Nemko

www.nemko.com

Report Reference ID:

286044-1TRFWL

Test specification:

Title 47 - Telecommunication

Chapter | - Federal Communications Commission
Subchapter A - General

Part 15 - Radio Frequency Devices

Subpart C - Intentional Radiators

§15.247 - Operation within the bands 2400-2483.5 MHz

Applicant: Advanced Microwave Engineering s.r.l.
Via Lucca, 50
Firenze, 5142 lItaly
Apparatus: Sensor for anticollision system for detecting hazards in real-time
Model: EGO PRO SAFETY MOVE SENSOR
FCC ID: UKOPLXSENSSFT
Testing laboratory: Nemko Spa

Via del Carroccio, 4
| 20853 Biassono (ltaly)

Telephone: +039 039 2201201

Facsimile: +39 039 220 1221
Name and title Date
Tested by: :
Daniele Guarnone, Wireless/EMC Specialist
Reviewed by: | Paolo Barbieri Wireless/EMC Specialist 2015-12-18

Nemko Spa authorizes the applicant to reproduce this report provided it is reproduced in its entirety and for use by the
company’s employees only. Any use which a third party makes of this report, or any reliance on or decisions to be made based
on it, are the responsibility of such third parties.

Nemko Spa accepts no responsibility for damages, if any, suffered by any third party as a result of decisions made or actions

based on this report.

This report shall not be reproduced except in full without the written approval of the testing laboratory.

| 15.247.doc - Date: April 13, 2010




Product: Sensor

@m ko

Nemko Spa
Via del Carroccio, 4
| 20853 Biassono (ltaly)

Table of contents

Section 1: Report summary
1.1 Test specification
1.2 Statement of compliance............
1.3 EXCIUSIONS ..o
1.4 Registration number ..................
15 Test report revision history
1.6 Limits of responsibility ...............
Section 2: Summary of test results............
21 FCC Part 15 Subpart C — Intentional Radiators, test results
Section 3: Equipment under test (EUT) and application details
3.1 Y o] o] o= 10 Y A 11 €= 1 PSPPI
3.2 Y (oTo [ 1 E= Tt =To 01T o] 4 1=T o | SO TP P PP P PP UUPPPPTPPOPPRPI
3.3 Product details...............
3.4 Application purpose
3.5 Composite/related equipment
3.6 SAMPIE INFOIMLION. ...ttt h et h et et et esh bt e b e e bt ea bt e et e ae e es bt e nareenne e e nneen
3.7 EUT technical specifications...........cccccevecvviveeeennns
3.8 Operation of the EUT during testing .............cccue.e.
3.9 EUT setup diagram..........cccceeiiiieniiiieence e
Section 4: Engineering considerations
4.1 Modifications incorporated iN the EUT ...ttt ettt ee et en
4.2 Deviations from laboratory tests procedures
4.3 Lo a1 e= T I8 o [ o 0 =Y o | RSP TRSP
Section 5: TESt CONAILIONS ........coiuiiiiiiicri e e s R e s e R e e s e s n e s e e n e e e 8
5.1 Power source and ambient t@MPEIratUres.............uii it e e et e e e 8
Section 6: Measurement UNCEIrtAINtY .........ccuccuiiiiiiiiiisis s e s se e s ae e s e s a s s e e e e nns 9
SecCtion 7: TeSt @QUIPMENT ......cciiiiiie i e e e s e s e e e e e e e R R R SRS e e SRR R R R
71 LIS 0T 10T o) .0 L= oL A 1] PSSR
Section 8: TeSHING data .........coiiiiii e e e a e ne s nane e e nne s e nn s e neenan
8.1 Clause 15.31(e) Variation of power source .............c...........
8.2 Clause 15.31(m) Number of operating frequencies
8.3 Clause 15.203 ANteNNa rEQUITEIMENT ........couiiiiiiiie ettt ettt ettt e e b e s e e e s nneean
8.4 Clause 15.247(a)(2) Minimum 6 dB bandwidth for systems using digital modulation techniques
8.5 Clause 15.247(b) Maximum peak conducted OUtPUL POWET ..........cooiuiiiiiiiiiieiiie e
8.6 Clause 15.247(d) SpUrioUS €MISSIONS........cc.eeruiirieeriieeie et
8.7 Clause 15.247(e) Power spectral density for digitally modulated devices
Section 9: Block diagrams of test set-ups
RS T=T o2 o T R L I« T o X

| Report reference ID 286044-1TRFWL Page 2 of 43 |




Section 1: Report summary | Product: Sensor

(Nemko
Nemko Spa

Via del Carroccio, 4
| 20853 Biassono (ltaly)

Section 1: Report summary ‘
1.1 Test specification

FCC Part 15 Subpart C, 15.247
Operation within the bands 2400-2483.5 MHz

1.2 Statement of compliance

In the configuration tested the EUT was found compliant
Yes [X No []

This report contains an assessment of apparatus against specifications based upon tests
carried out on samples submitted at Nemko Canada Inc. These tests were conducted on a
sample of the equipment for the purpose of demonstrating compliance with Part 15; Subpart
C. Radiated tests were conducted in accordance with ANSI C63.4-2003.

