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1 Report Summary
1.1 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 26 September 2018
2 Second Issue - FCCID and ICID updated 09 October 2018
Table 1
1.2 Introduction
Applicant Apple Inc.
Manufacturer Apple Inc.
Model Number(s) A1993
Serial Number(s) CO7WROOKK2T5 and CO7WTOOHK2V0
Hardware Version(s) EVT
Software Version(s) 18B2034
Number of Samples Tested 2

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

FCC 47 CFR Part 15C (2017)
Industry Canada RSS-247 Issue 2 (2017-02)
Industry Canada RSS-GEN: Issue 5 (2018-04)

0540058293
18-May-2018

12-July-2018 and 20-June-2018
30-June-2018
18-July-2018

Mehadi Choudhury, Graeme Lawler, Tony Hubbard
Malik Mohammed & Sharif Sendagire

ANSI C63.10 (2013)
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Brief Summary of Results

Product Service

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

Section Specification Clause Test Description Result Comments/Base
Standard
Part 15C RSS-247 RSS-GEN
Configuration and Mode: Bluetooth BR (DH5)
2.1 15.247 (b) 5.4 6.12 Maximum Conducted Output Power Pass ANSI C63.10
2.2 15.247 (a)(1) 5.1 - Frequency Hopping Systems - Average Time of Occupancy Pass ANSI C63.10
2.3 15.247 (a)(1) 5.1 - Frequency Hopping Systems - Channel Separation Pass ANSI C63.10
24 15.247 (a)(1) 5.1 - Frequency Hopping Systems - Number of Hopping Channels Pass ANSI C63.10
25 15.247 (a)(1) 5.1 - Frequency Hopping Systems - 20 dB Bandwidth Pass ANSI C63.10
2.6 15.247 (d) 5.5 - Authorised Band Edges Pass ANSI C63.10
2.7 15.205 - 8.10 Restricted Band Edges Pass ANSI C63.10
2.8 15.247 (d), 5.5 6.13 Spurious Radiated Emissions Pass ANSI C63.10
15.205
Configuration and Mode: Bluetooth EDR (2DH5)
21 15.247 (b) 5.4 6.12 Maximum Conducted Output Power Pass ANSI C63.10
2.2 15.247 (a)(1) 5.1 - Frequency Hopping Systems - Average Time of Occupancy Pass ANSI C63.10
2.3 15.247 (a)(1) 5.1 - Frequency Hopping Systems - Channel Separation Pass ANSI C63.10
25 15.247 (a)(1) 5.1 - Frequency Hopping Systems - 20 dB Bandwidth Pass ANSI C63.10
2.6 15.247 (d) 55 - Authorised Band Edges Pass ANSI C63.10
2.7 15.205 - 8.10 Restricted Band Edges Pass ANSI C63.10
Configuration and Mode: Bluetooth EDR (3DH5)
21 15.247 (b) 5.4 6.12 Maximum Conducted Output Power Pass ANSI C63.10
2.2 15.247 (a)(1) 5.1 - Frequency Hopping Systems - Average Time of Occupancy Pass ANSI C63.10

COMMERCIAL-IN-CONFIDENCE
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Section Specification Clause Test Description Result Comments/Base
Standard
Part 15C RSS-247 RSS-GEN
2.3 15.247 (a)(1) 5.1 - Frequency Hopping Systems - Channel Separation Pass ANSI C63.10
25 15.247 (a)(1) 5.1 - Frequency Hopping Systems - 20 dB Bandwidth Pass ANSI C63.10
2.6 15.247 (d) 55 - Authorised Band Edges Pass ANSI C63.10
2.7 15.205 - 8.10 Restricted Band Edges Pass ANSI C63.10

COMMERCIAL-IN-CONFIDENCE Page 4 of 61
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1.4 Product Information

14.1 Technical Description

&

Product Service

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

1.5 Deviations from the Standard

No deviations from the applicable test standard were made during testing.

1.6 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

Date Modification
Fitted

Serial Number: CO7WT0O0HK2V0

0

| As supplied by the customer

| Not Applicable

| Not Applicable

Serial Number: CO7WR0O0KK2T5

0

| As supplied by the customer

| Not Applicable

| Not Applicable

Table 2

COMMERCIAL-IN-CONFIDENCE
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Test Location

Product Service

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

Test Name

Name of Engineer(s)

Accreditation

Configuration and Mode: Bluetooth BR (DH5)

Office Address:
Octagon House
Concorde Way
Segensworth North
Fareham
Hampshire

PO15 5RL

United Kingdom

COMMERCIAL-IN-CONFIDENCE

Maximum Conducted Output Power Mehadi Choudhury UKAS

Frequency Hopping Systems - Average Time of Mehadi Choudhury UKAS

Occupancy

Frequency Hopping Systems - Channel Separation Mehadi Choudhury UKAS

Frequency Hopping Systems - Number of Hopping Mehadi Choudhury UKAS

Channels

Frequency Hopping Systems - 20 dB Bandwidth Mehadi Choudhury UKAS

Authorised Band Edges Graeme Lawler, Tony Hubbard, UKAS
- Malik Mohammed & Sharif

Restricted Band Edges Sendagire UKAS

Spurious Radiated Emissions UKAS

Configuration and Mode: Bluetooth EDR (2DH5)

Maximum Conducted Output Power Mehadi Choudhury UKAS

Frequency Hopping Systems - Average Time of Mehadi Choudhury UKAS

Occupancy

Frequency Hopping Systems - Channel Separation Mehadi Choudhury UKAS

Frequency Hopping Systems - 20 dB Bandwidth Mehadi Choudhury UKAS

Authorised Band Edges Graeme Lawler, Tony Hubbard, UKAS
- Malik Mohammed & Sharif

Restricted Band Edges Sendagire UKAS

Configuration and Mode: Bluetooth EDR (3DH5)

Maximum Conducted Output Power Mehadi Choudhury UKAS

Frequency Hopping Systems - Average Time of Mehadi Choudhury UKAS

Occupancy

Frequency Hopping Systems - Channel Separation Mehadi Choudhury UKAS

Frequency Hopping Systems - 20 dB Bandwidth Mehadi Choudhury UKAS

Authorised Band Edges Graeme Lawler, Tony Hubbard, UKAS
- Malik Mohammed & Sharif

Restricted Band Edges Sendagire UKAS

Table 3
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2.1

211

2.1.2

2.13

214

2.15

2.1.6

Product Service

Test Details

Maximum Conducted Output Power
Specification Reference

FCC 47 CFR Part 15C, Clause 15.247 (b)(1)
Industry Canada RSS-247, Clause 5.4

Equipment Under Test and Modification State

A1993, S/N: CO7TWROOKK2T5 - Modification State 0

Date of Test

18-July-2018

Test Method

The test was performed in accordance with ANSI C63.10, clause 7.8.5.
Environmental Conditions

Ambient Temperature  23.8 °C
Relative Humidity 46.6 %

Test Results

Bluetooth BDR (DH5)

Testing was performed on the modulation/packet type with the highest conducted output power.
This modulation/packet type was GFSK/DH5.

