FCC and ISEDC Test Report

Apple Inc
Model: A2179

In accordance with FCC 47 CFR Part 15C,
ISEDC RSS-247 and ISEDC RSS-GEN
Prepared for:  Apple Inc

One Apple Park Way
Cupertino, California, 95014, USA

Add value.
FCC ID: BCGA2179 IC: 579C-A2179 Inspire trust.

COMMERCIAL-IN-CONFIDENCE
Document 75945251-11 Issue 02

SIGNATURE

0 sy

4

NAME JOB TITLE RESPONSIBLE FOR | ISSUE DATE ‘

Ryan Henley Sales Manager (RF and Telecoms) Authorised Signatory | 07 February 2020

Signatures in this approval box have checked this document in line with the requirements of TUV SUD document control rules.

ENGINEERING STATEMENT

The measurements shown in this report were made in accordance with the procedures described on test pages. All reported testing
was carried out on a sample equipment to demonstrate limited compliance with FCC 47 CFR Part 15C, ISEDC RSS-247 and
ISEDC RSS-GEN. The sample tested was found to comply with the requirements defined in the applied rules.

RESPONSIBLE FOR NAME DATE SIGNATURE ‘
Testing Mehadi Choudhury 07 February 2020 Mependt o

Testing Ahmad Javid 07 February 2020 SPP

Testing Mohammad Malik 07 February 2020 Jibo

Testing Jay Balendrarajah 07 February 2020 S
Testing Cristian Onaca 07 February 2020 C

Testing Mohamud Mohamud 07 February 2020 A=

Testing Faisal Malyar 07 February 2020 //

FCC Accreditation ISEDC Accreditation

90987 Octagon House, Fareham Test Laboratory 12669A Octagon House, Fareham Test Laboratory

EXECUTIVE SUMMARY

A sample of this product was tested and found to be compliant with FCC 47 CFR Part 15C: 2018, ISEDC RSS-247: Issue 2 (2017-
02) and ISEDC RSS-GEN: Issue 5 (04-2018) + A1 (03-2019) for the tests detailed in section 1.3.

DISCLAIMER AND COPYRIGHT

This non-binding report has been prepared by TUV SUD with all reasonable skill and care. The document is confidential to the potential Client
and TUV SUD. No part of this document may be reproduced without the prior written approval of TUV SUD. © 2020 TUV SUD. This report relates
only to the actual item/items tested.

ACCREDITATION
Our UKAS Accreditation does not cover opinions and interpretations and any expressed are outside the scope of our UKAS Accreditation.
Results of tests not covered by our UKAS Accreditation Schedule are marked NUA (Not UKAS Accredited).

TUV sUD TUVSUD Ltdisa Phone: +44 (0) 1489 558100 TUvV SUD

is a trading name of TUV SUD Ltd TUV SUD Group Company Fax: +44 (0) 1489 558101 Octagon House

Registered in Scotland at East Kilbride, www.tuv-sud.co.uk Concorde Way

Glasgow G75 0QF, United Kingdom Fareham

Registered number: SC215164 Hampshire PO15 5RL
United Kingdom

TUV SUD




Document 75945251-11 Issue 02
COMMERCIAL-IN-CONFIDENCE

Contents

1 REPOIT SUMMIEAIY it e e e et e et s e e e e e e e te b a e e e e e e eebbaan s e e e e e eeetrba s 2
1.1 Report Modification RECOIU...........uuiiiiieii i e e e e s s s r e e e e e s s e nnnraeaeeeeeeasannes 2
1.2 1] (o To (U Tt o o D PRSP 2
1.3 Brief SUMMArY Of RESUILS ... e e e s r e e e e e s s ar e e e e e s s annes 3
1.4 Product Information ... 6
1.5 Deviations fromthe Standard................... 6
1.6 EUT Modification RECOI ... 6
1.7 JLIC=ES 0 I 1o = 14T 7
2 QLTS A 1= = K 9
21 Maximum Conducted OULPUL POWET .........uuiiiiiiiieeiiiie ettt ettt e e enenes 9
2.2 EMISSION BANAWIALN ......eeiiiiiiiie e e e e e e e e e e e e ae 12
2.3 Power Spectral DENSILY ........coco i 26
2.4 Spurious Radiated EMISSIONS .....ccccviviiiiiiiiiiiceeeeee ettt ettt e e 40
2.5 AUthOriSed Band EAQES ....ccoooeie it ————— 50
2.6 Restricted Band EAQES........coo oo 58
3 Measurement UNCErtaiNty ........coooiiiiii i 67

COMMERCIAL-IN-CONFIDENCE Page 1 of 67



Document 75945251-11 Issue 02
COMMERCIAL-IN-CONFIDENCE

1.1

1.2

Report Summary

Report Modification Record

Alterations and additions to this report will be issued to the holders of each copy in the form of a

complete document.

Issue Description of Change Date of Issue
1 First Issue 04 February 2020
2 Updated FCC ID 07 February 2020

Introduction

Applicant

Manufacturer

Model Number(s)

Serial Number(s)
Hardware Version(s)
Software Version(s)
Number of Samples Tested

Test Specification/Issue/Date

Order Number
Date

Date of Receipt of EUT
Start of Test
Finish of Test

Name of Engineer(s)

Related Document(s)

COMMERCIAL-IN-CONFIDENCE

Table 1

Apple Inc

Apple Inc

A2179

C02ZC0O0AM8N2, C02ZC002M8MM and C02ZCOOWM8M5
REV 1.0

19C4

3

FCC 47 CFR Part 15C: 2018
ISEDC RSS-247: Issue 2 (2017-02)
ISEDC RSS-GEN: Issue 5 (04-2018) + A1 (03-2019)

0540189084
25-February-2019

04-October-2019 and 14-November-2019
15-November-2019
31-January-2020

Mehadi Choudhury, Ahmad Javid, Mohammad Malik, Jay
Balendrarajah, Cristian Onaca, Mohamud Mohamud and
Faisal Malyar

ANSI C63.10 (2013)
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1.3 Brief Summary of Results

A brief summary of the tests carried out in accordance with FCC 47 CFR Part 15C, ISEDC RSS-247 and ISEDC RSS-GEN is shown below.

Specification Clause
Section Test Description Result Comments/Base Standard
Part 15C RSS-247 RSS-GEN

Configuration and Mode: 2.4 GHz Bluetooth Low Energy - LE1IM

2.1 15.247 (b) 5.4 6.12 Maximum Conducted Output Power Pass ANSI C63.10 (2013)
15.247 L .
2.2 @Q) 5.2 6.12 Emission Bandwidth Pass ANSI C63.10 (2013)
2.3 15.247 (e) 5.2 6.7 Power Spectral Density Pass ANSI C63.10 (2013)
15.247 (d) i . o
2.4 and 15.205 55 6.13 Spurious Radiated Emissions Pass ANSI C63.10 (2013)
25 15.247 (d) 5.5 - Authorised Band Edges Pass ANSI C63.10 (2013)
2.6 15.205 - 8.10 Restricted Band Edges Pass ANSI C63.10 (2013)

Configuration and Mode: 2.4 GHz Bluetooth Low Energy - LE2M

2.1 15.247 (b) 5.4 6.12 Maximum Conducted Output Power Pass ANSI C63.10 (2013)
22 1(2)%;‘)7 5.2 6.12 Emission Bandwidth Pass ANSI C63.10 (2013)
2.3 15.247 (e) 5.2 6.7 Power Spectral Density Pass ANSI C63.10 (2013)
25 15.247 (d) 5.5 - Authorised Band Edges Pass ANSI C63.10 (2013)
2.6 15.205 - 8.10 Restricted Band Edges Pass ANSI C63.10 (2013)

COMMERCIAL-IN-CONFIDENCE Page 3 of 67
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Specification Clause
Section Test Description Result Comments/Base Standard
Part 15C RSS-247 RSS-GEN

Configuration and Mode: 2.4 GHz Bluetooth HDR4 - iPA

2.1 15.247 (b) 5.4 6.12 Maximum Conducted Output Power Pass ANSI C63.10 (2013)
2.2 1(2)%;‘)7 5.2 6.7 Emission Bandwidth Pass ANSI C63.10 (2013)
2.3 15.247 (e) 5.2 6.12 Power Spectral Density Pass ﬁggl 6(:63:;%? I(Dzooll\?()JZrOZ
25 15.247 (d) 5.5 - Authorised Band Edges Pass ANSI C63.10 (2013)
2.6 15.205 - 8.10 Restricted Band Edges Pass ANSI C63.10 (2013)

Configuration and Mode: 2.4 GHz Bluetooth HDRS - iPA

21 15.247 (b) 5.4 6.12 Maximum Conducted Output Power Pass ANSI C63.10 (2013)
2.2 1(5;)%;‘)7 5.2 6.7 Emission Bandwidth Pass ANSI C63.10 (2013)
2.3 15.247 (e) 5.2 6.12 Power Spectral Density Pass ANSI C63.10 (2013)
25 15.247 (d) 5.5 - Authorised Band Edges Pass ANSI C63.10 (2013)
2.6 15.205 - 8.10 Restricted Band Edges Pass ANSI C63.10 (2013)
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Specification Clause

Section Test Description Result Comments/Base Standard
Part 15C RSS-247 RSS-GEN

Configuration and Mode: 2.4 GHz Bluetooth HDR4 - ePA

2.1 15.247 (b) 5.4 6.12 Maximum Conducted Output Power Pass ANSI C63.10 (2013)
2.2 1(2)%;‘)7 5.2 6.7 Emission Bandwidth Pass ANSI C63.10 (2013)
2.3 15.247 (e) 5.2 6.12 Power Spectral Density Pass ANSI C63.10 (2013)
25 15.247 (d) 5.5 - Authorised Band Edges Pass ANSI C63.10 (2013)
2.6 15.205 - 8.10 Restricted Band Edges Pass ANSI C63.10 (2013)
Configuration and Mode: 2.4 GHz Bluetooth HDRS8 - ePA

2.1 15.247 (b) 5.4 6.12 Maximum Conducted Output Power Pass ANSI C63.10 (2013)
22 1(2)%;‘)7 5.2 6.7 Emission Bandwidth Pass ANSI C63.10 (2013)
2.3 15.247 (e) 5.2 6.12 Power Spectral Density Pass ANSI C63.10 (2013)
25 15.247 (d) 55 - Authorised Band Edges Pass ANSI C63.10 (2013)
2.6 15.205 - 8.10 Restricted Band Edges Pass ANSI C63.10 (2013)

COMMERCIAL-IN-CONFIDENCE
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1.4

1.4.1

14.2

15

1.6

Product Information
Technical Description

The Equipment Under Test (EUT) was a laptop computer with Bluetooth, Bluetooth Low Energy
and 802.11 a/b/g/n/ac capabilities in the 2.4 GHz and 5 GHz bands

Antenna Gain Table (BT)

Frequency (MHz) Peak Gain (dBi) Conducted Cable Loss (dB)

2400 - 2480 3.07 1.0

Table 3.
Deviations from the Standard
No deviations from the applicable test standard were made during testing.
EUT Modification Record

The table below details modifications made to the EUT during the test programme.

