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1. Release Control Record

Test report Number

Reason of change Date of Issue

28113231-005

Original release 16/05/2019

Correct model name, added derived models
table. This version cancel and replaces full test

28113231-008 report nr.28113231-005 issue date 16/05/2019 24105/2019
and its previous versions
Editorial change

28113231-012 This version cancel and replaces full test report 18/11/2019

nr.28113231-008 issue date 16/05/2019 and
its previous versions

28113231-015

Editorial change

This version cancel and replaces full test report 20/11/2019
nr.28113231-012 issue date 18/11/2019 and
its previous versions

28113231-016

Retesting Average time of occupancy

This version cancel and replaces full test report 14/01/2020
nr.28113231-015 issue date 29/11/2019 and
its previous versions

2. Reference Standards

Standard

Description

FCC Part 15 (Subpart C)

§15.247 Operation within the bands 902-928 MHz, 2400-2483,5 MHz,
and 5725-5850 MHz.

FCC Part 15 (Subpart C)

8§15.207 Conducted Limits

FCC Part 15 (Subpart C)

§15.209 Radiated emission limits; general requirements

FCC Part 15 (Subpart C)

§15.203 Antenna Requirement

ANSI C63.4:2014

Methods of Measurement of Radio-Noise Emissions from Low-Voltage
Electrical and Electronic Equipment in the Range of 9 kHz to 40 GHz

ANSI C63.10:2013

American National Standard for Testing Unlicensed Wireless Devices
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3. Summary of testing

§ 15.203 Antenna Requirements

8§ 15.247 (b)(4)(i) PASS

§ 15.207 (a) Power Line Conducted Emission Not performed

§ 15.209 (a) (f) Radiated Emission Not performed

§ 15.215 (a) (b) (c) f\d.ditipnal provisions to the general radiated emission Not performed
imitations

§ 15.247 (d) Out-of-band emissions PASS

§ 15.247 (d) 100 kHz Bandwidth of Frequency Band Edges PASS

§ 15.247 (a) Frequency Hopping Spread Spectrum Specifications

§ 15.247(a) 20 dB Bandwidth PASS

§ 15.247(a)(1) Carrier frequency (Hopping Channel) Separation PASS

§ 15.247(a)(1)(iii) Number of Hopping Channels Used PASS

§ 15.247(a)(1)(iii) Time occupancy (Dwell Time) of Each Ch. within a 0,4 x PASS
Nch (sec) Period

§ 15.247(a)(2) 6dB Minimum Bandwidth PASS

§ 15.247(b) Maximum Peak Output Power

§ 15.247(b) (1) Peak Output Power (conducted) PASS

§ 15.247(b) (3) RF power output (conducted) N.AL

§ 15.247(b) (4) Antenna gain

§ 15.247I Operation with directional antenna gains greater than 6 dBi PASS

§15.247 | Power Spectral Density N.A.L

§ 15.247 (f) Hybrid systems N.A.

§ 15.247 (g) FHSS Transmission characteristics PASS

§ 15.247 (h) Recognition of occupied channel and multiple transmission NA
system

15.247(i RF humane exposure
(§§ 47CFR(>)1.1307(b)(1)) i PASS

| Note 1

| Not applicable for DSS equipment
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Possible test case verdicts:

- test case does not apply to the test object....: N/A
- test object does meet the requirement...........: PASS
- test object does not meet the requirement....: FAIL

General remarks:

The test results presented in this report relate only to the object tested.

The results contained in this report reflect the results for this particular model and serial number. It
is the responsibility of the manufacturer to ensure that all production models meet the intent of the
requirements detailed within this report.

This report shall not be reproduced, except in full, without the written approval of the Issuing testing laboratory.
"(see Enclosure #)" refers to additional information appended to the report.

"(see appended table)" refers to a table appended to the report.

Throughout this report a comma is used as the decimal separator.
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1. General product information

Description: Hearing protection and communication solution for high noise environments

M | PELTOR"

Model: WS Series Peltor - MT15H7AWS6

Ratings: 3Vdc (2xAA or Rechargeable NiMH Pack)

2. General Chipset information

Qualcomm CSR8670

CSR8670 Specifications

Bluetooth Integrated dual-mode radio and balun (50 Q)
-20dBm receiver sensitivity; ¥I0dBm transmitter

Bluetooth vi.2 firmware

Support for various profiles including: HFP 1.6, AZDP 1.3,

AVRCP 1.6, HOGP 1.0, FMP 1.0, PXP 1.0, BAS 1.0, TPS 1.

