REEINTESH

Engineering Solutions & Electromagnetic Compatibility Services

Certification Application Report
FCC Part 15.247 & Industry Canada RSS-247

Test Lab:

Rhein Tech Laboratories, Inc. Phone: 703-689-0368

360 Herndon Parkway
Suite 1400
Herndon, VA 20170

E-Mail: atcbinfo@rheintech.com

Applicant:

Garmin International Inc.
1200 E. 151% Street
Olathe, Kansas 66062
Contact: William Pertner

Fax: 703-689-2056
www.rheintech.com

Phone: 913-440-5471

IPH-03438

FCC/IC ID 1792A-03438 Test Report Date April 12, 2018
Platform N/A RTL Work Order # 2017241
Model/HVIN A03438 RTL Quote # QRTL17-241A

American National
Standard Institute:

ANSI C63.10-2013 American National Standard of Procedures for Compliance
Testing of Unlicensed Wireless Devices

DTS — Part 15 Digital Transmission System (Wi-Fi, ANT+, BLE portion)

FCC Classification: -
DSS - Part 15 Spread Spectrum Transmitter

FCC Rules Part 15.247: Operation within the bands 920-928 MHz, 2400-2483.5

SIS Ui [PEI()x MHz and 5725-5850 MHz (10/01/17)

RSS-247 Issue 2: Digital Transmission Systems (DTSs), Frequency Hopping
Systems (FHSS) and Licence-Exempt Local Area Network (LE-LAN) Devices
RSS-Gen Issue 4: General Requirements for Compliance of Radio Apparatus

Industry Canada:

it Gt Digital Interface was found to be compliant

Information
Frequt(el\r;lm)Range Output Power (W) Frequency Tolerance Emission Designator
2412-2462 (Wi-Fi) 0.219 N/A 19M4F1D
2402-2480 (Bluetooth) 0.006 N/A 1MOOF1D
2402-2480 (ANT+) 0.005 N/A 1MOOF1D
2402-2480 (BLE) 0.005 N/A 1M13F1D

I, the undersigned, hereby declare that the equipment tested and referenced in this report conforms to the
identified standard(s) as described in this test report. No modifications were made to the equipment during
testing in order to achieve compliance with these standards. Furthermore, there was no deviation from,
additions to, or exclusions from, the applicable parts of FCC Part 2, FCC Part 15, ANSI C63.10, and
Industry Canada RSS-247 and RSS-Gen.

A- W
Signature: 6

Typed/Printed Name: Desmond A. Fraser

Date: April 12, 2018

Position: President

These tests are accredited and meet the requirements of ISO/IEC 17025 as verified by ANAB.
Refer to certificate and scope of accreditation AT-1445.

This report may not be reproduced, except in full, without the written approval of Rhein Tech Laboratories, Inc. and
Garmin International Inc. The test results relate only to the item(s) tested.

360 Herndon Pkwy | Suite 1400 | Herndon | Virginia 20170
Phone: 703.689.0368 | Fax: 703.689.2056 | www.rheintech.com



http://www.rheintech.com/
mailto:ATCBINFO@rheintech.com

Table of Contents

1 General INFOMMELION .....uuiiiiiiiiiitie it e e r e a e e e e e e e e e e e e e e e e e eas 7
I R S oo oL U PUP PP UPPPTRRPN 7
1.2 DeSCHPLON OF EUT ..ttt ettt e e e e e e e et b e e e e e e e etbba e e e e e e e e eebbba e e e e aaeennanannes 7
R B =S = Vo | 1 PSSP 7
1.4 Related SUDMITEAI(S)/GIANT(S) .. .ciieeeurruiiee ittt e e e e e e e eta e e e e e e e eetbba e e e e e eeeenbbnnn s 7
1.5 MOGIFICALIONS ...eeeeieiiiiieieiiii ettt et e et e bbb 7

2 TSt INTOIMALION ... 8
2.1 Description Of TESE IMOUES ... .ottt e e e e e ettt e e e e e e ettt b e e e e e e e eeenbaan s 8
2.2 EXErCISING the BEUT ...t e e ettt e e e e e e e e tbb s e e e e e e e e e bbb e e e e e e eeesebaannes 8
2.3 TESt RESUIL SUMIMEAIY ...ttt e e e et et e e e e e e et bbb e e e e e eeeebbbb e e e e aaeeeesannnnes 9
2.4 TeSt SYSIEM DELAIIS. ....cuuiuiiii e et e e e e ettt a e e et bbb e e e e e e aaaaa s 9
2.5 Configuration Of TESIEA SYSEIM ......uuu i et e e e e e et e e e e e eeeneaan s 9

3 Peak Output Power — FCC 15.247(D); RSS-247 5.4 ... 10
3.1 Power OULPUL TESE PrOCEAUIE. .......uue ettt e e e e e ettt e e e e eeeaaaan s 10
3.2 POWET OULPUL TESE DALA .....cevueiieiiieieii ettt ettt e e e et e e e et e e e eta e e e e et e e aesa e e eeeba e aaeannaaaees 10

4  Compliance with the Band Edge — FCC 15.247(d); RSS-247 2.2 ....cooi i 12
4.1 Band EAge TeSt PrOCEUUIE........uu ettt e ettt e e e e e e e e et b e e e e e e e eebbba e aeaas 12
4.2 Restricted Band EAge TeSt RESUILS.......couuuuiiiieiieei e 12

o R Mo Y g == T To [ o (o PSP P PR 12
o A U o] o1 g = 7= 1o o [ o (o TSR 19

5 Antenna Conducted Spurious Emissions — FCC 15.247(d); RSS-GeN ........coviiiiiiiiiiiiiiiieeiceiii e 26
5.1 Antenna Conducted Spurious Emissions Test ProCedures ..............oiviiiiiiiiiiiiiinieeeeeeeeiiie e 26
5.2 Antenna Conducted Spurious Emissions TeSt RESUILS ..........cooiiiiiiiiiiiiiiiiiiiii e 26

6 20 dB Bandwidth — FCC 15.247(a)(1); RSS-247 5.1 ...t 27
6.1 20 dB Bandwidth TESt PrOCEAUIE. ........uuuiiiiiiiiiiiiiiii s 27
6.2 20 dB BandWidth TESE DALal ......uuuvuurrriiiiiiiiiiiiiiiiiiiiii e 27

7  6dB Bandwidth — FCC 15.247(8)(2); RSS-247 5.2 30
7.1 6 dB Bandwidth Test Procedure — Minimum 6 dB Bandwidth ..o 30
7.2 6 dB Bandwidth TESE RESUITS ........uuuiiiiiiiiiiiiiiiiii s 30

8 Power Spectral Density — FCC 15.247(€); RSS-247 5.2(D) ..ccoveeiiiiiiii e 43
8.1 Power Spectral Density TSt PrOCEAUIE..........uu ittt eeee e e e e e eeeeannns 43
8.2 Power Spectral DENSItY TESE DATA.........ccuiieiiiii ettt e e e e e ee e e e e e e eeatb e e aaaeeerbaanns 43

9  Hopping Characteristics — FCC 15.247(8)(1); RSS-247 5.1 ..o 56

10 Radiated Emissions — FCC 15.209; RSS-247 6.2 and RSS-GEeN..........uuuuuiimimiiiiiiiiiiiiiiies 59
10.1 Limits of Radiated EmMiSSIONS MEASUIEMENT...........uviiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeseeeeeeseeeesereeneenennnes 59
10.2 Radiated Emissions Measurement TESt PrOCEAUIE ...........oevviiiiiiiiiiiiiiiieeeieieieeeeeeeeeeeeeeeeeeneseeeneneennes 59
10.3 Radiated EMISSIONS TSt RESUILS........ciiiiiiiiiiiiiiiiiiiieeiiee ettt ae bbb rr e enerrenee 60

L1 CONCIUSION Lttt o4 oo e oo oo oo oo oo oo e e oo oo e e e e e e e e e e e e e e e e e e e e e e e eeeeeeaeaaaaeeas 71

Page 2 of 86



Figure Index

Figure 2-1:

Configuration Of SYStemM UNCEr TeSE......cciiiiiiiiiii et eee s 9

Table Index

Table 2-1:
Table 2-2:
Table 2-3:
Table 2-4:
Table 2-5:
Table 2-6:
Table 3-1:
Table 3-2:
Table 3-3:
Table 3-4:
Table 3-5:
Table 3-6:
Table 3-7:
Table 4-1:
Table 5-1:
Table 6-1:
Table 6-2:
Table 7-1:
Table 7-2:
Table 7-3:
Table 7-4:
Table 7-5:
Table 7-6:
Table 7-7:
Table 7-8:
Table 8-1:
Table 8-2:
Table 8-3:
Table 8-4:
Table 8-5:
Table 8-6:
Table 8-7:
Table 8-8:
Table 9-1:
Table 10-1:
Table 10-2:
Table 10-3:
Table 10-4:
Table 10-5:
Table 10-6:
Table 10-7:
Table 10-8:
Table 10-9:
Table 10-10:
Table 10-11:
Table 10-12:

Channels Tested for Wi-Fi — 802.11b (11 Mbps); 802.11g (54 Mbps); 802.11n (6.5 Mbps).....8
Channels Tested for ANTH ... 8
Channels Tested for BLE ... 8
Channels Tested for BIUBTOOTN .........cooiiiiiiii 8
Test Result Summary — FCC Part 15, Subpart C (Section 15.247)........ccceviiiiiiiiiiiiiiiiiieeeeee 9
EQUIPMENT UNAEE TESL ...ttt e ettt e e e e e e et b b e e e e e e e e eabba e e aeeas 9
Power Output TeSt EQUIPMENT... ..ottt e et e e e e eeabaan s 10
Power Output Test Data — BIUBLOON ..........cooooiiiiiiii e 10
Power Output Test Data — ANTH ... e e e e e 10
Power Output Test Data — BLE.........ocuuiiiii e 10
Power Output Test Data — 802.11D (11 MDBPS) «..vvuuuiieiiiiiiiiiie et e e 10
Power Output Test Data — 802.119 (54 MDPS) ....uuuiiiaiiiiiiiiiie e 11
Power Output Test Data — 802.11N (6.5 MDPS) ....uuuiiiiiiiiiiiiiii e 11
Band Edge TesSt EQUIPIMENT........coi ettt e e e e e e et e e e e e eesbenan s 25
Antenna Conducted Spurious Test EQUIPMENT..........oooiiiiiiiiiiieeeeeieii e 26
20 dB Bandwidth Test Data — BlUetooth ... 27
20 dB Bandwidth TeSt EQUIPMENT........ccoiiiiiiiiiiie ettt e e e e eneaa s 29
6 dB Bandwidth Test Data — ANTH ..o 30
6 dB Bandwidth Test Data — BLE PRB29 ..., 30
6 dB Bandwidth Test Data — BLE OXOF ... 30
6 dB Bandwidth Test Data — BLE OX55.......ccooiiiiiiii 30
6 dB Bandwidth Test Data — 802.11b (11 MBPS) ....ccoiiiiiiiiiiieeiii et 30
6 dB Bandwidth Test Data — 802.11g (54 MDPS) ....coiiiiiiiiiiiiee e 31
6 dB Bandwidth Test Data — 802.11n (6.5 MBPS) .....cooiuiiiiiiiieiiieeii e 31
6 dB Bandwidth Test EQUIPMENT. ........ooiiiiiiiii et 42
Power Spectral Density Test Data — ANTH ....ooouiiiiiiiiieeiii e eeeeeeaans 43
Power Spectral Density Test Data — BLE PRB29..........coouuiiiiiiiii e 43
Power Spectral Density Test Data — BLE OXOF ..........cooiiiiiiiiiiieeiceiii e 43
Power Spectral Density Test Data — BLE OX55 ........oooiiiiiiiiiiii e 43
Power Spectral Density Test Data — 802.11D (11 MDBPS) ..cvvvuuiiiiiiiiiiiiii e 43
Power Spectral Density Test Data — 802.119 (54 MDPS) ....uvuuiiiiiiiiiiiiiiiie e 44
Power Spectral Density Test Data — 802.11N (6.5 MDPS) ....uoiiiiiiiiiiiiiiiieeieeeeie e 44
Power Spectral Density TeSt EQUIPMENT.........c.uuiuiiiiiiiiiii e e e 55
Hopping Mode Characteristics Test EQUIPMENT .........cooiiiiiiiiiiiieeieeeiiiee e 58
Radiated Emissions Harmonics/Spurious - 2412 MHz, 802.11b, Peak Detector................... 60
Radiated Emissions Harmonics/Spurious - 2412 MHz, 802.11b, Average Detector.............. 60
Radiated Emissions Harmonics/Spurious- 2412 MHz, 802.11g, Peak Detector.................... 60
Radiated Emissions Harmonics/Spurious - 2412 MHz, 802.11g, Average Detector.............. 60
Radiated Emissions Harmonics/Spurious - 2412 MHz, 802.11n, Peak Detector................... 61
Radiated Emissions Harmonics/Spurious - 2412 MHz, 802.11n, Average Detector.............. 61
Radiated Emissions Harmonics/Spurious - 2437 MHz, 802.11b, Peak Detector................... 61
Radiated Emissions Harmonics/Spurious - 2437 MHz, 802.11b, Average Detector.............. 61
Radiated Emissions Harmonics/Spurious - 2437 MHz, 802.11g, Peak Detector................... 62

Radiated Emissions Harmonics/Spurious - 2437 MHz, 802.11g, Average Detector .......... 62

Radiated Emissions Harmonics/Spurious - 2437 MHz, 802.11n, Peak Detector ............... 62

Radiated Emissions Harmonics/Spurious - 2437 MHz, 802.11n, Average Detector .......... 62