The modifications incorporated during each test are recorded on the appropriate test pages.

Modification State | Description of Modification still fitted to EUT Modification Fitted By Ei?ttee dModification
Model: A2179, Serial Number: C02ZC00WM8M5

0 | As supplied by the customer | Not Applicable | Not Applicable
Model: A2179, Serial Number: C02ZC0O0AM8N2

0 | As supplied by the customer | Not Applicable | Not Applicable
Model: A2179, Serial Number: C02ZC002M8MM

0 | As supplied by the customer | Not Applicable | Not Applicable

Table 4
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1.7 Test Location

TUV SUD conducted the following tests at our Fareham Test Laboratory.

©

Test Name

Name of Engineer(s)

Accreditation

Configuration and Mode: 2.4 GHz Bluetooth Low Energy - LEIM

Mohamud and Faisal Malyar

Maximum Conducted Output Power Mehadi Choudhury UKAS

Emission Bandwidth Mehadi Choudhury UKAS

Power Spectral Density Mehadi Choudhury UKAS
Ahmad Javid, Mohammad Malik, Jay

Spurious Radiated Emissions Balendrarajah, Cristian Onaca, Mohamud UKAS
Mohamud and Faisal Malyar
Ahmad Javid, Mohammad Malik, Jay

Authorised Band Edges Balendrarajah, Cristian Onaca, Mohamud UKAS
Mohamud and Faisal Malyar
Ahmad Javid, Mohammad Malik, Jay

Restricted Band Edges Balendrarajah, Cristian Onaca, Mohamud UKAS
Mohamud and Faisal Malyar

Configuration and Mode: 2.4 GHz Bluetooth Low Energy - LE2M

Maximum Conducted Output Power Mehadi Choudhury UKAS

Emission Bandwidth Mehadi Choudhury UKAS

Power Spectral Density Mehadi Choudhury UKAS
Ahmad Javid, Mohammad Malik, Jay

Authorised Band Edges Balendrarajah, Cristian Onaca, Mohamud UKAS
Mohamud and Faisal Malyar
Ahmad Javid, Mohammad Malik, Jay

Restricted Band Edges Balendrarajah, Cristian Onaca, Mohamud UKAS
Mohamud and Faisal Malyar

Configuration and Mode: 2.4 GHz Bluetooth HDR4 - iPA

Maximum Conducted Output Power Mehadi Choudhury UKAS

Power Spectral Density Mehadi Choudhury UKAS

Emission Bandwidth Mehadi Choudhury UKAS
Ahmad Javid, Mohammad Malik, Jay

Authorised Band Edges Balendrarajah, Cristian Onaca, Mohamud UKAS
Mohamud and Faisal Malyar
Ahmad Javid, Mohammad Malik, Jay

Restricted Band Edges Balendrarajah, Cristian Onaca, Mohamud UKAS

COMMERCIAL-IN-CONFIDENCE
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Test Name

Name of Engineer(s)

Accreditation

Configuration and Mode: 2.4 GHz Bluetooth HDRS - iPA

Mohamud and Faisal Malyar

Maximum Conducted Output Power Mehadi Choudhury UKAS

Power Spectral Density Mehadi Choudhury UKAS

Emission Bandwidth Mehadi Choudhury UKAS
Ahmad Javid, Mohammad Malik, Jay

Authorised Band Edges Balendrarajah, Cristian Onaca, Mohamud UKAS
Mohamud and Faisal Malyar
Ahmad Javid, Mohammad Malik, Jay

Restricted Band Edges Balendrarajah, Cristian Onaca, Mohamud UKAS
Mohamud and Faisal Malyar

Configuration and Mode: 2.4 GHz Bluetooth HDR4 - ePA

Maximum Conducted Output Power Mehadi Choudhury UKAS

Power Spectral Density Mehadi Choudhury UKAS

Emission Bandwidth Mehadi Choudhury UKAS
Ahmad Javid, Mohammad Malik, Jay

Authorised Band Edges Balendrarajah, Cristian Onaca, Mohamud UKAS
Mohamud and Faisal Malyar
Ahmad Javid, Mohammad Malik, Jay

Restricted Band Edges Balendrarajah, Cristian Onaca, Mohamud UKAS
Mohamud and Faisal Malyar

Configuration and Mode: 2.4 GHz Bluetooth HDRS8 - ePA

Maximum Conducted Output Power Mehadi Choudhury UKAS

Power Spectral Density Mehadi Choudhury UKAS

Emission Bandwidth Mehadi Choudhury UKAS
Ahmad Javid, Mohammad Malik, Jay

Authorised Band Edges Balendrarajah, Cristian Onaca, Mohamud UKAS
Mohamud and Faisal Malyar
Ahmad Javid, Mohammad Malik, Jay

Restricted Band Edges Balendrarajah, Cristian Onaca, Mohamud UKAS

Office Address:

Octagon House
Concorde Way
Segensworth North
Fareham
Hampshire

PO15 5RL

United Kingdom

COMMERCIAL-IN-CONFIDENCE
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2 Test Details

2.1 Maximum Conducted Output Power
211 Specification Reference

FCC 47 CFR Part 15C, Clause 15.247 (b)
ISEDC RSS-247, Clause 5.4
ISEDC RSS-GEN, Clause 6.12

2.1.2 Equipment Under Test and Modification State
A2179, S/N: C02ZCO0AM8N2 - Modification State O
213 Date of Test
12-December-2019 to 31-January-2020

21.4 Test Method

The test was performed in accordance with ANSI C63.10 clause 11.9.1.1 (LE1M and LE2M) and

ANSI C63.10, clause 11.9.2.2.5 (AVGSA-2A) (HDR4 and HDRS).
21.5 Environmental Conditions

Ambient Temperature 229-23.2°C
Relative Humidity 27.0-43.1%

2.1.6 Test Results

2.4 GHz Bluetooth Low Energy - LE1M

Frequency (MHz) Maximum Output Power

dBm mw
2402 6.79 477
2440 6.63 4.60
2480 6.65 4.62

Table 6 - Maximum Conducted Output Power Results
2.4 GHz Bluetooth Low Energy - LE2M

Frequency (MHz) Maximum Output Power

dBm mwW
2402 6.64 4.16
2440 6.74 4.72
2480 6.65 4.62

Table 7 - Maximum Conducted Output Power Results

COMMERCIAL-IN-CONFIDENCE
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2.4 GHz Bluetooth HDR4 - iPA

Frequency (MHz) Maximum Output Power
dBm mw
2404 4.10 2.57
2440 4.46 2.79
2478 4.27 2.67
Table 8 - Maximum Conducted Output Power Results
2.4 GHz Bluetooth HDRS - iPA
Frequency (MHz) Maximum Output Power
dBm mwW
2404 4.05 2.54
2440 4.27 2.67
2478 4.20 2.63
Table 9 - Maximum Conducted Output Power Results
2.4 GHz Bluetooth HDR4 - ePA
Frequency (MHz) Maximum Output Power
dBm mwW
2404 10.06 10.14
2440 9.83 9.62
2478 10.13 10.30
Table 10 - Maximum Conducted Output Power Results
2.4 GHz Bluetooth HDRS - ePA
Frequency (MHz) Maximum Output Power
dBm mw
2404 9.86 9.68
2440 10.04 10.09
2478 10.22 10.52

Table 11 - Maximum Conducted Output Power Results

FCC 47 CFR Part 15, Limit Clause 15.247 (b)(3)

For systems using digital modulation in the 902—928 MHz, 2400-2483.5 MHz, and 5725-5850
MHz bands: 1 Watt.

ISEDC RSS-247, Limit Clause 5.4 (d)

For DTSs employing digital modulation techniques operating in the bands 902-928 MHz and 2400-
2483.5 MHz, the maximum peak conducted output power shall not exceed 1 W. The e.i.r.p. shall
not exceed 4 W, except as provided in section 5.4(e) of the specification.

COMMERCIAL-IN-CONFIDENCE Page 10 of 67
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21.7

Test Location and Test Equipment Used

This test was carried out in RF Laboratory 1.

©

O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Attenuator (20 dB, 2 W) Pasternack PE7004-20 489 12 O/P Mon
Multimeter Fluke 79 Series lll 611 12 11-Sep-2020
Rubidium Standard Rohde & Schwarz XSRM 1316 6 16-Apr-2020
Hygrometer Rotronic 1-1000 3220 12 25-Sep-2020
Frequency Standard Spectracom gjg;fggg? ¢ 1200- 4393 6 16-Apr-2020
2 metre N-Type Cable Florida Labs mmg'Z?’SSP-?&S' 4622 12 12-Jul-2020
EXA Keysight Technologies N9010B 4968 24 23-Dec-2021
Network Analyser Keysight Technologies E5063A 5018 12 20-May-2020
’I\E/llgghrlt‘)anic Calibration Keysight Technologies 85093C 5188 12 21-May-2020
gfmpjlr;grammab'e POWer | itech IT7324 5227 |- O/P Mon

Table 12
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2.2 Emission Bandwidth
221 Specification Reference

FCC 47 CFR Part 15C, Clause 15.247 (a)(2)
ISEDC RSS-247, Clause 5.2
ISEDC RSS-GEN, Clause 6.7

222 Equipment Under Test and Modification State

A2179, S/N: C02ZCO0AMS8N2 - Modification State 0
A2179, S/N: C02ZC002M8MM - Modification State O

223 Date of Test

15-November-2019 to 12-December-2019
224 Test Method

This test was performed in accordance with ANSI C63.10, clause 11.8.2
22,5 Environmental Conditions

Ambient Temperature  22.9-24.7 °C
Relative Humidity 30.3-40.6 %

2.2.6 Test Results

2.4 GHz Bluetooth Low Energy - LE1M

Frequency (MHz) 99% Occupied Bandwidth (kHz) 6 dB Bandwidth (kHz)
2402 1074.60 715.00
2440 1073.80 714.44
2480 1074.00 719.50

Table 13 - Emission Bandwidth Results

COMMERCIAL-IN-CONFIDENCE Page 12 of 67
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Spectrum Analyzer 1 S|
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2 Metrics
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Freq Ref: Ext (S)
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3:04:34 PM

% of OBW Power

Spectrum Analyzer 6
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Figure 1 - 2402 MHz — Emission Bandwidth

Spectrum Analyzer 1
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Transmit Freq Error
x dB Bandwidth
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Spectrum Analyzer 2
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Spectrum Analyzer 5
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Input Z: 50
Corrections: Off
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Figure 2 - 2440 MHz — Emission Bandwidth
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Spectrum Analyzer 1 Spectrum Analyzer 2 Spectrum Analyzer 5 Spectrum Analyzer 6 + Q
Occupied BW Swept SA Swept SA Swept SA