MCU 80MHz programmable RISC processor
Audio Programmable Z24-bit fixed-point B0MHz Kalimba DSP

2w single-cycle MACSs; 24x24-bit multiply & 56-bit accumulator
Battery Support & Li-lon battery charger supporting up to 200mA
Power Management 2% high-eficiency switch-rmode regulators with

1.8V and 1.35V outputs from battery supply

Audio Interfaces Stereo 16-bit ADC; up to 48kHz sampling frequency
Stereo 16-bit DAC; up to 96kHz sampling frequency
Microphone inputs: up to 2x analog & éx digital (MEMS)

Physical Interfaces 2% PCM/PS & 1x SPDIF with 24-bit support
Up to 29x PIOs, including 14x GPICs, USBZ2.0, PC, SPI, UART
3x LED controllers; support for up to 6x touch sensor inputs

Memory Integrated 16Mb prograrmmmable flash memory with
support for up to 64Mb external SPI FLASH

56kB systern MCU RAM

bk x 24-bit data & 12k x 32bits program memaory for DSP

Packaging 6.5 x 6.5 x Imm, 0.5mm pitch 112-ball VFBGA or
473 x 4.84 x 0.6mm, 0.5mm pitch 79-ball WLCSP
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3. General Antenna information

As declared by the manufacturer: antenna gain +6.55dBi
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4. Equipment Used During Test

Use* Product Type Manufacturer Model Comments
Hearing protection and .
e : . WS Series Peltor -
EUT commun!catlon §o|ut|on for high 3M MT15H7AWS6
noise environments
Note:
* Use:
EUT - Equipment Under Test,
AE - Auxiliary/Associated Equipment, or
SIM - Simulator (Not Subjected to Test)
No other Auxiliary/Associated Equipment was connected/installed on the EUT
5. Input/Output Ports
CONNECTIONS
Port Description Connection Cable lenght
Non
1 |Enclosure conductive Closed by pressure
surface
AC Power
2 Port AC Input Port not present
3 [P)(():rtPower DC Input Internal battery powered
4 (/O . Universal Port not present
inputs/outputs
*Note: AC = AC Power Port DC = DC Power Port N/E = Non-Electrical
I/0 = Signal Input or Output Port (Not Involved in Process Control)
WN = Wired Network
6. Power Interface
Mode Voltage Current | Power | Frequency | Phases Comments

# V) (A) (W) | (DC/AC-HZ) #)

Rated 3Vdc -

TRF FCC_15.247_000 Page 8 of 40
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7. Derived model(s)

Article no. Article description Attachment | Connection to ext radio
MT15H7AWS6 WS PROTAC XPI HEADBAND Headband No
MT15H7AWS6-111 WS PROTAC XPI Headband Yes
MT15H7BWS6-111 WS PROTAC XPI, FLEX CON, W B-band Neckband Yes
MT15H7P3EWS6 WS6 PROTAC XPI, HELMET ATTACHMENT Helmet No
MT15H7P3EWS6-111 WS6 PROTAC XPI'W HELMET ATT. Helmet Yes

8. EUT Operation Modes

Operation

mode Description

Continuous Bluetooth Modulation RF Transmission

RF setting during tests:

#1 Frequency: 2402 MHz (low channel); 2441 MHz (mid channel); 2480 MHz (high
channel); m/4-DQPSK modulation (worst case configurable by Bluetest testing
software)

Continuous Bluetooth Modulation RF Transmission

RF setting during tests:

Frequency hopping; 7 /4-DQPSK modulation (worst case configurable by Bluetest
testing software); ACL frame type DH5

#2
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Frequency (Transmission)

Channel | Frequency |Channel | Frequency |Channel | Frequency | Channel

1 2402 MHz 2 2403 MHz 3 2404MHz 4
5 2406 MHz 6 2407 MHz 7 2408 MHz 8
9 2410 MHz 10 2411 MHz 11 2412 MHz 12
13 2414 MHz 14 2415 MHz 15 2416 MHz 16
17 2418 MHz 18 2419 MHz 19 2420 MHz 20
21 2422 MHz 22 2423 MHz 23 2424 MHz 24
25 2426 MHz 26 2427 MHz 27 2428 MHz 28
29 2430 MHz 30 2431 MHz 31 2432 MHz 32
33 2434 MHz 34 2435 MHz 35 2436 MHz 36
37 2438 MHz 38 2439 MHz 39 2440 MHz 40
41 2442 MHz 42 2443 MHz 43 2444 MHz 44
45 2446 MHz 46 2447 MHz 47 2448 MHz 48
49 2450 MHz 50 2451 MHz 51 2452 MHz 52
53 2454 MHz 54 2455 MHz 55 2456 MHz 56
57 2458 MHz 58 2459 MHz 59 2460 MHz 60
61 2462 MHz 62 2463 MHz 63 2464 MHz 64
65 2466 MHz 66 2467 MHz 67 2468 MHz 68
69 2470 MHz 70 2471 MHz 71 2472 MHz 72
73 2474 MHz 74 2475 MHz 75 2476 MHz 76
77 2478 MHz 78 2479 MHz 79 2480 MHz