Page 3 of 86



Table 10-13: Radiated Emissions Harmonics/Spurious - 2462 MHz, 802.11b, Peak Detector ............... 63
Table 10-14: Radiated Emissions Harmonics/Spurious - 2462 MHz, 802.11b, Average Detector .......... 63
Table 10-15: Radiated Emissions Harmonics/Spurious - 2462 MHz, 802.11g, Peak Detector ............... 63
Table 10-16: Radiated Emissions Harmonics/Spurious - 2462 MHz, 802.11g, Average Detector .......... 64
Table 10-17: Radiated Emissions Harmonics/Spurious - 2462 MHz, 802.11n, Peak Detector ............... 64
Table 10-18: Radiated Emissions Harmonics/Spurious - 2462 MHz, 802.11n, Average Detector .......... 64
Table 10-19: Radiated Emissions Harmonics/Spurious - 2402 MHz, ANT+, Peak Detector................... 65
Table 10-20: Radiated Emissions Harmonics/Spurious - 2402 MHz, ANT+, Average Detector.............. 65
Table 10-21: Radiated Emissions Harmonics/Spurious - 2441 MHz, ANT+, Peak Detector................... 65
Table 10-22: Radiated Emissions Harmonics/Spurious - 2441 MHz, ANT+, Average Detector.............. 65
Table 10-23: Radiated Emissions Harmonics/Spurious - 2480 MHz, ANT+, Peak Detector................... 66
Table 10-24: Radiated Emissions Harmonics/Spurious - 2480 MHz, ANT+, Average Detector.............. 66
Table 10-25: Radiated Emissions Harmonics/Spurious - 2402 MHz, BLE, Peak Detector ..................... 66
Table 10-26: Radiated Emissions Harmonics/Spurious - 2402 MHz, BLE, Average Detector ................ 66
Table 10-27: Radiated Emissions Harmonics/Spurious - 2440 MHz, BLE, Peak Detector ..................... 67
Table 10-28: Radiated Emissions Harmonics/Spurious - 2440 MHz, BLE, Average Detector ................ 67
Table 10-29: Radiated Emissions Harmonics/Spurious - 2480 MHz, BLE, Peak Detector ..................... 67
Table 10-30: Radiated Emissions Harmonics/Spurious - 2480 MHz, BLE, Average Detector ................ 67
Table 10-31: Radiated Emissions Harmonics/Spurious - 2402 MHz, Bluetooth, Peak Detector............. 68
Table 10-32: Radiated Emissions Harmonics/Spurious - 2402 MHz, Bluetooth, Average Detector ........ 68
Table 10-33: Radiated Emissions Harmonics/Spurious - 2440 MHz, Bluetooth, Peak Detector............. 68
Table 10-34: Radiated Emissions Harmonics/Spurious - 2440 MHz, Bluetooth, Average Detector ........ 68
Table 10-35: Radiated Emissions Harmonics/Spurious - 2480 MHz, Bluetooth, Peak Detector............. 69
Table 10-36: Radiated Emissions Harmonics/Spurious - 2480 MHz, Bluetooth, Average Detector ........ 69
Table 10-37: Radiated Emissions Test EQUIPMENT ..........uuiiiiiiiiiiii e 70
Plot Index
Plot 4-1: Lower Band Edge Average: BlIUBLOOLN..........ooiiiiiiiiiii e 12
Plot 4-2: Lower Band Edge Peak: BIUELOON ............uiiiiiii e 13
Plot 4-3: Lower Band Edge Average: ANT ...ttt e e e et e e e e eenaaanas 13
Plot 4-4: Lower Band EAge Peak: ANT ... .ttt e e e e e et e e e e e e enaaaan s 14
Plot 4-5: Lower Band Edge AVErage: BLE ...t 14
Plot 4-6: Lower Band Edge Peak: BLE ... 15
Plot 4-7: Lower Band Edge Average: 802.11D (11 MDPS)...ccuuuuiiiiiiiiiiiii e 15
Plot 4-8: Lower Band Edge Peak: 802.11b (11 MBPS)....cciiiiiiiiiiiaeiieeiiie et eeeeaeeans 16
Plot 4-9: Lower Band Edge Average: 802.119 (54 MDPS).....uuuuiiiiiiiiiiiiiii e 16
Plot 4-10: Lower Band Edge Peak: 802.11g (54 MDPS).....uuuiiiiiiiiiiiiii e 17
Plot 4-11: Lower Band Edge Average: 802.11N (6.5 MDPS).....ccoiiiiiiiiiiiiieeeiieiii e 17
Plot 4-12: Lower Band Edge Peak: 802.11N (6.5 MDPS)......uiiiiiiiiiiiiiiiee e 18
Plot 4-13:  Upper Band Edge Average: BlUEtOOth...........o.uuuiii i 19
Plot 4-14: Upper Band Edge Peak: BlIUELOOtN ..........coiiiiiiiiiii e 20
Plot 4-15:  Upper Band Edge AVerage: ANT . ... ittt e e e e e e et a e e e e e eenbaa e 20
Plot 4-16: Upper Band Edge Peak: ANT . ...ttt a e e e eanb e 21
Plot 4-17: Upper Band Edge Average: BLE ..........o e 21
Plot 4-18: Upper Band EAge Peak: BLE ..ottt e e e e eabb s 22
Plot 4-19: Upper Band Edge Average: 802.11b (11 MBPS)... it iiiiiiiiiiiiiieeeieeeiii et 22
Plot 4-20: Upper Band Edge Peak: 802.11b (11 MBPS).....uuuiiiiiiiiiiiiiiii e 23
Plot 4-21: Upper Band Edge Average: 802.11g (54 MDPS).....iiiiiiiiiiiiiiiieeeieeeii et 23
Plot 4-22:  Upper Band Edge Peak: 802.11g (54 MDPS)......uuiiiiiiiiiiiiiii e 24
Plot 4-23:  Upper Band Edge Average: 802.11N (6.5 MDPS)......coiiiiiiiiiiiieeeiieeiii e 24
Plot 4-24:  Upper Band Edge Peak: 802.11N (6.5 MBPS)......uuuiiiiiiiiiiiiii e 25

Page 4 of 86



Plot 6-1:
Plot 6-2:
Plot 6-3:
Plot 7-1:
Plot 7-2:
Plot 7-3:
Plot 7-4:
Plot 7-5:
Plot 7-6:
Plot 7-7:
Plot 7-8:
Plot 7-9:

Plot 7-10:
Plot 7-11:
Plot 7-12:
Plot 7-13:
Plot 7-14:
Plot 7-15:
Plot 7-16:
Plot 7-17:
Plot 7-18:
Plot 7-19:
Plot 7-20:
Plot 7-21:

Plot 8-1:
Plot 8-2:
Plot 8-3:
Plot 8-4:
Plot 8-5:
Plot 8-6:
Plot 8-7:
Plot 8-8:
Plot 8-9:

Plot 8-10:
Plot 8-11:
Plot 8-12:
Plot 8-13:
Plot 8-14:
Plot 8-15:
Plot 8-16:
Plot 8-17:
Plot 8-18:
Plot 8-19:
Plot 8-20:
Plot 8-21:

Plot 9-1:
Plot 9-2:
Plot 9-3:
Plot 9-4:

20 dB Bandwidth Channel 2 (TX Frequency 2402 MHz) — Bluetooth.............cccccvveiiiiiiiiiiininnnnn. 27

20 dB Bandwidth Channel 40 (TX Frequency 2440 MHz) — Bluetooth............cccccceeiiieiiiiiinnnnnnn. 28
20 dB Bandwidth Channel 80 (TX Frequency 2480 MHz) — Bluetooth.............cccceeiiiiiiiiiinnnnnnn. 29
6 dB Bandwidth Channel Low (TX Frequency 2402 MHZz) - ANTH.......uoiiiiiiiiiiiiiii e 31
6 dB Bandwidth Channel Middle (TX Frequency 2441 MHZz) - ANTH.....cooiiiiiiiiiiiiieeeeeeeiin 32
6 dB Bandwidth Channel High (TX Frequency 2480 MHZ) - ANTH........coiiiiiiiiiiiiiii e 32
6 dB Bandwidth Channel O (TX Frequency 2402 MHz) — BLE (PRB29) ........ccccuviiiiiiiiiieiiiinnnn. 33
6 dB Bandwidth Channel 19 (TX Frequency 2440 MHz) — BLE (PRB29) ........c.cccoeiiiiiiiiiiniinnnn. 33
6 dB Bandwidth Channel 39 (TX Frequency 2480 MHz) — BLE (PRB29) ........c.cccceeiviiiiiiiiinnnnnn. 34
6 dB Bandwidth Channel 0 (TX Frequency 2402 MHZz) — BLE (OXOF).........cccoveuiiiiiiiieiiiieiiiinnnn. 34
6 dB Bandwidth Channel 19 (TX Frequency 2440 MHz) — BLE (OXOF)........c.cccuuuiiiniieeiiiiiiiinnnn. 35
6 dB Bandwidth Channel 39 (TX Frequency 2480 MHz) — BLE (OXOF)..........cccuuuiiiiieiiiiiiiiinnnn. 35
6 dB Bandwidth Channel 0 (TX Frequency 2402 MHZz) — BLE (OX55)........cocoviiiiiiiiniieiiiieeiiinnnn. 36
6 dB Bandwidth Channel 19 (TX Frequency 2440 MHz) — BLE (0X55).......cccoveuiiiiiniiiiniieiiiinnnn. 36
6 dB Bandwidth Channel 39 (TX Frequency 2480 MHz) — BLE (0X55).......ccccveuiiiiiniiiiiiieiiiinnnn. 37
6 dB Bandwidth Channel 1 (TX Frequency 2412 MHz) - 802.11b (11 MbPS).......uuevvieeiiieennnnnnn. 37
6 dB Bandwidth Channel 6 (TX Frequency 2437 MHz) - 802.11b (11 MbPS).......uuovvieeiiieennnnnnn. 38
6 dB Bandwidth Channel 11 (TX Frequency 2462 MHz) - 802.11b 11 (MbPS).......cccoovevvieennnnnnn. 38
6 dB Bandwidth Channel 1 (TX Frequency 2412 MHz) - 802.11g (54 MbPS) ........covvieiiiieinnnnnnn. 39
6 dB Bandwidth Channel 6 (TX Frequency 2437 MHz) - 802.11g (54 MbPS) ........cevvieiiiieeninnnnn. 39
6 dB Bandwidth Channel 11 (TX Frequency 2462 MHz) - 802.11g (54 MbpPS).........oooevvieeninnnnn. 40
6 dB Bandwidth Channel 1 (TX Frequency 2412 MHz) - 802.11n (6.5 MbpPS)........ccoooveviiieninnnnn. 40
6 dB Bandwidth Channel 6 (TX Frequency 2437 MHz) - 802.11n (6.5 MbPS)........cccovveviiiininnnnn. 41
6 dB Bandwidth Channel 11 (TX Frequency 2462 MHz) - 802.11n (6.5 MbPS) ........oooevvieeiinnnnn. 41
Power Spectral Density: Channel Low (2402 MHZ) - ANTH....ouuiiiiiiiiiiii e 44
Power Spectral Density: Channel Mid (2441 MHZ) - ANTH ..o 45
Power Spectral Density: Channel High (2480 MHZ) - ANTH.....uuiiiiiiiiiiii e 45
Power Spectral Density: Channel 0 (2402 MHz) — BLE (PRB29) ........ccouiiiiiiiiiiiiiii e, 46
Power Spectral Density: Channel 19 (2440 MHz) — BLE (PRB29)...........cciiiiiiiiiiiiiiiiieeeeee, 46
Power Spectral Density: Channel 39 (2480 MHz) — BLE (PRB29)...........cciiiiiiiiiiiiiiiiieeeeee, 47
Power Spectral Density: Channel 0 (2402 MHZz) — BLE (OXOF).......cccoiiiiiiiiiiiieiiiiiiiiee e a7
Power Spectral Density: Channel 19 (2440 MHz) — BLE (OXOF).........cccuuuiiiiiiiiiiiiiiiiie e 48
Power Spectral Density: Channel 39 (2480 MHz) — BLE (OXOF).........cccuuuiiiiiiiiiiiiiiiiiie e 48
Power Spectral Density: Channel 0 (2402 MHZz) — BLE (0X55) ......oooiiiiiiiiiiiiieiiiciii e 49
Power Spectral Density: Channel 19 (2440 MHz) — BLE (0X55) ......ccccouuiiiiniiiiiiiiiiiiiie e 49
Power Spectral Density: Channel 39 (2480 MHz) — BLE (0X55) .......ccccuutiiiiiiiiiiiiiiiiiie e 50
Power Spectral Density: Channel 1 (2412 MHz); 802.11b (11 MDPS) ...ccvvvuiiiiiiiiiiiiiiiiieeeeeeeee 50
Power Spectral Density: Channel 6 (2437 MHz); 802.11b (11 MDPS) ...ccvvvuiiiiiiiiiiiiiiieieeeeeeeee 51
Power Spectral Density: Channel 11 (2462 MHz); 802.11b (11 MDPS) ...cuvuiiiiiiiiiiiiiiiiiieeeeeees 51
Power Spectral Density: Channel 1 (2412 MHz); 802.119 (54 MDPS) ...c.cuvuiiiiiiiiiiiiiiiiiieeeeeeees 52
Power Spectral Density: Channel 6 (2437 MHZz); 802.119 (54 MDPS) ......uvuiiiiiiiiiiiiiiiiiieeeeeeees 52
Power Spectral Density: Channel 11 (2462 MHz); 802.11g (54 MDPS) ......uoviiiiiiiiiiiiiiiiieeeeeees 53
Power Spectral Density: Channel 1 (2412 MHz); 802.11n (6.5 MbBPS) .....uvuoiiiiiiiiiiiiiiiiiieeeeeees 53
Power Spectral Density: Channel 6 (2437 MHz); 802.11n (6.5 MbBPS) .......uoviiiiiiiiiiiiiiiiieeeeeees 54
Power Spectral Density: Channel 11 (2462 MHz); 802.11n (6.5 MDPS) ......oviiiiiiiiiiiiiiiiieeeieees 54
Number of Channels — Bluetooth (79 Channels) ... 56
Channel Separation — BIUEtOOth (1 MHZ).......ccoiiiiiiiiii e 57
Number of Pulses — BIUELOOTN (116)......cuuuuuniiiiiiiiiiiiie et e e e e e eeeeaanns 57
Pulse Width — BIUELOON (349 US) ....ciiiiiiiii et e e e e 58

Page 5 of 86



Appendix Index

Appendix A:
Appendix B:
Appendix C:
Appendix D:
Appendix E:

Appendix F:

Appendix G:
Appendix H:

Appendix I:
Appendix J:
Appendix L:
Appendix L:

Appendix M:

RF EXPOSUIE COMPIIBINCE. ... ..ttt ettt e ettt e e e e e e e etaba e e e e aaaeeenenan s 72
AQENCY AULNOMZALION LETIET. ... .. ittt e ettt e e e e e e et eeaaaeeees 73
FCC & IC Confidentiality ReqUESE LETIEI........couuieiiiii e 74
(O = =T £ PP UPPP PPN 75
Canadian-Based RepresSentative Leter ............i ittt 76
Label and Label LOCAION .........coooiiiiiiieeeiee e 77
Technical Operational DESCIIPLION .........uuuuiiiieiii e e e e e e e aaeeae 78
SCREMALICS ... 79
(2 (o Tod QB F=To | = Ty o DTSR 80
MAINUAL ... 81
TESt PROOGIAPNS ...ttt ettt e e e e e e ettt e e e e e e e e ettt s e e aaaaeeee 82
External PhOtOgraphS . .......... et e et a e e e e aaeaan s 85
INternal PROOGIAPNS ......ve ettt e e ettt e e e e e e rbba e 86

Photograph Index

Photograph 1:
Photograph 2:
Photograph 3:

Radiated Emissions Testing — Front View (Above 1 GHZ) ...........coiiiiiiiiiiiiiiiiiieeeeeiin, 82
Radiated Emissions Testing — Back View (Above 1 GHZ) ..........ceiiiiiiiiiiiiiiiieinn 83
Radiated Emissions Testing — Side View (Below 1 GHz)............ciiiiiiiiiiiiiiiiieeeein, 84

Page 6 of 86



1 General Information

1.1 Scope

Applicable Standards:

FCC Rules Part 15.247: Operation within the bands 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.

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

1.2 Description of EUT

Equipment Under Test | Body-worn transmitter

Model/HVIN A03438

Power Supply Battery operated
Wi-Fi: CCK, DBPSK; DQPSK; BPSK; QPSK; 16-QAM; 64-QAM
ANT+: GFSK

LR TEe BLE: GMSK PRB29, OXOF, Ox55

Bluetooth: GFSK

Wi-Fi: 2412-2462 MHz

PR aney [Ren ANT+, BLE and Bluetooth: 2402-2480 MHz

Antenna Connector Internal

1.3 Test Facility

The open area test site and conducted measurement facility used to collect the radiated data is located at
360 Herndon Parkway, Suite 1400, Herndon, Virginia 20170. This site has been fully described in a report
and approved by the Federal Communications Commission to perform AC line conducted and radiated
emissions testing (ANSI C63.10 2013).

1.4 Related Submittal(s)/Grant(s)

This is an original certification application for Garmin International Inc. Model/HVIN: A03438, FCC ID: IPH-
03438, IC: 1792A-03438.

1.5 Modifications

No modifications were required for compliance.
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2 Test Information
2.1 Description of Test Modes

In accordance with FCC 15.31(m), and because the EUT utilizes an operating band greater than 10 MHz,
the following frequencies were tested.

Table 2-1: Channels Tested for Wi-Fi — 802.11b (11 Mbps); 802.11g (54 Mbps); 802.11n (6.5 Mbps)
Channel Frequency (MHz)
1 2412
6 2437
11 2462
Table 2-2: Channels Tested for ANT+
Channel Frequency (MHz)
Low 2402
Mid 2441
High 2480
Table 2-3: Channels Tested for BLE
Channel Frequency (MHz)
0 2402
19 2440
39 2480
Table 2-4: Channels Tested for Bluetooth
Channel Frequency (MHz)
2 2402
40 2440
80 2480

2.2 Exercising the EUT

The EUT was tested in all three orthogonal planes in order to determine worst-case emissions. The EUT
was provided with software to continuously transmit during testing. The carrier was also checked to verify
that information was being transmitted, and all modes were investigated and the worst-case mode was used
for final testing. There were no deviations from the test standard(s) and/or methods. The test results
reported relate only to the item tested.

Page 8 of 86




2.3 Test Result Summary

Table 2-5: Test Result Summary — FCC Part 15, Subpart C (Section 15.247)
Pass/Fail

Standard Test or N/A
FCC 15.209 Radiated Emissions Pass
FCC 15.247(a)(2) 6 dB Bandwidth Pass
FCC 15.247(a)(1) 20 dB Bandwidth Pass
FCC 15.247(a)(1) Hopping Characteristics Pass
FCC 15.247(a)(1) Average Time of Occupancy Pass
FCC 15.247(b) Maximum Peak Power Output Pass
FCC 15.247(d) Antenna Conducted Spurious Emissions Pass
FCC 15.247(e) Power Spectral Density Pass
FCC 15.247(d) Band Edge Measurement Pass

2.4  Test System Details

The test sample was received on February 12, 2018. The FCC identifiers for all applicable equipment, plus
descriptions of all cables used in the tested system, are identified in the following tables.