N
Frequency v| - -

S
KEYS|G|-|T Input RF Input Z: 50 0 Atten: 30 dB Trig: Free Run Center Freq: 2.480000000 GHz
L Coupling: AC Corrections: Off  |Preamp: Off Gate: Off Avg|Hold:>10110 (G2 27 sy Settings
(:] Align: Auto Freq Ref: Ext (S) #IF Gain: Low Radio Std: None 2.480000000 GHz
NFE: Adaptive
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Ref Value 30.10 dBm
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200.000 kHz
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Figure 3 - 2480 MHz — Emission Bandwidth
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2.4 GHz Bluetooth Low Energy - LE2M

Frequency (MHz) 99% Occupied Bandwidth (kHz) 6 dB Bandwidth (kHz)
2402 2066.40 1264.00
2440 2063.90 1260.00
2480 2065.70 1270.00

Spectrum Analyzer 1
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KEYSIGHT Ineut RF
LG

Coupling: AC
Align: Auto

Center 2.402 GHz
#Res BW 100.00 kHz

2 Metrics

Occupied Bandwidth
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g Spectrum Analyzer 2
Swept SA

Table 14 - Emission Bandwidth Results
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Figure 4 - 2402 MHz — Emission Bandwidth
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Figure 5 - 2440 MHz — Emission Bandwidth
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Spectrum Analyzer 1 Spectrum Analyzer 2 Spectrum Analyzer 5 Spectrum Analyzer 6 + Q
Occupied BW Swept SA Swept SA Swept SA
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NFE: Adaptive

Frequency

Span
Ref Lvl Offset 22.10 dB 5.0000 MHz
Ref Value 30.10 dBm

500.000 kHz

Auto
Man

Center 2.48 GHz #Video BW 300.00 kHz* $Span 5 MHz|
#Res BW 100.00 kHz Sweep 1.00 ms (1001 pts)

2 Metrics

Occupied Bandwidth
2.0657 MHz Total Power 19.7dBm

Transmit Freq Error -3.517 kHz % of OBW Power 99.00 %
x dB Bandwidth 1.270 MHz xdB -6.00 dB

Nov 15, 2019 OO0 = ”
== !') P . ? 3?¥3:54PM ot L‘ﬂ e

Figure 6 - 2480 MHz — Emission Bandwidth
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2.4 GHz Bluetooth HDR4 - iPA

©

Frequency (MHz) 99% Occupied Bandwidth (kHz) 6 dB Bandwidth (kHz)
2404 2330.00 1862.00
2440 2329.50 1867.00
2478 2329.70 1783.00

Table 15 - Emission Bandwidth Results

Spectrum Analyzer 1 Spectrum Analyzer 2 9 +
Swept SA Occupied BW

KEYSIGHT !nput RF Input Z: 50 Q Atten: 24 dB
Coupling: AC Corrections: Off  Preamp: Off
[:] Freq Ref: Ext (S)
NFE: Adaptive

Trig: Free Run
Gate: Off
#IF Gain: Low

Ref Lvl Offset 23.15 dB
Ref Value 25.00 dBm

Center 2.404 GHz #Video BW 300.00 kHz

#Res BW 100.00 kHz
2 Metrics

Occupied Bandwidth
2.3300 MHz

Transmit Freq Eror -4.154 kHz
xdB Bandwidth 1.862 MHz

Dec 12,2019
== q P . ? 1;:211:09F’M

Total Power

£ amiwe v 0"
Center Freq: 2.404000000 GHz
AvgHold:>10/10 e
Radio Std: None 25,00 dBm
Scale/Div Attenuation
10.0dB
Y Axis Unit Signal Path
dBm

Ref Level Offset
23.15dB

o]
0
Ref Position
Top v
Span 6 MHz| |Auto Scali
Sweep 1.00 ms (1001 pts) n
off

9.62 dBm

n
i
0

% of OBW Power 99.00 %

xdB

6.00dB

OO x”
o ﬂb U0 (¥

Figure 7 - 2404 MHz — Emission Bandwidth
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»

Spectrum Analyzer 1
Swept SA

KEYSIGHT Input Re
)

Coupling AC

2 Metrics

Occupied Bandwidth

2.3295 MHz

Transmit Freq Error
x dB Bandwidth

aca?

Spectrum Analyzer 1
Swept SA

KEYSIGHT Input RF

Coupling: AC
l:) Align: Auto

Center 2.478 GHz
#Res BW 100.00 kHz

2 Metrics

Occupied Bandwidth

2.3297 MHz

Transmit Freq Eror
xdB Bandwidth

®:O~NA?

Spectrum Analyzer 2
Occupied BW

Spectrum Analyzer 2
Occupied BW

+

Atten: 24 dB
Preamp: Off

N
ﬁ Frequency v |- £

Center Frequency
2.440000000 GHz

Span
6.0000 MHz

2.440000000 GHz
Avg|Hold:>10/10
Radio Std: None

Input Z: 50 O
Corrections: Off
Freq Ref: Ext (S)
NFE: Adaptive

Trig: Free Run
Gate: Off
#IF Gain: Low

Settings

Ref Lvl Offset 23.15 dB

Ref Value 25.00 dBm
CF Step

600.000 kHz

Auto
Man

#Video BW 300.00 kHz
Sweep 1.00 ms (1001 pts)

Total Power

% of OBW Power
xdB

9.88 dBm

99.00 %
-6.00dB

-10.831 kHz
1.867 MHz

Dec 12,2019

R |00 x”
12:42:33 PM o L‘ﬂ EEEraY

Figure 8 - 2440 MHz — Emission Bandwidth

+ Frequency v 7:;

Atten: 24 dB Center Freq: 2.478000000 GHz
Center Frequency
78000000 GHz

Input Z: 50 @
Corrections: Off
Freq Ref: Ext (S)
NFE: Adaptive

Trig: Free Run
Gate: Off
#IF Gain: Low

Preamp: Off Avg|Hold:>10/10
Radio Std: None

Settings

Ref Lvl Offset 23.15 dB
Ref Value 25.00 dBm
600.000 kHz

Auto
Man

#Video BW 300.00 kHz
Sweep 1.00 ms (1001 pts)

Total Power

% of OBW Power
xdB

10.0dBm

99.00 %
6.00dB

-17.332 kHz
1.783 MHz

Dec 12,2019
12:47:47 PM

ogf xx
U0 (¥

gL

Figure 9 - 2478 MHz — Emission Bandwidth
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2.4 GHz Bluetooth HDRS - iPA

Frequency (MHz)

99% Occupied Bandwidth (kHz)

6 dB Bandwidth (kHz)

2404 4565.20 934.70
2440 4573.90 941.20
2478 4573.20 1002.00

Table 16 - Emission Bandwidth Results

Spectrum Analyzer 1
Swept SA

KEYSIGHT 'gpullRF ac
oupling:
@ Allgr? A?ltu

Spectrum Analyzer 2 9 +
Occupied BW
Input Z: 50 @
Corrections: Off
Freq Ref: Ext (S)
NFE: Adaptive

Atten: 6 dB
Preamp: Off

Trig: Free Run
Gate: Off
#IF Gain: Low

Avg|Hold:>10/10
Radio Std: None

Ref Lvl Offset 23.15 dB
Ref Value 46.00 dBm

Center 2.404 GHz
#Res BW 100.00 kHz

2 Metrics

Occupied Bandwidth
4.5652 MHz

Transmit Freq Eror
xdB Bandwidth

-18.007 kHz
934.7 kHz

Dec 12,2019
== q F . ? 1e:$6:30PM

#Video BW 300.00 kHz

Center Freq: 2.404000000 GHz

Avg|Hold Number Settings

Standard

Exponential Y} Advanced

% of OBW Power
99.00 % Global

Total Power

xdB
-6.00dB

Sweep 1.00 ms (1001 pts) IF Gain

Total Power 10.8 dBm

% of OBW Power 99.00 %
xdB 6.00dB

( Meas Setup
Summary Table

Auto Couple

OO x”
'I:L‘ﬂDD (&Y

Figure 10 - 2404 MHz — Emission Bandwidth
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»

Spectrum Analyzer 1
Swept SA

KEYSIGHT lcﬂpullRF o
oupling:
lI) Align: Auto

Spectrum Analyzer 2 +
Occupied BW
Input Z: 50 O
Corrections: Off
Freq Ref: Ext (S)
NFE: Adaptive

Atten: 6 dB
Preamp: Off

Ay
v||- =

e

Frequency

Trig: Free Run
Gate: Off Avg|Hold:>10/10

E Settings
#IF Gain: Low Radio Std: None

Ref Lv| Offset 23.15 dB
Ref Value 46.00 dBm

CF Step
1.000000 MHz

Auto
Man

#Video BW 300.00 kHz

2 Metrics

Occupied Bandwidth
45788 MHz

-28.503 kHz
945.1 kHz

Transmit Freq Error
x dB Bandwidth

Spectrum Analyzer 1
Swept SA

KEYSIGHT 'gpullRF ac
oupling:
l:) Allgr? A?ltu

Spectrum Analyzer 2 +
Occupied BW
Input Z: 50 @
Corrections: Off
Freq Ref: Ext (S)
NFE: Adaptive

Atten: 6 dB
Preamp: Off

Sweep 1.00 ms (1001 pts)

Total Power 10.9 dBm

% of OBW Power 99.00 %
xdB -6.00dB

N |00 x”
'::L‘QDD KX

Ny
vll- =
e

Frequency

Trig: Free Run Center Freq: 2.478000000 GHz
Gate: Off Avg|Hold:>10/10
#IF Gain: Low Radio Std: None

Settings

Ref Lvl Offset 23.15 dB
Ref Value 46.00 dBm

Center 2.478 GHz
#Res BW 100.00 kHz

2 Metrics

Occupied Bandwidth
45730 MHz

-35.109 kHz
937.5kHz

Transmit Freq Eror
xdB Bandwidth

R TR

1.000000 MHz

Auto
Man

#Video BW 300.00 kHz

Sweep 1.00 ms (1001 pts)

Total Power 11.0dBm

% of OBW Power 99.00 %
xdB 6.00dB

OO x”
'I:L‘QDD (&Y

Figure 12 - 2478 MHz — Emission Bandwidth
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2.4 GHz Bluetooth HDR4 - ePA

Frequency (MHz)

99% Occupied Bandwidth (kHz)

6 dB Bandwidth (kHz)

2404 2324.60 1864.00
2440 2323.50 1870.00
2478 2322.30 1868.00

Table 17 - Emission Bandwidth Results

Spectrum Analyzer 1
Swept SA

KEYSIGHT 'gpullRF ac
oupling:
[:] Allgr? A?ltu

Spectrum Analyzer 2 9 +
Occupied BW

Input Z: 50 @
Corrections: Off
Freq Ref: Ext (S)
NFE: Adaptive

Atten: 24 dB
Preamp: Off

Ref Lvl Offset 23.15 dB

Q Frequency v 3:;