Frequency (MHz) Maximum Output Power

dBm mwW
2402 12.68 18.54
2441 12.57 18.07
2480 12.55 17.99

Table 4 - Maximum Conducted Output Power Results
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Figure 2 - 2441 MHz - Maximum Output Power
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Spectrum Analyzer 6
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Figure 3 - 2480 MHz - Maximum Output Power
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Bluetooth EDR (2DH5)

Testing was performed on the modulation/packet type with the highest conducted output power.
This modulation/packet type was 1/4-DQPSK/2DH5.

Frequency (MHz) Maximum Output Power

dBm mw
2402 10.94 12.42
2441 11.09 12.85
2480 10.96 12.47

Table 5 - Maximum Conducted Output Power Results

Spectrum Analyzer 4 Spectrum Analyzer 5 Spectrum Analyzer 6 .
Swept SA Swept SA Swept SA + Marker v -
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[:] Align: Auto Freq Ref: Int (S) IF Gain: Low Trig: Free Run Marker 1
NFE: Adaptive Sig Track: Off PNNNNM
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gs
Ref Lvl Offset 21.12 dB Mkri 2.401 870 GHz 2.401870000 GHz
Ref Level 21.12 dBm 10.94 dBm Peak
] Peak Search Search
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Next Peak Config
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Figure 4 - 2402 MHz - Maximum Output Power
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Bluetooth EDR (3DH5)

Testing was performed on the modulation/packet type with the highest conducted output power.
This modulation/packet type was 8-DPSK/3DH5.

Frequency (MHz) Maximum Output Power

dBm mw
2402 11.18 13.12
2441 11.15 13.03
2480 11.23 13.27

Table 6 - Maximum Conducted Output Power Results

Spectrum Analyzer 4 Spectrum Analyzer 5 Spectrum Analyzer 6 .
Swept SA Swept SA Swept SA + Marker v -
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[:] Align: Auto Freq Ref: Int (S) IF Gain: Low Trig: Free Run Marker 1
NFE: Adaptive Sig Track: Off PNNNNM

Marker Freguency Settin
gs
Ref Lvl Offset 21.12 dB Mkri 2.401 960 GHz 2.401960000 GHz
Ref Level 21.12 dBm 11.18 dBm Peak
] Peak Search Search
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Figure 7 - 2402 MHz - Maximum Output Power
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Figure 9 - 2480 MHz - Maximum Output Power
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2.1.7

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

&

Product Service

The maximum peak conducted output power of the intentional radiator shall not exceed the

following:

For frequency hopping systems operating in the 2400-2483.5 MHz band employing at least 75 non
overlapping hopping channels, and all frequency hopping systems in the 5725-5850MHz band: 1
watt. For all other frequency hopping systems in the 2400-2483.5 MHz band: 0.125 watts.

Industry Canada RSS-247, Limit Clause 5.4 (b)

For FHSs operating in the band 2400-2483.5 MHz, the maximum peak conducted output power
shall not exceed 1.0 W if the hopset uses 75 or more hopping channel; the maximum peak
conducted output power shall not exceed 0.125 W if the hopset uses less than 75 hopping channel.
The e.i.r.p. shall not exceed 4 W except as provided in section 5.4(e) of the specification.

Test Location and Test Equipment Used

This test was carried out in RF Laboratory 3.

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
20dB/2W Attenuator Narda 4772-20 462 O/P Mon
Mains Voltage Monitor TUV SUD Product Service | MVM1 1378 12 17-Apr-2019
Cable (3m, SMA(m) - ) } can.
SMA(m) ) Reynolds 262-0248-3000 2402 12 19-Sep-2018
Hygrometer Rotronic 1-1000 2891 12 30-Aug-2018
Network Analyser Rohde & Schwarz ZVA 40 3548 12 02-Oct-2018
Calibration Unit Rohde & Schwarz ZV-754 4368 12 06-Mar-2019
SecureSync 1200-
Frequency Standard Spectracom 0408-0601 4393 6 20-Oct-2018
EXA Keysight Technologies N9010B 4969 12 21-Dec-2018
Table 7

O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE
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2.2

221

222

223

224

2.2.5

2.2.6

Frequency Hopping Systems - Average Time of Occupancy
Specification Reference

FCC 47 CFR Part 15C, Clause 15.247 (a)(1)
Industry Canada RSS-247, Clause 5.1

Equipment Under Test and Modification State

A1993, S/N: CO7TWROOKK2T5 - Modification State 0

Date of Test

18-July-2018

Test Method

The test was performed in accordance with ANSI C63.10, clause 7.8.4.
Environmental Conditions

Ambient Temperature  23.8 °C
Relative Humidity 46.6 %

Test Results

&

Product Service

Bluetooth
Packet Type Dwell Time (ms) Number of Transmissions Average Occupancy Time
(ms)
DH5 2.88 102 293.76
2DH5 2.88 94 270.72
3DH5 2.88 99 285.12

Table 8

COMMERCIAL-IN-CONFIDENCE
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Product Service
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Spectrum Analyzer 1
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FCC 47 CFR Part 15, Limit Clause 15.247 (a)(1)(iii)

&

Product Service

Frequency hopping systems operating in the band 2400-2483.5 MHz shall use at least 15 hopping
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.
Transmissions on particular hopping frequencies may be avoided or suppressed provided that a
minimum of 15 hopping channels are used.

Industry Canada RSS-247, Limit Clause 5.1 (d)

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.

2.2.7

Test Location and Test Equipment Used

This test was carried out in RF Laboratory 3.

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
20dB/2W Attenuator Narda 4772-20 462 O/P Mon
Mains Voltage Monitor TUV SUD Product Service | MVM1 1378 12 17-Apr-2019
Cable (3m, SMA(m) - ) ) .
SMA(m) ) Reynolds 262-0248-3000 2402 12 19-Sep-2018
Hygrometer Rotronic 1-1000 2891 12 30-Aug-2018
Network Analyser Rohde & Schwarz ZVA 40 3548 12 02-Oct-2018
Calibration Unit Rohde & Schwarz ZV-754 4368 12 06-Mar-2019
SecureSync 1200-
Frequency Standard Spectracom 0408-0601 4393 6 20-Oct-2018
EXA Keysight Technologies N9010B 4969 12 21-Dec-2018
Table 9

O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE
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2.3

231

2.3.2

233

2.34

2.3.5

2.3.6

Product Service

Frequency Hopping Systems - Channel Separation
Specification Reference

FCC 47 CFR Part 15C, Clause 15.247 (a)(1)
Industry Canada RSS-247, Clause 5.1

Equipment Under Test and Modification State

A1993, S/N: CO7TWROOKK2T5 - Modification State 0

Date of Test

18-July-2018

Test Method

The test was performed in accordance with ANSI C63.10, clause 7.8.2.
Environmental Conditions

Ambient Temperature  23.8 °C
Relative Humidity 46.6 %

Test Results

Bluetooth
Modulation Channel Separation (MHz)
GFSK 1.002
/4 DQPSK 1.002
8-DPSK 1.002

Table 10
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Spectrum Analyzer 1
Occupied BW

KEYSIGHT [nput RF
e

Coupling: AC
Align: Auto

1 Spectrum

Scale/Div 10 dB

Center 2.440500 GHz
#Res BW 30 kHz

29~ ?