1.4 Registration number
481407

1.5 Test report revision history

TRF Original report issued

1.6 Limits of responsibility ‘

The date of initial receipt of samples and the date of issue of the report.

This test report has been completed in accordance with the requirements of ISO/IEC 17025.

Nemko S.p.A. authorizes the applicant to reproduce this report provided it is reproduced in its entirety and for use
by the company’s employees only.

Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, are the
responsibility of such third parties. Nemko S.p.A.. accepts no responsibility for damages, if any, suffered by any
third party as a result of decisions made or actions based on this report.
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Section 2: Summary of test results ‘

2.1 FCC Part 15 Subpart C — Intentional Radiators, test results

General requirements for FCC Part 15

Part Test description Verdict

§15.31(e) Variation of power source NA

§15.31(m) Number of operating frequencies Pass

§15.203 Antenna requirement Pass

§15.207(a) Conducted limits NA

Specific requirements for FCC Part 15 Subpart C, 15.247

Part Test description Verdict

§15.247(a)(1)(i) Frequency hopping systems operating in the 902—928 MHz band N/A

§15.247(a)(1)(ii) | Frequency hopping systems operating in the 5725-5850 MHz band N/A

§15.247(a)(1)(iii) | Frequency hopping systems operating in the 2400-2483.5 MHz band N/A

§15.247(a)(2) Minimum 6 dB bandwidth for systems using digital modulation techniques Pass

§15.247(b)(1) Maximum peak output power of frequency hopping systems operating in N/A
the 2400-2483.5 MHz band

§15.247(b)(2) Maximum peak output power of Frequency hopping systems operating in N/A
the 902-928 MHz band

§15.247(b)(3) Maximum peak output power of systems using digital modulation in the Pass
2400-2483.5 MHz

§15.247(b)(4) Maximum peak output power Pass

§15.247(c)(1) Fixed point-to-point operation with directional antenna gains greater than 6 N/A
dBi

§15.247(c)(2) Transmitters operating in the 2400-2483.5 MHz band that emit multiple N/A
directional beams

§15.247(d) Spurious emissions Pass

§15.247(e) Power spectral density for digitally modulated devices Pass

§15.247(f) Time of occupancy for hybrid systems N/A

Notes: None
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Section 3: Equipment under test (EUT) and application details

3.1 Applicant details

Name: Advanced Microwave Engineering s.r.l.
Federal Registration

Number (FRN): FRNO0015463417

Grantee code UKO

Address: Via Lucca, 50

City: Firenze

Province/State: Firenze

Post code: 50142

Country: Italy

3.2 Modular equipment

Single modular approval

Yes [] No [X]
Limited single modular approval

Yes [] No [X]

3.3 Product details

Grantee code:

UKO

Product code:

PLXSENSSFT

DTS — Digital Transmis

sion system 15C

Model name/number:

EGO PRO SAFETY MOVE SENSOR

Serial number:

3.4 Application purpose

Original certification
Change in identification of presently authorized equipment

Original FCC |

Class Il permissive change or modification of presently authorized equipment

D: Grant date:

3.5 Composite/related equipment

Yes [X

The EUT is a composite device subject to an additional equipment authorization

No []

The EUT is part of a system that operates with, or is marketed with, another device that

requires an equipment authorization
Yes [X] No []

If either of the above is “yes”:

has been granted under the FCC ID(s) listed below:

is in the process of being filled under the FCC ID(s) listed below:

is pending with the FCC ID(s) listed below:

has a mix of pending and granted statues under the FCC ID(s) listed below:
FCC ID:UKOPLXTAGSFT

FCC ID:
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3.6 Sample information

2015-12-03

3.7 EUT technical specifications

2400 MHz + 2483.5 MHz
2402 MHz + 2462 MHz
OOK on a random MSK modulated carrier
2 MHz

5 MHz

1M96W XD

Integral, 7 dBi max

External 12-24Vdc

3.8 Operation of the EUT during testing

Transmitting to maximum power at 2402 MHz, 2442 MHz, 2462 MHz with the following
modulation: OOK on a random MSK modulated carrier

3.9 EUT setup diagram ‘
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Section 4: Engineering considerations

4.1 Modifications incorporated in the EUT
Modifications performed to the EUT during this assessment
None X]  Yes [], performed by Client [_] or Nemko []
Details:

4.2 Deviations from laboratory tests procedures
Deviations from laboratory test procedures
None [X]  Yes [] - details are listed below:

4.3 Technical judgment
None
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Section 5: Test conditions ‘

5.1 Power source and ambient temperatures ‘
Temperature: 15-30 °C

Relative humidity: 20-75 %

Air pressure: 86—106 kPa

When it is impracticable to carry out tests under these conditions, a note to this effect
stating the ambient temperature and relative humidity during the tests shall be recorded
and stated.