Center Frequency Settings
2.404000000 GHz

Span
6.0000 MHz

Trig: Free Run
Gate: Off
#IF Gain: Low

Center Freq: 2.404000000 GHz
Avg|Hold:>10/10
Radio Std: None

Ref Value 35.00 dBm

Center 2.404 GHz
#Res BW 100.00 kHz

2 Metrics

Occupied Bandwidth
2.3246 MHz

-1.269 kHz
1.864 MHz

Transmit Freq Eror
xdB Bandwidth

Dec 12,2019
== q P . ? 1;:(:34:15AM

#Video BW 300.00 kHz

CF Step
600.000 kHz

Auto
Man

Span 6 MHz
Sweep 1.00 ms (1001 pts)

Total Power 19.5dBm

% of OBW Power 99.00 %
xdB 6.00dB

OO x”
'I:L‘QDD (&Y

Figure 13 - 2404 MHz — Emission Bandwidth

COMMERCIAL-IN-CONFIDENCE

Page 21 of 67




Document 75945251-11 Issue 02
COMMERCIAL-IN-CONFIDENCE

»

Spectrum Analyzer 1
Swept SA

KEYSIGHT |(f:'Pu1IRF o
[:] oupling

Spectrum Analyzer 2 +
Occupied BW
Input Z: 50 O
Corrections: Off
Freq Ref: Ext (S)
NFE: Adaptive

Atten: 24 dB
Preamp: Off

Ref Lvl Offset 23.15 dB

Trig: Free Run 2.440000000 GHz
Gate: Off Avg|Hold:>10/10
#IF Gain: Low Radio Std: None

Trace Type
Clear / Write

Trace Average

Ref Value 35.00 dBm

#Video BW 300.00 kHz

2 Metrics

Occupied Bandwidth
2.3235 MHz

-10.408 kHz
1.870 MHz

Transmit Freq Error
x dB Bandwidth

Spectrum Analyzer 1
Swept SA

KEYSIGHT 'gpullRF ac
oupling:
l:) Allgr? A?ltu

Spectrum Analyzer 2 +
Occupied BW
Input Z: 50 @
Corrections: Off
Freq Ref: Ext (S)
NFE: Adaptive

Atten: 24 dB
Preamp: Off

Max Hold

Min Hold

Restart Max Hold

Span 6 MHz
Sweep 1.00 ms (1001 pts)

Total Power 19.4 dBm

% of OBW Power 99.00 %
xdB -6.00dB

N |00 x”
'::L‘QDD KX

Ny
vll- =
e

Frequency

Trig: Free Run Center Freq: 2.478000000 GHz
Gate: Off Avg|Hold:>10/10
#IF Gain: Low Radio Std: None

Settings

Ref Lvl Offset 23.15 dB
Ref Value 35.00 dBm

Center 2.478 GHz
#Res BW 100.00 kHz

2 Metrics

Occupied Bandwidth
2.3223 MHz

-20.201 kHz
1.868 MHz

Transmit Freq Eror
xdB Bandwidth

= 2

600.000 kHz

Auto
Man

#Video BW 300.00 kHz

Sweep 1.00 ms (1001 pts)

Total Power 19.5dBm

% of OBW Power 99.00 %
xdB 6.00dB

OO x”
'I:L‘QDD (&Y

Figure 15 - 2478 MHz — Emission Bandwidth
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2.4 GHz Bluetooth HDRS - ePA

Frequency (MHz)

99% Occupied Bandwidth (kHz)

6 dB Bandwidth (kHz)

2404 4573.50 929.30
2440 4573.90 941.20
2478 4573.20 1002.00

Table 18 - Emission Bandwidth Results

Spectrum Analyzer 1
Swept SA

KEYSIGHT 'gpullRF ac
oupling:
[:] Allgr? A?ltu

Spectrum Analyzer 2 +
Occupied BW
Input Z: 50 @ Atten: 24 dB
Corrections: Off  Preamp: Off
Freq Ref: Ext (S)
NFE: Adaptive

Ref Lvl Offset 23.15 dB

Q Frequency v 3:;

Center Frequency Settings
2.404000000 GHz

Span
10.000 MHz

Trig: Free Run
Gate: Off
#IF Gain: Low

Center Freq: 2.404000000 GHz
Avg|Hold:>10/10
Radio Std: None

Ref Value 35.00 dBm

Center 2.404 GHz
#Res BW 100.00 kHz

2 Metrics

Occupied Bandwidth
45735 MHz

-11.978 kHz
929.3 kHz

Transmit Freq Eror
xdB Bandwidth

Dec 11, 2019
== q P . ? 5?;4:58PM

#Video BW 300.00 kHz

CF Step
1.000000 MHz

Auto
Man

Span 10 MHz
Sweep 1.00 ms (1001 pts)

Total Power 20.1dBm

% of OBW Power 99.00 %
xdB 6.00dB

OO x”
'I:L‘QDD (&Y

Figure 16 - 2404 MHz — Emission Bandwidth
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»

Spectrum Analyzer 1
Swept SA

KEYSIGHT lcﬂpullRF o
oupling:
[:J Align: Auto

2 Metrics

Occupied Bandwidth

Spectrum Analyzer 2
Occupied BW

Input Z: 50 O
Corrections: Off
Freq Ref: Ext (S)
NFE: Adaptive

+

Atten: 24 dB
Preamp: Off

Ay
v||- =

e

Frequency

Trig: Free Run
Gate: Off
#IF Gain: Low

Center Freq: 2.440000000 GHz
Avg|Hold:>10/10
Radio Std: None

Settings

Ref Lv| Offset 23.15 dB
Ref Value 35.00 dBm

1.000000 MHz

Auto
Man

#Video BW 300.00 kHz

4.5739 MHz

Transmit Freq Error
x dB Bandwidth

29cd?

Spectrum Analyzer 1
Swept SA

KEYSIGHT Input RF

Coupling: AC
@ Align: Auto

Center 2.478 GHz
#Res BW 100.00 kHz

2 Metrics

Occupied Bandwidth

-32.793 kHz
9412 kHz

Dec 11,2019
5:44:57 PM

Spectrum Analyzer 2 +
Occupied BW

Atten: 24 dB
Preamp: Off

Input Z: 50 @
Corrections: Off
Freq Ref: Ext (S)
NFE: Adaptive

Ref Lvl Offset 23.15 dB

Sweep 1.00 ms (1001 pts)

Total Power 20.3dBm

% of OBW Power 99.00 %
xdB -6.00dB

N |00 x”
'::L‘QDD KX

Figure 17 - 2440 MHz — Emission Bandwidth

Trig: Free Run
Gate: Off
#IF Gain: Low

Center Freq: 2.478000000 GHz
Avg|Hold:>10/10
Radio Std: None

Detector
Average (RMS)

Ref Value 35.00 dBm

Peak
Sample

Negative Peak

#Video BW 300.00 kHz

4.5732 MHz

Transmit Freq Eror
xdB Bandwidth

R0~ M?

52137 kHz
1.002 MHz

Dec 11, 2019
5:42:52 PM

Sweep 1.00 ms (1001 pts)

Total Power 20.0dBm

% of OBW Power 99.00 %
xdB 6.00dB

OO x”
'I:L‘QDD (&Y

Figure 18 - 2478 MHz — Emission Bandwidth

FCC 47 CFR Part 15, Limit Clause 15.247(a)(2) and ISEDC RSS-247, Clause 5.2(a)

The minimum 6 dB Bandwidth shall be at least 500 kHz.
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2.2.7

Test Location and Test Equipment Used

This test was carried out in RF Laboratory 1.

O/P Mon - Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Attenuator (20 dB, 2 W) Pasternack PE7004-20 489 12 O/P Mon
Multimeter Fluke 79 Series Il 611 12 11-Sep-2020
Rubidium Standard Rohde & Schwarz XSRM 1316 6 16-Apr-2020
Hygrometer Rotronic 1-1000 3220 12 25-Sep-2020

SecureSync 1200-
Frequency Standard Spectracom 0408-0601 4393 6 16-Apr-2020
EXA Keysight Technologies N9010B 4969 24 21-Dec-2019
Network Analyser Keysight Technologies E5063A 5018 12 20-May-2020
clectronic Calibration Keysight Technologies | 85093C 5188 |12 21-May-2020
AC Programmable Power | i p IT7324 5227 |- O/P Mon
Supply
Table 19
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2.3
2.31

2.3.2

233

234

235

2.3.6

Power Spectral Density
Specification Reference

FCC 47 CFR Part 15C, Clause 15.247 (e)
ISEDC RSS-247, Clause 5.2
ISEDC RSS-GEN, Clause 6.12

Equipment Under Test and Modification State
A2179, S/N: C02ZC002M8MM - Modification State O
Date of Test

12-December-2019 to 13-December-2019

Test Method

The test was performed in accordance with ANSI C63.10 clause 11.10.2 (LE1M and LE2M) and
ANSI C63.10, clause 11.10.6 (AVGPSD-2A) (HDR4 and HDRS).

Environmental Conditions

Ambient Temperature  22.9-23.2°C
Relative Humidity 27.0-40.6 %

Test Results

2.4 GHz Bluetooth Low Energy - LE1M

Frequency (MHz) Power Spectral Density (dBm) Measurement Bandwidth (kHz)
2402 -8.74 3
2440 -8.75 3
2480 -8.41 3

Table 20 - Power Spectral Density
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Spectrum Analyzer 1
Swept SA

KEYSIGHT 'C"D'" I_RF A
oupling:
(:] Align: Auto

Spectrum Analyzer 2
QOccupied BW Swept SA

Input Z: 50 Q Atten: 6dB
Corrections: Off  Preamp: Off
Freq Ref: Ext (S)

NFE: Adaptive

1 Spectrum

Scale/Div 10 dB Ref Level 3.10 dBm

Center 2.402000 GHz
#Res BW 3.0 kHz

o - M2

Dec 12,2019
4:4213PM

Spectrum Analyzer 3

PNO: Best Wide
Gate: Off

IF Gain: Low
Sig Track: Off

Ref Lvl Offset 23.10 dB

#Video BW 9.1 kHz

+

Avg Type: Log-Power  |1[7 = 4
Avg|Hold:>100/100
Trig: Free Run

Select Marker
Marker 1

Marker Frequency
01967000 GHz
um Peak

Mkr1 2.401 967 GHz
-8.74 dBm

Next Peak

—Ref Lvl

Continuous Peak
Span 3.000 MHz| | Search
Sweep 1.00 ms (1001 pts) On

Off
& 0 %7
L1 % o A

Figure 19 — 2402 MHz

Spectrum Analyzer 1

Swept SA

KEYSIGHT Input RF
Coupling: AC
Align: Auto

Spectrum Analyzer 2
QOccupied BW
Input Z: 50
Corrections: Off
Freq Ref: Ext (S)
NFE: Adaptive

Spe

Swept SA
Aften: 6 dB
Preamp: Off

1 Spectrum
Scale/Div 10 dB

Ref Lvl Offset 23.10
Ref Level 3.10 dBm

Center 2.440000 GHz
#Res BW 3.0 kHz

ocm?