Table 2-6: Equipment Under Test
. RTL
Part Manufacturer MH??IE” Ni?w!lsler FCCID De;:carti)ltt::ion Bar
P Code
Body-worn Garmin
transmitter International A03438 5G5000025 IPH-03438 N/A 22865
(radiated testing) Inc.
Body-worn Garmin
transmitter International | A03438 | 3963228756 |  IPH-03438 N/A 22733
(conducted Inc
testing) '
2.5 Configuration of Tested System
EUT

Figure 2-1: Configuration of System Under Test
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3 Peak Output Power — FCC 15.247(b); RSS-247 5.4

3.1 Power Output Test Procedure

A conducted power measurement of the EUT was taken using an Agilent N9010A EXA Signal Analyzer with
a 50 ohm attenuator.

Table 3-1: Power Output Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
Agilent EXA Signal Analyzer
901583 Technologies N9010A (10 Hz-26.5 GH2) MY51250846 2/6/20
Weinschel 47-10-43 Attenuator,
900948 Corporation DC-18GHz 50W 10dB BH1487 9/1/18
3.2 Power Output Test Data
Table 3-2: Power Output Test Data — Bluetooth
Peak Power
Channel Frequency (MHz) Conducted Output (dBm)
2 2402 7.5
40 2440 7.1
80 2480 6.1
Table 3-3: Power Output Test Data — ANT+
Peak Power
Channel Frequency (MHz) Conducted Output (dBm)
Low 2402 6.5
Mid 2441 6.1
High 2480 4.6
Table 3-4: Power Output Test Data — BLE
Peak Power
Channel Frequency (MHz) Conducted Output (dBm)
0 2402 6.5
19 2440 5.9
39 2480 4.7
Table 3-5: Power Output Test Data — 802.11b (11 Mbps)
Peak Power
Channel Frequency (MHz) Conducted Output (dBm)
1 2412 22.7
6 2437 23.1
11 2462 21.9
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Table 3-6: Power Output Test Data — 802.11g (54 Mbps)

Peak Power
Channel Frequency (MHz) Conducted Output (dBm)
1 2412 23.1
6 2437 22.8
11 2462 22.2
Table 3-7: Power Output Test Data — 802.11n (6.5 Mbps)
Peak Power
Channel Frequency (MHz) Conducted Output (dBm)
1 2412 22.8
6 2437 23.4
11 2462 23.2

Measurement uncertainties shown for these tests are expanded Gaussian uncertainties expressed at 95%
confidence level using a coverage factor k = 1.96. Measurement uncertainty = 0.5 dB.

PASS

Test Personnel:

o Pakens”
Daniel W. Baltzell S L February 15, 2018

Test Engineer Signature Date of Test
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4 Compliance with the Band Edge — FCC 15.247(d); RSS-247 2.2

4.1 Band Edge Test Procedure

The transmitter output was connected to its appropriate antenna. 1 MHz integrated peak (100 kHz RBW/1
MHz VBW) and 1 MHz integrated average (100 MHz RBW/1 MHz VBW) corrected measurements were
taken within the restricted band to show compliance.

4.2 Restricted Band Edge Test Results

4.2.1 Lower Band Edge

Plot 4-1: Lower Band Edge Average: Bluetooth

Agilent Spectrum Analyzer - Channel Power

7 T =N
Center Freq 2.390000000 GH=z

——
#IFGain:Low

SEMSE:INT ALIGN AUTO 09;43:28 AM Mar 20, 2018

Center Freg: 2.390000000 GHz Radio S5td: None

v Trig: Free Run Avg|Hold:> 100100

#Atten: 0 dB Radio Device: BTS

Ref Offset -14.6 dB
Ref 54.00 dBuV

Center 2.39 GHz
#Res BW 100 kHz

Channel Power

23.74 dBYV 711 MHz

MSG

vVBW 1 MHz

Power Spectral Density

-36.26 dBuV /Hz

STATUS

Frequency

Center Freq
2.390000000 GHz

CF Step
200.000 kHz
Man

Freq Offset
0 Hz
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Plot 4-2: Lower Band Edge Peak: Bluetooth

Agilent Spectrum Analyzer - Channel Power
I R TR
Center Freq 2.390000000 GHz

SEMSEIMNT ALIGHN AUTO 09:43:01 AM Mar 20, 2018
Center Freq: 2.390000000 GHz Radic Std: None Frequency
Trig: Free Run Avg|Hold:>10/10

#IFGainiLow  ®Atten: 0 dB Radio Device: BTS

Ref Offset -14.6 dB
Ref 74.00 dBuV

Center 2.39 GHz
#Res BW 100 kHz

Channel Power

33.27 dBuV 71 MHz

MSG

Center Freq
2.390000000 GHz

CF Step
200.000 kHz

VBW 1 MHz e

Power Spectral Density Freq Offset

0 Hz
-26.73 dBuV iHz

STATUS

Plot 4-3: Lower Band Edge Average: ANT+

Agilent Spectrum Analyzer - Channel Power
a | RF S0 AC
Center Freq 2.390000000 GH=z

SEMSE!INT ALTGN AUTO 09:40:47 AM Mar 20, 2018
Center Freq: 2.390000000 GHz Radio Std: Nene Freguency

., 1 Trig:Free Run Awvg|Hold:>100/100
-
#IFGain:Low

#Atten: 0 dB Radio Device: BTS

Ref Offset -13.9 dB
Ref 54.00 dBuV

Center 2.39 GHz
#Res BW 100 kHz

Channel Power

24.58 dBYV 71 MHz

MSG

Mkr1 2.40194 GHz

Center Freq
2.390000000 GHz

CF Step
200.000 kHz

VBW 1 MHz

Power Spectral Density (Rl (el

0 Hz

-35.42 dBuV /Hz

STATUS
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Plot 4-4: Lower Band Edge Peak: ANT+

Agilent Spectrum Analyzer - Channel Power

@i 0 | rFe [Sow  oac [ ] SEMSE:INT ALIGN AT 09:48:50 AM Mar 20, 2018
Center Freq 2.390000000 GHz Center Freq: 2.390000000 GHz Radio Std: None Frequency
o) Trig: Free Run Avg|Hold:>10/10
#IFGain:Low #Atten: 0 dB Radio Device: BTS

Ref Offset -13.9 dB Mkr1 2.40194 GHz
Ref 74.00 dBuV

Center Freq
2.390000000 GHz

i CF Step
Center 2.39 GHz 200.000 kHz

Res BW 100 kHz VBW 1 MHz

Channel Power Power Spectral Density Freq OfZS:t
Z

34.57 dBuV 71 MHz -25.43 dBuV iHz

MSG STATUS

Plot 4-5: Lower Band Edge Average: BLE

Agilent Spectrum Analyzer - Channel Power
@l | rF [S0e oac [ ] SEMSE:INT ALIGN AUTO 09:45:43 AM Mar 20, 2018
Center Freq 2.390000000 GHz Center Freq: 2.390000000 GHz Radioc Std: None Frequency
[ Trig: Free Run Awvg|Hold:>100/100
#IFGain:Low #Atten: 0 dB Radio Device: BTS

Ref Offset -14.1 dB
Ref 54.00 dBuV

Center Freq
2.390000000 GHz

CF Step
Center 2.39 GHz 200.000 kHz

#Res BW 100 kHz VBW 1 MHz

Channel Power Power Spectral Density (FLEE]

0 Hz

24 .50 dBYV 71 MHz -35.50 dBuV /Hz

MSG STATUS
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Plot 4-6:

Agilent Spectrum Analyzer - Channel Power
I R TR
Center Freq 2.390000000 GHz

C
#IFGain:Low

Lower Band Edge Peak: BLE

SEMSE:IMNT ALIGH AUTC 02:45:14 &M Mar 20, 2018

Radio Std: None Frequency

Center Freg: 2.390000000 GHz
Trig: Free Run Avg|Hold:>10/10

#Atten: 0 dB Radio Device: BTS

Ref Offset -14.1 dB
Ref 74.00 dBuV

Center 2.39 GHz
#Res BW 100 kHz

Channel Power

33.88 dBuV 71 MHz

MSG

Center Freq
2.390000000 GHz

CF Step
200.000 kHz

VBW 1 MHz

Freq Offset

Power Spectral Density o
Zz

-26.12 dBuV iHz

STATUS

Plot 4-7:

Agilent Spectrum Analyzer - Channel Power
a | RF [ S00  AC
Center Freq 2.390000000 GHz _

#IFGain:L ow

Lower Band Edge Average: 802.11b (11 Mbps)

ALTGH AUTO 10:51:15 AM Feb 22, 2018

-

Center Freq£ 2.390000000 GH=z Frequency

Trig: Free Run Avg|Hold:> 100100
#Atten: 20 dB

Radio Std: Nene

Radio Device: BTS

Ref Offset -20.4 dB
Ref 54.00 dBuV

#Res BW 100 kHz

Channel Power

33.09 dBYV 71 MHz

msc | i File <LBE _N_Avg.png> saved

Center Freq
2.390000000 GHz

VBW 1 NMHz

Freq Offset

Power Spectral Density o
Z

-26.91 dBuV /Hz
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Plot 4-8: Lower Band Edge P
Agilent Spectrum Analyzer - Channel Power
7 T T
Center Freq 2.390000000 GHz

#IFGain:Low

eak: 802.11b (11 Mbps)

ALIGMN ST
Center Freq: 2.390000000 GHz
Trig: Free Run Avg|Hold:> 1004100
#Atten: 10 dB

11:05:07 AM Feb 22, 2018
Radio Std: None

Frequency

- Radio Device: BTS

Ref Offset -18.1 dB
Ref 74.00 dBuV

Center 2.39 GHz
#Res BW 100 kHz

Channel Power

43.23 dBuV 71 MHz

MSG

Center Freq
2.390000000 GHz

VBW 1 MHz

Freq Offset

Power Spectral Density o
z

-16.77 dBuV /Hz

STATUS

Plot 4-9: Lower Band Edge A

Agilent Spectrum Analyzer - Channel Power
a | RF [ S00  AC
Center Freq 2.390000000 GHz

#IFGain:L ow

verage: 802.11g (54 Mbps)

g ALIGN AUTO
Center Freq: 2.390000000 GHz
7" Trig: Free Run Avg|Hold:> 100100
#Atten: 20 dB

10:48:55 AM Feb 22, 2018
Radio Std: Nene

Frequency

- Radio Device: BTS

Ref Offset -20.4 dB
Ref 54.00 dBuV

#Res BW 100 kHz

Channel Power

49.33 dBYV 71 MHz

MSG

Center Freq
2.390000000 GHz

VBW 1 NMHz

Freq Offset
0 Hz

Power Spectral Density

-10.67 dBuV /Hz

STATUS
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Plot 4-10:

Agilent Spectrum Analyzer - Channel Power
/I N T
Center Freq 2.390000000 GHz

Cp
#IFGain:Low

Lower Band Edge Peak: 802.11g (54 Mbps)

ALIGMN ST
Center Freq: 2.390000000 GHz
7 Trig: Free Run Avg|Hold:> 1004100
#Atten: 10 dB

11:01:51 AM Feb 22, 2018
Radio Std: None

Frequency

Radio Device: BTS

Ref Offset -18.1 dB
Ref 74.00 dBuV

Center 2.39 GHz
#Res BW 100 kHz

Channel Power

62.15 dBuV 71 MHz

MSG

Center Freq
2.390000000 GHz

VBW 1 MHz

Freq Offset

Power Spectral Density o
z

2.152 dBuV /Hz

STATUS

Plot 4-11:

Agilent Spectrum Analyzer - Channel Power
a | RF [ S00  AC
Center Freq 2.390000000 GHz

#IFGain:L ow

Lower Band Edge Average: 802.11n (6.5 Mbps)

i1 Trig:Free Run

g ALIGH AUTO
Center Freq: 2.390000000 GHz
Avg|Hold:> 1001100

10:49:47 Al Feb 22, 2018
Radio Std: Nene

Frequency

-

#Atten: 20 dB Radio Device: BTS

Ref Offset -20.4 dB
Ref 54.00 dBuV

#Res BW 100 kHz

Channel Power

50.91 dByV 71 MHz

MSG

Center Freq
2.390000000 GHz

VBW 1 NMHz

Freq Offset
0 Hz

Power Spectral Density

-9.092 dBuV /Hz

STATUS
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Plot 4-12: Lower Band Edge Peak: 802.11n (6.5 Mbps)

Agilent Spectrum Analyzer - Channel Power

o [ rF [soaeooac [ ] B ALIGM AUTC! 11:02:51 AM Feb 22, 2018
Center Freq 2.390000000 GHz Center Freq: 2.390000000 GHz Radio Std: None U 2 B
(] Trig: Free Run Avg|Hold:> 1004100
ZIFGain:Low #Atten: 10 dB Radio Device: BTS

Ref Offset -18.1 dB
Ref 74.00 dBuV

Clear Write

Center 2.39 GHz
#Res BW 100 kHz VBW 1 WHz

Channel Power Power Spectral Density

64.13 dBuV 71 MHz 4.130 dBuV /Hz
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4.2.2 Upper Band Edge

Plot 4-13: Upper Band Edge Average: Bluetooth

Agilent Spectrum Analyzer - Channel Power
@l | rF [S0e oac [ ] SEMSE:INT ALIGN AUTO 09:56:59 AM Mar 20, 2018
Center Freq 2.483500000 GHz Center Freq: 2.483500000 GHz Radioc Std: None Frequency
[ Trig: Free Run Awvg|Hold:>100/100
HIFGain:L ow HAtten: 0 dB Radio Device: BTS

Ref Offset -11.5 dB
Ref 54.00 dBuV

Center Freq
2.483500000 GHz

CF Step
Center 2.484 GHz 200.000 kHz

#Res BW 100 kHz VBW 1 MHz

Channel Power Power Spectral Density Freq Offset

0 Hz

38.53 dBYV 71 MHz -21.47 dBuV iHz

MSG STATUS
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Plot 4-14: Upper Band Edge Peak: Bluetooth

Agilent Spectrum Analyzer - Channel Power

@i 0 | rFe [Sow  oac [ ] SEMSE:INT ALIGN AT 09:58:27 AM Mar 20, 2018
Center Freq 2.483500000 GHz Center Freq: 2.483500000 GHz Radio Std: None Frequency
o) Trig: Free Run Avg|Hold:>10/10
#IFGain:Low #Atten: 0 dB Radio Device: BTS

Ref Offset -11.5 dB
Ref 74.00 dBuV

Center Freq
2.483500000 GHz

CF Step
Center 2.484 GHz 200.000 kHz

Res BW 100 kHz VBW 1 MHz

Channel Power Power Spectral Density Freq OfZS:t
Z

47.91 dBuV 71 MHz -12.09 dBpuV iHz

MSG STATUS

Plot 4-15: Upper Band Edge Average: ANT+

Agilent Spectrum Analyzer - Channel Power
@l | rF [S0e oac [ ] SEMSE:INT ALIGN AUTO 09:54:32 AM Mar 20, 2018
Center Freq 2.483500000 GHz Center Freq: 2.483500000 GHz Radioc Std: None Frequency
[ Trig: Free Run Awvg|Hold:>100/100
#IFGain:Low #Atten: 0 dB Radio Device: BTS

Ref Offset -11.6 dB
Ref 54.00 dBuV

Center Freq
2.483500000 GHz

CF Step
Center 2.484 GHz 200.000 kHz

#Res BW 100 kHz VBW 1 MHz

Channel Power Power Spectral Density (FLEE]

0 Hz

36.67 dBYV 71 MHz -23.33 dBuV /Hz

MSG STATUS
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Plot 4-16:

Agilent Spectrum Analyzer - Channel Power
I R TR
Center Freq 2.483500000 GHz

#IFGain:Low

™ AAtten: 0 dB

Upper Band Edge Peak: ANT+

ALIGHN AUTO 09:54:00 &AM Mar 20, 2018

Radio Std: None

Center Freq: 2.483500000 GHz
Trig: Free Run Avg|Hold:>10/10

Frequency

Radio Device: BTS

Ref Offset 116 dB
Ref 74.00 dByV

Center 2.484 GHz
#Res BW 100 kHz

Channel Power

46.44 dBuV 71 MHz

MSG

Center Freq
2.483500000 GHz

CF Step
200.000 kHz

VBW 1 MHz

Freq Offset
0 Hz

Power Spectral Density

-13.56 dBuV /Hz

STATUS

Plot 4-17:

