge

Report Number: C14775TR1
Date: 12" August 2022

Cable .
. frequency | Amplitude | Preamp E Limit Margin
Polarity | * (MHz) | (dBuv) | (dB) (':;S) AF(dB/m) | (4Buv/m) | (dBuv/m) | (dB)
H 2483.5 72.5 54.27 4.28 29.89 52.39 74.0 21.61
\Y 2483.5 73.4 54.27 4.28 29.89 53.29 74.0 20.71
Table 8 Upper Band Edge, Peak detector measurements
Cable ef Margin
Polarity frequency | Amplitude sl loss | AF(dB/m) E .
(MHZ) (dBUV) (dB) (dB) (dBuV/m) (dBuV/m) (dB)
H 2483.5 48.4 54.27 4.28 29.89 28.29 54.0 25.71
\Y 2483.5 48.5 54.27 4.28 29.89 28.39 54.0 25.61
Table 9 Upper Band Edge, average detector measurements
Lower band edge
Cable fef Margin
Polarity frequency | Amplitude sl loss | AF(dB/m) E .
(MHZ) (dBUV) (dB) (dB) (dBuV/m) (dBuV/m) (dB)
H 2400 68.2 54.24 4.16 29.67 47.79 74.0 26.21
Vv 2400 70.9 54.24 4.16 29.67 50.49 74.0 23.51
Table 10 Lower Band Edge, Peak detector measurements
Cable P Margin
Polarity frequency | Amplitude ALt loss | AF(dB/m) E i
H 2400 50.2 54.24 4.16 29.67 29.79 54.0 24.21
Vv 2400 52.5 54.24 4.16 29.67 32.09 54.0 21.91

Table 11 Lower Band Edge, average detector measurements
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Report Number: C14775TR1

Date: 12" August 2022
Spectrum analyser displays

om
(Specror SO &

Ref Level 122,00 dBpV @ RBW (EMI) 1 MHz

= Att 30de @ SWT 15 & VBW 3 MHz Mode Auto Sweep  Input 1 AC
PS

O 1Pk Max@ 2Pk Clrw

mM2[1] 64.10 dBpY

i 2.4835000 GHz

M1[1] 110.05 dBpY
J h 4

110 dv 2.4570000 GHz

100 depv ﬂ

90 dBpy

80 dB Y

70 dBpv

50 dBpy

40 dBpy

30 dB v

CF 2.4835 GHz 10000 pts Span 150.0 MHz

Measuring...

ETET R
Date: 5.AUG.2022 14:41:28

Figure 12 Band Edge Measurement — upper band edge - horizontal polarity

om
(Specror ) &

Ref Level 120,00 dBpV @ RBW (EMI) 1 MHz

= Att 30de @ SWT 15 & VBW 3 MHz Mode Auto Sweep  Input 1 AC
PS

O 1Pk Max@ 2Pk Clrw

M2[1] 66.00 dBpY
1 2.4835000 GHz
110 depv M1[1] 110.77 dBp¥

A 2.4570000 GHz
100 dBpY —

90 dBpv \

80 dB Y

70 dBpy LRy Rl

50 dBpy

40 dBpy

30 dB v

CF 2.4835 GHz 10000 pts Span 150.0 MHz

Measuring...

149133134
Date: 5.AUG.2022 14:33:35

Figure 13 Band Edge Measurement — upper band edge - vertical polarity
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Report Number: C14775TR1
Date: 12" August 2022

o
(Specror | SR &

Ref Level 124.00 depV @ RBW (EMI) 1 MHz
v
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Figure 14 Band Edge Measurement — lower band edge - horizontal polarity
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Figure 15 Band Edge Measurement — lower band edge - vertical polarity
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Section 10 Mains Conducted Emissions

10.1  Test Specification

FCC rule part

47CFR 15.207

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

+/- 3.45dB

10.2 Power Line Emission Limits

Frequency Limit
(MHz) (dBpv)
Quasi Peak Average
0.15-0.5 66 — 56* 56 — 46*
0.5-5.0 56.0 46.0
5.0-30 60.0 50.0

Note: * The limit decreases linearly with the logarithm of the frequency in the range