Dec 12,2019
4:53:.00 PM

ctrum Analyzer 3

PNO: Best Wide
Gate: Off

IF Gain: Low
Sig Track: Off

dB

#Video BW 9.1 kHz

+

Avg Ty]
Avg|Hold:
Trig: Free Run

Marker

o)

Select Marker
Marker 1

Pk-Pk Search
Marker Delta
Mkr—CF

Sweep 1.00 ms (1001 pts)

| OO %
'I:L‘QDD &Y

Figure 20 — 2440 MHz
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Settings

Peak
Search

Pk Search
Config

Properties

Marker
Function

Marker—

Counter

Settings

Pk Search
Config

Properties

Marker
Function

Marker—

Counter
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Spectrum Analyzer 1
Swept SA

KEYSIGHT [nput RF

Spectrum Analyzer 2 Spectrum Analyzer 3
QOccupied BW Swept SA

Input Z: 50 Q Atten: 6dB

Coupling: AC Corrections: Off  Preamp: Off
(:] Align: Auto Freq Ref: Ext (S)

NFE: Adaptive

1 Spectrum
Scale/Div 10 dB

| +

Avg Type: Log-Power
Avg|Hold:>100/100
Trig: Free Run

PNO: Best Wide
Gate: Off

IF Gain: Low
Sig Track: Off

Mkr1 2.479 952 GHz
-8.41 dBm

Ref Lvl Offset 23.10 dB
Ref Level 3.10 dBm

1

Center 2.480000 GHz
#Res BW 3.0 kHz

e HEES

#Video BW 9.1 kHz
Sweep 1.00 ms (1001 pts)

N OO %
'::L‘ﬂDD (&)

Figure 21 — 2480 MHz
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8,

Select Marker
Marker 1

Next Pk Right
Next Pk Left
Minimum Peak
Pk-Pk Search
Marker Delta

Mkr—CF

Span 3.000 MHz| | Search

Marker

Pk Search
Config

Properties

Marker
Function

Marker—

Counter
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2.4 GHz Bluetooth Low Energy - LE2M

Frequency (MHz) Power Spectral Density (dBm)

Measurement Bandwidth (kHz)

2402 -11.17 3
2440 -11.11 3
2480 -10.81 3

Table 21 - Power Spectral Density

Spectrum Analyzer 1
Swept SA

Spectrum Analyzer 2
Qccupied BW

Spectrum Analyzer 3
Swept SA

Input Z: 50 0
Corrections: Off

KEYSIGHT 'C"D'HIRF A
oupling:
[:] Allgr? A?llﬂ

NFE: Adaptive

1 Spectrum
Scale/Div 10 dB

Center 2402000 GHz
#Res BW 3.0 kHz

ocm?

Dec 12,2019
4:56:52 PM

Spectrum Analyzer 1
Swept SA

KEYSIGHT lcﬂpullRF "
oupling:
(:] Align: Auto

Occupied BW
Input Z: 50 O
Corrections: Off

NFE: Adaptive

1 Spectrum
Scale/Div 10 dB

Center 2.440000 GHz
#Res BW 3.0 kHz

o2

Dec 12,2019
4:57:42 PM
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Spectrum Analyzer 2

Atten: 6 dB
Preamp: Off

Freq Ref: Ext (S)

PNO: Best Wide  Avg Type: Log-Power 4

Gate: Off
IF Gain: Low
Sig Track: Off

Ref Lvl Offset 23.10 dB

Ref Level 3.10 dBm

#Video BW 9.1 kHz

+

Select Marker

Avg|Hold:=100/100
gt Marker 1

Trig: Free Run

Pk Search
Config

Next Pk Right

Next Pk Left

Properties

Marker
Function

Marker—

Continuous Peak
Span 4,000 MHz| | Search
Sweep 1.33 ms (1001 pts) On

Off
& 00 v 7
L3 % o A

Counter

Figure 22 — 2402 MHz

Swept SA
Atten: 6 dB
Preamp: Off

Freq Ref: Ext (S)

Spectrum Analyzer 3

PNO: Best Wide  Avg Type: Log-Power 234

Gate: Off
IF Gain: Low
Sig Track: Off

Ref Lvl Offset 23.10 dB

Ref Level 3.10 dBm

#Video BW 9.1 kHz

+ S,

Select Marker
Marker 1

Marker

Avg|Hold:>100/100
Trig: Free Run

Settings

Peak
Search

Pk Search
Config

Properties

Marker
Function

Marker—

Counter

Span 4.000 MHz| | Search
Sweep 1.33 ms (1001 pts)

Oy OO (% x
'::L‘ﬂ L0 [

Figure 23 — 2440 MHz
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Spectrum Analyzer 1 Spectrum Analyzer 2 Spectrum Analyzer 3 o + Q Marker

Swept SA Qccupied BW Swept SA

KEYSIGHT !nput RF Input Z: 50 Q Atten 6 dB PNO: Best Wide  |Avg Type: Log-Power 234 Select Marker
Coupling: AC Corrections: Off  Preamp: Off Gate: Off Avg|Hold:»100/100 "
[:] Align: Auto Freq Ref: Ext (S) IF Gain: Low Trig: Free Run Marker 1
NFE: Adaptive Sig Track: Off PNNNNN
Marker Frequency
il E3eEium Ref LvI Offset 23,10 dB Mkr1 2.479 932 GHZ 5 470632000 oz

Scale/Div 10 dB Ref Level 3,10 dBm -10.81 dBm Peak
Search

Pk Search
Config

Settings

Next Pk Right Properties

NextPkLeft || Marker
Function

Minimum Peak Marker—

Pk-Pk Search
Counter

Marker Delta

Mkr—CF

Center 2.480000 GHz #Video BW 9.1 kHz Span 4.000 MHz| | Search
#Res BW 3.0 kHz Sweep 1.33 ms (1001 pts)

Dec 12, 2019 OO0 = ”
== !') P . ? 4e:§a:30PM ot L‘ﬂ e

Figure 24 — 2480 MHz
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2.4 GHz Bluetooth HDR4 - iPA

Frequency (MHz)

Power Spectral Density (dBm)

Measurement Bandwidth (kHz)

2404 -12.90 62
2440 -12.71 62
2478 -12.48 62

Table 22 - Power Spectral Density

Spectrum Analyzer 1

Swept SA

KEYSIGHT !nput RF
Coupling: AC
Align: Auto

Spectrum Analyzer
Qccupied BW

Input Z: 50 0
Corrections: Off

NFE: Adaptive

Center 2.404000 GHz
#Res BW 62 kHz

Dec 12,2019
== q (“ . ? 1;:C :52 PM

Spectrum Analyzer 1

Swept SA

KEYSIGHT !nput RF
Coupling: AC
Align: Auto

Spectrum Analyzer
Occupied BW

Input Z: 50 O
Corrections: Off

NFE: Adaptive

Center 2.440000 GHz
#Res BW 62 kHz

RIEOHEEE
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Figure 25 — 2402 MHz
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2.4 GHz Bluetooth HDRS - iPA

—

Frequency (MHz) Power Spectral Density (dBm)

Measurement Bandwidth (kHz)

2404 -14.41 62
2440 -14.37 62
2478 -14.24 62

Table 23 - Power Spectral Density
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Figure 28 — 2402 MHz
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—

2.4 GHz Bluetooth HDR4 - ePA

Frequency (MHz)

Power Spectral Density (dBm)

Measurement Bandwidth (kHz)

2404 -3.16 62
2440 -3.27 62
2478 -3.04 62
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Table 24 - Power Spectral Density
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IF Gain: Low
Sig Track: Off

Ref Lvl Offset 23.15 dB
Ref Level 10.00 dBm
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Figure 31 — 2404 MHz
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Figure 33 — 2478 MHz
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—

2.4 GHz Bluetooth HDRS - ePA

Frequency (MHz)

Power Spectral Density (dBm)

Measurement Bandwidth (kHz)

2404 -5.05 62
2440 -4.91 62
2478 -4.69 62
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Table 25 - Power Spectral Density
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Figure 34 — 2404 MHz
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Figure 36 — 2478 MHz

FCC 47 CFR Part 15, Limit Clause 15.247 (e)

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

ISEDC RSS-247, Limit Clause 5.2(b)

The transmitter power spectral density conducted from the transmitter to the antenna shall not be
greater than 8 dBm in any 3 kHz band during any time interval of continuous transmission

COMMERCIAL-IN-CONFIDENCE
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2.3.7

Test Location and Test Equipment Used

This test was carried out in RF Laboratory 1.

O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
Attenuator (20 dB, 2 W) Pasternack PE7004-20 489 12 O/P Mon
Multimeter Fluke 79 Series Il 611 12 11-Sep-2020
Rubidium Standard Rohde & Schwarz XSRM 1316 6 16-Apr-2020
Hygrometer Rotronic 1-1000 3220 12 25-Sep-2020
Frequency Standard Spectracom gjg;?gg? ¢ 1200- 4393 6 16-Apr-2020
2 metre N-Type Cable Florida Labs mg-zassm&s- 4622 |12 12-3ul-2020
EXA Keysight Technologies N9010B 4968 24 21-Dec-2019
Network Analyser Keysight Technologies E5063A 5018 12 20-May-2020
’I\EAlggLrl(;nic Calibration Keysight Technologies 85093C 5188 12 21-May-2020
éﬁpzlr;’grammab'e POWer | irech IT7324 5227 |- OIP Mon

Table 26
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2.4
2.41

2.4.2

243

244

245

246

COMMERCIAL-IN-CONFIDENCE

Spurious Radiated Emissions
Specification Reference

FCC 47 CFR Part 15C, Clause 15.247 (d) and 15.205
ISEDC RSS-247, Clause 5.5
ISEDC RSS-GEN, Clause 6.13

Equipment Under Test and Modification State
A2179, S/N: C02ZCO0WM8MS5 - Modification State 0
Date of Test

19-November-2019 to 16-December-2019

Test Method

This test was performed in accordance with ANSI C63.10, clause 6.3, 6.5 and 6.6.
The EUT was placed on the non-conducting platform in a manner typical of a normal installation.

Ports on the EUT were terminated with loads as described in ANSI C63.4 clause 6.2.4. Multiple
connectors of the same type and additional interconnecting cables were connected and pre-scans
performed to determine whether the level of the emissions were increased by >2 dB.

For frequencies > 1 GHz, plots for average measurements were taken in accordance with ANSI
C63.10 clause 4.1.4.2.5 to characterize the EUT. Where emissions were detected, final average
measurements were taken in accordance with ANSI C63.10 clause 4.1.4.2.2.