The normal test voltage for equipment to be connected to the mains shall be the nominal
mains voltage. For the purpose of the present document, the nominal voltage shall be the
declared voltage, or any of the declared voltages +5 %, for which the equipment was
designed.
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Section 6: Measurement uncertainty ‘

The data and results referenced in this document are true and accurate. The reader is cautioned that there may be
errors within the calibration limits of the equipment and facilities. The measurement uncertainty was calculated for
all measurements listed in this test report according to CISPR 16-4-2 “Specification for radio disturbance and
immunity measuring apparatus and methods — Part 4-2: Uncertainties, statistics and limit modelling — Uncertainty in
EMC measurements” and is documented in the Nemko Spa Technical Procedure WML1002. Furthermore,
component and process variability of devices similar to that tested may result in additional deviation. The
manufacturer has the sole responsibility of continued compliance of the device.
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Section

: Test equipment

7.1 Test equipment list

Equipment Manufacturer Model No. Asset/Serial No. Next cal.
Spectrum Analizer 9 KHz + 40 GHz R&S FSEK 848255/005 09/2016
Broadband preamplifier Schwarzbeck BBV 9718 9718-137 11/2016
Trilog Broadband Antenna Schwarzbeck VULB 9162 9162-025 2018/07
Semi-anechoic chamber Nemko 10m semi-anechoic 530 2016/09
chamber
Antenna mast R&S HCM 836 529/05 NCR
Controller R&S HCC 836 620/7 NCR
EMI receiver 9 kHz = 3 GHz R&S ESCI 100888 2016/09
LISN 9 kHz + 30 MHz R&S ESH2-25 872 460/041 2016/11
Climatic Chamber ESPEC ARS 1100 4100000067 2016/11
Loop antenna R&S HFH2-Z22 831247/011 2017/02
EMI receiver 20 Hz + 8 GHz R&S ESU8 100202 2016/04
Bilog antenna 1 +18 GHz Schwarzbeck STLP 9148-123 123 09/2018
Double Ridged Waveguide Horn RF SPIN DRH40 061106240 08/2016
Wide band Amplifier 18 GHz + 40 GHz MITEQ AMF-5F-18004000- 128061 11/2016
37-8P
High pass filter Wainwright Instruments WHNX6-2555-3500- 01 11/2016
26500-60CC

Note: N/A = Not applicable, NCR = No cal required, COU = Cal on use
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Section 8: Testing data

8.1 Clause 15.31(e) Variation of power source

§ 15.31 Measurement standards.

(e) For intentional radiators, measurements of the variation of the input power or the radiated signal level of the
fundamental frequency component of the emission, as appropriate, shall be performed with the supply voltage
varied between 85 % and 115 % of the nominal rated supply voltage. For battery-operated equipment, the

equipment tests shall be performed using a new battery.

Special notes
None

Test data

Page 11 0f 43 |
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8.2 Clause 15.31(m) Number of operating frequencies

§ 15.31 Measurement standards.

(m)

Measurements on intentional radiators or receivers, other than TV broadcast receivers, shall be performed
and, if required, reported for each band in which the device can be operated with the device operating at
the number of frequencies in each band specified in the following table:

ey raggzr:\tl:; TG EEIED Number of frequencies Location in the range of operation
1 MHz and less 1 Middle
1to 10 MHz 2 1 near top and 1 near bottom
More than 10 MHz 3 1 near top, 1 near middle and 1 near
bottom

Special notes

The frequency range over which the device operates is greater than 10 MHz. The tests were performed on three
operating channels (low, mid, high)

Test data

The frequency band is 2402 MHz (channel 1) to 2462 MHz (channel 13) MHz therefore number of operating
frequencies is 3.

Low frequency / channel 1 2402 MHz
Mid frequency / channel 7 2442 MHz
High frequency / channel 13 2462 MHz
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8.3 Clause 15.203 Antenna requirement

§ 15.203 Antenna requirement.

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 §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
§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.

Special notes
None

Test data
— The EUT uses a non-detachable antenna to the intentional radiator.