Agilent Spectrum Analyzer - Channel Power
d | RF S0 AC ]
Center Freq 2.483500000 GH=z

#IFGain:Low

[ Trig: Free Run

Upper Band Edge Average: BLE

ALIGN AUTCO 10:01:28 AM Mar 20, 2018

Center Freq: 2.483500000 GHz
Avg|Hold:>100/100

Radio Std: None Frequency

#Atten: 0 dB Radio Device: BTS

Ref Offset -11.9 dB
Ref 54.00 dByV

Center 2.484 GHz
#Res BW 100 kHz

Channel Power

36.26 dBuV 71 MHz

MSG

Center Freq
2.483500000 GHz

CF Step
200.000 kHz

VBW 1 MHz

Freq Offset
0 Hz

Power Spectral Density

-23.74 dBuV /Hz

STATUS
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Plot 4-18: Upper Band Edge Peak: BLE

Agilent Spectrum Analyzer - Channel Power
@i 0 | rFe [Sow  oac [ ] SEMSE:INT ALIGN AT 10:02:08 AM Mar 20, 2018

Center Freq 2.483500000 GHz Center Freq: 2.483500000 GHz Radio Std: None Frequency
i Trig: Free Run Avg|Hold:>10/10

#IFGainiLow  ®Atten: 0 dB Radio Device: BTS

Ref Offset -11.9 dB
Ref 74.00 dBuV

Center Freq
2.483500000 GHz

CF Step
Center 2.484 GHz 200.000 kHz
#Res BW 100 kHz VBW 1 MHz
Channel Power Power Spectral Density T ozs:t
Z
45.66 dBuV 71 MHz -14.34 dBuV iHz
Plot 4-19: Upper Band Edge Average: 802.11b (11 Mbps)

Agilent Spectrum Analyzer - Channel Power

27 N =TT : ALTGM ALUTO 10:56:13 AM Feh 22, 2018
Center Freq 2.483500000 GHz Center Freq: 2.483500000 GHz Radio Std: None Frequency
., 1 Trig:Free Run Avg|Hold:> 100100

#IFGain:L ow " #Atten: 10 dB Radio Device: BTS

Ref Offset -18.1 dB
Ref 54.00 dBuV

Center Freq
2.483500000 GHz

Center 2.484 GHz
#Res BW 100 kHz VBW 1 MHz

Freq Offset
0 Hz

Channel Power Power Spectral Density

32.20 dBYV 71 MHz -27.80 dBuV /Hz

MSG STATUS
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Plot 4-20:

Agilent Spectrum Analyzer - Channel Power
7 I N =T
Center Freq 2.483500000 GHz

()]
#IFGain:Low

Upper Band Edge Peak: 802.11b (11 Mbps)

ALIGH ST 11:00:28 AM Feb 22, 2018

Radio Std: None Frequency

Center Freq: 2.483500000 GHz
Trig: Free Run Avg|Hold:> 1004100

#Atten: 10 dB Radio Device: BTS

Ref Offset -18.1 dB
Ref 74.00 dBuV

Center 2.484 GHz
#Res BW 100 kHz

Channel Power

40.23 dBuyV 71 MHz

MSG

Center Freq
2.483500000 GHz

VBW 1 MHz

Freq Offset

Power Spectral Density o
z

-19.77 dBuV /Hz

STATUS

Plot 4-21:

Agilent Spectrum Analyzer - Channel Power
a | RF [ S00  AC
Center Freq 2.483500000 GHz
[

#IFGain:L ow

Upper Band Edge Average: 802.11g (54 Mbps)

ALTGH AUTO 10:58:07 AM Feb 22, 2018

Center Freq£ 2.483500000 GHz Frequency

Trig: Free Run Avg|Hold:> 100100
#Atten: 10 dB

Radio Std: Nene

Radio Device: BTS

Ref Offset -18.1 dB
Ref 54.00 dBuV

Center 2.484 GHz
#Res BW 100 kHz

Channel Power

51.90 dBYV 71 MHz

MSG

Center Freq
2.483500000 GHz

VBW 1 NMHz

Freq Offset
0 Hz

Power Spectral Density

-8.103 dBuV /Hz

STATUS
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Plot 4-22: Upper Band Edge Peak: 802.11g (54 Mbps)

Agilent Spectrum Analyzer - Channel Power
(7 I R =T : ALIGN AUTO 11:01:07 AM Feb 22, 2018

Center Freq 2.483500000 GHz Center Freq: 2.483500000 GHz Radio Std: None Frequency
.1 Trig:Free Run Avg|Hold:> 1004100

#IFGainiLow | #Atten: 10 dB Radio Device: BTS

Ref Offset -18.1 dB
Ref 74.00 dBuV

Center Freq
2.483500000 GHz

Center 2.484 GHz
#Res BW 100 kHz VBW 1 WHz

Channel Power Power Spectral Density Freq Offset

0 Hz
61.34 dBuV 71 MHz 1.338 dBupV /Hz

msG | 1/File <UBE_B_PK.png> saved

Plot 4-23: Upper Band Edge Average: 802.11n (6.5 Mbps)

Agilent Spectrum Analyzer - Channel Power

27 N =TT : ALTGM ALUTO 10:58:38 AM Feh 22, 2018
Center Freq 2.483500000 GHz Center Freq: 2.483500000 GHz Radio Std: None Frequency
., 1 Trig:Free Run Avg|Hold:> 100100

#IFGain:L ow " #Atten: 10 dB Radio Device: BTS

Ref Offset -18.1 dB
Ref 54.00 dBuV

Center Freq
2.483500000 GHz

Center 2.484 GHz
#Res BW 100 kHz VBW 1 MHz

Freq Offset

Channel Power Power Spectral Density o
Z

52.80 dBYV 71 MHz -7.202 dBuV /Hz

msc | i File <UBE_G_Avg.png> saved
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Plot 4-24:

Agilent Spectrum Analyzer - Channel Power

Upper Band Edge Peak: 802.11n (6.5 Mbps)

£ I R =TT

Center Freq 2.483500000 GHz

ALIGH ST

10:59:30 AM Feb 22, 2018

Center Freq: 2.483500000 GHz

[ Trig: Free Run
#IFGain:Low #Atten: 10 dB

Avg|Hold:> 1004100

Radio Std: None

Radio Device: BTS

Ref Offset -18.1 dB
Ref 74.00 dBuV

Center 2.484 GHz
#Res BW 100 kHz

Channel Power

62.47 dBuV 71 MHz

MSG

VBW 1 MHz
Power Spectral Density

2.469 dBuV /Hz

STATUS

Frequency

Center Freq
2.483500000 GHz

CF Step
200.000 kHz
Man

Freq Offset
0 Hz

Measurement uncertainty: £1.4%. This measurement uncertainty is an expanded uncertainty for 95.45%
confidence level received with a coverage factor k=2.

Table 4-1: Band Edge Test Equipment

AESLLt " Manufacturer Model Part Type Cgaigrgztiitoen
901583 | CAh?]i(')eIQ;ies N9010A E>((1AO ﬂgf‘%_g@gzz)er MY51250846 |  2/6/20
PASS

Test Personnel:

Daniel W. Baltzell

)~ /) 2 7
Ao i, Lot it

February 22, 2018

Test Engineer

Signhature

Date of Test
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5 Antenna Conducted Spurious Emissions — FCC 15.247(d); RSS-Gen
5.1 Antenna Conducted Spurious Emissions Test Procedures

Antenna spurious emissions per FCC 15.247(d) were measured from the EUT antenna port using a

50-ohm spectrum analyzer with the resolution bandwidth set at 100 kHz, and the video bandwidth set at 300
kHz. The modulated carrier was identified at the following frequencies: 2412 MHz, 2437 MHz and 2462
MHz for Wi-Fi; 2402 MHz, 2441 MHz and 2480 MHz for ANT+; 2402 MHz, 2440 MHz and 2480 MHz for BLE
and Bluetooth modes.

5.2 Antenna Conducted Spurious Emissions Test Results
No harmonics or spurs were found within 20 dB (note that we are reporting power as peak) of the carrier

level from the carrier to the 10" harmonic of the carrier frequency. Per FCC 15.31(0), no data is being
reported.

Table 5-1: Antenna Conducted Spurious Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
Agilent EXA Signal Analyzer
901583 Technologies N9010A (10 Hz-26.5 GH2) MY51250846 2/6/20

Measurement uncertainty: Measurement uncertainties shown for these tests are expanded uncertainties
expressed at 95% confidence level using a coverage factor k = 2. Measurement uncertainty = -2 dB / +2 dB.

PASS

Test Personnel:

s b g P
Dani S L
aniel W. Baltzell ol ALEA February 15-March 27, 2018

Test Engineer Signhature Dates of Test
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6 20 dB Bandwidth — FCC 15.247(a)(1); RSS-247 5.1

6.1 20 dB Bandwidth Test Procedure

The minimum 20 dB bandwidths per FCC 15.247(a)(1) were measured using a 50-ohm spectrum analyzer
with the resolution bandwidth set at 100 kHz, and the video bandwidth set at = 3xRBW. The device was

modulated. The minimum 20 dB bandwidths are presented below.

6.2 20dB Bandwidth Test Data

Table 6-1: 20 dB Bandwidth Test Data — Bluetooth
20 dB Bandwidth
Channel Frequency (MHz) (MH2)
2 2402 1.107
40 2440 1.156
80 2480 1.144
Plot 6-1: 20 dB Bandwidth Channel 2 (TX Frequency 2402 MHz) — Bluetooth

Agilent Spectrum Analyzer - Occupied BW

s0@  AC | ] SEMSE:INT ALIGN AUTO 02:01:59 PMFeb 22, 2018

Center Freq 2.402000000 GHz Center Freq: 2.402000000 GHz Radio Std: None
. Trig:Free Run Avg|Hold:> 1010

#FGain:Low — #Atten: 30 dB Radio Device: BTS

Frequency

Ref 20.00 dBm

Center Freq
2.402000000 GHz

CF Step

500.000 kHz
Center 2.402 GHz Man

#Res BW 100 kHz VBW 1 MHz

Occupied Bandwidth Total Power 14.5 dBm FreqOffset
927.80 kHz 0 Hz

Transmit Freq Error -60.936 kHz OBW Power 99.00 %
x dB Bandwidth 1.107 MHz x dB -20.00 dB
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Plot 6-2: 20 dB Bandwidth Channel 40 (TX Frequency 2440 MHz) — Bluetooth

Agilent Spectrum Analyzer - Occupied BW

B SEMSEINT ALIGM 8UTO 02:02:40 PMFeb 22, 2018

Center Freq 2.440000000 GHz Center Freq: 2.440000000 GHz Radio Std: None Frequency
. Trig:Free Run Avg|Hold:>10/10

I, )
#IFGain:Low ™ #Atten: 30 dB Radio Device: BTS

Ref 20.00 dBm

CenterFreq
2.440000000 GHz

CF Step
500.000 kHz
Auto Man

P—

Occupied Bandwidth Total Power 13.6 dBm Freq Offset
1.0012 MHz o Hz

Transmit Freq Error -64.268 kHz OBW Power 99.00 %

x dB Bandwidth 1.156 MHz x dB -20.00 dB

Center 2.44 GHz
#Res BW 100 kHz VBW 1 MHz
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Plot 6-3: 20 dB Bandwidth Channel 80 (TX Frequency 2480 MHz) — Bluetooth

Agilent Spectrum Analyzer - Occupied BW

B SEMSEINT ALIGM 8UTO 02:03:35 PMFeb 22, 2018

Center Freq 2.480000000 GHz Center Freq: 2.480000000 GHz Radio Std: None Frequency
. Trig:Free Run Avg|Hold:>10/10

I, )
#IFGain:Low ™ #Atten: 30 dB Radio Device: BTS

Ref 20.00 dBm

CenterFreq
2.480000000 GHz

CF Step

500.000 kHz
Center 2.48 GHz
#Res BW 100 kHz VBW 1 MHz Auto Man

P
Occupied Bandwidth Total Power 12.7 dBm Freq Offset

985.82 kHz 0 Hz

Transmit Freq Error -67.351 kHz OBW Power 99.00 %
x dB Bandwidth 1.144 MHz x dB -20.00 dB

Table 6-2: 20 dB Bandwidth Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
Agilent EXA Signal Analyzer
901583 Technologies N9010A (10 Hz-26.5 GH2) MY51250846 2/6/20

Measurement uncertainty: Measurement uncertainties shown for these tests are expanded uncertainties
expressed at 95% confidence level using a coverage factor k = 2. Measurement uncertainty = -2 dB/+2 dB.

PASS

Test Personnel:

/ ~ /) y 2 ayy
Daniel W. Baltzell I L February 22, 2018

Test Engineer Signhature Date of Test
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7 6 dB Bandwidth — FCC 15.247(a)(2); RSS-247 5.2

7.1 6 dB Bandwidth Test Procedure — Minimum 6 dB Bandwidth

The minimum 6 dB bandwidths per FCC 15.247(a)(2) were measured using a 50-ohm spectrum analyzer
with the resolution bandwidth set at 100 kHz, and the video bandwidth set at 23xRBW. The device was

modulated. The minimum 6 dB bandwidths are presented below.

7.2 6 dB Bandwidth Test Results

Table 7-1: 6 dB Bandwidth Test Data — ANT+
Frequency 6 dB Bandwidth Minimum Limit .
Channel (MH2) (MH2) (MH2) Pass/Fail
Low 2402 0.519 0.5 Pass
Mid 2441 0.518 0.5 Pass
High 2480 0.520 0.5 Pass
Table 7-2: 6 dB Bandwidth Test Data— BLE PRB29
Frequency 6 dB Bandwidth Minimum Limit .
Channel (MH2) (MH2) (MH2) Pass/Fail
0 2402 0.564 0.5 Pass
19 2440 0.551 0.5 Pass
39 2480 0.551 0.5 Pass
Table 7-3: 6 dB Bandwidth Test Data — BLE OxOF
Frequency 6 dB Bandwidth Minimum Limit .
Channel (MH2) (MH2) (MH2) Pass/Fail
0 2402 0.714 0.5 Pass
19 2440 0.713 0.5 Pass
39 2480 0.713 0.5 Pass
Table 7-4: 6 dB Bandwidth Test Data — BLE 0x55
Frequency 6 dB Bandwidth Minimum Limit .
Channel (MH2) (MH2) (MH2) Pass/Fail
0 2402 0.605 0.5 Pass
19 2440 0.627 0.5 Pass
39 2480 0.618 0.5 Pass
Table 7-5: 6 dB Bandwidth Test Data — 802.11b (11 Mbps)
Frequency 6 dB Bandwidth Minimum Limit .
Channel (MH2) (MH2) (MH2) Pass/Fail
1 2412 12.2 0.5 Pass
6 2437 12.4 0.5 Pass
11 2462 12.2 0.5 Pass
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Table 7-6:

6 dB Bandwidth Te

st Data — 802.11g (54 Mbps)

Frequency 6 dB Bandwidth Minimum Limit .
Channel (MH2) (MH2) (MH2) Pass/Fail
1 2412 16.7 0.5 Pass
6 2437 17.0 0.5 Pass
11 2462 16.8 0.5 Pass
Table 7-7: 6 dB Bandwidth Test Data — 802.11n (6.5 Mbps)
Frequency 6 dB Bandwidth Minimum Limit .
Channel (MH2) (MH2) (MH2) Pass/Fail
1 2412 17.6 0.5 Pass
6 2437 17.7 0.5 Pass
11 2462 17.6 0.5 Pass
Plot 7-1: 6 dB Bandwidth Channel Low (TX Frequency 2402 MHz) - ANT+

Agilent Spectrum Analyzer - Occupied BW
7 Y R =R
Center Freq 2.402000000 GHz

[
#IFGain:Low

ALIGH AUTO
Center Freq: 2.402000000 GHz
o) Trig: Free Run Avg|Hold:= 1010
#Atten: 30 dB