The plots shown are the characterization of the EUT. The limits on the plots represent the most
stringent case for restricted bands, (74/54 dBuV/m) when compared to 20 dBc outside restricted
bands. The limits shown have been used as a threshold to determine where further measurements
are necessary. Where results are within 10 dB of the limits shown on the plots, further
investigation was carried out and reported in results tables.

The following conversion can be applied to convert from dBuV/m to uv/m:
107 (Field Strength in dBuV/m/20).

Radiated emission measurements from 30 MHz to 1 GHz was limited to measurements on middle
channel only.

Environmental Conditions

20.9-23.2°C
40.8-56.2 %

Ambient Temperature
Relative Humidity

Test Results

2.4 GHz Bluetooth Low Energy - LE1M

Frequency
(MHz)

QP Level
(dBpV/m)

QP Limit QP Margin

(dBuV/m) (dB) Polarisation

Detector Angle (°) Height(cm)

*

Table 27 — 2440 MHz, 30 MHz to 1 GHz Radiated Emissions Results

*No emissions were detected within 10 dB of the limit
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Figure 37 - 2440 MHz, 30 MHz to 1 GHz, Polarity: Horizontal
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Figure 38 - 2440 MHz, 30 MHz to 1 GHz, Polarity: Vertical
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»

)

Frequency Peak Level Average Level | Peak Limit Average Limit Peak Margin Average
(MHz) (dBpV/m) (dBpVv/m) (dBpVv/m) (dBpVv/m) (dB) Margin (dB)
*

Table 28 - 2402 MHz - 1 GHz to 26 GHz — Radiated Emissions Results

*No emissions were detected within 10 dB of the limit
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Figure 39 - 2402 MHz - 1 GHz to 26 GHz, Polarity: Horizontal (Peak)
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Figure 40 - 2402 MHz
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-1 GHz to 26 GHz, Polarity: Horizontal (Average)
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Figure 41 - 2402 MHz - 1 GHz to 26 GHz, Polarity: Vertical (Peak)
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Figure 42 - 2402 MHz - 1 GHz to 26 GHz, Polarity: Vertical (Average)
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»

)

Frequency Peak Level Average Level | Peak Limit Average Limit Peak Margin Average
(MHz) (dBpV/m) (dBpVv/m) (dBpVv/m) (dBpV/m) (dB) Margin (dB)
*

Table 29 - 2440 MHz - 1 GHz to 26 GHz — Radiated Emissions Results

*No emissions were detected within 10 dB of the limit
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Figure 43 - 2440 MHz - 1 GHz to 26 GHz, Polarity: Horizontal (Peak)
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Figure 44 - 2440 MHz
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-1 GHz to 26 GHz, Polarity: Horizontal (Average)
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Figure 45 - 2440 MHz - 1 GHz to 26 GHz, Polarity: Vertical (Peak)
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Figure 46 - 2440 MHz - 1 GHz to 26 GHz, Polarity: Vertical (Average)
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»

)

Frequency Peak Level Average Level | Peak Limit Average Limit Peak Margin Average
(MHz) (dBpV/m) (dBpVv/m) (dBpVv/m) (dBpV/m) (dB) Margin (dB)
*

Table 30 - 2480 MHz - 1 GHz to 26 GHz — Radiated Emissions Results

*No emissions were detected within 10 dB of the limit
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Figure 47 - 2480 MHz - 1 GHz to 26 GHz, Polarity: Horizontal (Peak)
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Figure 48 - 2480 MHz
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-1 GHz to 26 GHz, Polarity: Horizontal (Average)
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Figure 49 - 2480 MHz - 1 GHz to 26 GHz, Polarity: Vertical (Peak)
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Figure 50 - 2480 MHz - 1 GHz to 26 GHz, Polarity: Vertical (Average)
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2.4.7

&

FCC 47 CER Part 15, Limit Clause 15.247 (d)

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally
modulated intentional radiator is operating, the radio frequency power that is produced by the
intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that
contains the highest level of the desired power, based on either an RF conducted or a radiated
measurement, provided the transmitter demonstrates compliance with the peak conducted power
limits. If the transmitter complies with the conducted power limits based on the use of RMS
averaging over a time interval, as permitted under paragraph (b)(3) of this section, the attenuation
required under this paragraph shall be 30 dB instead of 20 dB.

Attenuation below the general limits specified in § 15.209(a) is not required. In addition, radiated
emissions which fall in the restricted bands, as defined in § 15.205(a), must also comply with the
radiated emission limits specified in 15.209(a)

ISEDC RSS-247, Limit Clause 5.5

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally
modulated device is operating, the RF power that is produced shall be at least 20 dB below that in
the 100 kHz bandwidth within the band that contains the highest level of the desired power, based
on either an RF conducted or a radiated measurement, provided that the transmitter demonstrates
compliance with the peak conducted power limits. If the transmitter complies with the conducted
power limits based on the use of root-mean-square averaging over a time interval, as permitted
under Section 5.4(4), the attenuation required shall be 30 dB instead of 20 dB. Attenuation below
the general field strength limits specified in RSS-Gen is not required.

Test Location and Test Equipment Used

This test was carried out in RF Chamber 11.

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
Antenna with permanent | gy, ctor CBL6143 287 24 15-May-2020
attenuator (Bilog)
10dB/1W SMA Attenuator
dc - 18GHz Sealectro 60-674-1010-89 395 - O/P Mon
Pre-Amplifier Phase One PS04-0086 1533 12 08-Feb-2020
1GHz to 8GHz Low Noise | \y ot Technologies APS04-0085 4365 |12 14-Nov-2020
Amplifier
High Pass Filter (4GHz) K&L Microwave L1SHI10- 4599 12 05-Sep-2020
9 4000/X18000-0/0 P
Double Ridge Broadband | g, 2 7heck BBHA 9120 B 4848 |12 11-Mar-2020
Horn Antenna
- WRCGV14-2390-
ga”d Reject Filter - 2.425 | \\inwright 2400-2450-2460- | 5066 | 12 01-Oct-2020
Hz
50SS
- WRCGV14-2390-
ga”d Reject Filter - 2.425 | \\inwright 2400-2450-2460- | 5067 | 12 01-Oct-2020
Hz
50SS
- WRCGV14-2423.5-
S‘i’;‘;?gﬁ? Filter - Wainwright 2433.5-2483.5- 5068 |12 01-Oct-2020
: 2493.5-50SS
Band Reject Filter - WRCGV14-2423.5-
> A58E GJHZ Wainwright 2433.5-2483.5- 5069 |12 01-Oct-2020
: 2493.5-50SS
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©

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due

(months)
EMI Test Receiver Rohde & Schwarz ESW44 5084 12 28-Nov-2020
8m N-Type RF Cable Teledyne PR90-088-8MTR 5095 12 04-Dec-2019*
Cable (18 GHz) Rosenberger LU7-071-1000 5104 12 09-Dec-2020
EmX Emissions Software | TUV SUD EmX 5125 - Software
Screened Room (11) Rainford Rainford 5136 36 01-Nov-2021
Mast Maturo TAM 4.0-P 5158 - TU
Mast and Turntable Maturo Maturo NCD 5159 |- TU
Controller
Turntable Maturo TT 15WF 5160 - TU
8m N-Type RF Cable Teledyne PR90-088-8MTR 5212 12 30-Aug-2020
Horn Antenna (1-10GHz) | Schwarzbeck BBHA 9120 B 5215 12 11-Mar-2020
DRG Hom Antenna (7.5- | gcparzbeck HWRD750 5216 |12 11-Mar-2020
18GHz)
Horn Antenna (15-40GHz) | Schwarzbeck BBHA 9170 5217 12 09-Apr-2020
Preamplifier (30 dB 18- | 501\ yarzbeck BBV 9721 5218 |12 09-Apr-2020
40GHz)

Table 31

TU - Traceability Unscheduled

*As testing was performed over multiple days it may appear that some equipment was used
outside of a valid calibration period, however, TUV SUD confirms that when equipment was used it

held a valid calibration and has records of this.
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2.5

2.51

2.5.2

253

254

255

Authorised Band Edges
Specification Reference

FCC 47 CFR Part 15C, Clause 15.247 (d)
ISEDC RSS-247, Clause 5.5

Equipment Under Test and Modification State

A2179, S/N: C02ZCO0OWM8MS5 - Modification State 0

Date of Test

19-November-2019 to 16-December-2019

Test Method

The test was performed in accordance with ANSI C63.10, clause 6.10.4.

Note: Since the HDR4 & HDR8 modes comply with the conducted power limits based on the use of RMS
averaging, the attenuation required under this section should be 30 dB instead of 20 dB.

Environmental Conditions

Ambient Temperature 20.9-23.2 °C
Relative Humidity 40.8-56.2 %
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2.5.6 Test Results

2.4 GHz Bluetooth Low Energy - LE1M

Modulation Packet Type Tx Frequency Band Edge Frequency Level (dBc)
(MHz) (MHz)
GFSK DH1 2402 2400.0 -44.07
Table 32

s Ref 12463Bwim

"] Filer B -348

Marker 1 2400 MHz

120 57.68 dBuv/m

Marker 2 2401.978 MHz
110 104.56 dBuv/m

A METREFE3 4R 4
100 -44.07 dBc

P-20d8
" \f

32
N WWWMJV\MWMM J
Ay

0 T T 1
St 2300 MHz Center 24000 MHz Stop 2410.0MHz

REW 100kHz VB 300kHz Sweep 1.020 ms (1001 pts)

Figure 51 - GFSK/DH1- 2402 MHz — Band Edge Frequency 2400.0 MHz
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2.4 GHz Bluetooth Low Energy — LE2M

Modulation Packet Type Tx Frequency Band Edge Frequency Level (dBc)
(MHz) (MHz)
GFSK DH1 2402 2400.0 -36.15
Table 33

Ref 1278 Buim
"] Fiter B -3¢8

Marker 1 2400 MHz

120 66.37 dBuv/m

Marker 2 2401.978 MHz
1o~ 102.65 dBuv/m

A Marker 3-2:0MHz, 3
100 -36.15dBc

o

T T T 1
Start 2380.0MHz Center 2400.0 MHz Stop 2410.0MHz

RBW 100kHz VBW 300kHz Sweep 1.020ms (1001 pts)

Figure 52 - GFSK/DHL1 - 2402 MHz - Band Edge Frequency 2400.0 MHz
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2.4 GHz Bluetooth HDR4 - iPA

Marker 12400 MHz

Modulation Packet Type Tx Frequency Band Edge Frequency Level (dBc)
(MHz) (MHz)
GFSK 4DH5 2404 2400.0 -40.94
Table 34