Spectrum Analyzer 1
Occupied BW

KEYSIGHT Input RF
Coupling: AC
Align” Auto

Center 2.440500 GHz
#Res BW 30 kHz

TSI

COMMERCIAL-IN-CONFIDENCE

Spectrum Analyzer 4

Swept SA
Input Z: 50 O
Corrections: Off
Freq Ref: Int (S)
NFE: Adaptive

Atten: 10 dB
Preamp: Off

Jul 18,2018/
3:47:20 AM

Product Service

Spectrum Analyzer 5
Swept SA

PNO: Best Wide
Gate: Off

IF Gain: Low
Sig Track: Off

Spectrum Analyzer 6
Swept SA

Avg Type: Log-Power

Trig: Free Run

Ref Lvl Offset 21.12 dB
Ref Level 21.12 dBm

#Video BW 91 kHz Span 3.000 MHz
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) OO0 ¥
':: L‘ﬂ EEEFAY

Figure 16 - GFSK
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Figure 17 - /4 DQPSK
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Product Service

Spectrum Analyzer 1 Spectrum Analyzer 4 Spectrum Analyzer 5 Spectrum Analyzer 6
Occupied BW Swept SA Swept SA Swept SA
KEYSIGHT !nput: RF InputZ: 50 Atten: 10 dB PNO: Best Wide  |Avg Type: Log-Power
Coupling: AC Corrections: Off  Preamp: Off Gate: Off Trig: Free Run
@ Align: Auto Freq Ref: Int (S) IF Gain: Low
NFE: Adaptive Sig Track: Off

Ref Lvl Offset 21.12 dB
Ref Level 21.12 dBm

S

Center 2.440500 GHz #Video BW 91 kHz Span 3.000 MHz
#Res BW 30 kHz Sweep 1.00 ms (1001 pts)

1 Jul 18, 2018 ) OO0 ¥
=l q (ﬂ . ? 3255:05AM " L‘ﬂ EEEFAY

Figure 18 - 8-DPSK

FCC 47 CFR Part 15, Limit Clause 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 band 2400-2483.5 MHz 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 0.125 W.

Industry Canada RSS-247, Limit Clause 5.1 (b)

FHSs 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, FHSs operating in the
band 2400-2483.5 MHz 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
that the systems operate with an output power no greater than 0.125 W.
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2.3.7

Test Location and Test Equipment Used

This test was carried out in RF Laboratory 3.

Product Service

O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
20dB/2W Attenuator Narda 4772-20 462 - O/P Mon
Mains Voltage Monitor TUV SUD Product Service | MVM1 1378 12 17-Apr-2019
Cable (3m, SMA(m) -
SMA(M)) Reynolds 262-0248-3000 2402 12 19-Sep-2018
Hygrometer Rotronic 1-1000 2891 12 30-Aug-2018
Network Analyser Rohde & Schwarz ZVA 40 3548 12 02-Oct-2018
Calibration Unit Rohde & Schwarz ZV-Z54 4368 12 06-Mar-2019
SecureSync 1200-
Frequency Standard Spectracom 0408-0601. 4393 6 20-Oct-2018
EXA Keysight Technologies N9010B 4969 12 21-Dec-2018
Table 11
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2.4 Frequency Hopping Systems - Number of Hopping Channels
24.1 Specification Reference

FCC 47 CFR Part 15C, Clause 15.247 (a)(1)
Industry Canada RSS-247, Clause 5.1

24.2 Equipment Under Test and Modification State
A1993, S/N: CO7TWROOKK2T5 - Modification State 0
243 Date of Test
18-July-2018
244 Test Method
The test was performed in accordance with ANSI C63.10, clause 7.8.3.
245 Environmental Conditions

Ambient Temperature  23.8 °C
Relative Humidity 46.6 %

2.4.6 Test Results

Bluetooth BDR (DH5)

Number of Hopping Channels: 79

Spectrum Analyzer 1 Spectrum Analyzer 4 Spectrum Analyzer 5 Spectrum Analyzer 6
Occupied BW Swept SA Swept SA Swept SA

KEYSIGHT InputRF Input Z50 O Atien10 dB PNOFast Avg Typelog-Power
CouplingAC Corrections Off CE) GateOff Avg|Hold:>100/100
lI) AlignAuto Freq RefInt (S) IF GainLow TrigFree Run
NFEAdaptive Sig TrackOff

i St Ref Lv| Offset 21.12 dB
Scale/Div 10 dB Ref Level 21.12 dBm

Start 2.40000 GHz #Video BW 620 kHz Stop 2.48350 GHz
#Res BW 200 kHz Sweep 1.00 ms (1001 pts)

1 Jul 18, 2018 Q00 ¥
=l q (‘ . ? 31:18:41AM e L‘ﬂ EENFAN

Figure 19 - Measurement Frequency Range: 2400 MHz to 2483.5 MHz
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FCC 47 CFR Part 15, Limit Clause 15.247 (a)(1)(iii)

2 15 channels

Industry Canada RSS-247, Limit Clause 5.1 (d)

Product Service

FHSs operating in the band 2400-2483.5 MHz shall use at least 15 hopping channels.

247

Test Location and Test Equipment Used

This test was carried out in RF Laboratory 3.

O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
20dB/2W Attenuator Narda 4772-20 462 O/P Mon
Mains Voltage Monitor TUV SUD Product Service | MVM1 1378 12 17-Apr-2019
Cable (3m, SMA(m) - ) ] can.
SMA(m)) Reynolds 262-0248-3000 2402 12 19-Sep-2018
Hygrometer Rotronic 1-1000 2891 12 30-Aug-2018
Network Analyser Rohde & Schwarz ZVA 40 3548 12 02-Oct-2018
Calibration Unit Rohde & Schwarz ZV-754 4368 12 06-Mar-2019
SecureSync 1200-
Frequency Standard Spectracom 0408-0601 4393 6 20-Oct-2018
EXA Keysight Technologies N9010B 4969 12 21-Dec-2018
Table 12
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2.5

251

2.5.2

253

254

255

2.5.6

COMMERCIAL-IN-CONFIDENCE

Product Service

Frequency Hopping Systems - 20 dB Bandwidth
Specification Reference

FCC 47 CFR Part 15C, Clause 15.247 (a)(1)
Industry Canada RSS-247, Clause 5.1

Equipment Under Test and Modification State

A1993, S/N: CO7TWROOKK2T5 - Modification State 0

Date of Test

18-July-2018

Test Method

The test was performed in accordance with ANSI C63.10, clause 6.9.2
Environmental Conditions