09:24:21 AM Mar 07, 2018
Radio Std: None

Trace/Detector

Radio Device: BTS

Ref 23.01 dBm

Center 2.402 GHz
#Res BW 100 kHz

Occupied Bandwidth

vBW 1 MHz

Total Power

Clear Write

994.08 kHz

-58.802 kHz
518.5 kHz

OBW Power
x dB

99.00 %
-6.00 dB

Transmit Freq Error
x dB Bandwidth
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Plot 7-2: 6 dB Bandwidth Channel Middle (TX Frequency 2441 MHz) - ANT+

Agilent Spectrum Analyzer - Occupied BW

@ 0 | rF S0 oac [ ] 8 ALIGH AUTO 09:24:54 AM Mar 07, 2018
Center Freq 2.440000000 GHz Center Freq: 2.440000000 GHz Radio Std: None Trace/Detector
(] Trig: Free Run Avg|Hold:>10/10
#IFGain:Low #Atten: 30 dB Radio Device: BTS

Ref 23.01 dBm

Clear Write

Center 2.44 GHz
#Res BW 100 kHz VBW 1 WHz

Occupied Bandwidth Total Power
985.10 kHz

Transmit Freq Error -63.700 kHz OBW Power
x dB Bandwidth 517.5 kHz x dB

Plot 7-3: 6 dB Bandwidth Channel High (TX Frequency 2480 MHz) - ANT+

Agilent Spectrum Analyzer - Occupied BW
( | RF [s0ae ac [ ] g ALTGMN AT 09:23:56 AM Mar 07, 2018
Ref Value 23.01 dBm Center Freq: 2.480000000 GHz Radio Std: None Trace/Detector
[ Trig: Free Run Avg|Hold:>10/10
#IFGain:L ow #Atten: 30 dB Radio Device: BTS

Ref 23.01 dBm

Clear Write

#Res BW 100 kHz VBW 1 NMHz

Occupied Bandwidth Total Power
1.0019 MHz

Transmit Freq Error -65.647 kHz OBW Power
x dB Bandwidth 520.4 kHz x dB
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Plot 7-4: 6 dB Bandwidth Channel 0 (TX Frequency 2402 MHz) — BLE (PRB29)

Agilent Spectrum Analyzer - Occupied BW
. I R =T : ALIGN AUTO 12/58:20 P Mar 05, 2018

Center Freq 2.402000000 GHz Center Freq: 2.402000000 GHz Radio Std: None Frequency
.1 Trig:Free Run Avg|Hold:>10/10

#IFGainiLow | #Atten: 30 dB Radio Device: BTS

Ref 26.00 dBm

Center Freq
2.402000000 GHz

Center 2.402 GHz

Res BW 100 KHz vBW 1 VIHz
Occupied Bandwidth Total Power . Freq Offset
1.1329 MHz 0 Hz
Transmit Freq Error -54.600 kHz OBW Power
x dB Bandwidth 563.7 kHz x dB
Plot 7-5: 6 dB Bandwidth Channel 19 (TX Frequency 2440 MHz) — BLE (PRB29)

Agilent Spectrum Analyzer - Occupied BW
g [ rF [S0qe oac [ ] : ALIGH AUTC 01:04:26 PM Mar 06, 2018
Center Freq 2.440000000 GHz Center Freq: 2.440000000 GHz Radio Std: None Trace/Detector
[ Trig: Free Run Avg|Hold:>10/10
#IFGain:L ow #Atten: 30 dB Radio Device: BTS

Ref 26.00 dBm

Clear Write

#Res BW 100 kHz VBW 1 NMHz

Occupied Bandwidth Total Power
1.1308 MHz

Transmit Freq Error -57.194 kHz OBW Power
x dB Bandwidth 550.9 kHz x dB
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Plot 7-6: 6 dB Bandwidth Channel 39 (TX Frequency 2480 MHz) — BLE (PRB29)

Agilent Spectrum Analyzer - Occupied BW

@ 0 | rF S0 oac [ ] 8 ALIGH AUTO 01:08:33 PM Mar 06, 2018
Center Freq 2.480000000 GHz Center Freq: 2.480000000 GHz Radio Std: None Trace/Detector
(] Trig: Free Run Avg|Hold:>10/10
#IFGain:Low #Atten: 30 dB Radio Device: BTS

Ref 26.00 dBm

Clear Write

Center 2.48 GHz
#Res BW 100 kHz VBW 1 WHz

Occupied Bandwidth Total Power
1.1239 MHz

Transmit Freq Error -59.557 kHz OBW Power
x dB Bandwidth 551.3 kHz x dB

msG | i File <BLE_OBW_H_0x55.png> saved

Plot 7-7: 6 dB Bandwidth Channel O (TX Frequency 2402 MHz) — BLE (OxOF)

Agilent Spectrum Analyzer - Occupied BW
g [ rF [S0qe oac [ ] : ALIGH AUTC 01:03:13 PM Mar 06, 2018
Center Freq 2.402000000 GHz Center Freq: 2.402000000 GHz Radio Std: None TracelDetector
[ Trig: Free Run Avg|Hold:>10/10
#IFGain:L ow #Atten: 30 dB Radio Device: BTS

Ref 26.00 dBm

Clear Write

Center 2.402 GHz
#Res BW 100 kHz VBW 1 MHz

Occupied Bandwidth Total Power
1.1022 MHz

Transmit Freq Error -50.951 kHz OBW Power
x dB Bandwidth 714.1 kHz x dB
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Plot 7-8: 6 dB Bandwidth Channel 19 (TX Frequency 2440 MHz) — BLE (OxOF)

Agilent Spectrum Analyzer - Occupied BW

@ 0 | rF S0 oac [ ] 8 ALIGH AUTO 01:04:50 PM Mar 06, 2018
Center Freq 2.440000000 GHz Center Freq: 2.440000000 GHz Radio Std: None Trace/Detector
(] Trig: Free Run Avg|Hold:>10/10
#IFGain:Low #Atten: 30 dB Radio Device: BTS

Ref 26.00 dBm

Clear Write

Center 2.44 GHz
#Res BW 100 kHz VBW 1 WHz

Occupied Bandwidth Total Power
1.1116 MHz

Transmit Freq Error -53.878 kHz OBW Power
x dB Bandwidth 712.8 kHz x dB

msG i File <BLE_OBW_M_PRB29.png> saved

Plot 7-9: 6 dB Bandwidth Channel 39 (TX Frequency 2480 MHz) — BLE (OxOF)

Agilent Spectrum Analyzer - Occupied BW

g [ rF [S0qe oac [ ] : ALIGH AUTC 01:07:04 PM Mar 06, 2018
Center Freq 2.480000000 GHz Center Freq: 2.480000000 GHz Radio Std: None TracelDetector
[ Trig: Free Run Avg|Hold:>10/10
#IFGain:L ow #Atten: 30 dB Radio Device: BTS

Ref 26.00 dBm

Clear Write

#Res BW 100 kHz VBW 1 NMHz

Occupied Bandwidth Total Power
1.1000 MHz

Transmit Freq Error -57.372 kHz OBW Power
x dB Bandwidth 712.9 kHz x dB

msG iU File <BLE OBW H_PRB29.png> saved
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Plot 7-10: 6 dB Bandwidth Channel 0 (TX Frequency 2402 MHz) — BLE (0x55)

Agilent Spectrum Analyzer - Occupied BW

@ 0 | rF S0 oac [ ] 8 ALIGH AUTO 01:03:48 PM Mar 06, 2018

Center Freq 2.402000000 GHz Center Freq: 2.402000000 GHz Radio Std: None Trace/Detector
(] Trig: Free Run Avg|Hold:>10/10

#IFGain:Low #Atten: 30 dB Radio Device: BTS

Ref 26.00 dBm

Clear Write

Center 2.402 GHz
#Res BW 100 kHz VBW 1 WHz

Occupied Bandwidth Total Power
1.1189 MHz

Transmit Freq Error -51.185 kHz OBW Power
x dB Bandwidth 605.0 kHz x dB

msG i File <BLE_OBW _L_O0OxOF.png> saved

Plot 7-11: 6 dB Bandwidth Channel 19 (TX Frequency 2440 MHz) — BLE (0x55)

Agilent Spectrum Analyzer - Occupied BW

g [ rF [S0qe oac [ ] : ALIGH AUTC 01:05:20 PM Mar 06, 2018
Center Freq 2.440000000 GHz Center Freq: 2.440000000 GHz Radio Std: None Trace/Detector
[ Trig: Free Run Avg|Hold:>10/10
#IFGain:L ow #Atten: 30 dB Radio Device: BTS

Ref 26.00 dBm

Clear Write

#Res BW 100 kHz VBW 1 NMHz

Occupied Bandwidth Total Power
1.1288 MHz

Transmit Freq Error -55.288 kHz OBW Power
x dB Bandwidth 626.9 kHz x dB

msG | iJFile <BLE OBW M _0xOF.png> saved
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Plot 7-12:

Agilent Spectrum Analyzer - Occupied BW

ALIGH ST

6 dB Bandwidth Channel 39 (TX Frequency 2480 MHz) — BLE (0x55)

01:08:02 Pr Mar 06, 2018

. I R =TT
Center Freq 2.480000000 GHz $e_"t§r Frelg=2-43°°°°°°° GHz
I rig: Free Run

g
#IFGain:Low #Atten: 30 dB

Radio Std: None Tracel/Detector

Avg|Hold:>10/10

Radio Device: BTS

Ref 26.00 dBm

Center 2.48 GHz

Res BW 100 kHz VBW 1 MHz

Occupied Bandwidth Total Power

1.1142 MHz
-59.442 kHz OBW Power
617.7 kHz x dB

Transmit Freq Error
x dB Bandwidth

Clear Write

Plot 7-13:

Agilent Spectrum Analyzer - Occupied BW

6 dB Bandwidth Channel 1 (TX Frequency 2412 MHz) - 802.11b (11 Mbps)

ALTGH AUTO

02:43:18 PMFeb 21, 2018

I I = g
Center Freq 2.412000000 GHz Center Freq: 2.412000000 GHz
. 3 Trig:Free Run

#IFGain:Low | #Atten: 30 dB

Radio Std: None Frequency

Avg|Hold:>10/10

Radio Device: BTS

Ref 30.00 dBm

Center 2.412 GHz

Res BW 910 kHz VBW 8 NMHz

Occupied Bandwidth Total Power

14.225 MHz
-40.940 kHz OBW Power
12.24 NMHz x dB

Transmit Freq Error
x dB Bandwidth

MSG

Center Freq
2.412000000 GHz

Freq Offset
0 Hz

STATUS
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Plot 7-14: 6 dB Bandwidth Channel 6 (TX Frequency 2437 MHz) - 802.11b (11 Mbps)

Agilent Spectrum Analyzer - Occupied BW
@ 0 | rF S0 oac [ ] 8 ALIGH AUTO 02:39:42 PMFeb 21, 2018

Center Freq 2.437000000 GHz Center Freq: 2.437000000 GHz Radio Std: None Frequency
.1 Trig:Free Run Avg|Hold:>10/10

#IFGainiLow | #Atten: 30 dB Radio Device: BTS

Ref 30.00 dBm

Center Freq
2.437000000 GHz

Center 2.437 GHz

Res BW 910 kHz VBW 8 VIHz
Occupied Bandwidth Total Power Freq Offset
14.279 MHz 0 Hz
Transmit Freq Error -23.042 kHz OBW Power
x dB Bandwidth 12.41 MHz x dB
Plot 7-15: 6 dB Bandwidth Channel 11 (TX Frequency 2462 MHz) - 802.11b 11 (Mbps)

Agilent Spectrum Analyzer - Occupied BW
g [ rF [S0qe oac [ ] : ALIGH AUTC 02:42:34 PM Feh 21, 2018
Center Freq 2.462000000 GHz Center Freq: 2.462000000 GHz Radio Std: None TracelDetector
[ Trig: Free Run Avg|Hold:>10/10
#IFGain:L ow #Atten: 30 dB Radio Device: BTS

Ref 30.00 dBm

Clear Write

Center 2.462 GHz Span 100 MHZ
Res BW 910 kHz VBW & MHz

Occupied Bandwidth Total Power
14.261 MHz

Transmit Freq Error -120.11 kHz OBW Power
x dB Bandwidth 12.18 NHz x dB
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Plot 7-16: 6 dB Bandwidth Channel 1 (TX Frequency 2412 MHz) - 802.11g (54 Mbps) _

Agilent Spectrum Analyzer - Occupied BW

02:44:05 PMFeb 21, 2018

. I R =T
Center Freq 2.412000000 GHz $e_"t§r Frelg=2-4"2°°°°°° GHz
I rig: Free Run

g
#IFGain:Low #Atten: 30 dB

Avg|Hold:>10/10

Radio Std: None Frequency

Radio Device: BTS

Ref 30.00 dBm

Center 2.412 GHz

Res BW 910 kHz VBW 8 MHz

Occupied Bandwidth Total Power

18.247 MHz

Transmit Freq Error -90.638 kHz OBW Power
x dB Bandwidth 16.732 MHz x dB

MSG

Center Freq
2.412000000 GHz

CF Step
10.000000 MHz

Span 100 MHZ uto Man

Freq Offset
0 Hz

Plot 7-17:

Agilent Spectrum Analyzer - Occupied BW

6 dB Bandwidth Channel 6 (TX Frequency 2437 MHz) - 802.11g (54 Mbps)

02:40:23 PMFeb 21, 2018

I I = g
Center Freq 2.437000000 GHz Center Freq: 2.437000000 GHz
. 3 Trig:Free Run

#IFGain:Low | #Atten: 30 dB

Avg|Hold:>10/10

Radio Std: None Frequency

Radio Device: BTS

Ref 30.00 dBm

Center 2.437 GHz
Res BW 910 kHz

VBW 8 NMHz

Occupied Bandwidth Total Power

18.500 MHz

-90.290 kHz OBW Power

Transmit Freq Error
x dB Bandwidth 16.96 NHz x dB

MSG

Center Freq
2.437000000 GHz

CF Step
10.000000 MHz

Span 100 MHZ uto Man

Freq Offset
0 Hz
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Plot 7-18: 6 dB Bandwidth Channel 11 (TX Frequency 2462 MHz) - 802.11g (54 Mbps) _

Agilent Spectrum Analyzer - Occupied BW

02:40:57 PMFeb 21, 2018

7 I R =
Center Freq 2.462000000 GHz $e_"t§r Frelg=2-452°°°°°° GHz
I rig: Free Run

g
#IFGain:Low #Atten: 30 dB

Avg|Hold:>10/10

Radio Std: None Frequency

Radio Device: BTS

Ref 30.00 dBm

Center 2.462 GHz

Res BW 910 kHz VBW 8 MHz

Occupied Bandwidth Total Power

18.463 MHz

Transmit Freq Error -293.91 kHz OBW Power
x dB Bandwidth 16.82 MHz x dB

MSG

Center Freq
2.462000000 GHz

CF Step
10.000000 MHz

Span 100 MHZ uto Man

Freq Offset
0 Hz

Plot 7-19:

Agilent Spectrum Analyzer - Occupied BW

6 dB Bandwidth Channel 1 (TX Frequency 2412 MHz) - 802.11n (6.5 Mbps)

02:44:40 PMFeb 21, 2018

I I = g
Center Freq 2.412000000 GHz Center Freq: 2.412000000 GHz
. 3 Trig:Free Run

#IFGain:Low | #Atten: 30 dB

Avg|Hold:>10/10

Radio Std: None Frequency

Radio Device: BTS

Ref 30.00 dBm

Center 2.412 GHz
Res BW 910 kHz

VBW 8 NMHz

Occupied Bandwidth Total Power

18.954 MHz

-13.200 kHz OBW Power

Transmit Freq Error
x dB Bandwidth 17.60 NMHz x dB

MSG

Center Freq
2.412000000 GHz

CF Step
10.000000 MHz

Span 100 MHZ uto Man

Freq Offset
0 Hz
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Plot 7-20: 6 dB Bandwidth Channel 6 (TX Frequency 2437 MHz) - 802.11n (6.5 Mbps)

Agilent Spectrum Analyzer - Occupied BW

(7 I R =T : ALIGM AITO 02:35:52 PMFeb 21, 2018

Center Freq 2.437000000 GHz Center Freq: 2.437000000 GHz Radio Std: None Frequency
.1 Trig:Free Run Avg|Hold:>10/10

#IFGainiLow | #Atten: 30 dB Radio Device: BTS

Ref 30.00 dBm

Center Freq
2.437000000 GHz

CF Step
Center 2.437 GHz Span 100 MHZ PR
Res BW 910 kHz VBW 8 MHz
Occupied Bandwidth Total Power Freq Offset
19.134 MHz 0 Hz
Transmit Freq Error -60.925 kHz OBW Power
x dB Bandwidth 17.70 MHz x dB
Plot 7-21: 6 dB Bandwidth Channel 11 (TX Frequency 2462 MHz) - 802.11n (6.5 Mbps)

Agilent Spectrum Analyzer - Occupied BW

27 R =T : ALIGNAUTO  |02:42:07 P Feb 21, 2018

Center Freq 2.462000000 GHz Center Freq: 2.462000000 GHz Radio Std: None Frequency
[ Trig: Free Run Avg|Hold:>10/10
#IFGain:L ow #Atten: 30 dB Radio Device: BTS

Ref 30.00 dBm

Center Freq
2.462000000 GHz

CF Step
Center 2.462 GHz Span 100 MHZ l‘Ito10.000000 II:I::
Res BW 910 kHz VBW & MHz

Occupied Bandwidth Total Power Freq Offset
19.424 MHz O Hz

Transmit Freq Error -343.85 kHz OBW Power
x dB Bandwidth 17.59 NHz x dB

MSG STATUS
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Measurement uncertainty: Measurement uncertainties shown for these tests are expanded uncertainties
expressed at 95% confidence level using a coverage factor k = 2. Measurement uncertainty = -2 dB/+2 dB.