120 57.55 dBuv/m
Marker 2 2404.236 MHz

110 100.84 dBuv/m
A Marker 3—93MH2

o 40 S B

3402

R,

Start 2330.0 MHz
REV/ 100kHz

T
Center 24000 MHz
VEW 300kHz

T 1
Stop 2410.0MHz

Sweep 1.020 ms (1001 pts)

Figure 53 - GFSK/4DH5- 2404 MHz — Band Edge Frequency 2400.0 MHz
(Plot should show P- 30dB limit in place of P- 20dB)
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2.4 GHz Bluetooth HDRS - iPA

Modulation Packet Type Tx Frequency Band Edge Frequency Level (dBc)
(MHz) (MHz)
GFSK 8DH5 2404 2400.0 -41.06
Table 35

- Ref1200¢Buim
"] Fiter B -3¢8

Marker 1 2400 MHz

120 60.09 dBuv/m
Marker 2 2404.236 MHz
1o~ 101.15 dBuv/m
A Marker 3 -4.2 MHz 5
Peak Power: 101.146961212 dBuv/m o
100 Z41.06dBc

1 7w

T T T 1
Start 2380.0MHz Center 2400.0 MHz Stop 2410.0MHz

RBW 100kHz VBW 300kHz Sweep 1.020ms (1001 pts)

Figure 54 - GFSK/8DHS5 - 2404 MHz - Band Edge Frequency 2400.0 MHz
(Plot should show P- 30dB limit in place of P- 20dB)
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2.4 GHz Bluetooth HDR4 - ePA

Modulation Packet Type Tx Frequency Band Edge Frequency Level (dBc)
(MHz) (MHz)
GFSK 4DH5 2404 2400.0 -51.03
Table 36
13— Ref 130.0dBuvim Attenuation 10dB
Filier BW -3dB Sweep Count 5000
Marker 12400 MHz T Pk Tace
120 58.62 dBuv/m SRR
Marker 2 2404.236 MHz 5
Peak Power: 110.828971863 dBuvim
= 11083 dBuv/m *
A Marker 3-6.0 MHz
oo -51.03 dBc
P-20dB
80—
372 1
y W Wty
Start 2330.0 MHz Cemer‘ZLCO 0MHz ‘ Stop 2410. DMHz‘
RBW 100kHz VBW 300 kHz Sweep 1.020 ms (1001 pts)

Figure 55 - GFSK/4DH5- 2404 MHz — Band Edge Frequency 2400.0 MHz
(Plot should show P- 30dB limit in place of P- 20dB)
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2.4 GHz Bluetooth HDRS - ePA

Modulation Packet Type Tx Frequency Band Edge Frequency Level (dBc)
(MHz) (MHz)
GFSK 8DH5 2404 2400.0 -49.38
Table 37

_ Ref1200¢Buim
"] Fiter B -3¢8

Marker 1 2400 MHz

120 58.72 dBuv/m
Marker 2 2404.236 MHz
o] e A B
A Marker 3-5.5 MHz

100 -49.38 dBc

3A2 \/\/‘\‘
“ Ly eyer!

T T T 1
Start 2380.0MHz Center 2400.0 MHz Stop 2410.0MHz

RBW 100kHz VBW 300kHz Sweep 1.020ms (1001 pts)

Figure 56 - GFSK/8DHS5 - 2404 MHz - Band Edge Frequency 2400.0 MHz
(Plot should show P- 30dB limit in place of P- 20dB)

FCC 47 CFR Part 15, Limit Clause 15.247 (d)

20 dB below the fundamental measured in a 100 kHz bandwidth using a peak detector. If the
transmitter complies with the conducted power limits, based on the use of RMS averaging over a
time interval, the attenuation required shall be 30 dB below the fundamental instead of 20 dB.

ISEDC RSS-247, Limit Clause 5.5

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally
modulated device is operating, the RF power that is produced shall be at least 20 dB below that in
the 100 kHz bandwidth within the band that contains the highest level of the desired power, based
on either an RF conducted or a radiated measurement, provided that the transmitter demonstrates
compliance with the peak conducted power limits. If the transmitter complies with the conducted
power limits based on the use of root-mean-square averaging over a time interval, as permitted
under Section 5.4(4), the attenuation required shall be 30 dB instead of 20 dB. Attenuation below
the general field strength limits specified in RSS-Gen is not required.
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2.5.7

Test Location and Test Equipment Used

This test was carried out in RF Chamber 11.

©

TU — Traceability Unscheduled
O/P Mon — Output monitored using calibrated equipment.

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
10dB/1W SMA Attenuator
dc - 18GHz Sealectro 60-674-1010-89 395 - O/P Mon
1GHz to 8GHz Low Noise
Amplifier Wright Technologies APS04-0085 4365 12 14-Nov-2020
KPS-1501-2000-
Cable (Rx, Km-Km 2m) Scott Cables KPS 4526 6 11-Dec-2019*
Double Ridge Broadband
Horn Antenna Schwarzbeck BBHA 9120 B 4848 12 11-Mar-2020
Hygrometer Rotronic HP21 4989 12 02-May-2020
EMI Test Receiver Rohde & Schwarz ESW44 5084 12 28-Nov-2020
8m N-Type RF Cable Teledyne PR90-088-8MTR 5095 12 04-Dec-2019*
Cable (18 GHz) Rosenberger LU7-071-1000 5103 12 06-Oct-2020
Cable (18 GHz) Rosenberger LU7-071-1000 5104 12 09-Dec-2020
Cable (18 GHz) Rosenberger LU7-071-1000 5105 12 06-Oct-2020
Cable (18 GHz) Rosenberger LU7-071-2000 5107 12 06-Oct-2020
EmX Emissions Software | TUV SUD EmX, V.V1.5.2 5125 - Software
Screened Room (11) Rainford Rainford 5136 36 01-Nov-2021
Mast and Turntable
Controller Maturo Maturo NCD 5159 - TU
Turntable Maturo TT 15WF 5160 - TU
8 Meter Cable Teledyne PR90-088-8MTR 5212 12 30-Aug-2020
Horn Antenna (1-10GHz) | Schwarzbeck BBHA 9120 B 5215 12 11-Mar-2020
Pre Amp 1 - 26.5 GHz Agilent Technologies 8449B 5445 - O/P Mon
Table 38

*As testing was performed over multiple days it may appear that some equipment was used
outside of a valid calibration period, however, TUV SUD confirms that when equipment was used it
held a valid calibration and has records of this.
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2.6
2.6.1

2.6.2

2.6.3

264

2.6.5

Restricted Band Edges
Specification Reference

FCC 47 CFR Part 15C, Clause 15.205
ISEDC RSS-GEN, Clause 8.10

Equipment Under Test and Modification State

A2179, S/N: C02ZCO0OWM8MS5 - Modification State 0

Date of Test

19-November-2019 to 06-January-2020

Test Method

This test was performed in accordance with ANSI C63.10, clause 6.10.5.

Plots for average measurements were taken in accordance with ANSI C63.10, clause 4.1.4.2.3.

These are shown for information purposes and were used to determine the worst-case
measurement point. Final average measurements were then taken in accordance with ANSI
C63.10 clause 4.1.4.2.2. to obtain the measurement result recorded in the test results tables.

The following conversion can be applied to convert from dBuV/m to pv/m:
10(Field Strength in dBuV/m/20).

Environmental Conditions

Ambient Temperature 20.9-23.2 °C
Relative Humidity 40.8-56.2 %
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2.6.6 Test Results

2.4 GHz Bluetooth Low Energy - LE1M

Modulation Tx Frequency Band Edge Frequency Peak Level Average Level
(MHz) (MHz) (dBpVv/m) (dBpVv/m)
GFSK/DH1 2402 2390.0 53.98 40.92
GFSK/DH1 2480 2483.5 61.70 43.02
Table 39

130

120 ]

10—

Ref 120.0dBuvim
Filter B/ -3¢

Marker 1 2390 MHz

53.45 dBuv/m

Marker 2 2347.120 MHz

53.98 dBuv/m

Marker 3 2390 MHz

39.95 dBuv/im

Marker 4 2364.720 MHz

40.92 dBuv/m

Attenuation 10dB
Sweep Court 300 (pk) /1 (cav)

Start 2310.0MHz
REWTMHz

T
Center 2350.0 MHz
VB 3 MHz

T 1
Stop 2470.0MHz
Sweep 1.010 ms (1001 pis)

Figure 57 — GFSK/DHL1 - 2402 MHz - Band Edge Frequency 2390.0 MHz

130—

120 —

10—

Ref 120.08Buvim
Filter B/ -6

Marker 1 2483.5 MHz

53.99 dBuv/m

Marker 2 2483.850 MHz

61.70 dBuv/m

Marker 3 2483.5 MHz

43.02 dBuv/m

Attenuation 1048
Sweep Court300(pk) /1 (cav)

Start 2458.5MHz
REWTMHz

T
Center 26835 MHz
VB3 MHz

T 1
Stop 2508 5MHz
Sweep 1.010 ms (1001 pts)

Figure 58 — GFSK/DHL1 - 2480 MHz - Band Edge Frequency 2483.5 MHz
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2.4 GHz Bluetooth Low Energy - LE2M

Modulation Tx Frequency Band Edge Frequency Peak Level Average Level
(MHz) (MHz) (dBuv/m) (dBuv/m)

GFSK/DH1 2402 2390.0 54.63 40.20

GFSK/DH1 2480 2483.5 60.19 47.25

Table 40 - Restricted Band Edge Results

Ref 120.08Buvim
Filter B/ -3dB

Marker 1 2390 MHz

130—

20— 51.00 dBuv/m
Marker 2 2319.280 MHz

10— 54.63 dBuv/im
Marker 3 2390 MHz

100—| 39.80 dBuv/m
Marker 4 2364.720 MHz

| 40.20 dBuv/m

Attenvation 10dB
Sweep Count 300 (pk) /1 (cav)

Start 2310.0MHz
RBW/1MHz

T
Center 2290.0 MHz
VB3 MHz

T 1
Stop 2470.0MHz
Swieep 1.010ms (1001 pts)

Figure 59 — GFSK/DH1 - 2402 MHz - Band Edge Frequency 2390.0 MHz

130 Fef 120038 Atenuation 1088
Filter BW -6 4B Sweep Ct 300 (pk) /1 (cav)
Marker 12483.5 MHz
120+ 60.19 dBuv/m
Marker 2 2483.5 MHz
10— 47.25 dBuv/m
100
0|
0|
0 dBu
|
e
540 dBuvim , /'
£ f
= W MMWWVWWMMMWWMWWW
e
T T 1
Start 2458 5MHz Center 24835 MHz Stop 2508.5MHz
RBW 1MHz VBW 3 MHz Sweep 1.010 ms (1001 pts)

Figure 60 — GFSK/DH1 - 2480 MHz - Band Edge Frequency 2483.5 MHz
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2.4 GHz Bluetooth HDR4 - iPA