Detailed photo of RF connector:
E.U.T didn’t have antenna connector but integral antenna.
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8.4  Clause 15.247(a)(2) Minimum 6 dB bandwidth for systems using digital modulation

techniques
§ 15.247 Operation within the bands 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.

(a) Operation under the provisions of this Section is limited to frequency hopping and digitally modulated
intentional radiators that comply with the following provisions:

(2) Systems using digital modulation techniques may operate in the 902-928 MHz, 2400-2483.5 MHz and 5725-5850
MHz bands. The minimum 6 dB bandwidth shall be at least 500 kHz.

Special notes

None
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Radiated measurement 558074 D01 DTS Meas Guidance v03r03
Low channel 6 dB bandwidth

Mid channel 6 dB bandwidth

& Marker 2 [T1] RBU 100 KHz ~ RF Att 30 dB & Marker 3 [T1] RBW 100 kHz ~ RF Att 30 dB
& Ret Lul 111.56 dBuVsm  VBW 300 kHz & Ret Lvl 111.51 dBuV,m  VBW 300 kHz
123 dBx 2.40278056 BHz  SWT 5 ms Unit dBuv/m 123 dBx 2.44277655 GHz  SWT 5 ms Unit dBuV/m
12 i 12
120 L Yo 143 456 -dBuvom| 120 Y5 SR
3 T\%V 2.40278056 GHz 2/\W ’\\%V D.44277B55 GHz
o ) 1[IT1) | 118.13) dBuv/m o 7 . Ml IR ass! 117.92] dBuv/m
2.40206914 GHz | “\ D.44207515 GHz
‘V [T1] 112.10| dBuV/m i ‘ ¥3|IT1] 111.00| dBuV/m
- | N s 100 ¢ \M | | L ““ . DRIV D
‘ iy ] M W”L Nars,
goj-sul M | ) L I0pAS~ | i ” H ‘h‘ ul ol |
‘ ‘ ‘ 2ap ‘ l 28R
X m ! Lt p \ " \ ‘\ ALl ! I | ‘ | ! T
ag A i R A aoUh LA ) J / LA LT PR (R
[ | 1] il
I I I
0 0
TOF TOF
50 50
50 50
40 40
30) 30)
2 2
Center 2.402014028 GHz 500 kHz/ Span 5 MHz Center 2.442 GHz 500 kHz/ Span 5 MHz
Date: 14.DEC.2018 17:21:4 Date: 14 .DEC.2015 17:34:15
High channel
® *RBW 100 kHz Marker
“VBW 300 Kiz .69 dBpv
Ref 115 dBpv/m *Att 10 dB SW 2.5 ms 2.46272 4 z
o] N

i
1 PK [F10 /J 1 W

| I

Center 2.462 GHz 500 kHz/ Span 5 MHz

Date: 23.APR.2016 10:32:01

Frequency 6 dB bandwidth Limit Margin
(MHz) (MHz) (MHz) (MHz)
2402 1.32264 >0.5 0.82264
2442 1.33270 > 0.5 0.83270
2462 1.22600 >0.5 0.72600
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Section 8: Testing data | Product: Sensor

8.5

(b)

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

(1)

()

Clause 15.247(b) Maximum peak conducted output power ‘
§ 15.247 Operation within the bands 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.

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.

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.

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.

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.

(i) Systems operating in the 2400-2483.5 MHz band that are used exclusively for fixed, point-to-point operations may employ
transmitting antennas with directional gain greater than 6 dBi provided the maximum peak output power of the intentional
radiator is reduced by 1 dB for every 3 dB that the directional gain of the antenna exceeds 6 dBi.

(i) Systems operating in the 5725-5850 MHz band that are used exclusively for fixed, point-to-point operations may employ
transmitting antennas with directional gain greater than 6 dBi without any corresponding reduction in transmitter peak output
power.

(iii) Fixed, point-to-point operation, as used in paragraphs (b)(3)(i) and (b)(3)(ii) of this section, excludes the use of point-to-
multipoint systems, omnidirectional applications, and multiple co-located intentional radiators transmitting the same
information. The operator of the spread spectrum intentional radiator or, if the equipment is professionally installed, the
installer is responsible for ensuring that the system is used exclusively for fixed, point-to-point operations. The instruction
manual furnished with the intentional radiator shall contain language in the installation instructions informing the operator and
the installer of this responsibility.

None

Special notes
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Test data, continued ‘

Section (3) Results
Radiated measurements: 558074 D01 DTS Meas Guidance v03r03

Radiated measurements were performed:
- The EUT was measured on three orthogonal axis.
- All measurements were performed at a distance of 3 m.