Ambient Temperature  23.8 °C
Relative Humidity 46.6 %

Test Results

Bluetooth
20 dB Bandwidth (kHz)
Frequency (MHz)
GFSK /4 DQPSK 8-DPSK
2402 960.20 1383 1366
2441 955.60 1387 1377
2480 956.00 1385 1369

Table 13
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Spectrum Analyzer 1
Occupied BW

KEYSIGHT 'SDUIZI_RF i
oupling:
Q Align: Auto

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

Center 2402 GHz
#Res BW 30.000 kHz

2 Metrics

Occupied Bandwidth
901.60 kHz

Transmit Freq Eror
X dB Bandwidth

D Ml ? e

Atten: 10 dB
Preamp: Off Gate: Off

Center Freq: 2.402000000 GHz
Avg|Hold:=10/10
Radio Std: None

Trig: Free Run

#F Gain: Low

Ref Lvl Offset 21.12 dB
Ref Value 30.00 dBm

#Video BW 91.000 kHz

Total Power

126 Hz % of OBW Power

960.2 kHz xdB

Figure 20 - 2402 MHz - GFSK

Spectrum Analyzer 1

Occupied BW

KEYSIGHT Input RF
Coupling: AC
Align” Auto

Input Z: 50 0
Corrections: Off
Freq Ref: Int (S)
NFE: Adaptive

Center 2.441 GHz
#Res BW 30,000 kHz

2 Metrics

Occupied Bandwidth
893.84 kHz

Transmit Freq Error
X dB Bandwidth

M ? T

COMMERCIAL-IN-CONFIDENCE

Atten: 10 dB
Preamp: Off Gate: Off

Center Freq: 2.441000000 GHz
Avg|Hold:>10A0
Radio Std: None

Trig: Free Run

#IF Gain: Low

Ref Lvl Offset 21.12 dB
Ref Value 30.00 dBm

#Video BW 91.000 kHz*

Total Power

2477 kHz % of OBW Power
955.6 kHz xdB

Figure 21 - 2441 MHz - GFSK

Product Service

Span 3 MHz|
Sweep 4.13 ms (1001 pts)

19.1 dBm

99.00 %
-20.00 dB

e ¥

Span 3 MHz
Sweep 4.13 ms (1001 pts)

18.9dBm

99.00 %
-20.00 dB

1Y
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Spectrum Analyzer 1
Occupied BW

KEYSIGHT 'SDUIZI_RF i
oupling:
[:) Align: Auto

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

Atten: 10 dB
Preamp: Off

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

Ref Lvl Offset 21.12 dB
Ref Value 30.00 dBm

Center 248 GHz
#Res BW 30.000 kHz

2 Metrics

Occupied Bandwidth
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6.660 kHz
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Transmit Freq Ermor
x dB Bandwidth

DMl ? e

#Video BW 91.000 kHz*

Total Power

% of OBW Power
xdB

Product Service

Center Freq: 2480000000 GHz
Avg|Hold:=10/10
Radio Std: None

3.0000 MHz
CF Step
300.000 kHz

Auto
Man

Span 3 MHz,
Sweep 4.13 ms (1001 pts)

18.7dBm

99.00 %
-20.00 dB

x5
A%

EiL)

Figure 22 - 2480 MHz - GFSK

Spectrum Analyzer 1

Occupied BW

KEYSIGHT Input RF
Coupling: AC
Align” Auto

Input Z: 50 0
Corrections: Off
Freq Ref: Int (S)
NFE: Adaptive

Center 2.402 GHz
#Res BW 30,000 kHz

2 Metrics

Occupied Bandwidth
1.2239 MHz

Transmit Freq Error
X dB Bandwidth

DM ?

Figure 23 - 2402 MHz - r/4 DQPSK

COMMERCIAL-IN-CONFIDENCE

Atten: 10 dB

Preamp: Off

898 Hz
1.383 MHz

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

Ref Lvl Offset 21.12 dB
Ref Value 30.00 dBm

#Video BW 91.000 kHz*

Center Freq: 2.402000000 GHz
Avg|Hold:>10A0
Radio Std: None

Span 3 MHz
Sweep 4.13 ms (1001 pts)

15.3dBm

99.00 %
-20.00 dB

Total Power

% of OBW Power
xdB

1Y
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Spectrum Analyzer 1
Occupied BW

KEYSIGHT 'SDUIZI_RF i
oupling:
[:) Align: Auto

Center 2441 GHz
#Res BW 30.000 kHz

2 Metrics

Input Z: 50 O Atten: 10 dB Trig: Free Run
Corrections: Off  Preamp: Off Gate: Off
Freq Ref: Int (S) #IF Gain: Low
NFE: Adaptive

Center Freq: 2441000000 GHz
Avg|Hold:=10/10
Radio Std: None

Ref Lvl Offset 21.12 dB
Ref Value 30.00 dBm

#Video BW 91.000 kHz
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Transmit Freq Eror 7.553 kHz
X dB Bandwidth

29~ ?

1.2335 MHz Total Power

% of OBW Power
1.387 MHz xdB

Jul 18, 2018
12:55:37 AM

Figure 24 - 2441 MHz - /4 DQPSK
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Occupied BW
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Coupling: AC
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2 Metrics
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Avg|Hold:=10/10
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il |
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1.2310 MHz Total Power

10.684 kHz % of OBW Power
1.385 MHz xdB

Jul 18, 2018
12:56:37 AM

Figure 25 - 2480 MHz - r/4 DQPSK

Product Service
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Spectrum Analyzer 1
Occupied BW

KEYSIGHT 'SDUIZI_RF i
oupling:
[:) Align: Auto

Input Z: 50 O Atten: 10 dB
Corrections: Off  Preamp: Off
Freq Ref: Int (S)

NFE: Adaptive

Center 2402 GHz
#Res BW 30.000 kHz

2 Metrics

Occupied Bandwidth
1.2293 MHz

-6.266 kHz
1.366 MHz

Transmit Freq Eror
X dB Bandwidth

D Ml ? o

Trig: Free Run

Center Freq: 2.402000000 GHz

Gate: Off Avg|Hold:=10/10

#F Gain: Low

Ref Lvl Offset 21.12 dB
Ref Value 30.00 dBm

#Video BW 91.000 kHz

Radio Std: None

Total Power

% of OBW Power
xdB

Figure 26 - 2402 MHz - 8-DPSK

Spectrum Analyzer 1
Occupied BW

KEYSIGHT Input RF
Coupling: AC
Align: Auto

Input Z: 50 Atten: 10 dB
Corrections: Off ~ Preamp: Off
Freq Ref: Int (S)

NFE: Adaptive

Center 2.441 GHz
#Res BW 30,000 kHz

2 Metrics
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Transmit Freq Error 184 Hz
X dB Bandwidth 1.377 MHz
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Trig: Free Run
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xdB