Mode Modulation Packet Type | Tx Frequency Band Edge Peak Level Average Level
(MHz) Frequency (MHz) | (dBpVv/m) (dBuv/m)

Static GFSK 4DH5 2404 2390.0 54.42 39.24

Static GFSK 4DH5 2478 2483.5 52.41 39.87

Table 41 - Restricted Band Edge Results

12, Fef 1283dBuim
"] FierBw-348

Marker 1 2390.000 MHz 52.41 dBuv/m
Marker 2 2310.800 MHz 54.42 dBuv/m
Marker 3 2390.000 MHz 39.23 dBuv/m
Marker 4 2386.480 MHz 39.24 dBuv/m

Attenuation 10dB
Sweep Count 4000 (pk) /1 (cav)

race
& (CISFR)

Start 23100 MHz
RBW TMHz

Center

T
r 23900 MHz
VW3 MHz

T 1
Stop 2470.0MHz

Swieep 1.010 ms (1001 pis)

Figure 61 - Static - GFSK/4DH5 - 2404 MHz - Band Edge Frequency 2390.0 MHz

Ref 135.1 dBuvim
Filter BW/-6 6B

Marker 1 2483.5 MHz
49.85 dBuv/m

Marker 2 2502.200 MHz
52.41 dBuv/m

Marker 3 2483.5 MHz
39.87 dBuv/im

30—

REW 1 MHz

VEW 3 MHz

a0 |
540 dBuvim | | 2
| | 1
50— | \ o
) \
3
a0 LO— —
20—
0 T 1
Start 2458 5Hz Center 2422 5hHz Stop 25085 MHz

Sweep1.010ms (1001pts)

Figure 62 - Static - GFSK/4DH5 - 2478 MHz - Band Edge Frequency 2483.5 MHz
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2.4 GHz Bluetooth HDRS - iPA

Mode Modulation Packet Type | Tx Frequency Band Edge Peak Level Average Level
(MHz) Frequency (MHz) | (dBpVv/m) (dBuv/m)

Static GFSK 8DH5 2404 2390.0 53.54 39.28

Static GFSK 8DH5 2478 2483.5 59.54 45.70

Table 42 - Restricted Band Edge Results

_ Ref 132.9 dBuvim Attenuation 10 4B
0 Fiker w368 Sweep Count 1000(pi) /1 (ca)
Marker 1 2390 MHz ; -
20| 50.96 dBuv/m ——
Marker 2 2371.280 MHz
110—| 53.54 dBuv/m
Marker 3 2390 MHz
100 39.28 dBuv/im
Marker 4 2389.840 MHz
0| 39.28 dBuv/m
a0
B
540 dBavim 2
T e ST oL TR T (Ot T S N T B T WY O N A PO W M
50— | | |
[
]
20| b
3
St;r\ZfﬂQi)MHz Cemer;}w 0MHz ' Stop. ZATUDMHZ‘
REW 1 MHz VBW 3 MHz Sweep 1.010 ms (1001 pts)

Figure 63 - Static - GFSK/8DHS5 - 2404 MHz - Band Edge Frequency 2390.0 MHz

g0 Fef 18 9dBunim Attenuaiion 1048
] Filterew 606 Sweep Count 4000 (pk) /1 (cav)

Marker 12483.500 MHz 58.73 dBuv/m
- Marker 2 2483.850 MHz 59.54 dBuv/m
Marker 3 2483.500 MHz 45.70 dBuv/m

0 T T 1
Stort 24585 MHz Cenler 24835 MHz Stop 2508.5MHz
REW/1MHz VBl 3 MHz Sweep 1.010ms (1001 pis)

Figure 64 - Static - 8-GFSK/8DH5 - 2478 MHz - Band Edge Frequency 2483.5 MHz
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2.4 GHz Bluetooth HDR4 - ePA

Mode Modulation Packet Type | Tx Frequency Band Edge Peak Level Average Level
(MHz) Frequency (MHz) | (dBpVv/m) (dBuv/m)

Static GFSK 4DH5 2404 2390.0 53.89 39.59

Static GFSK 4DH5 2478 2483.5 57.48 45.43

Table 43 - Restricted Band Edge Results

a0 Fef 1386cBuvim
"] Fitterew 368

Marker 12390.000 MHz 52.47 dBuv/m
- Marker 2 2373.360 MHz 53.89 dBuv/m
Marker 3 2390.000 MHz 39.59 dBuv/m

Attenuation 10dB

unt 2000 (pk) /1 (cav)

)

Start 2310.0MHz
RBW1MHz

T
Center2320.0 MHz

VB 3 MHz

Stop 2470.0MHz
Sweep 1.010ms (1001 pts)

Figure 65 - Static - GFSK/4DHS5 - 2404 MHz - Band Edge Frequency 2390.0 MHz

Ref 120.0 dBuvim

Atienuation 16 4B

07 Filter Bw -6 dB Sweep Count 1000 (pk) /1 (cav)
Marker 1 2483.5 MHz
20— 56.13 dBuv/m
Marker 2 2484.550 MHz
10— 57.48 dBuv/m
Marker 3 2483.5 MHz
100—| 45.43 dBuv/im
0]
B
| st Mot i M Asnesdrt v
0]
-/
o]
0]
1

Start 2458.5MHz
REW 1 MHz

T
Center2483.5MHz
VEW 3 MHz

Stop 25085 MHz
Sweep1.010ms (1001 pis)

Figure 66 - Static - GFSK/8DH5 - 2478 MHz - Band Edge Frequency 2483.5 MHz
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2.4 GHz Bluetooth HDRS - ePA

Mode Modulation Packet Type | Tx Frequency Band Edge Peak Level Average Level
(MHz) Frequency (MHz) | (dBpVv/m) (dBuv/m)

Static GFSK 8DH5 2404 2390.0 58.82 44.72

Static GFSK 8DH5 2478 2483.5 62.92 50.18

Table 44 - Restricted Band Edge Results

Ref 120.1 dBuvim
Filter Bv/-3 6B

Marker 1 2390 MHz
56.69 dBuv/m

Marker 2 2378.480 MHz
58.82 dBuv/m

Marker 3 2390 MHz
44.72 dBuv/im

130—

Atienuation 16 4B
1000(pk) /1 (cav)

v g b

Start 2310.0MHz
REV/ 1 MHz

T
Center2330.0MHz
VEW3 MHz

T 1
Stop 24700 MHz
Sweep1.010ms (1001 pis)

Figure 67 - Static - GFSK/8DHS5 - 2404 MHz - Band Edge Frequency 2390.0 MHz

130, Ref 1383dBuvim
"] Fitterew 848

Marker 12483.500 MHz 62.58 dBuv/m
Marker 2 2483.850 MHz 62.92 dBuv/m
Marker 3 2483.500 MHz 50.18 dBuv/m

Strt 2458.5MHz
RBW1MHz

T
Center 24835 MHz
VBW 3 MHz

T 1
Stop 2508 5MHz
Sweep 1.010ms (1001 pts)

Figure 68 - Static - 8-GFSK/8DH5 - 2478 MHz - Band Edge Frequency 2483.5 MHz
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FCC 47 CFR Part 15, Limit Clause 15.209

Industry Canada RSS-GEN, Limit Clause 8.9

Frequency (MHz) Field Strength (uV/m at 3 m)
30 to 88 100
8810 216 150
216 to 960 200
Above 960 500
Table 45

Frequency (MHz) Field Strength (uV/m at 3 metres)
30-88 100
88-216 150
216-960 200
Above 960* 500
Table 46

*Unless otherwise specified, for all frequencies greater than 1 GHz, the radiated emission limits for
licence-exempt radio apparatus stated in applicable RSSs (including RSS-Gen) are based on

measurements using a linear average detector function having a minimum resolution bandwidth of
1 MHz. If an average limit is specified for the EUT, then the peak emission shall also be measured
with instrumentation properly adjusted for such factors as pulse desensitization to ensure the peak
emission is less than 20 dB above the average limit.
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2.6.7

Test Location and Test Equipment Used

This test was carried out in RF Chamber 11.

©

TU — Traceability Unscheduled
O/P Mon — Output monitored using calibrated equipment.

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
10dB/1W SMA Attenuator
dc - 18GHz Sealectro 60-674-1010-89 395 - O/P Mon
1GHz to 8GHz Low Noise
Amplifier Wright Technologies APS04-0085 4365 12 14-Nov-2020
KPS-1501-2000-
Cable (Rx, Km-Km 2m) Scott Cables KPS 4526 6 11-Dec-2019*
Double Ridge Broadband
Horn Antenna Schwarzbeck BBHA 9120 B 4848 12 11-Mar-2020
Hygrometer Rotronic HP21 4989 12 02-May-2020
EMI Test Receiver Rohde & Schwarz ESW44 5084 12 28-Nov-2020
8m N-Type RF Cable Teledyne PR90-088-8MTR 5095 12 04-Dec-2019*
Cable (18 GHz) Rosenberger LU7-071-1000 5103 12 06-Oct-2020
Cable (18 GHz) Rosenberger LU7-071-1000 5104 12 09-Dec-2020
Cable (18 GHz) Rosenberger LU7-071-1000 5105 12 06-Oct-2020
Cable (18 GHz) Rosenberger LU7-071-2000 5107 12 06-Oct-2020
EmX Emissions Software | TUV SUD EmX, V.V1.5.2 5125 - Software
Screened Room (11) Rainford Rainford 5136 36 01-Nov-2021
Mast and Turntable
Controller Maturo Maturo NCD 5159 - TU
Turntable Maturo TT 15WF 5160 - TU
8 Meter Cable Teledyne PR90-088-8MTR 5212 12 30-Aug-2020
Horn Antenna (1-10GHz) | Schwarzbeck BBHA 9120 B 5215 12 11-Mar-2020
Pre Amp 1 -26.5 GHz Agilent Technologies 8449B 5445 - O/P Mon
Table 47

*As testing was performed over multiple days it may appear that some equipment was used
outside of a valid calibration period, however, TUV SUD confirms that when equipment was used it
held a valid calibration and has records of this.
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3 Measurement Uncertainty

For a 95% confidence level, the measurement uncertainties for defined systems are:

Test Name Measurement Uncertainty
Restricted Band Edges 30 MHzto 1 GHz: +5.2 dB
1 GHz to 40 GHz: + 6.3 dB
Authorised Band Edges 30 MHz to 1 GHz: + 5.2 dB
1 GHz to 40 GHz: + 6.3 dB
Spurious Radiated Emissions 30 MHzto 1 GHz: + 5.2 dB
1 GHz to 40 GHz: + 6.3 dB
Power Spectral Density +3.2dB
Emission Bandwidth +101.42 kHz
Maximum Conducted Output Power +3.2dB
Table 48

Measurement Uncertainty Decision Rule

Determination of conformity with the specification limits is based on the decision rule according to
IEC Guide 115: 2007, clause 4.4.3 and 4.5.1.
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