Table 7-8: 6 dB Bandwidth Test Equipment
AESLLt " Manufacturer Model Part Type Ni?w:isler Cgbigrgztiitoen
901583 Te CAh?]i(')eIQ;ies N9010A E>((1AO ﬂgf‘%_g@gzz)er MY51250846 |  2/6/20
PASS

Test Personnel:

Daniel W. Baltzell

N s P p
I 7 % Aﬁ;z%ﬁ;;/

February 21, 2018

Test Engineer

Signhature

Date of Test
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8 Power Spectral Density — FCC 15.247(e); RSS-247 5.2(b)

8.1 Power Spectral Density Test Procedure

The power spectral density per FCC 15.247(e) was measured using a 50-ohm spectrum analyzer with the
resolution bandwidth set at 3 kHz, the video bandwidth set at 30 kHz, and the auto sweep time. The spectral
lines were resolved for the modulated carriers at 2412 MHz, 2437 MHz and 2462 MHz. These levels are
below the +8 dBm limit. See the power spectral density table and plots.

8.2 Power Spectral Density Test Data

Table 8-1: Power Spectral Density Test Data — ANT+
Channel Frequency (MHz) RF P?(;lraer;)Level Max:_rgggmelmlt Pass/Fail
Low 2402 -3.3 8 Pass
Mid 2441 -4.3 8 Pass
High 2480 -5.1 8 Pass
Table 8-2: Power Spectral Density Test Data — BLE PRB29
Channel Frequency (MHz) RF PE)(;/;/Ber;)Level Max:_rgggmelmlt Pass/Fail
0 2402 -10.7 8 Pass
19 2440 -11.8 8 Pass
39 2480 -13.4 8 Pass
Table 8-3: Power Spectral Density Test Data — BLE OxOF
Channel Frequency (MHz) RF P?(;lraer;)Level Max:_rgggmelmlt Pass/Fail
0 2402 -9.0 8 Pass
19 2440 -10.0 8 Pass
39 2480 -11.5 8 Pass
Table 8-4: Power Spectral Density Test Data — BLE 0x55
Channel Frequency (MHz) RF P?(;lraenz)Level Max:_rgggmelmlt Pass/Fail
0 2402 -10.9 8 Pass
19 2440 -11.8 8 Pass
39 2480 -13.5 8 Pass
Table 8-5: Power Spectral Density Test Data —802.11b (11 Mbps)
Channel Frequency (MHz) RF P?(;lraenz)Level Max:_rgggmelmlt Pass/Fail
1 2412 -6.7 8 Pass
6 2437 -6.4 8 Pass
11 2462 -7.5 8 Pass
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Table 8-6:

Power Spectral Density Test Data —802.11g (54 Mbps)

RF Power Level

Maximum Limit

Channel Frequency (MHz) (dBm) +8dBmM Pass/Fail
1 2412 -8.9 8 Pass
6 2437 -8.1 8 Pass
11 2462 -7.4 8 Pass
Table 8-7: Power Spectral Density Test Data —802.11n (6.5 Mbps)
RF Power Level Maximum Limit 3
Channel Frequency (MHz) (dBm) +8dBM Pass/Fail
1 2412 -9.9 8 Pass
6 2437 -9.5 8 Pass
11 2462 -9.7 8 Pass
Plot 8-1: Power Spectral Density: Channel Low (2402 MHz) - ANT+

Agilent Spectrum Analyzer - Swept SA
7 R =TS
Marker 1 2.401992000000 GHz

PNO: Wide )
IFGain:Low

Ref 8.00 dBm

Center 2.4020000 GH=z

#Res BW 3.0 kHz

ALTGH AUTO

Avg Type: Log-Pwr

Trig: Free Run
Atten: 20 dB

#FVBW 10 kHz

Avg[Hold:> 100/100

MKr1 2.401 992 0 GHz
-3.108 dBm

Span 1.600 NMHz
Sweep 169 ms (1001 pts)

Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl
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Plot 8-2: Power Spectral Density: Channel Mid (2441 MHz) - ANT+

Agilent Spectrum Analyzer - Swept SA
I R =TT : ALIGHAUTO  [09:28:57 AM

Marker 1 2.439920000000 GHz ) Avg Type: Log-Pwr TRACE
PNO: Wide L, Trig: Free Run Avg|Hold: 70100

IFGain:Low Atten: 20 dB

Peak Search

Mkr1 2.439 920 0 GHz NextPeak
-4.256 dBm

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

Center 2.4400000 GHz Span 1.600 MHz
#Res BW 3.0 kHz Sweep 169 ms (1001 pts)

Plot 8-3:

Agilent Spectrum Analyzer - Swept SA

i |
Marker 1 2.479915200000 GHz ] Avg Type: Log-Pwr
PNO: Wide () Trig: Free Run Avgl|Hold: 72100

IFGain:Low Atten: 20 dB

Peak Search

Mkri 2_479_59-2)go2d(BBHr: NextPeak
WV, WY B R
- ml.uHW - “M_-- Next Pk Left

L T
e T, (S
SR A N T R Y ]
L
T —
I
I N R B

Center 2.4800000 GH=z Span 1.600 MHz
#Res BW 3.0 kHz #FVBW 10 kHz Sweep 169 ms (1001 pts)




Plot 8-4:

Agilent Spectrum Analyzer - Swept SA

I R =TT

Power Spectral Density: Channel 0 (2402 MHz) —

ALIGH ST

BLE (PRB29)

01:09:39 Pr Mar 2018

Marker 1 2.401900295000 GHz
PNO: Wide )
IFGain:Low

Trig: Free Run
Atten: 20 dB

1LO gBIdw Ref 8.00 dBm

Center 2.4020000 GHz
#Res BW 3.0 kHz

Avyg Type: Log-Pwr
Avg|Hold:>1/1

Mkr1 2.401

900 295 0 GH=z
-10.686 dBm

Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

Plot 8-5:

Agilent Spectrum Analyzer -

| FF__ [S0G  aC

Swept SA

T/ |
Marker 1 2.439896767500 GHz )
PHO: Wide L, Trig: Free Run
IFGain:Low Atten: 20 dB

1LO dBidiv Ref 8.00 dBm
og

'11” it

i )
: HWTW-=--WW!M

Center 2.4400000 GH=z

#Res BW 3.0 kHz #FVBW 10 kHz

Avg Type: Log-Pwr
Avg|Hold:> 171

Mkr1 2.439

Sweep 1

896 767 5 GH=z
-11.774 dBm

Span 1.700 NMHz
81 ms (40001 pts)

Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl




Plot 8-6: Power Spectral Density: Channel 39 (2480 MHz) —

Agilent Spectrum Analyzer - Swept SA
I R R

Marker 1 2.479892517500 GHz
PNO: Wide )
IFGain:Low

BLE (PRB29)

ALIGMN ST
Avyg Type: Log-Pwr
Avg|Hold:>1/1

01:13:29 Pr Mar 2018

Trig: Free Run
Atten: 20 dB

Mkr1 2.479 892 517 5 GHz

-13.356 dBm

1LO gBIdw Ref 8.00 dBm

=
L]
‘—-r
0
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Center 2.4800000 GHz

#Res BW 3.0 KHz #VBW 10 KHz Sweep 181 ms (40001 pts)

Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

Plot 8-7:

Agilent Spectrum Analyzer -
g | RF_ [sooe A | ]
Marker 1 2.401901995000 GHz
PNO: Wide
IFGain:Low

Power Spectral Density: Channel 0 (2402 MHz) —

Swept SA

BLE (OXOF)

Avg Type: Log-Pwr
7 Trig: Free Run Avg|Hold:>1/1

Atten: 20 dB

Mkr1 2.401 901 995 0 GHz
1o gBIdlv Ref 8.00 dBm -8.981 dBm

k ---- -----
--IMMWWMM---

| -.WWTHIlWIﬂMII‘M’lm_-
_---WWIL'-

Center 2.4020000 GH=z
#Res BW 3.0 kHz

Span 1.700 NMHz

#VBW 10 kHz 281 ms (40001 pts)

Sweep 1

Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl




Plot 8-8: Power Spectral Density: Channel 19 (2440 MHz) —

Agilent Spectrum Analyzer - Swept SA
I R R

Marker 1 2.439897915000 GHz . Avg Type: Log-Pwr
PNO: Wide L, Trig: Free Run Avg|Hold:>1/1

IFGain:Low ~ Atten: 20 dB

BLE (OXOF)

Peak Search

Mkr1 2.439 897 915 0 GHz NextPeak
1LO gBIdw Ref 8.00 dBm -9.988 dBm

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

Center 2.4400000 GHz
#Res BW 3.0 kHz

Plot 8-9:

Agilent Spectrum Analyzer - Swept SA

i |
Marker 1 2.479894387500 GHz ] Avg Type: Log-Pwr
PNO: Wide Trig: Free Run Avg|Hold:>1/1

IFGain:Low Atten: 20 dB

Peak Search

Mkr1 2.479 894 387 5 GHz NextPeak

1o gBIdlv Ref 8.00 dBm -11.453 dBm
- Next Pk Right
- |
[E—
n A
II‘M Marker Delta

Mkr—CF

Mkr—RefLvl

Center 2.4800000 GH=z
#Res BW 3.0 kHz #FVBW 10 kHz Sweep 181 ms (40001 pts)




Plot 8-10: Power Spectral Density: Channel 0 (2402 MHz) —

Agilent Spectrum Analyzer - Swept SA
e [ rF [Somooac [ ] : ALIGM AUTO 01;11:06 PM Mar 06, 2018

Marker 1 2.401913767500 GHz ) Avg Type: Log-Pwr
PNO: Wide , ) Trig: Free Run Avg|Hold:>1/1

IFGain:Low ~ Atten: 20 dB

BLE (Ox55)

Peak Search

Mkr1 2.401 913 767 5 GHz NextPeak
1LO gBIdw Ref 8.00 dBm -10.864 dBm

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

Center 2.4020000 GHz Span 1.700 MHz
#Res BW 3.0 kHz Sweep 181 ms (40001 pts)

Plot 8-11:

Agilent Spectrum Analyzer - Swept SA

i |
Marker 1 2.439923585000 GHz ] Avg Type: Log-Pwr
PNO: Wide Trig: Free Run Avg|Hold:>1/1

IFGain:Low Atten: 20 dB

Peak Search

Mkri 2.439 923 585 0 GHz NextPeak
1LOgBId|v Ref 8.00 dBm -11.844 dBm

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

Center 2.4400000 GH=z Span 1.700 NMHz
#Res BW 3.0 kHz #FVBW 10 kHz Sweep 181 ms (40001 pts)




Plot 8-12: Power Spectral Density: Channel 39 (2480 MHz) — BLE (0x55)

Agilent Spectrum Analyzer - Swept SA
I R =R B ALIGM AUTO 01:14:24 PM

Marker 1 2.479906967500 GHz Avg Type: Log-Pwr TRACE : FEEls HEEER
PHO: Wide (4 ) 1rig:Free Run Avg|Hold:>1/1 A
5 ——

IFGain:Low Atten: 20 dB

Mkr1 2.479 906 967 5 GHz NextPeak
-13.499 dBm

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

Center 2.4800000 GHz Span 1.700 MHz
#Res BW 3.0 kHz #VBW 10 kHz Sweep 181 ms (40001 pts)

Plot 8-13: Power Spectral Density: Channel 1 (2412 MHz); 802.11b (11 Mbps)

Agilent Spectrum Analyzer - Swept SA
T =TT : ALIGHN AUTO

/I
Center Freq 2.412000000 GHz ] Avg Type: Log-Pwr
PNO: Fast i, Trig: Free Run Avg|Hold: 15/100

IFGain:Low Atten: 20 dB

Frequency

Mkr1 2.413 437 8 GHz Auto Tune
-6.704 dBm

Center Freq
2.412000000 GHz

LI At 5
Illi"l|||||]|]| T

i |||"F‘r LT i

1 1 [ '||| bl y

=l
]

StartFreq
2.402900000 GHz

Stop Freq
2.421100000 GHz

CF Step
1.820000 MHz
Auto Man

Freq Offset
0 Hz

Center 2.412000 GHz
#Res BW 3.0 kHz #FVBW 10 kHz Sweep 1.92 s (1001 pts)




Plot 8-14: Power Spectral Density: Channel 6 (2437 MHz); 802.11b (11 Mbps)

Agilent Spectrum Analyzer - Swept SA
7 T T : ALIGM AUTO

Center Freq 2.437000000 GHz . Avg Type: Log-Pwr
PNO: Fast () Trig: Free Run Avg|Hold: 51100

IFGain:Low Atten: 20 dB

Frequency

Mkr1 2.438 437 8 GHz Auto Tune
Ref 8.00 dBm 6367 dBm

Center Freq
2.437000000 GHz

StartFreq
2.427900000 GHz

Stop Freq
2.446100000 GHz

CF Step
1.820000 MHz

uto Man

Freq Offset
0 Hz

Center 2.437000 GHz Span 18.20 MHz
#Res BW 3.0 kHz #VBW 10 kHz Sweep 1.92 s (1001 pts)

Plot 8-15: Power Spectral Density: Channel 11 (2462 MHz); 802.11b (11 Mbps)

Agilent Spectrum Analyzer - Swept SA
27 R =T : ALIGHN AUTO

Center Freq 2.462000000 GHz ] Avg Type: Log-Pwr
PNO: Fast i, Trig: Free Run Avg|Hold: /100

IFGain:Low Atten: 20 dB

Frequency

Mkr1 2.459 233 6 GHz Auto Tune
Ref 8.00 dBm _7.452 dBm

Center Freq
2.462000000 GHz

StartFreq
2.452900000 GHz

Stop Freq
2.471100000 GHz

CF Step
1.820000 MHz

uto Man

Freq Offset
0 Hz

Center 2.462000 GH=z - Span 18.20 NMHz
#Res BW 3.0 kHz #FVBW 10 kHz Sweep 1.92 s (1001 pts)
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Plot 8-16: Power Spectral Density: Channel 1 (2412 MHz); 802.11g (54 Mbps)

Agilent Spectrum Analyzer - Swept SA
7 T T : ALIGM AUTO

Center Freq 2.412000000 GHz . Avg Type: Log-Pwr
PNO: Fast () Trig: Free Run Avg|Hold: 81100

IFGain:Low Atten: 20 dB

Frequency

MKkr1 2.412 900 GH=z Auto Tune
Ref 8.00 dBm -8.869 dBm

Center Freq
2.412000000 GHz

StartFreq
2.399500000 GHz

Stop Freq
2.424500000 GHz

CF Step
2.500000 MHz

uto Man

Freq Offset
0 Hz

Center 2.41200 GHz Span 25.00 MHz
#Res BW 3.0 kHz #VBW 10 kHz Sweep 2.64 s (1001 pts)

Plot 8-17: Power Spectral Density: Channel 6 (2437 MHz); 802.11g (54 Mbps)