10.3  Receiver Settings

Receiver Parameters Setting
Detector Function Quasi Peak and Average
Start Frequency 150kHz
Stop Frequency 30MHz
Resolution Bandwidth 10kHz
Video Bandwidth Auto

10.4 Procedure and Test Software Version

Eurofins York test procedure CEP19 Issue 8

Test software

RadiMation Version 2016.1.6

FCC Report Template Issue 5
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10.4.1 Date of Test
22" July 2022

10.4.2 Test Area
LAB 2

10.4.3 Tested by

J Beevers

10.4.4 Test Setup

This test was applied to the EUT's Live and Neutral lines. The EUT was configured in the screened room on
an 80cm high table and was positioned 40cm from the room wall.

The EUT was then powered from the mains supply via a Line Impedance Stabilisation Network (LISN).

Screened Room

Receiver

LISN Table
80cm

EUT

10dB

40cm

Figure 16: Test setup for Conducted Emissions on the AC power port

The screened room provides an environment that ensures valid, repeatable measurement results that meet
the requirements of Clause 5.2 of ANSI C63.4-2014.
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10.4.5 Mains Conducted Emissions Results
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—— RBW: 9kHz, Line 1 Max Peak

FCC Mains Class B AV RBW: 9 kHz, Line 1 Max Average
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Figure 17: Mains Conducted Emissions Plot — ANT+ operation - Input Power 120V 60Hz Live

Frequency Average|Average| Average | Average |Average| Quasi- | Quasi- | Quasi- Quasi- | Quasi- | Overall
Limit | Difference |Correction| Status | Peak Peak Peak Peak Peak | Status
Limit |DifferenceCorrection| Status

dBuv | dBpv dB dB dB dBpv | dBpv dB dB

172.5 kHz 8.0 54.8 -46.81 10.0 Pass | 23.9 64.8 | -40.90 10.0 Pass | Pass

208.5 kHz 2.4 53.3 -50.88 9.9 Pass | 17.4 63.3 | -45.91 9.9 Pass | Pass

276.0 kHz -0.9 50.9 -51.82 9.7 Pass | 11.5 60.9 | -49.44 9.7 Pass | Pass

411.0 kHz 7.1 47.6 -40.53 9.9 Pass | 22.6 57.6 | -35.05 9.9 Pass | Pass

720.6 kHz 0.5 46.0 | -45.48 10.0 Pass | 13.1 56.0 | -42.94 10.0 Pass | Pass

2.340 MHz -0.4 | 46.0 | -46.44 10.0 Pass 6.9 56.0 | -49.11 10.0 | Pass | Pass

2.446 MHz 0.0 | 46.0 | -46.04 10.0 Pass | 9.3 56.0 | -46.68 10.0 | Pass | Pass

2.931 MHz 0.6 | 46.0 | -45.41 10.0 Pass | 9.7 56.0 | -46.30 10.0 | Pass | Pass

3.134 MHz 0.5 46.0 | -45.54 10.1 Pass | 10.0 | 56.0 | -45.98 10.1 | Pass | Pass

3.542 MHz 0.2 46.0 | -45.77 10.1 Pass | 10.8 | 56.0 | -45.22 10.1 | Pass | Pass

10.739 MHz | 4.8 50.0 | -45.24 10.8 Pass | 16.9 | 60.0 -43.1 10.8 | Pass | Pass

14.006 MHz | 2.9 50.0 | -47.06 11.0 Pass | 14.7 | 60.0 | -45.31 11.0 | Pass | Pass

28.662 MHz | 5.0 50.0 | -44.96 11.3 Pass | 183 | 60.0 | -41.71 11.3 | Pass | Pass

Table 12: Input Power Live Conducted Emissions Peaks — ANT+ operation
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Figure 18: Mains conducted Emissions Plot — ANT+ operation - Input Power 120V 60Hz Neutral

Frequency |[Average|Averag | Average | Average [Average| Quasi- | Quasi- | Quasi- Quasi- | Quasi- | Overall
e Limit | Difference [Correction| Status | Peak Peak Peak Peak Peak | Status
Limit |Difference|Correctio | Status
n

dBuVv | dBuVv dB dB dB dBuVv | dBpv dB dB

172.5 kHz 9.4 | 54.8 | -45.40 10.0 Pass | 25.7 | 64.8 | -39.18 | 10.0 Pass | Pass