Horizontal polarization low channel . -
Low channel, vertical polarization
@ rerker 1 [T11 RBW 2 MMz AF AIL 30 OB
Ref Lyl 118.57 dBav/m VBM 10 Mz
126 dBr 2.40224543 GHz ST 5ms Umit B em
1 - £ Marker 1 1711 RBW 2 MHz  RF ATt 30 OB
PITIT | 118,57 dBuem) \@Ref Lol 113,83 dBwi/m VEW 10 MHz
40773549 Rz 121 dBv 240273847 GHz  SNT 5 ms Unst By om
] 1 MERER 113.53 dBuv /m| a
1 [2.40273R47 GHz|
mfﬂ ' ‘
b oot J Ty
18 ot gt Tl s
a0 268 Eu
i
20
&n| a0l
o o L i
™
Conter 2.402 BHz 3.5 Mz Span 35 MHz Conter 2.402 BHz 3.5 iz, Span 35 tHz
Jate: 14.DFF.OME  18:0A:47 Jate 14.DFC.20M5 - 18:0R:N7
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Test data, continued
Section (3) Results

Radiated measurements were performed:

- All measurements were performed:

- The EUT was measured on three orthogonal axis.
- All measurements were performed at a distance of 3 m.

Radiated measurements: 558074 D01 DTS Meas Guidance v03r03

Center 2.442 BHz 3.5 MHz,

Span 35 MHz

Horizontal polarization middle channel Middle channel, vertical polarization
Marker 1 [T1] RBW 2 MHz RF Att 30 dB Marker 1 [T1] RBW 2 MHz RF Att 30 dB
Ref Lvl 116.96 dBuv/m VBW 10 MHz Ref Lvl 113.89 dBuV/m VBW 10 MHz
121 dBx 2.44217535 GHz SWT 5 ms Unit dBuV/m 121 dBx 2.44217535 GHz SWT 5 ms Unit dBuV m
| )
Yi|[T1] 116.96( dBuV/m| a Y0711 113.88| dBuV/m| a
1 [2.44217535 GHz| 2.44217535 GHz|
1 /ﬂ M 1 o
- i,
lsrianmdetn Py, . STV WYY By ] Y
ao| ED
A mMA
24P 2ap
ao0| BO|
70| 70|
TDF TDF
21 21l

Center 2.442 GHz

Date:

14 DFC.2N015  18:02:04

3.5 MHz, Span 35 MHz

er 2.462 Giiz 2.5 MHz/

Date: 23.APR.2016 10:42:48

High channel, horizontal High channel, vertical
kot 1 amvm  eme wan e ngms reaiorase o ®
-
i ‘T ' AT -
F ,»"/ . ‘Q‘«'\
[ M] M nm ‘ \W“‘va;w s W“WT»”INTM l MMM
WYY IO YRR TR PR lin [TV | T RO OO 171 o e 0 o A o

Date: 23.APR.2016 10:49:32
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Section 8: Testing data

| Product: Sensor

Test data, continued ‘

Section (3) Results, continued

where

Radiated measurements were performed:
- The EUT was measured on three orthogonal axis.

- All measurements were performed at a distance of 3 m.
- All measurements were performed:

Radiated measurements, horizontal polarization

EIRP is the equivalent isotropically radiated power, in dBm
EMeas is the field strength of the emission at the measurement distance, in dBpV/m
dMeas is the measurement distance, in m (3m)

Calculate the EIRP from the radiated field strength in the far field using Equation (22):
EIRP = E + 20log d —104.7 (22)

Frequency Field strength EIRP Limit Margin
(MHz) (dBpV/m) (dBm) (dBm) (dBm)
2402 119.6 24.44 36 -11.56
2442 116.9 21.74 36 -14.26
2462 116.6 21.44 36 -13.86
Note:.
Output power [dBm] = EIRP - Antenna gain [dBi] (7dBi)
Frequency EIRP Output power Limit Margin
(MHz) (dBm) (dBm) (dBm) (dBm)
2402 24.44 17.44 (0.055 W) 30 -12.56
2442 21.74 14.74 (0.030 W) 30 -15.26
2462 21.44 14.44 (0.028 W) 30 -15.56
Note:.
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Section 8: Testing data
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Test data, continued ‘

Section (3) Results, continued

where

Radiated measurements, vertical polarization

Radiated measurements were performed:
- The EUT was measured on three orthogonal axis.