Figure 27 - 2441 MHz - 8-DPSK
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Product Service

Span 3 MHz|
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Product Service

Spectrum Analyzer 1
Occupied BW

KEYSIGHT 'SDUIZI_RF i
oupling:
l:) Align: Auto

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

Atten: 10 dB
Preamp: Off

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

Center Freq: 2480000000 GHz
Avg|Hold:=10/10
Radio Std: None

Ref Lvl Offset 21.12 dB
Ref Value 30.00 dBm

Center 248 GHz
#Res BW 30.000 kHz

#Video BW 91.000 kHz* Span 3 MHz|

Sweep 4.13 ms (1001 pts)
2 Metrics

Occupied Bandwidth

1.2345 MHz Total Power

2960 kHz % of OBW Power
1.369 MHz xdB

15.5dBm

99.00 %
-20.00 dB

Transmit Freq Eror
X dB Bandwidth

10 )7 e

e ¥

Figure 28 - 2480 MHz - 8-DPSK
257 Test Location and Test Equipment Used

This test was carried out in RF Laboratory 3.

O/P Mon — Output Monitored using calibrated equipment

COMMERCIAL-IN-CONFIDENCE

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
20dB/2W Attenuator Narda 4772-20 462 - O/P Mon
Mains Voltage Monitor TUV SUD Product Service | MVM1 1378 12 17-Apr-2019
Cable (3m, SMA(m) - ) ] can.
SMA(m)) Reynolds 262-0248-3000 2402 12 19-Sep-2018
Hygrometer Rotronic 1-1000 2891 12 30-Aug-2018
Network Analyser Rohde & Schwarz ZVA 40 3548 12 02-Oct-2018
Calibration Unit Rohde & Schwarz ZV-754 4368 12 06-Mar-2019
SecureSync 1200-
Frequency Standard Spectracom 0408-0601 4393 6 20-Oct-2018
EXA Keysight Technologies N9010B 4969 12 21-Dec-2018
Table 14
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2.6 Authorised Band Edges
26.1 Specification Reference

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

2.6.2 Equipment Under Test and Modification State
A1993, S/N: CO7TWTO0OHK2VO0 - Modification State 0
2.6.3 Date of Test
30-June-2018
2.6.4 Test Method
The test was performed in accordance with ANSI C63.10, clause 6.10.4.

Note: 2483.5 MHz is both an Authorised Bandwidth and a Restricted Band Edge. Of the two limits,
the Restricted Band Edge is the most stringent and therefore demonstrates compliance with the 20
dBc Authorised Bandwidth requirement.

2.6.5 Environmental Conditions

Ambient Temperature  23.6 °C
Relative Humidity 50.8 %

2.6.6 Test Results

Mode Modulation Packet Type Frequency (MHz) | Measured Frequency Level (dBc)
(MHz)
Static GFSK DH5 2402 2400.0 -62.89
Static /4 DQPSK 2DH5 2402 2400.0 -55.90
Static 8-DPSK 3DH5 2402 2400.0 -56.70
Hopping | GFSK DH5 2402 2400.0 -65.58
Hopping | T/4 DQPSK 2DH5 2402 2400.0 -62.17
Hopping 8-DPSK 3DH5 2402 2400.0 -61.54
Table 15
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90—

BN

Ref 120dBuvim.

Attenuation 2 dB

FillrB-2d8 Sovoen Count 10
Marker 12400 MHz — PeakTrace
= Peak Limit
ek oo 11925 540-32 1 dBUV/M 2 e

Marker 2 2401.960 MHz
109.36 dBuv/m

o= A Marker 3-2.2 MHz

-62.89 dBc

P-2048

Start 2395.0 MHz
RBV 100kHz

T
Center 24000 MHz
VB 300 kHz

T 1
Stop 2405.0MHz
Sweep.000 ms (1001 pis)

Figure 29 - Static - GFSK/DHS5 - 2402 MHz - Measured Frequency 2400.0 MHz

13—

120—

10—

Ref 130dBuvim
Filter BW/-3dB

Marker 1 2400 MHz
41.638 dBuv/m
Marker 2 2445.900 MHz
Fesk Fover 110673 8140.57 dBuv/m
A Marker 3-91.8 MHz
-65.58 dBc

F-20d8

Aftenuaion 2 dB
Sweep Count 100
— Peak Trace

— Peak Limit
— P20dB

Start 2310.0 MHz
REW 100kHz

T
Center 2600.0 MHz
VBW 300 kHz

T 1
Stop 2430.0MHz
Swiesp 17.267 ms (1001 pts)

Figure 30 - Hopping - GFSK/DH5 - 2402 MHz - Measured Frequency 2400.0 MHz
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__ Ref 120dBuvim Attenuation 2 B
e Filter BW-3dB Sweep Count 100
Marker 1 2400 MHz — PeakTrce
= Peak Limit
45.998 dBuv/m Fae
110-
Marker 2 2401.980 MHz J
Peak Power: 103.887 dBuy;
103.89 dBuv/m
o= A Marker 3-2.3 MHz
-55.90 dBc
0
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0
7]
ol
50— 3n2
1
o]
T T 1
Start 2395.0 MHz Center 2400.0 MHz Stop 2405.0MHz
RBW 100kHz VBW 300 kHz Sweep1.000 ms (1001 pis)

Figure 31 - Static - /4 DQPSK/2DH5 - 2402 MHz - Measured Frequency 2400.0 MHz

10— Ref 120 dBuvim Attenuation 2 dB
Filter Bw/-3dB. Sweep Count 100
Marker 1 2400 MHz — PeskTrace
— reucuimt
42184 dBuv/m e
o]
*Marker 2:2460.120 MHz 2
106.28 dBuv/m
1w A Marker 3-99.9 MHz M
-62.17 dBc
90—
P-20dB
80—
70|
o]
80—
302
WWMMMWWMWMWWWW
o]
T T 1
‘Start 2310.0 MHz Center 2400.0 MHz Stop 2430.0MHz
RBW 100kHz WBW 300 kHz Sweep 17.267 ms (1001 pts)

Figure 32 - Hopping - /4 DQPSK/2DHS5 - 2402 MHz - Measured Frequency 2400.0 MHz
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__ Ref 120dBuvim Attenuation 2 B
e Filier BW -3dB. Sweep Count 100
Marker 1 2400 MHz T RekTace
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Marker 2 2401.900 MHz
Pesk Power: 103 ESZL‘E..!HQ.:A dBuv/m
1o A Marker 3-2.4 MHz
-56.70 dBc
0
P-20dB
0
7]
ol
50— W
o]
T T T 1
Start 2395.0 MHz Center 2400.0 MHz Stop 2405.0MHz
RBW 100kHz VBW 300 kHz Sweep1.000 ms (1001 pis)

Figure 33- Static - 8-DPSK/3DH5 - 2402 MHz - Measured Frequency 2400.0 MHz

10— Ref 120dBuvim Attenuation 2 dB
Filter B/ -3dB. Sweep Count 100
Marker 1 2400 MHz T PeakTace
o 41.772 dBuv/m e
Marker. 2,2455.080 MHz
105.60 dBuv/m
1A Marker 3=137.3 MHz
-61.54 dBc
P-20dB
3n2
W,WWWWWMMMWNWW W
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RBW 100kHz VBW 300 kHz
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Figure 34 - Hopping - 8-DPSK/3DH5 - 2402 MHz - Measured Frequency 2400.0 MHz
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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.