Frequency
2405 MHz
2409 MHz
2413 MHz
2417 MHz
2421 MHz
2425 MHz
2429 MHz
2433 MHz
2437 MHz
2441 MHz
2445 MHz
2449 MHz
2453 MHz
2457 MHz
2461 MHz
2465 MHz
2469 MHz
2473 MHz
2477 MHz

The field strength 1s calculated by subtracting the Amplifier Gain and addmng the Cable Loss and
Antenna Correction Factor to the measured reading. The basic equation 15 as follows:

Field Strength (dBuV/m) = RAW - AMP + CBL + ACF
Where: RAW = Measured level before correction (dBuv)
AMP = Amplifier Gain (dB)

CBL = Cable Loss (dB)

ACF = Antenna Correction Factor (dB/m)

dBu¥F im

uVim=10 2

Sample radiated emissions calculation @ 30 MHz

Measurement +Antenna Factor—Amplifier Gain+Cable loss=Radiated
Emissions (dBuV/m)

25dBuV/im+17.5dB-20dB + 1.0 dB =23.5 dBuV/m
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12. Test Conditions and Resu

Its

TEST: Antenna requirements PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35 °C
test Relative Humidity (%) 30 to 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C) 21°C
test Relative Humidity (%) 56%

Air pressure (hPa) 1020

Power Supply / Frequency Application Point

Fully configured sample tested at 3Vdc Enclosure
the power line frequency
Equipment mode: Operation mode #1

FCC Standard

§15.203 § 15.247 (B)(4)(I)

An intentional radiator shall be designed to ensure that no antenna other than that furnished by the
responsible party shall be used with the device. The use of a permanently attached antenna or of an
antenna that uses a unique coupling to the intentional radiator shall be considered sufficient to comply with
the provisions of this Section. The manufacturer may design the unit so that a broken antenna can be

replaced by the user, but the use

of a standard antenna jack or electrical connector is prohibited. This

requirement does not apply to carrier current devices or to devices operated under the provisions of

Sections 15.211, 15.213, 15.217,

15.219, or 15.221. Further, this requirement does not apply to intentional

radiators that must be professionally installed, such as perimeter protection systems and some field
disturbance sensors, or to other intentional radiators which, in accordance with Section 15.31(d), must be
measured at the installation site. However, the installer shall be responsible for ensuring that the proper
antenna is employed so that the limits in this Part are not exceeded.

Antenna specifications

N° of authorized antenna types

Antenna type

Internal PCB antenna

Maximum total gain

As delcared by the manufacturer, antenna gain +6,55dBi

External power amplifiers

Not present

TRF FCC_15.247_000
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TEST: 20dB Bandwidth

PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35 °C
test Relative Humidity (%) 30 to 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C) 24°C
test Relative Humidity (%) 48%
Air pressure (hPa) 1020

— Frequency Application Point
Fully configured sample tested at 3vdc SMA Connector
the power line frequency

Equipment mode: Operation mode #1

FCC Standard

§15.247 (A)(1)

Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of 25
kHz or the 20 dB bandwidth of the hopping channel, whichever is greater. Alternatively, frequency hopping
systems operating in the 2400-2483.5 MHz band may have hopping channel carrier frequencies that are
separated by 25 kHz or two-thirds of the 20 dB bandwidth of the hopping channel, whichever is greater,
provided the systems operate with an output power no greater than 125 mW. The system shall hop to
channel frequencies that are selected at the system hopping rate from a pseudorandomly ordered list of
hopping frequencies. Each frequency must be used equally on the average by each transmitter. The
system receivers shall have input bandwidths that match the hopping channel bandwidths of their
corresponding transmitters and shall shift frequencies in synchronization with the transmitted signals.