- All measurements were performed at a distance of 3 m.
- All measurements were performed:

EIRP is the equivalent isotropically radiated power, in dBm
EMeas is the field strength of the emission at the measurement distance, in dBpV/m
dMeas is the measurement distance, in m (3m)

Calculate the EIRP from the radiated field strength in the far field using Equation (22):
EIRP = E + 20log d —104.7 (22)

Frequency Field strength EIRP Limit Margin
(MHZz) (dBuV/m) (dBm) (dBm) (dBm)
2402 113.5 18.34 36 -17.66
2442 114.00 18.84 36 -17.16
2462 116.82 21.66 36 -14.34
Note:.
Output power [dBm] = EIRP - Antenna gain [dBi] (7dBi)
Frequency EIRP Output power Limit Margin
(MHz) (dBm) (dBm) (dBm) (dBm)
2402 18.34 11.34 (0.014 W) 30 -18.66
2442 18.84 11.84 (0.015 W) 30 -18.16
2462 21.66 14.66 (0.029 W) 30 -15.34
Note:.
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8.6 Clause 15.247(d) Spurious emissions ‘
§ 15.247 Operation within the bands 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.

(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)).
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Section 8: Testing data

| Product: Sensor

Special notes ‘

§15.209 — Radiated emission limits

Frequency Field strength Measurement distance

(MHz) (UV/m) (dBpV/m) (m)

0.009-0.490 2400/F 67.6—20log(F) 300
0.490-1.705 24000/F 87.6—-20log(F) 30
1.705-30.0 30 29.5 30
30-88 100 40.0 3
88-216 150 43.5 3
216-960 200 46.0 3
above 960 500 54.0 3

Notes:

—  F = fundamental frequency in kHz
— In the emission table above, the tighter limit applies at the band edges.
—  For frequencies above 1 GHz the limit on peak RF emissions is 20 dB above the maximum permitted average emission

limit applicable to the equipment under test.

§15.205 — Restricted bands of operation

MHz MHz MHz GHz
0.090-0.110 16.42-16.423 399.9410 4.5-5.15
0.495-0.505 16.69475-16.69525 608-614 5.35-5.46

2.1735-2.1905 16.80425-16.80475 960—1240 7.25-7.75
4.125-4.128 25.5-25.67 1300-1427 8.025-8.5
417725417775 37.5-38.25 1435-1626.5 9.0-9.2
4.20725-4.20775 73-74.6 1645.5-1646.5 9.3-9.5
6.215-6.218 74.8-75.2 1660-1710 10.6-12.7
6.26775-6.26825 108-121.94 1718.8-1722.2 13.25-13.4
6.31175-6.31225 123-138 2200-2300 14.47-14.5
8.291-8.294 149.9-150.05 15.35-16.2
8.362-8.366 156.52475-156.52525 17.7-21.4
8.37625-8.38675 156.7-156.9 2690-2900 22.01-23.12
8.41425-8.41475 162.0125-167.17 3260-3267 23.6-24.0
12.29-12.293 167.72-173.2 3332-3339 31.2-31.8
12.51975-12.52025 240-285 3345.8-3358 36.43-36.5
12.57675-12.57725 322-335.4 3600—4400 Above 38.6
13.36-13.41
— The spectrum was searched from 30 MHz to the 10™ harmonic.
— The EUT was measured on three orthogonal axis.
—  All measurements were performed at a distance of 3 m.
—  All measurements were performed:
— within 30—1000 MHz range: using a quasi-peak detector with 120 kHz/300 kHz RBW/VBW,
— above 1 GHz: using peak detector with 1 MHz/3 MHz RBW/VBW for peak results
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Duty cycle/average factor calculations

§15.35(c) When the radiated emission limits are expressed in terms of the average value of the emission, and
pulsed operation is employed, the measurement field strength shall be determined by averaging over one complete
pulse train, including blanking intervals, as long as the pulse train does not exceed 0.1 seconds.

Duty cycle/average factor calculations: duty cycle =100%

xl 00 ms

T
Duty cycle/ average factor = 20x logw(loo J= not applicable
ms
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Test data, continued
Test method: see 558074 D01 DTS Meas Guidance v03r03

Marker-delta measurement for 2.400 GHz Band Edge: delta level >20 dB for peak and average measurements

®

Ref 115 dBuV/m “Att 10 aB

L
2 Rae

LIpreT (AU ARy I e A T A 1 T

WYY Y P T BRIV ¥

stast 2.38 GHz 2 mHz/ Stop 2.41 GHz

Date: 3.DEC.2015 17:22:34
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Test data, continued ‘

6.10.5 Restricted-band band-edge measurements, horizontal polarization

® *RBW 1 MHz Marker 2 [12 ]
*VBW 3 MHz 114.62 dBuv/m

Ref 117 dBpv/m ALt 10 dB SWI 2.5 ms .462224359 Gllz
Markdr 1 [T1]]
ﬂ 115.13 dBpV/m