Industry Canada 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 EMC Chamber 5.

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)

10dB/1W SMA Attenuator dc - | Sealectro 60-674-1010-89 3 12 31-Aug-2018

18GHz

Screened Room (5) Rainford Rainford 1545 36 23-Jan-2021

Turntable Controller Inn-Co GmbH CO 1000 1606 TU

EMI Test Receiver Rohde & Schwarz ESU40 3506 12 22-Nov-2018

1 Metre SMA Cable Rhophase 3PS-1801A-1000- 4099 12 19-Sep-2018
3PS

Cable (Rx, Nm-Nm, 7m) Scott Cables SLU18-NMNM- 4498 O/P Mon
07.00M

Cable (Rx, Km-Km 2m) Scott Cables KPS-1501-2000- 4526 6 31-Aug-2018
KPS

EMI Receiver Keysight N9038A MXE 4628 12 4-Jul-2019

Technologies
EMI Receiver Keysight N9038A MXE 4629 12 13-Sep-2018
Technologies

Mast Controller Maturo Gmbh NCD 4810 TU

Tilt Antenna Mast Maturo Gmbh TAM 4.0-P 4811 TU

9m N type RF cable Rosenberger 2303-0 9.0m PNm 4827 6 4-Jan-2019
PNm

Double Ridge Broadband Horn | Schwarzbeck BBHA 9120 B 4848 12 12-Feb-2019

Antenna

Hygrometer Rotronic HP21 4989 12 26-Apr-2019

Table 16

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment
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271

2.7.2

273

27.4

275

Product Service

Restricted Band Edges
Specification Reference

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

Equipment Under Test and Modification State

A1993, S/N: CO7TWTO0OHK2VO0 - Modification State 0

Date of Test

30-June-2018

Test Method

Testing 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
Final average measurements were taken in accordance with ANSI C63.10, clause 4.1.4.2.2

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  23.6 °C
Relative Humidity 50.8 %
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2.7.6 Test Results
Bluetooth
Mode Modulation Packet Type Frequency Measured Peak Level Average Level
(MHz) Frequency (MHz) (dBpVv/m) (dBpv/m)

Static GFSK DH5 2402 2390.0 50.44 41.49
Static GFSK DH5 2402 2389.16 52.42

Static GFSK DH5 2402 2382.05 41.83
Static /4 DQPSK 2DH5 2402 2390.0 49.51 41.48
Static /4 DQPSK 2DH5 2402 2388.41 52.64

Static /4 DQPSK 2DH5 2402 2380.16 42.02
Static 8-DPSK 3DH5 2402 2390.0 49.10 41.59
Static 8-DPSK 3DH5 2402 2384.09 52.40

Static 8-DPSK 3DH5 2402 2384.21 41.84
Static GFSK DH5 2480 2483.5 49.18 41.81
Static GFSK DH5 2480 2483.71 52.54

Static GFSK DH5 2480 2483.57 42.15
Static /4 DQPSK 2DH5 2480 2483.5 50.78 41.10
Static /4 DQPSK 2DH5 2480 2483.69 52.62

Static /4 DQPSK 2DH5 2480 2483.56 41.20
Static 8-DPSK 3DH5 2480 2483.5 50.16 40.73
Static 8-DPSK 3DH5 2480 2488.33 51.63

Static 8-DPSK 3DH5 2480 2483.71 41.26

Table 17

Ref 120dBuvim
Filter W/ -3

Marker 1 2390 MHz
50.437 dBuv/m
Marker 2 2389.160 MHz
52.42 dBuv/im
10— Marker 3 2390 MHz
41.49 dBuv/m
Marker 4 2382.050 MHz
41.83 dBuv/im

Atienuation 6 dB
Sweep Count 300

Stert 2375.0MHz
REW TMHz

Cer

T
rier 2350.0MHz

VEW 2 MHz

1
Stop 24050 MHz
Sweep1.000 ms (1001 pis)

Figure 35 Static - GFSK/DHS5 - 2402 MHz - Measured Frequency 2390.0 MHz
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Ref 110dBuvim
Filter BW-34B

Marker 1 2390 MHz
49.509 dBuv/m
®7 Marker 2 2388.410 MHz
52.64 dBuv/im
Marker 3 2390 MHz
41.479 dBuv/m
Marker 4 2380.160 MHz
42.02 dBuv/m

10—

Atteruation 6 dB
Sweep Count 300

Pt et gt Aon g B s Ao A Py A AP A7 A AN e N e NSt ot g~ I

Start 2375.0 MHz Center 2390.0MHz
REW TMHz VB 2 MHz

T 1
Stop 24050 MHz
Sweep1.000 ms (1001 pis)

Figure 36 Static - m/4 DQPSK/2DHS5 - 2402 MHz - Measured Frequency 2390.0 MHz

Ref 110dBuvim
Filter v/ 3B

Marker 12390 MHz
49.095 dBuv/m
®7| Marker 2 2384.090 MHz
52.40 dBuv/m
Marker 3 2390 MHz
41.592 dBuv/m
Marker 4 2384.210 MHz
41.84 dBuv/m

10—

Attenuation 6 B
Sweep Count 300
— Peak Trace

— Average Trace (RMS)
= PeapLim

T
Start 2375.0MHz Center 2390.0MHz
RBW TMHz VBW 3 MHz

T 1
Stop 24050MHz
Sweep1.000 ms (1001 pis)

Figure 37 Static - 8-DPSK/3DHS5 - 2402 MHz - Measured Frequency 2390.0 MHz
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Ref 120cBuvim
Filter W -6 4B

Marker 1 2483.5 MHz
49.178 dBuv/m
Marker 2 2483.710 MHz

120 —

10—

100 —]

Attenuation 6 dB
Sweep Count 300
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— Peak Limit

— Average Limit
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T
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1
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Sweep1.000ms (1001 pts)

Figure 38 Static - GFSK/DHS5 - 2480 MHz - Measured Frequency 2483.5 MHz
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Filter Bw/ -6 6B
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10—

100—

arker 4 2483.560 MHz
41.20 dBuv/m

Attenuation 6 B
Sweep Count 300

— Peak Trace
— Average Trace (RMS)
— Peak Limit

— Average Limit

540 dBuvim

Start 24785 MHz
RBW 1MHz

T 1
Stop 2488 5MHz
Sweep1.000 ms (1001 pis)