Further information to test setup

EUT

1

Attenuator

Power Meter)

Spectrum
Analyzer (or

(optional)

TRF FCC_15.247_000
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Test Equipment Used
Description Manufacturer Model Identifier Calibration Calibration
date due
EMI Test Receiver R&S ESU40 87020455 05/2018 05/2019
Graphical representation of 20dB Bandwidth
Operation Mode: #1 — Low Channel (2402 MHZz)
Plot n°1
® *RBW 20 kHz
Hzo - "2}
= .
L AW}W .
L. /\fnv AN
! V\’\A,f\
L A \m\‘“'\ o
mﬂmf/g M\Af.ﬂ-fp
Channel Frequency Channel Bandwidth at -20dB Plot (No.)
(No.) (MHz) (kHz)
Low 2402 769.23 1
Bandwidth at -20dB (Fmin and Fmax)
Fmin 2401.59MHz Fmax 2402.36 MHz
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Graphical representation of 20dB Bandwidth

Operation Mode: #1 — Middle Channel (2441 MHz)

Plot n°2
® “RBW 20 KHz varker 1 [T1
L. ,I“,w 64 kHz “
: '
=1 o TTT
B A A 136
"adacd v\f\[\
L, AL \'\ -
A "{\‘ﬂ
A AR,
A Ty -
. \«'\J\W
Center 2.441 GHz 200 kHz/ Span 2 MHz
Channel Frequency Channel Bandwidth at -20dB Plot (No.)
(No.) (MHz) (kHz)
Middle 2441 766.03 2
Bandwidth at -20dB (Fmin and Fmax)
Fmin 2440.59MHz Fmax 2441.36MHz
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Graphical representation of 20dB Bandwidth

Operation Mode: #1 — High Channel (2480 MHz)

Plot n°3

® *RBW 20 kHz
*VBW 50 kHz

Ref 29 dBm Att 55 dB SWT 20 ms 2.480000000 GHz

- 1 i 4; | a |
B e ‘
o L2 \v" . )
B N
A N
e
Channel Frequency Channel Bandwidth at -20dB Plot (No.)
(No.) (MHz) (kHz)
High 2480 766.02 3
Bandwidth at -20dB (Fmin and Fmax)
Fmin 2479.59MHz Fmax 2480.35MHz
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TEST: RF power output, radiated (EIRP) PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35 °C
test Relative Humidity (%) 30 to 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C) 22,5°C
test Relative Humidity (%) 51%

Air pressure (hPa) 1020

— Frequency Application Point
Fully configured sample tested at 3vdc SMA Connector
the power line frequency

Equipment mode: Operation mode #1

FCC Standard

§15.247 (B) (2)

(b) The maximum peak conducted output power of the intentional radiator shall not exceed the following:

(1) 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 5725-5850 MHz band: 1 watt. For
all other frequency hopping systems in the 2400-2483.5 MHz band: 0.125 watts.

(2) For frequency hopping systems operating in the 902-928 MHz band: 1 watt for systems employing at
least 50 hopping channels; and, 0.25 watts for systems employing less than 50 hopping channels, but at
least 25 hopping channels, as permitted under paragraph (a)(1)(i) of this section.

(3) For systems using digital modulation in the 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz
bands: 1 Watt. As an alternative to a peak power measurement, compliance with the one Watt limit can be
based on a measurement of the maximum conducted output power. Maximum Conducted Output Power is
defined as the total transmit power delivered to all antennas and antenna elements averaged across all
symbols in the signaling alphabet when the transmitter is operating at its maximum power control level.
Power must be summed across all antennas and antenna elements. The average must not include any
time intervals during which the transmitter is off or is transmitting at a reduced power level. If multiple
modes of operation are possible (e.g., alternative modulation methods), the maximum conducted output
power is the highest total transmit power occurring in any mode.

(4) The conducted output power limit specified in paragraph (b) of this section is based on the use of
antennas with directional gains that do not exceed 6 dBi. Except as shown in paragraph (c) of this section,
if transmitting antennas of directional gain greater than 6 dBi are used, the conducted output power from
the intentional radiator shall be reduced below the stated values in paragraphs (b)(1), (b)(2), and (b)(3) of
this section, as appropriate, by the amount in dB that the directional gain of the antenna exceeds 6 dBi.