Agilent Spectrum Analyzer - Swept SA
27 R =T : ALIGHN AUTO

Center Freq 2.437000000 GHz ] Avg Type: Log-Pwr
PNO: Fast i, Trig: Free Run Avg|Hold: 15/100

IFGain:Low Atten: 20 dB

Frequency

MKkr1 2.431 350 GH=z Auto Tune
Ref 8.00 dBm -8.056 dBm

Center Freq
2.437000000 GHz

StartFreq
2.424500000 GHz

Stop Freq
2.449500000 GHz

CF Step
2.500000 MHz

uto Man

Freq Offset
0 Hz

Center 2.43700 GHz Span 25.00 MHz
#Res BW 3.0 kHz #FVBW 10 kHz Sweep 2.64 s (1001 pts)
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Plot 8-18: Power Spectral Density: Channel 11 (2462 MHz); 802.11g (54 Mbps)

Agilent Spectrum Analyzer - Swept SA
7 T T : ALIGM AUTO

Center Freq 2.462000000 GHz . Avg Type: Log-Pwr
PNO: Fast () Trig: Free Run Avg|Hold: 121100

IFGain:Low Atten: 20 dB

Frequency

Mkr1 2.454 175 GH=z Auto Tune
Ref 8.00 dBm ~7.359 dBm

Center Freq
‘1 2.462000000 GHz

StartFreq
2.449500000 GHz

Stop Freq
2.474500000 GHz

CF Step
2.500000 MHz

uto Man

Freq Offset
0 Hz

Center 2.46200 GHz Span 25.00 MHz
#Res BW 3.0 kHz #VBW 10 kHz Sweep 2.64 s (1001 pts)

Plot 8-19: Power Spectral Density: Channel 1 (2412 MHz); 802.11n (6.5 Mbps)

Agilent Spectrum Analyzer - Swept SA
g [ rF [Soe oac [ | g ALTGHN AUTO 10:11:56 AM Feh 22, 2018

Center Freq 2.412000000 GHz . Avg Type: Log-Pwr 4
PNO: Fast i, Trig: Free Run Avg|Hold: 71100

IFGain:Low Atten: 20 dB

Frequency

Mkr1 2.407 025 8 GHz Auto Tune
Ref 8.00 dBm 9.873 dBm

Center Freq
2.412000000 GHz

StartFreq
2.398700000 GHz

Stop Freq
2.425300000 GHz

CF Step
2.660000 MHz

uto Man

Freq Offset
0 Hz

Center 2.41200 GHz Span 26.60 MHz
#Res BW 3.0 kHz #FVBW 10 kHz Sweep 2.80 s (1001 pts)

Page 53 of 86



Plot 8-20: Power Spectral Density: Channel 6 (2437 MHz); 802.11n (6.5 Mbps)

Agilent Spectrum Analyzer - Swept SA
7 T T : ALIGM AUTO

Center Freq 2.437000000 GHz . Avg Type: Log-Pwr
PNO: Fast () Trig: Free Run Avg|Hold: 91100

IFGain:Low Atten: 20 dB

Frequency

MKkr1 2.444 793 8 GHz Auto Tune
Ref 8.00 dBm _9.498 dBm

Center Freq
2.437000000 GHz

’1

StartFreq
2.423700000 GHz

Stop Freq
2.450300000 GHz

CF Step
2660000 MHz

uto Man

Freq Offset
0 Hz

Center 2.43700 GHz - Span 26.60 MHz
#Res BW 3.0 kHz #VBW 10 kHz Sweep 2.80 s (1001 pts)

Plot 8-21: Power Spectral Density: Channel 11 (2462 MHz); 802.11n (6.5 Mbps)

Agilent Spectrum Analyzer - Swept SA
27 R =T : ALIGHN AUTO

Center Freq 2.462000000 GHz ] Avg Type: Log-Pwr
PNO: Fast i, Trig: Free Run Avg|Hold: 347100

IFGain:Low Atten: 20 dB

Frequency

Mkr1 2.453 887 0 GHz Auto Tune
Ref 8.00 dBm _9.686 dBm

Center Freq
2.462000000 GHz

‘1

StartFreq
2.448700000 GHz

Stop Freq
2.475300000 GHz

CF Step
2.660000 MHz

uto Man

Freq Offset
0 Hz

Center 2.46200 GHz Span 26.60 MHz
#Res BW 3.0 kHz #FVBW 10 kHz Sweep 2.80 s (1001 pts)
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Measurement uncertainties shown for these tests are expanded Gaussian uncertainties expressed at 95%
confidence level using a coverage factor k = 1.96. Measurement uncertainty = 0.5 dB.

PASS
Table 8-8: Power Spectral Density Test Equipment

RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date

EXA Signal Analyzer

901583 | Agilent Technologies N9010A (10 Hz-26.5 GH2)

MY51250846 2/6/20

Test Personnel:

“) N p
Daniel W. Baltzell B February 20, 2018

Test Engineer Signhature Date of Test
Khue Do W March 6-7, 2018
Test Engineer Signhature Dates of Test
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9 Hopping Characteristics — FCC 15.247(a)(1); RSS-247 5.1

15.247(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. Alternatively,
frequency hopping systems operating in the 2400-2483.5 MHz band may have hopping channel carrier
frequencies that are separated by 25 kHz or two-thirds of the 20 dB bandwidth of the hopping channel,
whichever is greater, provided the systems operate with an output power no greater than 125 mW. The
system shall hop to channel frequencies that are selected at the system hopping rate from a pseudo
randomly ordered list of hopping frequencies. Each frequency must be used equally on the average by each
transmitter.

15.247(a)(1)(iii) Frequency hopping systems in the 2400-2483.5 MHz band shall use at least 15 channels.
The average time of occupancy on any channel shall not be greater than 0.4 seconds within a period of 0.4
seconds multiplied by the number of hopping channels employed. Frequency hopping systems may avoid or
suppress transmissions on a particular hopping frequency provided that a minimum of 15 channels are used.

Plot 9-1: Number of Channels — Bluetooth (79 Channels)

Agilent Spectrum Analyzer - Swept SA

g | fF S0 ac | : ALIGNAUTC  |05:38:03 AM Mar 07, 2015
Avg Type: Log-Pwr
PNO: Fast () Trig: Free Run Avg|Hold:> 100100

IFGain:Low Atten: 20 dB Select Marker._

Ref 10.00 dBm

Properties >

Start 2.40000 GHz Stop 2.48200 GHz

#Res BW 100 kHz VBW 1.0 MHz Sweep 7.60 ms (1001 pts) %
MSG
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Plot 9-2:

Agilent Spectrum Analyzer - Swept SA

Marker 1 A 1.000000000 MHz

PNO: Wide )
IFGain:Low

10 dBidiv Ref 10.00 dBm
Log

Center 2.438934 GHz
#Res BW 100 kHz

I R R

Channel Separation — Bluetooth (1 MHz)

SEMSE:IMNT

ALIGH AUTC

03:48:56 &AM Mar 07, 2018

Atten: 20 dB

VBW 1.0 MHz

Trig: Free Run

Avg Type: Log-Pwr
Avg|Hold:> 1001100

AMKr1 1.000 MHz

Sweep

-0.009 dB

Span 5.000 MHz
1.00 ms (1001 pts)

Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

Plot 9-3:

Agilent Spectrum Analyzer - Swept SA

g | RF | Soe e ] ]

PNO: Wide ~—»—
IFGain:Low

Center 2.425920000 GHz
Res BW 100 kHz

Number of Pulses — Bluetooth (30)

SEMSE:IMNT

ALIGH AUTC

10:53:34 AM Mar 07, 2018

Atten: 30 dB

#VBW 1.0 MHz

Trig: Free Run

Avg Type: Log-Pwr

Sweep

Span 0 Hz
31.60 s (1001 pts)

Marker

Select Marker.

Properties»




Plot 9-4: Pulse Width — Bluetooth (349 us)

Agilent Spectrum Analyzer - Swept SA
(7 I R = : ALIGN AUTO 10:54:58 AM Mar 07, 2018

Marker 1 A 348.500 ps . Avg Type: Log-Pwr
Trig: RF Burst

IFGain:Low Atten: 30 dB S| selectMarker
AMKr1 348.5 us >
Ref 20.00 dBm 0.70 dB

Marker

Properties»

Center 2.425920000 GHz Span 0 Hz
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 500.0 ps (1001 pts)

Number of pulses in 79 * 0.4 (31.6) seconds = 30
Pulse width 349 us x 30 = 0.011 s which is less than 0.400s (limit)

Measurement uncertainty: £1.4%. This measurement uncertainty is an expanded uncertainty for 95.45%
confidence level received with a coverage factor k=2.

Pass
Table 9-1: Hopping Mode Characteristics Test Equipment

RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date

EXA Signal Analyzer

(10 Hz-26.5 GHz) MY51250846 |  2/6/20

901583 | Agilent Technologies N9010A

PASS

Test Personnel:

Khue Do /564@ March 7, 2018

Test Engineer Signhature Date of Test
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10 Radiated Emissions — FCC 15.209; RSS-247 6.2 and RSS-Gen

10.1 Limits of Radiated Emissions Measurement

Frequency (MHz)

Field Strength (uVv/m)

Measurement Distance (m)

0.009-0.490 2400/f (kHz) 300
0.490-1.705 2400/t (kHz) 30
1.705-30.0 30 30
30-88 100 3
88-216 150 3
216-960 200 3
Above 960 500 3

As shown in 15.35(b), for frequencies above 1000 MHz, the field strength limits are based on average
detector, however, the peak field strength of any emission shall not exceed the maximum permitted average
limits, specified above by more than 20 dB under any circumstances of modulation.

10.2 Radiated Emissions Measurement Test Procedure

Before final measurements of radiated emissions were made on the open-field three/ten meter range, the
EUT was scanned indoors at one and three meter distances. This was done in order to determine its
emissions spectrum signature. The physical arrangement of the test system and associated cabling was
varied in order to determine the effect on the EUT's emissions in amplitude, direction and frequency. This
process was repeated during final radiated emissions measurements on the open-field range, at each
frequency, in order to ensure that maximum emission amplitudes were attained.

Final radiated emissions measurements were made on the three/ten-meter, open-field test site. The EUT
was placed on a nonconductive turntable 0.8 meters above the ground plane. The spectrum was examined
from 9 kHz to the 10" harmonic of the highest fundamental transmitter frequency (24.8 GHz) for the 2.4 GHz

band.

At each frequency, the EUT was rotated 360°, and the antenna was raised and lowered from 1 to 4 meters in
order to determine the emission’s maximum level. Measurements were taken using both horizontal and
vertical antenna polarizations. For frequencies between 30 and 1000 MHz, the spectrum analyzer’s 6 dB
bandwidth was set to 120 kHz, and the analyzer was operated in the CISPR quasi-peak detection mode.

For emissions above 1000 MHz, emissions are measured using the average detector function with a
minimum resolution bandwidth of 1 MHz. No video filter less than 10 times the resolution bandwidth was
used. The highest emission amplitudes relative to the appropriate limit were measured and recorded in this

report.
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10.3 Radiated Emissions Test Results

Table 10-1: Radiated Emissions Harmonics/Spurious - 2412 MHz, 802.11b, Peak Detector
Frequency Pl Cor?étcetion e P_ea_k Peal_<
(MH2) arl]sat:)\//?rir) Factor ((:(;) éLe\(/:/tri? (dghn:/lltm) M(?jrg)m
(dB/m)
4824.0 56.1 0.2 56.3 74.0 -17.7
12060.0 38.9 3.2 42.1 74.0 -31.9
14472.0 35.6 8.6 44.2 74.0 -29.8
19296.0 33.9 13.2 47.1 74.0 -26.9
Table 10-2: Radiated Emissions Harmonics/Spurious - 2412 MHz, 802.11b, Average Detector
ey | SRS | comecton | Jyee | Aemee | A
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4824.0 48.5 0.2 48.7 54.0 -5.3
12060.0 31.9 3.2 35.1 54.0 -18.9
14472.0 30.6 8.6 39.2 54.0 -14.8
19296.0 304 13.2 43.6 54.0 -10.4
Table 10-3: Radiated Emissions Harmonics/Spurious- 2412 MHz, 802.11g, Peak Detector
Frequency Pl Cor?étcetion Pl P_ea_k Peal_<
(MH2) arl]sat:)\//?rir) Factor ((:(;) éLe\(/:/tri? (dghn:/lltm) M(?jrg)m
(dB/m)
4824.0 53.2 0.2 534 74.0 -20.6
7236.0 41.2 -1.5 39.7 74.0 -34.3
12060.0 38.0 3.2 41.2 74.0 -32.8
14472.0 35.5 8.6 44.1 74.0 -29.9
Table 10-4: Radiated Emissions Harmonics/Spurious - 2412 MHz, 802.11g, Average Detector
ey | SRS | comecton | Jyee | Aemee | A
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4824.0 45.1 0.2 45.3 54.0 -8.7
7236.0 33.6 -1.5 321 54.0 -21.9
12060.0 30.7 3.2 33.9 54.0 -20.1
14472.0 31.5 8.6 40.1 54.0 -13.9
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Table 10-5:

Radiated Emissions Harmonics/Spurious - 2412 MHz, 802.11n, Peak Detector

Site

Frequency Pl Correction Pl P_ea_k Peal_<
(MH2) arl]sﬂ)\//frir) Factor ((:(;) lglrue\(/:/tnew(;I (dglun\]/lltm) M(f:\jrg)m
(dB/m)
4824.0 53.9 0.2 54.1 74.0 -19.9
7236.0 42.2 -1.5 40.7 74.0 -33.3
12060.0 37.7 3.2 40.9 74.0 -33.1
14472.0 35.1 8.6 43.7 74.0 -30.3
Table 10-6: Radiated Emissions Harmonics/Spurious - 2412 MHz, 802.11n, Average Detector
Site
Fregueney | fnayser | Coestion | Correcieg T | e
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4824.0 45.6 0.2 45.8 54.0 -8.2
7236.0 34.6 -1.5 33.1 54.0 -20.9
12060.0 30.6 3.2 33.8 54.0 -20.2
14472.0 30.8 8.6 394 54.0 -14.6
Table 10-7: Radiated Emissions Harmonics/Spurious - 2437 MHz, 802.11b, Peak Detector
Frequency A P Cor?étcetion P P_ea_k Peal_<
(MH2) (drl]sat:)\//ﬁr) Factor ((:(;) éLe\(/:/tri? (dghn:/lltm) M(?jrg)m
(dB/m)
4874.0 55.0 0.2 55.2 74.0 -18.8
7311.0 41.1 -1.5 39.6 74.0 -34.4
12185.0 37.6 3.2 40.8 74.0 -33.2
19496.0 321 13.2 45.3 74.0 -28.7
Table 10-8: Radiated Emissions Harmonics/Spurious - 2437 MHz, 802.11b, Average Detector
ey | NS0 comecuon | fvemme | A | A
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4874.0 47.2 0.2 474 54.0 -6.6
7311.0 32.0 -1.5 30.5 54.0 -23.5
12185.0 30.4 3.2 33.6 54.0 -20.4
19496.0 29.0 13.2 42.2 54.0 -11.8
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Table 10-9:

Radiated Emissions Harmonics/Spurious - 2437 MHz, 802.11g, Peak Detector

Site

Frequency Pl Correction Pl P_ea_k Peal_<
(MH2) arl]sﬂ)\//frir) Factor ((:(;) lglrue\(/:/tnew(;I (dglun\]/lltm) M(f:\jrg)m
(dB/m)
4874.0 53.1 0.2 53.3 74.0 -20.7
7311.0 40.7 -1.5 39.2 74.0 -34.8
12185.0 36.7 3.2 39.9 74.0 -34.1
19496.0 32.3 13.2 455 74.0 -28.5
Table 10-10: Radiated Emissions Harmonics/Spurious - 2437 MHz, 802.11g, Average Detector
Site
Fregueney | fnayser | Coestion | Correcieg T | e
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4874.0 45.8 0.2 46.0 54.0 -8.0
7311.0 33.1 -1.5 31.6 54.0 -22.4
12185.0 30.0 3.2 33.2 54.0 -20.8
19496.0 29.2 13.2 42.4 54.0 -11.6
Table 10-11: Radiated Emissions Harmonics/Spurious - 2437 MHz, 802.11n, Peak Detector
Frequency A P Cor?étcetion P P_ea_k Peal_<
(MH2) (drl]sat:)\//ﬁr) Factor ((:(;) éLe\(/:/tri? (dghn:/lltm) M(?jrg)m
(dB/m)
4874.0 51.9 0.2 52.1 74.0 -21.9
7311.0 41.1 -1.5 39.6 74.0 -34.4
12185.0 36.3 3.2 39.5 74.0 -34.5
19496.0 325 13.2 45.7 74.0 -28.3
Table 10-12: Radiated Emissions Harmonics/Spurious - 2437 MHz, 802.11n, Average Detector
ey | NS0 comecuon | fvemme | A | A
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4874.0 44.4 0.2 44.6 54.0 -9.4
7311.0 33.3 -1.5 31.8 54.0 -22.2
12185.0 30.2 3.2 334 54.0 -20.6
19496.0 29.9 13.2 43.1 54.0 -10.9
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Table 10-13:

Radiated Emissions Harmonics/Spurious - 2462 MHz, 802.11b, Peak Detector

Site

Frequency Pl Correction Pl P_ea_k Peal_<
(MH2) arl]sﬂ)\//frir) Factor ((:(;) lglrue\(/:/tnew(;I (dglun\]/lltm) M(f:\jrg)m
(dB/m)
4924.0 54.5 0.2 54.7 74.0 -19.3
7386.0 41.5 -1.5 40.0 74.0 -34.0
12310.0 36.5 3.2 39.7 74.0 -34.3
19696.0 31.1 13.2 44.3 74.0 -29.7
22158.0 17.5 12.0 29.5 74.0 -44.5
Table 10-14: Radiated Emissions Harmonics/Spurious - 2462 MHz, 802.11b, Average Detector
Site
Fregueney | fnayser | Coestion | Correcieg i A
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4924.0 47.3 0.2 47.5 54.0 -6.5
7386.0 34.4 -1.5 32.9 54.0 -21.1
12310.0 30.6 3.2 33.8 54.0 -20.2
19696.0 28.8 13.2 42.0 54.0 -12.0
22158.0 9.0 12.0 21.0 54.0 -33.0
Table 10-15: Radiated Emissions Harmonics/Spurious - 2462 MHz, 802.11g, Peak Detector
Frequency A Pl Cor?étcetion Pl P_ea_k Peal_<
(MH2) (drl]sat:)\//ﬁr) Factor ((:(;) éLe\(/:/tri? (dghn:/lltm) M(?jrg)m
(dB/m)
4924.0 54.2 0.2 54.4 74.0 -19.6
7386.0 40.6 -1.5 39.1 74.0 -34.9
12310.0 36.2 3.2 394 74.0 -34.6
19696.0 31.7 13.2 44.9 74.0 -29.1
22158.0 17.2 12.0 29.2 74.0 -44.8
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Table 10-16:

Radiated Emissions Harmonics/Spurious - 2462 MHz, 802.11g, Average Detector

Site

Frequency Average Correction Average Avgra_ge Avera_ge
(MH2) agﬂ{//ﬁr) Factor ((:(;) lglrue\(/:/tnew(;I (dglun\]/lltm) M(z(ajrg)m
(dB/m)
4924.0 45.9 0.2 46.1 54.0 -7.9
7386.0 324 -1.5 30.9 54.0 -23.1
12310.0 29.9 3.2 33.1 54.0 -20.9
19696.0 28.2 13.2 41.4 54.0 -12.6
22158.0 9.2 12.0 21.2 54.0 -32.8
Table 10-17: Radiated Emissions Harmonics/Spurious - 2462 MHz, 802.11n, Peak Detector

Frequency A Pl Cor?étcetion Pl P_ea_k Peal_<

(MH2) (drl]sat:)\//ﬁr) Factor ((:(;) éLe\(/:/tri? (dghn:/lltm) M(?jrg)m

(dB/m)
4924.0 52.5 0.2 52.7 74.0 -21.3
7386.0 41.1 -1.5 39.6 74.0 -34.4
12310.0 36.6 3.2 39.8 74.0 -34.2
19696.0 30.3 13.2 435 74.0 -30.5
22158.0 16.9 12.0 28.9 74.0 -45.1
Table 10-18: Radiated Emissions Harmonics/Spurious - 2462 MHz, 802.11n, Average Detector
Site

Fregueney | fnayser | Coestion | Correcieg i A
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4924.0 44.7 0.2 44.9 54.0 9.1
7386.0 33.0 -1.5 31.5 54.0 -22.5
12310.0 30.8 3.2 34.0 54.0 -20.0
19696.0 26.9 13.2 40.1 54.0 -13.9
22158.0 9.4 12.0 21.4 54.0 -32.6
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Table 10-19:

Radiated Emissions Harmonics/Spurious - 2402 MHz, ANT+, Peak Detector

Frequency Pl Cor?étcetion Pl P_ea_k Peal_<
(MH2) arl]sﬂ)\//ﬁr) Factor ((:(;) lglrue\(/:/tnew(;I (dglun\]/lltm) M(z(ajrg)m
(dB/m)
4804.0 47.6 0.2 47.8 74.0 -26.2
12010.0 37.0 3.2 40.2 74.0 -33.8
19216.0 36.4 13.2 49.6 74.0 -24.4
Table 10-20: Radiated Emissions Harmonics/Spurious - 2402 MHz, ANT+, Average Detector
Site
Fregueney | fnayser | Coestion | Correcieg T | e
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4804.0 45.7 0.2 45.9 54.0 -8.1
12010.0 31.1 3.2 34.3 54.0 -19.7
19216.0 32.8 13.2 46.0 54.0 -8.0
Table 10-21: Radiated Emissions Harmonics/Spurious - 2441 MHz, ANT+, Peak Detector
Frequency A Pl Cor?étcetion Pl P_ea_k Peal_<
HlRE (drl]sat:)\//ﬁr) ST ((:(;) éLe\(/:/tri? (dghn:/lltm) M(?jrg)m
(dB/m)
4882.0 46.6 0.6 47.2 74.0 -26.8
7323.0 40.7 -2.3 38.4 74.0 -35.6
12205.0 325 3.4 35.9 74.0 -38.1
19528.0 31.2 13.3 445 74.0 -29.5
Table 10-22: Radiated Emissions Harmonics/Spurious - 2441 MHz, ANT+, Average Detector
ey | NS0 comecuon | fvemme | A | A
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4882.0 44.3 0.6 44.9 54.0 9.1
7323.0 38.4 -2.3 36.1 54.0 -17.9
12205.0 27.6 3.4 31.0 54.0 -23.0
19528.0 26.4 13.3 39.7 54.0 -14.3
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Table 10-23:

Radiated Emissions Harmonics/Spurious - 2480 MHz, ANT+, Peak Detector

Site

Frequency | Peak Analyzer Correction Pl P_ea_k Peal_<
(MHz) (dBuV/m) Factor %(;’é[]e\‘/’/ﬁ‘; : dET\]/I/tm) M(":‘jrg)'”
(dB/m)
4960.0 47.6 0.8 48.4 74.0 -25.6
7440.0 37.5 -2.4 35.1 74.0 -38.9
12400.0 25.6 3.7 29.3 74.0 -44.7
19840.0 24.2 13.1 37.3 74.0 -36.7
22320.0 23.5 12.0 35.5 74.0 -38.5
Table 10-24: Radiated Emissions Harmonics/Spurious - 2480 MHz, ANT+, Average Detector
Site
Fregueney | pnayser | Coreeton | Covedieg [ “Limt | wargin
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4960.0 44.3 0.8 45.1 54.0 -8.9
7440.0 34.3 -2.4 31.9 54.0 -22.1
12400.0 19.6 3.7 23.3 54.0 -30.7
19840.0 15.5 13.1 28.6 54.0 -25.4
22320.0 15.1 12.0 27.1 54.0 -26.9
Table 10-25: Radiated Emissions Harmonics/Spurious - 2402 MHz, BLE, Peak Detector
Site
Frequency | PeslcAnalyzer | Correction | goyrgereg i v
(dB/m) (dBuV/m) (dBuV/m) (dB)
4804.0 46.7 0.2 46.9 74.0 -27.1
12010.0 44.1 3.2 47.3 74.0 -26.7
19216.0 33.8 13.2 47.0 74.0 -27.0
Table 10-26: Radiated Emissions Harmonics/Spurious - 2402 MHz, BLE, Average Detector
ey | e | comecion | fvemse | A | A
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4804.0 45.0 0.2 45.2 54.0 -8.8
12010.0 42.0 3.2 45.2 54.0 -8.8
19216.0 314 13.2 44.6 54.0 -9.4
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Table 10-27:

Radiated Emissions Harmonics/Spurious - 2440 MHz, BLE, Peak Detector

Site

Frequenc Peak Analyzer Correction PEE P P
(I(\]/IHZ) y (dBuV/r%/) Factor Corrected Limit Margin
(dB/m) (dBuV/m) (dBuV/m) (dB)
4880.0 46.2 0.6 46.8 74.0 -27.2
7320.0 43.1 -2.3 40.8 74.0 -33.2
12200.0 38.5 3.4 41.9 74.0 -32.1
19520.0 26.6 13.3 39.9 74.0 -34.1
Table 10-28: Radiated Emissions Harmonics/Spurious - 2440 MHz, BLE, Average Detector
Site
Average . Average Average Average
Fre(lt\qAL;'le;cy Analyzer CoFr;i(t:(t)lron Corrected Limit Margin
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4880.0 44.7 0.6 45.3 54.0 -8.7
7320.0 41.0 -2.3 38.7 54.0 -15.3
12200.0 35.0 3.4 38.4 54.0 -15.6
19520.0 215 13.3 34.8 54.0 -19.2
Table 10-29: Radiated Emissions Harmonics/Spurious - 2480 MHz, BLE, Peak Detector
Site
. Peak Peak Peak
Fre(lt\qAL;'le;cy PezjkBﬁ%e;%zer CoFr;i(t:(t)lron Corrected Limit Margin
(dB/m) (dBuV/m) (dBuV/m) (dB)
4960.0 46.8 0.8 47.6 74.0 -26.4
7440.0 37.5 -2.4 35.1 74.0 -38.9
12400.0 27.2 3.7 30.9 74.0 -43.1
19840.0 17.3 13.1 30.4 74.0 -43.6
22320.0 16.9 12.0 28.9 74.0 -45.1
Table 10-30: Radiated Emissions Harmonics/Spurious - 2480 MHz, BLE, Average Detector
Site
Frequency | AVS0S | comection | fvEreme | Aperage | Average
HlRE dBuV/m) HEIEHE (dBuV/m) (dBuV/m) (dB)
( (dB/m)
4960.0 44.8 0.8 45.6 54.0 -8.4
7440.0 33.9 -2.4 315 54.0 -22.5
12400.0 18.0 3.7 21.7 54.0 -32.3
19840.0 8.9 13.1 22.0 54.0 -32.0
22320.0 8.8 12.0 20.8 54.0 -33.2
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Table 10-31:

Radiated Emissions Harmonics/Spurious - 2402 MHz, Bluetooth, Peak Detector

Site
rgeney| Vedudeny | Gmetee || g i || e
(dB/m) (dBuV/m) (dBuV/m) (dB)
4804.0 47.7 0.2 47.9 74.0 -26.1
12010.0 44.3 3.2 47.5 74.0 -26.5
19216.0 29.6 13.2 42.8 74.0 -31.2
Table 10-32: Radiated Emissions Harmonics/Spurious - 2402 MHz, Bluetooth, Average Detector
Site
Freguency | fnayser | Comecton | Covecter | Uit | ‘Maram
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4804.0 445 0.2 44.7 54.0 -9.3
12010.0 42.3 3.2 455 54.0 -8.5
19216.0 24.4 13.2 37.6 54.0 -16.4
Table 10-33: Radiated Emissions Harmonics/Spurious - 2440 MHz, Bluetooth, Peak Detector
Site
Frequency | PeskcAnalyzer | Correction | goyrggreg i v
(dB/m) (dBuV/m) (dBuV/m) (dB)
4880.0 46.1 0.6 46.7 74.0 -27.3
7320.0 42.3 -2.3 40.0 74.0 -34.0
12200.0 22.0 34 254 74.0 -48.6
19520.0 275 13.3 40.8 74.0 -33.2
Table 10-34: Radiated Emissions Harmonics/Spurious - 2440 MHz, Bluetooth, Average Detector
ey | e | comecion | fvemse | A | A
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4880.0 43.9 0.6 445 54.0 -9.5
7320.0 38.9 -2.3 36.6 54.0 -17.4
12200.0 14.0 3.4 17.4 54.0 -36.6
19520.0 26.0 13.3 39.3 54.0 -14.7

Page 68 of 86




Table 10-35:

Radiated Emissions Harmonics/Spurious - 2480 MHz, Bluetooth, Peak Detector

Site

Frequency | Peak Analyzer Correction Pl P_ea_k Peal_<
(MHz) (dBuV/m) Factor i;’é[]e\‘/’/t;‘; : dgh”\“/'/tm) M(":‘;g)'”
(dB/m)
4960.0 46.3 0.8 47.1 74.0 -26.9
7440.0 39.7 -2.4 37.3 74.0 -36.7
12400.0 21.6 3.7 25.3 74.0 -48.7
19840.0 26.3 13.1 394 74.0 -34.6
22320.0 234 12.0 354 74.0 -38.6
Table 10-36: Radiated Emissions Harmonics/Spurious - 2480 MHz, Bluetooth, Average Detector
Site
regueney | pnayser | Comestion | Coredies | “Umt | vargin
(dBuV/m) (dB/m) (dBuV/m) (dBuV/m) (dB)
4960.0 44.3 0.8 45.1 54.0 -8.9
7440.0 35.9 -2.4 33.5 54.0 -20.5
12400.0 15.2 3.7 18.9 54.0 -35.1
19840.0 18.4 13.1 31.5 54.0 -22.5
22320.0 16.5 12.0 28.5 54.0 -25.5

Measurement uncertainty: Measurement uncertainties shown for these tests are expanded uncertainties
expressed at 95% confidence level using a coverage factor k = 2. +4.0 dB/-2.65 dB
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Table 10-37: Radiated Emissions Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
Rohde and Loop Antenna
901663 Schwarz HFH2-72 (9 kHz-30 MHz) 827525/019 5/1/19
Hewlett 8449B OPT -
900932 Packard HO2 Preamplifier (1-26.5 GHz) 3008A00505 8/18/18
Rhein Tech OATS 1 Preamplifier 40dB (30
900905 Laboratories PR-1040 MHz—2 GHz) 1006 8/18/18
900878 Rhein Tech AM3-1197- 3 meter Antenna mast, Outdoor Not
Laboratories 0005 polarizing Range 1 Required
Insulated Wire KPS-1503- ,
901592 Inc. 3600-KPR SMK RF Cables 20 NA 8/21/18
Insulated Wire KPS-1503- "
901593 Inc. 360-KPR SMK RF Cables 36 NA 8/18/18
Rhein Tech WRT-000- . Not
901242 Laboratories 0003 Wood rotating table N/A Required
Hewlett EMI Receiver RF Section
900913 Packard 85462A (9 kHz—6.5 GHz) 3325A00159 4/4/19
Hewlett RF Filter Section
900914 Packard 85460A (100 kHz-6.5 GHz) 3330A00107 4/4/19
Horn Antenna
900772 EMCO 3161-02 (2-4 GHz) 9804-1044 4/9/18
Horn Antenna
900321 EMCO 3161-03 (4.0-8.2 GHz) 9508-1020 4/9/18
Horn Antenna
900323 EMCO 3160-07 (8.2-12.4 GHz) 9605-1054 4/9/18
Horn Antenna
900356 EMCO 3160-08 (12.4-18 GHz) 9607-1044 4/9/18
Horn Antenna
901218 EMCO 3160-09 (18-26.5 GHz) 960281-003 4/4/18
901581 Rohde & FSU Spectrum Analyzer 1166.1660.50 3/22/18
Schwarz
Antenna
Research BiLog Antenna
900791 Associates, LPB-2520 (25-1000 MHz) 1037 10/4/20
Inc.
PASS

Test Personnel:

Khue N. Do

[t

February 15-27, 2018

Test Engineer

Signhature

Dates of Test
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11 Conclusion

The data in this measurement report shows that the EUT as tested, Garmin International Inc. Model/HVIN
A03438, FCC ID: IPH-03438, IC: 1792A-03438, complies with all the applicable requirements of Parts 2
and 15 of the FCC Rules and Regulations, and IC RSS-247 and RSS-Gen.
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