3
A\
2.462304487 cuz|EM
Markdr 3 [T1]]
1 PK - \ 1 JBPN /.

N

N

. 483504000 GHz
Markdr 4 [12]]

ot
//
2 avig il
T - ad et
’/ 2.48350¢000 GHz
:/r/, ps
A :

1 74 dp*
\M R\h

TN
w M
o Ly 3DB
j " e
2 5h dB* =

Center 2.472 GHz b5 MHz/ Span 50 MHz

6.10.5 Restricted-band band-edge measurements, vertical polarization

® *RBW 1 MHz
*VBW 3 MHz

Ref 117 dBpV/m *')Att 10 dB SWT 2.5 ms

Markdr 1 (T1]J
,fi 115.1} dBpV/m
Fiie
2.462304487 crz|EM
Markqr 3 [T1[]
e S 1] arp/m
HAXH 2.483504000 GHz
Markqr 4 (T2 ]
n AV 30 o

.462224359 Gz

= N

~

g T TDF
2.483504000 GHz

PS
L
*

- )1 74 d,M, N

—
M — MWMM%W..“ o

:
\

Center 2.472 Gllz 5 Milz/ Span 50 Mz
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Test data, continued ‘

Radiated measurement horizontal polarization

Low channel
® Suu CE e
- j} T ,402 : ol | R WV
e l L e g i R
A G W = s B e e
I
o ST e e
e e BT ey e e e s
Peak field Peak | Peak | PYY | Aygfield Avg
Freq. Pol. Correction T ; cycle Avg limit g
(MHz2) V/H strength (dB) limit margin corr strength (dBuV/m) margin
(dBuV/m) (dBpVv/im) | (dB) (dBj (dBuV/m) M (dB)
2402 h - - Carrier (*) - - - - -
2 °thd h 56.35 - - - - - - -
Note: Correction factor includes antenna, cable loss, amplifier, and attenuators.
Only worst results were reported (horizontal polarization)
(*) Attenuated by notch filter
Radiated Measurements
— All measurements were performed at a distance of 3 m.
— All measurements performed:
— within 30-1000 MHz range: using a quasi-peak detector with 120 kHz/300 kHz RBW/VBW,
— above 1 GHz: using peak detector with 1 MHz/3 MHz RBW/VBW for peak results
— and using average detector with 1 MHz/3 MHz RBW/VBW for average results
(*) Attenuated by notch filter
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Test data, continued ‘

Radiated measurement vertical polarization
Low Channel RBH 1 MH: RF Att 0 dB
& o Sowem wm e
: — i e e
B B 2065, e _
— 1 ——— B — T -
|
T CE
P2 B4 WWML
W T e R N g e
..... |
Peak field Peak | Peak Puty | avg field Avg
Freq. Pol. i th Correction limi . cycle h Avg limit .
(MHz) V/H streng (dB) imit margin corr. strengt (dBuV/m) margin
(dBuV/m) (dBuV/m) | (dB) (dB) (dBuV/m) (dB)
2402 v 52.2 - Carrier (*) - -- -- -- --
2° thd v 51.5 - 74 - - - - -
- - - - 74 - - - - -
Note: Correction factor includes antenna, cable loss, amplifier, and attenuators.
Only worst results were reported (horizontal polarization)
(*) Attenuated by notch filter
Radiated Measurements
— All measurements were performed at a distance of 3 m.
— All measurements performed:
— within 30-1000 MHz range: using a quasi-peak detector with 120 kHz/300 kHz RBW/VBW,
— above 1 GHz: using peak detector with 1 MHz/3 MHz RBW/VBW for peak results
— and using average detector with 1 MHz/3 MHz RBW/VBW for average results
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Test data, continued ‘

Radiated measurement vertical polarization

Middle channel

& B E T
R 9 o s
g s fasdAARATT i - . [
W g [T B
¥
™
g B
|
b2 B4 B
T e
Peak field Peak | Peak | PUY | Avgfield Avg
Freq. Pol. i th Correction limi . cycle h Avg limit .
(MHz) V/H streng (dB) imit margin corr. strengt (dBuV/m) margin
(dBpV/m) (dBuV/m) | (dB) (dB) (dBuV/m) (dB)
2436 v 59.1 - Carrier (*) - - - - -
2° thd v 50.5 - 74 - - - - =
Note: Correction factor includes antenna, cable loss, amplifier, and attenuators.
Only worst results were reported (horizontal polarization)
(*) Attenuated by notch filter
Radiated Measurements
— All measurements were performed at a distance of 3 m.
— All measurements performed:
— within 30-1000 MHz range: using a quasi-peak detector with 120 kHz/300 kHz RBW/VBW,
— above 1 GHz: using peak detector with 1 MHz/3 MHz RBW/VBW for peak results
— and using average detector with 1 MHz/3 MHz RBW/VBW for average results
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Test data, continued ‘