Further information to test setup

EUT

Attenuator

Spectrum
Analyzer (or
Power Meter)

(optional)
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Test Equipment Used
Description Manufacturer Model Identifier Calibration Calibration
date due
EMI Test Receiver R&S ESU40 87020455 05/2018 05/2019
Graphical representation of RF power output
Low Channel (2402 MHz)
@ * RBW 3 MHz Marker 1 [T1 ]
*VBW 10 MHz 5.54 dBm
Ref 29 dBm Att 55 dB SWT 2.5 ms 2.401839744 GHz
L N
B o .
.-'-"_'_'-‘ﬁﬁ—
— O \\
/ \
. .
3DB
——-30 AC
——-50
Center 2.401887821 GHz 1 MHz/ Span 10 MHz
Channel Frequency Conducted Output Power Limit
(No.) (MHz) (dBm)
(dBm) (mW)
Low 2402 5,54 3,56 29.45
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Graphical representation of RF power output

Med Channel (2441 MHz)

* RBW 3 MHz

Marker 1

[T1 1]

*VBW 10 MHz 7.12 dBm
Ref 29 dBm Att 55 dB SWT 2.5 ms 2.440887821 GHz
. [ 2|
M 10 +
mmmtne st |
/...--—‘ -\\
s / T~
//f \\\
| ] e
‘,_.u‘y N
[——-20
3DB
[-—-30 AC
[——-40
[——-50
[——-60
=70
Center 2.441 GHz 1 MHz/ Span 10 MHz
Channel Frequency Conducted Output Power Limit
(No.) (MHz) (dBm)
(dBm) (mW)
Med 2441 7.12 5.15 29.45
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Graphical representation of RF power output

High Channel (2480 MHZz)

® * RBW 3 MHz Marker 1 [T1 ]
*VBW 10 MHz 6.92 dBm
Ref 29 dBm Att 55 dB SWT 2.5 ms 2.480064103 GHz
L [ & |
[nan el SRR
/_‘_..---‘—'_‘ -‘m
|, / \\
/ \
_/l/O,rJ/ \ PS
——20
3DB
--30 AC
——-40
——50
——-60
-70
Center 2.480064103 GHz 1 MHz/ Span 10 MHz
Channel Frequency Conducted Output Power Limit
(No.) (MHz) (dBm)
(dBm) (mW)
High 2480 6,92 4,92 29.45
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TEST: Out-of-band emissions PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35 °C
test Relative Humidity (%) 30 to 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C) 22°C
test Relative Humidity (%) 50%

Air pressure (hPa) 1020

— Frequency Application Point
Fully configured sample tested at 3vdc SMA Connector
the power line frequency

Equipment mode: Operation mode #1

FCC Standard

§15.247 (D)

(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) (see §15.205(c)).

Further information to test setup

EUT

1

Attenuator

Spectrum
Analyzer (or
Power Meter)

(optional)

Test Equipment Used
Description Manufacturer Model Identifier Calibration Calibration
date due
EMI Test Receiver R&S ESU40 87020455 05/2018 05/2019
Highpass Filter Wainwright Instr. | Wainwright WHKX10-
Instr. 2520-2800- 87020799 05/2018
18000-40ss
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Graphical representation of Antenna Port Spurious Emission - Conducted

Operation Mode: #1 — Low Channel (2402 MHZz)

Frequency: 30MHz — 1000MHz Frequency: 1GHz — 2,3GHz
® . ® -5 ¢
L] (2]
[ =4 [ =
rooc oo
i, ' i F I ol e [ ny e % ,,,J '—{
Frequency: 2,3GHz — 2,5GHz Frequency: 2,5GHz — 8GHz
® | ®
L] (2]
[ =4 [ =4
rooc o
[_ _«i AN M\A " j, ded b it e SR St s A Bt
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Frequency: 8GHz — 15GHz

Frequency: 15GHz — 25GHz

% B ® .
(2] | (2]
[ =4 B
[rooc oo
| 1 3
- n J 1 - l o y o e g g e it s Hosto et AU gl
Frequency Level Fundamental Level Difference Limit (at least)
(MHz) (dBm) (dBm) (dB) (dB)
9604,16 -45,67 51,24
5,57 20
12016,02 -48,92 54,49
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Report No. 28113231-016

Graphical representation of Antenna Port Spurious Emission - Conducted

Operation Mode: #1 — Mid Channel (2441 MHz)

Frequency: 30MHz — 1000MHz Frequency: 1GHz — 2,3GHz
® . - @ -5
(2] (2]
= =
s
P TN T K s e e Aol e,
Frequency: 2,5GHz — 8GHz
& ®
[~] (2]

iA
]

e: 19.MAR.2019 10:57:34 Date: 19.MAR.2019 11:11:28
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Frequency: 8GHz — 15GHz

Frequency: 15GHz — 25GHz

% ® :
(2] | (2]
[ =4 F
[rooc oo
N N Lok T TR N e sticaltn e
Frequency Level Fundamental Level Difference Limit (at least)
(MHz) (dBm) (dBm) (dB) (dB)
9761,22 -40,57 46,87
6,30 20
12206,73 -44.,37 50,67
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Graphical representation of Antenna Port Spurious Emission - Conducted