T
Center 24835 MHz
VBW 3 MHz

Figure 39 Static - m/4 DQPSK/2DH5 - 2480 MHz - Measured Frequency 2483.5 MHz
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Ref 110cBuvim
Filter W -6 4B

Marker 1 2483.5 MHz

arker 4 2483.710 MHz
41.26 dBuv/m

T 1
Center 24835 MHz Stop 2488 5MHz

Start 2478.5 iz
VEW 3 MHz Sweep1.000ms (1001 pts)

REW 1MHz

Figure 40 Static - 8-DPSK/3DHS5 - 2480 MHz - Measured Frequency 2483.5 MHz
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Ref 120dBuvim Attenuation 2 4B
120 —

Filter BW 248 Sweep Count 100

Marker 1 2390 MHz — Pesic Trace.
— Average Trace (RMS)

51.093 dBuv/m et
Marker 2 2342.200 MHz

53.50 dBuv/m
10— Marker 3 2390 MHz

43.674 dBuv/m
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10—
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Figure 41 Hopping - GFSK/DHS5 - 2402 MHz - Measured Frequency 2390.0 MHz

Ref 120dBuvim

20 Fiter w308 S:‘::“;t’;iﬁ
Marker 12390 MHz ki oSN
. 50.171 dBuv/m et
Marker 2 2295.600 MHz
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43.614 dBuv/m
“ Marker 4 2356.000 MHz
43.71 dBuv/m
dBuvim
.
2
-4
Start 2280.0MHz. Cerner‘ZJBD OMHz ! StewZéSDDMHz‘
RBW 1MHz VBW 3 MHz Sweep 1.000 ms (1001 pts)

Figure 42 Hopping - /4 DQPSK/2DHS5 - 2402 MHz - Measured Frequency 2390.0 MHz
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Ref 120Buvim
Filter B/ -3 4B

Marker 1 2390 MHz
50.693 dBuv/m
Marker 2 2353.000 MHz
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Figure 43 Hopping - 8-DPSK/3DHS5 - 2402 MHz - Measured Frequency 2390.0 MHz
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Figure 44 Hopping - GFSK/DHS5 - 2480 MHz - Measured Frequency 2483.5 MHz
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Figure 45 Hopping - /4 DQPSK/2DH5 - 2480 MHz - Measured Frequency 2483.5 MHz
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Figure 46 Hopping - 8-DPSK/3DH5 - 2480 MHz - Measured Frequency 2483.5 MHz
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FCC 47 CER Part 15C, Limit Clause 15.205

Peak (dBuV/m) Average (dBuVv/m)

Restricted Bands of Operation 74 54

Table 18

Industry Canada RSS-GEN, Limit Clause 8.9

Frequency (MHz) Field Strength (uV/m at 3 metres)
30-88 100
88-216 150
216-960 200
Above 960* 500
Table 19

*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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2.7.7

This test was carried out in EMC Chamber 5.

Test Location and Test Equipment Used

Product Service

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)

10dB/1W SMA Attenuator dc - | Sealectro 60-674-1010-89 3 12 31-Aug-2018

18GHz

Screened Room (5) Rainford Rainford 1545 36 23-Jan-2021

Turntable Controller Inn-Co GmbH CO 1000 1606 - TU

EMI Test Receiver Rohde & Schwarz ESU40 3506 12 22-Nov-2018

1 Metre SMA Cable Rhophase 3PS-1801A-1000- 4099 12 19-Sep-2018
3PS

Cable (Rx, Nm-Nm, 7m) Scott Cables SLU18-NMNM- 4498 - O/P Mon
07.00M

Cable (Rx, Km-Km 2m) Scott Cables KPS-1501-2000- 4526 6 31-Aug-2018
KPS

EMI Receiver Keysight N9038A MXE 4628 12 4-Jul-2019

Technologies
EMI Receiver Keysight N9038A MXE 4629 12 13-Sep-2018
Technologies

Mast Controller Maturo Gmbh NCD 4810 - TU

Tilt Antenna Mast Maturo Gmbh TAM 4.0-P 4811 - TU

9m N type RF cable Rosenberger 2303-0 9.0m PNm 4827 6 4-Jan-2019
PNm

Double Ridge Broadband Horn | Schwarzbeck BBHA 9120 B 4848 12 12-Feb-2019

Antenna

Hygrometer Rotronic HP21 4989 12 26-Apr-2019

Table 20

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment
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281

2.8.2

2.8.3

284

2.8.5

2.8.6

Product Service

Spurious Radiated Emissions
Specification Reference

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

Equipment Under Test and Modification State

A1993, S/N: CO7TWTO0HK2VO0 - Modification State 0

Date of Test

10-July-2018 to 17-July-2018

Test Method

Testing was performed in accordance with ANSI C63.10 clause 6.3, 6.5 and 6.6.

In the 30MHz to 1GHz range pre-scans were only performed on mid channel (2441 MHz) and any
emissions identified then measured on bottom (2402 MHz) and top (2480 MHz).

Plots for average measurements were taken in accordance with ANSI C63.10-2013 clause
4.1.4.2.3 to characterize the EUT. Where emissions were detected, final average measurements
were taken in accordance with ANSI C63.10-2013 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, (54/74 dBuV/m @ 3m and 64/84 dBuV/m @ 1m) 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 pv/m:
107 (Field Strength in dBuV/m/20).

Environmental Conditions

Ambient Temperature  20.4 °C
Relative Humidity 60.8 %

Test Results

Bluetooth

Testing was performed on the modulation and packet type which resulted in the highest conducted
output power. The Modulation/Packet type was GFSK/DH5.

Frequency (GHz) Result (dBuv/m) Limit (dBuVv/m) Margin (dBuV/m)

Peak Average Peak Average Peak Average

Table 21 - 2441 MHz - 30 MHz to 1 GHz Emissions Results

*No emissions were detected within 10 dB of the limit.
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Figure 47 - 2441 MHz - 30 MHz to 1 GHz Horizontal
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Figure 48 - 2441 MHz - 30 MHz to 1 GHz Vertical
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2402 MHz

Frequency (GHz) Result (uV/m) Limit (uV/m) Margin (pVv/m)

Peak Average Peak Average Peak Average

Table 22 - 1 GHz to 26 GHz - Radiated

*No emissions were detected within 10 dB of the limit.
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Figure 49 - 2402 MHz - 1 GHz to 26 GHz — Horizontal (Peak)

Note - The emissions seen at 2402 MHz is the EUT’s intentional transmitter frequency and is
therefore not subject to this test.
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Figure 50 - 2402 MHz - 1 GHz to 26 GHz — Horizontal (Average)

Note - The emissions seen at 2402 MHz is the EUT’s intentional transmitter frequency and is
therefore not subject to this test.
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Figure 51 - 2402 MHz - 1 GHz to 26 GHz - Vertical (Peak)

Note - The emissions seen at 2402 MHz is the EUT’s intentional transmitter frequency and is
therefore not subject to this test.
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Figure 52 - 2402 MHz - 1 GHz to 26 GHz - Vertical (Average)

Note - The emissions seen at 2402 MHz is the EUT’s intentional transmitter frequency and is
therefore not subject to this test.