213.9 kHz 0.7 53.1 | -52.37 9.9 Pass 17.5 | 63.1 | -45.53 9.9 Pass Pass

221.6 kHz 0.3 52.8 | -52.43 9.8 Pass 16.7 | 62.8 | -46.06 9.8 Pass Pass

404.7 kHz 9.2 | 47.8 | -38.51 9.9 Pass | 21.3 | 57.8 | -36.43 9.9 Pass | Pass

2.119MHz | -0.2 | 46.0 | -46.15 10.0 Pass 6.7 56.0 | -49.31 | 10.0 Pass | Pass

2.535MHz | -1.4 | 46.0 | -47.43 10.0 Pass 6.4 56.0 | -49.55 10.0 Pass Pass

2774 MHz | -1.8 | 46.0 | -47.80 10.0 Pass 4.2 56.0 | -51.83 | 10.0 Pass | Pass

3.509 MHz | -0.7 | 46.0 | -46.68 10.1 Pass 10.7 | 56.0 | -45.28 10.1 Pass Pass

11.787 MHz | 4.4 | 50.0 | -45.60 10.9 Pass | 16.7 | 60.0 | -43.28 | 10.9 Pass | Pass

20.135MHz | 0.9 | 50.0 | -49.14 11.0 Pass | 10.5 | 60.0 | -49.46 | 11.0 Pass | Pass

28.626 MHz | 5.1 | 50.0 | -44.88 11.3 Pass | 189 | 60.0 | -41.12 | 11.3 Pass | Pass

Table 13: Input Power Neutral Conducted Emissions Peaks — ANT+ operation
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10.4.6 Correction factors

The quasi-peak correction and average correction are shown in the above table. This correction figure consists
of LISN Insertion loss (IL), Cable loss (CL) and Transient Limiter Loss (TL)

The Actual Signal Level (ASL) is calculated as follows:
ASL (dBuV) = Indicated Signal Level (dBuV) + IL (dB) + CL (dB) + TL (dB)
10.4.7 Sample Data

The Quasi-Peak level at 28.626 MHz

ASL (dBpV) = 5.1dBuV = -6.6dBuV + 1.2dB + 0.1dB + 10.4dB
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Appendix A EUT Test Photos

Test set up photographs are supplied separately.
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Appendix B Test Equipment List

Conducted Emissions from Antenna Port

Report Number: C14775TR1

Date: 12" August 2022

Item Serial No. Last Calibration Calibration Interval
Date
RF Cable Cable 22 January 2022 12 Months
R & S ESR7 C0499 3 February 2022 12 Months
Keysight MXE C0339 25" January 2022 12 Months

FCC Report Template Issue 5

Page 52 of 53



Commercial in Confidence
Report Number: C14775TR1
Date: 12" August 2022

Radiated Emissions Equipment

Iltem Serial No. Last Calibration Calibration
Interval
Date
Laboratory 1 Semi-Anechoic Chamber Lab1 28™ January 2020 36 Months
ETS Lindgren 2017B Mast (1 — 4m)
- N/A N/A
with tilting mechanism
th
R & S ESR26 C0502 10% November |15 \15nths
2021
Teseq CBL 6112D Bilog antenna C0506 15" July 2021 36 Months
6dB Attenuator (For use with Bilog Antenna) C0506B 15" July 2021 36 Months
HF26 Cable HF26 17" January 2022 12 Months
HF35 Cable HF35 17" January 2022 12 Months
HF27 Cable HF27 17" January 2022 12 Months
rd
Schwarzbeck D-69250 Antenna 1-18GHz C0626 23 gggimber 24 Months
2.4GHz Microtronics BRM50702 notch filter C0473 11" January 2022 12 Months
BONN BLMA 0118-M Preamplifier G0327 6" January 2022 12 Months
=TS Lingren SLL6T-BA Hom Antenna 18- C0433 17" October 2019 | 36 Months

Page 53 of 53

FCC Report Template Issue 5