Operation Mode: #1 — High Channel (2480 MHz)

Frequency: 30MHz — 1000MHz Frequency: 1GHz — 2,3GHz
® . - @ -5
(2] (2]
= =
= T o) % = R it = v et
Frequency: 2,3GHz — 2,5GHz Frequency: 2,5GHz — 8GHz
& ®
[~] (2]

iA
]

e: 19.MAR.2019 10:56:59 Date: 19.MAR.2019 11:13:15
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Frequency: 8GHz — 15GHz Frequency: 15GHz — 25GHz
. Kkn ® . X
(2]
L
e Lo e, Lol4 s N g g i
11 Iy f bt
Frequency Level Fundamental Level Difference Limit (at least)
(MHz) (dBm) (dBm) (dB) (dB)
9918,26 -39,65 46,60
6,95 20
12397,44 -44,31 51,26
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TEST: 100 kHz Bandwidth of Frequency Band Edges PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35°C
test Relative Humidity (%) 30 to 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C) 21°C
test Relative Humidity (%) 5206
Air pressure (hPa) 1020
— Frequency Application Point
Fully configured sample tested at 3vdc SMA Connector
the power line frequency Enclosure
Equipment mode: Operation mode #1,; #2
FCC Standard §15.247 (D)

(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) (see §15.205(c)).

Further information to test setup 3m semi-anechoic chamber

(Shield Room with absorbing materials)

(Radiated) EMI Receiver & Controlier

Further information to test setup

(conducted)
Spectrum
EUT Analyzer (or
Power Meter)
Attenuator
(optional)

TRF FCC_15.247_000
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Test Equipment Used

Description Manufacturer Model Identifier Cal:jt;r;t 'on Calibration due
EMI Test Receiver R&S ESU40 87020455 05/2018 05/2019

Graphical representation of 100 kHz Bandwidth of Frequency Band Edges - Conducted

Operation Mode: #1 — Low Channel (2402 MHz)

Plot n°1
® *RBW 100 kHz Marker 2
VBW 300 kHz

Ref 10 dBm *Att 10 dB SWT 15 ms 2.39983

o Markdr 1 [T1|] “'

3 si= o]
S 2.402164667 GHz |IEN
D1 —-14.¢2 dBm
--20
PS
[——30
[——40
[ 3DB
[——-50 [ \‘ AC
[——-60 VIJ}’
B{':'o" e L A l, wd"‘h‘f' ' [Iad, [=L[LL( PR T i, fessthed
[——-80
Fl
-90
Start 2.3 GHz 10.4 MHz/ Stop 2.404 GHz
Measured peak
Measured power power at Difference - ;
Frequency at the band edge fundamental Peak / band edge Pl LN Margin
(MHz) PK power —20 dB (dBm) (dB)
(dBm) frequency (dBm) (dB)
2400 -59,37 5,39 64,76 -14,62 44,75
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Graphical representation of 100 kHz Bandwidth of Frequency Band Edges - Conducted

Operation Mode: #1 — High Channel (2480 MHz)

® *RBW 100 kHz Marker 2 [T1 ]
VBW 300 kHz -61.13 dBm

Ref 10 dBm *Att 10 dB SWT 15 ms 2.483413462 GHz
10 y Markdr 1 [T1]]
.76 dBm
| 2.480004000 cuz|EN
rance: [ IS
D1 —-13.25 dBm
--20

- —-30 / \
--40
\ 3DB
AC

- _c0 " \\‘%‘%
WM R e ek ‘.,‘_JLM

--70

--80

F1

-90

Start 2.47 GHz 3 MHz/ Stop 2.5 GHz

q Measured peak "

Measured power power at Difference _ _
Frequency at the band edge fundamental Peak / band edge | p,c polzveea;k_lélcr)n :jt; t(dBm) Margin
(MHz) (dBm) frequency (dBm) (dB) (dB)
2483,41 -61,13 6,76 67,89 -13,24 47,89
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Graphical representation of 100 kHz Bandwidth of Frequency Band Edges - Conducted

Hopping mode (Op.condition #2)