COMMERCIAL-IN-CONFIDENCE Page 51 of 61



Document Number: 75942779-10 | Issue: 02
COMMERCIAL-IN-CONFIDENCE

Product Service

Frequency (GHz) Result (uV/m) Limit (uV/m) Margin (pVv/m)

Peak Average Peak Average Peak Average

Table 23 - 1 GHz to 26 GHz - Radiated

*No emissions were detected within 10 dB of the limit.
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Figure 53 - 2441 MHz - 1 GHz to 26 GHz Horizontal (Peak)

Note - The emissions seen at 2441 MHz is the EUT’s intentional transmitter frequency and is
therefore not subject to this test.
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Figure 54 - 2441 MHz - 1 GHz to 26 GHz Horizontal (Average)

Note - The emissions seen at 2441 MHz is the EUT’s intentional transmitter frequency and is
therefore not subject to this test.
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Figure 55 - 2441 MHz - 1 GHz to 26 GHz Vertical (Peak)

Note - The emissions seen at 2441 MHz is the EUT’s intentional transmitter frequency and is
therefore not subject to this test.
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Figure 56 - 2441 MHz - 1 GHz to 26 GHz Vertical (Average)

Note - The emissions seen at 2441 MHz is the EUT’s intentional transmitter frequency and is
therefore not subject to this test.
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2480 MHz

Frequency (GHz) Result (uV/m) Limit (uV/m) Margin (pVv/m)

Peak Average Peak Average Peak Average

Table 24 - 1 GHz to 26 GHz - Radiated

*No emissions were detected within 10 dB of the limit.
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Figure 57 - 2480 MHz - 1 GHz to 26 GHz Horizontal (Peak)

Note - The emissions seen at 2480 MHz is the EUT’s intentional transmitter frequency and is
therefore not subject to this test.
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Figure 58 - 2480 MHz - 1 GHz to 26 GHz Horizontal (Average)

Note - The emissions seen at 2480 MHz is the EUT’s intentional transmitter frequency and is
therefore not subject to this test.
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Figure 59 - 2480 MHz - 1 GHz to 26 GHz Vertical (Peak)

Note - The emissions seen at 2480 MHz is the EUT’s intentional transmitter frequency and is
therefore not subject to this test.
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Figure 60 - 2480 MHz - 1 GHz to 26 GHz Vertical (Average)

Note - The emissions seen at 2480 MHz is the EUT’s intentional transmitter frequency and is
therefore not subject to this test.
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FCC 47 CFER 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)

Industry Canada 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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This test was carried out in EMC Chamber 5.

Product Service

Calibration
Instrument Manufacturer Type No TE No | Period Calibration Due
(months)
10dB/1W SMA Attenuator | Sealectro 60-674-1010-89 3 12 31-Aug-2018
dc -18GHz
Multimeter White Gold WG022 190 12 24-Nov-2018
Antenna 18-40GHz Link Microtek Ltd AM180HA-K- 230 24 2-May-2020
(Double Ridge Guide) TU2
Antenna (Bilog) Schaffner CBL6143 287 24 15-May-2020
Dual Power Supply Unit Thurlby PL320 288 - TU
Filter (High Pass) Lorch SHP7-7000-SR 566 12 10-May-2019
Pre-Amplifier Phase One PS04-0086 1533 |12 12-Jan-2019
18GHz - 40GHz Pre- Phase One PS04-0087 1534 |12 2-Feb-2019
Amplifier
Screened Room (5) Rainford Rainford 1545 |36 23-Jan-2021
Turntable Controller Inn-Co GmbH CO 1000 1606 |- TU
Antenna (Bilog) Chase CBL6143 2904 |24 8-Aug-2019
Cable (N-N, 8m) Rhophase NPS-2302-8000- |3248 |- O/P Mon
NPS
EMI Test Receiver Rohde & Schwarz | ESU40 3506 |12 22-Nov-2018
Network Analyser Rohde & Schwarz | ZVA 40 3548 |12 2-Oct-2018
1 Metre SMA Cable Rhophase 3PS-1801A-1000- (4099 |12 19-Sep-2018
3PS
1501A 4.0M Km Km Cable | Rhophase KPS-1501A-4000- | 4301 |12 19-Feb-2019
KPS
1GHz to 8GHz Low Noise | Wright APS04-0085 4365 |12 18-Oct-2018
Amplifier Technologies
Calibration Unit Rohde & Schwarz | ZV-Z54 4368 |12 06-Mar-2019
Cable Scott Cables KPS-1501-2000- | 4526 (6 31-Aug-2018
(RX, Km-Km 2m) KPS
Cable Scott Cables SLSLL18-SMSM- | 4528 |6 15-Aug-2018
(Rx, SMAM-SMAmMO0.5m) 00.50M
EMI Receiver Keysight N9038A MXE 4628 |12 04-July-2019
Technologies
Double Ridged Waveguide | ETS-Lindgren 3117 4722 |12 1-Mar-2019
Horn Antenna
Mast Controller Maturo Gmbh NCD 4810 |- TU
Tilt Antenna Mast Maturo Gmbh TAM 4.0-P 4811 |- TU
9m N type RF cable Rosenberger 2303-09.0m PNm | 4827 |6 4-Jan-2019
PNm
Double Ridge Broadband Schwarzbeck BBHA 9120 B 4848 |12 12-Feb-2019
Horn Antenna
4dB Attenuator Pasternack PE7047-4 4935 |12 28-Nov-2018
Hygrometer Rotronic HP21 4989 |12 26-Apr-2019
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Cable (26.5GHz Rosenberger LU7-133-5000 5019 |- O/P Mon
Cable (40GHz Rosenberger LU1-001-2000 5020 |- O/P Mon
Table 25

TU - Traceability Unscheduled
O/P Mon — Output Monitored using calibrated equipment
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3 Measurement Uncertainty

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

Test Name Measurement Uncertainty

Maximum Conducted Output Power +3.2dB

Frequency Hopping Systems - Average Time of -

Occupancy

Frequency Hopping Systems - Channel Separation + 30.43 kHz

Frequency Hopping Systems - Number of Hopping -

Channels

Frequency Hopping Systems - 20 dB Bandwidth + 30.43 kHz

Authorised Band Edges 30 MHz to 1 GHz: + 5.2 dB
1 GHz to 40 GHz: + 6.3 dB

Restricted Band Edges 30 MHz to 1 GHz: + 5.2 dB
1 GHz to 40 GHz: + 6.3 dB

Spurious Radiated Emissions 30 MHz to 1 GHz: + 5.2 dB

1 GHz to 40 GHz: + 6.3 dB

Table 26
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