® *RBW 100 kHz Marker 1 [T1 ]
* VBW 300 kHz —18.68 dBm
Ref -5 dBm *Att 10 dB SWT 20 ms 2.469230769 GHz
Markdr 2 [T1]]
[——-10 T9 dBm
54769 cuz |IEN
1
--20 Tl '[ 11 e Sy
m ‘W’H ”‘ H il 3|46 GH=z
[~ —30 | ‘ ‘ ‘:
[——40
[——-50
[~ =60 3DB
--70
Ml g,“‘(‘,& i “...-.Lnswn W JW
[——-80
[——90
F2
[——-100
Start 2.3 GHz 20 MHz/ Stop 2.5 GHz
q Measured peak "
Measured power power at Difference _ _
Frequency at the band edge fundamental Peak / band edge | p,c RIS le:jt at d Margin
(MHz power —20 dB (dBm) (dB)
(dBm) frequency (dBm) (dB)
2400,00 -76,19 -18,68 57,51 -38,68 37,51
2483,50 -76,15 -18,68 57,47 -38,68 37,47
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TEST: Number of Hopping frequencies PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35 °C
test Relative Humidity (%) 30 to 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C) 22°C
test Relative Humidity (%) 36%

Air pressure (hPa) 1033

Power Supply & Frequency

Application Point

Fully configured sample tested at
the power line frequency

3Vdc

Sma connector

Equipment mode:

Operation mode

#2

FCC Standard

§15.247 (A) (1) (1)

Frequency hopping systems in the 2400-2483.5 MHz band shall use at least 15 channels. The average
time of occupancy on any channel shall not be greater than 0.4 seconds within a period of 0.4 seconds
multiplied by the number of hopping channels employed. Frequency hopping systems may avoid or

suppress transmissions on a particular hopping frequency provided that a minimum of 15 channels are

used.

Further information to test setup

EUT

Attenuator

Spectrum
Analyzer (or
Power Meter)

(optional)

TRF FCC_15.247_000
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Test Equipment Used
Description Manufacturer Model Identifier Calibration Calibration
date due
EMI Test Receiver R&S ESU40 87020455 05/2018 05/2019
Graphical rapresentation
Operation Mode: #1
Number of Hopping Frequencies: 79
® *RBW 100 kHz Marker 2 [T1 ]
* VBW 300 kHz —-19.43 dBm
Ref -5 dBm *Att 10 dB SWT 15 ms 2.480128205 GH=z
Markgr 1 [T1]]
——-10 =21 .49 apBmnm
2.40203125d GHz BEN
L o [ cre or o Lrere s ppalprrs o PR E T FEECEY
a1
[——30
--40
[~ 60 i 3DB
—-70
--80
[——90
F2
Start 2.38 GHz 11 MHz/ Stop 2.49 GHz
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Graphical rapresentation

Operation Mode: #1

Number of Hopping Frequencies: 79
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TEST: Carrier frequency separation PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35 °C
test Relative Humidity (%) 30 to 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C) 23°C
test Relative Humidity (%) 36%

Air pressure (hPa) 1033

Power Supply & Frequency

Application Point

Fully configured sample tested at
the power line frequency

3Vdc

Sma connector

Equipment mode:

Operation mode

#2

FCC Standard

§15.247 (A) (1)

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.

Further information to test setup

EUT

Attenuator

Spectrum
Analyzer (or
Power Meter)

(optional)
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Test Equipment Used

Description Manufacturer Model Identifier Calibration Calibration
date due
EMI Test Receiver R&S ESU40 87020455 05/2018 05/2019
Graphical representation of carrier frequency separation
Operation Mode: #1
Plot n°1
@ *RBW 100 kHz Marker 2 [T1 ]
*VBW 300 kHz —-21.74 dBm
Ref -5 dBm *Att 10 dB SWT 2.5 ms 2.403000000 GH=z
Markgr 1 [T ]
—-10 =Z21.93 dpm
2.40200¢o000 cuz |ENM
--40 [r;‘l
—-50 /f
[~ 60 3DB
/\uﬂ -
--70
wmwmf
——-80
——-90
F=100
Center 2.402 GHz 400 kHz/ Span 4 MHz
Channel Carrier frequency Limit Plot
(No.) separation (kHz) (No.)
(kHz)
1-2 (Low) 1000 >769.23 1

TRF FCC_15.247_000
07/10/2016

Page 35 of 40




TUVRheinland

SOy,

SN 7,
Test Report nr. e ACCRED'A :‘
28113231-016 7~

Dyt W
LAB N° 1356

Report No. 28113231-016

Graphical representation of carrier frequency separation

Operation Mode: #1

Plot n°2
® *RBW 100 kHz Marker 2 [T1 ]
* VBW 300 kHz —-20.83 dBm
Ref -5 dBm *Att 10 dB SWT 2.5 ms 2.441000000 GH=z
Markdr 1 [T1|]
——-10 =2 - /71T aBm
2.44000q¢o00 cHz |IEM
2
o e 4 -
30 '\W \f(’ Y n\“-}“dﬂf
[——40
[——50
[~ 60 3DpB
AC
--70
[——-80
[——90
E2_
[~=1100
Center 2.44 GHz 400 kHz/ Span 4 MHz
Channel Carrier frequency Limit Plot
(No.) separation (kHz) (No.)
(kHz)
39-40 (Middle) 1000 >766.03 2
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Graphical representation of carrier frequency separation

Operation Mode: #1

Plot n°3
® *RBW 100 kHz Marker [Tl 1]
*VBW 300 kHz -19.90 dBm
Ref -5 dBm *Att 10 dB SWT 2.5 ms 2.480000000 GH=z
Markdr 2 [T1]]
——-10 =—19.083 abBm
2.47900q¢oo00 cuz |IEM
At b AT Patigeg
[——40 ﬁ'\t
[——-50 L
[~ 60 k' !w 3DB
7 >
[, I,
MW
[——-80
[——90
E2_
[~=1100
Center 2.48 GHz 400 kHz/ Span 4 MHz
Channel Carrier frequency Limit Plot
(No.) separation (kHz) (No.)
(kHz)
78-79 (High) 1000 2766.02 3
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TEST: Average time of occupancy PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35 °C
test Relative Humidity (%) 30 to 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C) 23°C
test Relative Humidity (%) 36%

Air pressure (hPa) 1033

Power Supply & Frequency

Application Point

Fully configured sample tested at
the power line frequency

3Vdc

Sma connector

Equipment mode:

Operation mode

#2

FCC Standard

§15.247 (A) (1) (Il1)

Frequency hopping systems in the 2400-2483.5 MHz band shall use at least 15 channels. The average
time of occupancy on any channel shall not be greater than 0.4 seconds within a period of 0.4 seconds
multiplied by the number of hopping channels employed. Frequency hopping systems may avoid or

suppress transmissions on a particular hopping frequency provided that a minimum of 15 channels are

used.

Further information to test setup

EUT

1

Attenuator

Spectrum
Analyzer (or
Power Meter)

(optional)

TRF FCC_15.247_000
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Test Equipment Used

Description Manufacturer Model Identifier Calibration Calibration
date due
EMI Test Receiver R&S ESU40 87020455 05/2019 05/2020
Results
Operation Mode: #2
Channel Single packet Number of (hops) Average time Avle_ri?gife?ifme
(No.) duration hops in 20 s normalized to | of occupancy of occupanc Plot (No.)
(ms) P 31,6 sec (ms) pancy
(ms)
1 (Low) 3,151 69 109 344 400 1+2
*= (20 sec. / time between next hop) / single packet duration
Plot n°1 and n°2
® N @ .
[ L e
L) LA L
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TEST: Additional provisions to the general radiated emission limitations. PASS
Parameters required prior to the Laboratory Ambient Temperature (°C) 15t0 35 °C
test Relative Humidity (%) 30 to 60 %
Parameters recorded during the Laboratory Ambient Temperature (°C) 24°C
test Relative Humidity (%) 37%

Air pressure (hPa) 1020

Frequency

Application Point

Fully configured sample tested at
the power line frequency

3Vdc

Equipment mode:

Operation mode

FCC Standard

§15.215 (A) (B) (C)

(A) The regulations in 88 15.217-15.257 provide alternatives to the general radiated
emission limits for intentional radiators operating in specified frequency bands. Unless
otherwise stated, there are no restrictions as to the types of operation permitted under these

sections.

(B) In most cases, unwanted emissions outside of the frequency bands shown in these VERDICT

alternative provisions must be attenuated to the emission limits shown in Section 15.209. In

no case shall the level of the unwanted emissions from an intentional radiator operating PASS
under these additional provisions exceed the field strength of the fundamental emission.

(C) Intentional radiators operating under the alternative provisions to the general emission VERDICT
limits, as contained in 88 15.217 through 15.257 and in Subpart E of this part, must be

designed to ensure that the 20 dB bandwidth of the emission, or whatever bandwidth may PASS

otherwise be specified in the specific rule section under which the equipment operates, is
contained within the frequency band designated in the rule section under which the
equipment is operated. The requirement to contain the designated bandwidth of the
emission within the specified frequency band includes the effects from frequency sweeping,
frequency hopping and other modulation techniques that may be employed as well as the
frequency stability of the transmitter over expected variations in temperature and supply
voltage. If a frequency stability is not specified in the regulations, it is recommended that the

fundamental emission be kept within at least

TRF FCC_15.247_000
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