Radiated measurement horizontal polarization
Middle channel
s T s Mo
@ e o0 oo ST o it i
T e I e e
/ o Ll | B o s e e
Buy BE L e
TVT_BZ L o UN" - g T DL
WW’N RO NV
Peak field Peak | Peak | PUY | Aygfield Avg
Freq. Pol. Correction o : cycle Avg limit i
(MHz) V/H strength (dB) limit margin corr strength (dBuV/m) margin
(dBpV/m) (dBpV/m) | (dB) (dBj (dBuV/m) H (dB)
2436 h 57.1 - Carrier (*) -- -- -- - -
2° thd h 52.9 — — - - = = =
Note: Correction factor includes antenna, cable loss, amplifier, and attenuators.
Only worst results were reported (horizontal polarization)
(*) Attenuated by notch filter
Radiated Measurements
— All measurements were performed at a distance of 3 m.
— All measurements performed:
— within 30-1000 MHz range: using a quasi-peak detector with 120 kHz/300 kHz RBW/VBW,
— above 1 GHz: using peak detector with 1 MHz/3 MHz RBW/VBW for peak results
— and using average detector with 1 MHz/3 MHz RBW/VBW for average results
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Test data, continued ‘

Radiated measurement horizontal polarization
High channel
» B BT
é”&w ettt Mo aan i e I
i I R . — B [~ T
l A
/W MW/WM
v
Fuy BEL S
|82 4 ) i
WW( i L w\ww VRGN
Fre Pol Peak field Correction Peak Peak cl:3 L(J:tlselz Avg field Avg limit Avg
(MH(;.) V/I-i strength (dB) limit margin c}(/)rr strength (ng Vim) margin
(dBpV/m) (dBuV/m) | (dB) (dBj (dBuV/m) H (dB)
— h - — - — - — - -
2° thd h 57.2 - - - - = = -
Note: Correction factor includes antenna, cable loss, amplifier, and attenuators.
Only worst results were reported (horizontal polarization)
(*) Attenuated by notch filter
Radiated Measurements
— All measurements were performed at a distance of 3 m.
— All measurements performed:
— within 30-1000 MHz range: using a quasi-peak detector with 120 kHz/300 kHz RBW/VBW,
— above 1 GHz: using peak detector with 1 MHz/3 MHz RBW/VBW for peak results
— and using average detector with 1 MHz/3 MHz RBW/VBW for average results
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Test data, continued ‘

Radiated measurement vertical polarization, High channel

Pl .. EE gy
-
[ ) IO S i
T y WW -l ok - — =
ik Vﬂwwwm}’ " )
L/ T
v
gy P EL
| oo [na ™ M"N‘“"
o T
Peak field . Peak | Peak | PUY | Avgfield | Avg
Freq. Pol. Correction S . cycle Avg limit .
(MHz) V/H strength (dB) limit margin corr strength (dBuV/m) margin
(dBpV/m) (dBpV/m) | (dB) (dBj (dBuV/m) H (dB)
2480 v 60.6 - Carrier (*) -- -- -- -- --
2° thd v 54.7 - 74 - - - - -

Note: Correction factor includes antenna, cable loss, amplifier, and attenuators.
Only worst results were reported (horizontal polarization)
(*) Attenuated by notch filter

Radiated Measurements

— Al measurements were performed at a distance of 3 m.

— All measurements performed:
— within 30-1000 MHz range: using a quasi-peak detector with 120 kHz/300 kHz RBW/VBW,
— above 1 GHz: using peak detector with 1 MHz/3 MHz RBW/VBW for peak results
— and using average detector with 1 MHz/3 MHz RBW/VBW for average results
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Test data, continued ‘

Radiated measurement horizontal polarization, low channel

Low channel
@ s e
— H
A [ \5{ /\ I
Lkl [T Mg
obblPt” -y e
Quasi . Quasi Duty )
Freq. Pol. | Peak field | Correction P(;‘atliallfr:qit Peak cycle é‘;/rgrf]'etlg Avg limit mAa\lfgin
(MHz) V/H strength (dB) margin corr. g (dBuVim) 9
(dBuV/m) (dBuV/m) (dB)
(dBpV/m) (dB) (dB)
67.8250 h 17.2 12.3 40.0 -22.8 - -- -- --
102.4000 h 28.3 13.9 43.5 -15.2 - -- -- -
162.0250 h 26.0 10.7 43.5 -17.5 - -- -- --
214.4250 h 154 13.4 43.5 -28.1 - -- -- -
Note: Correction factor includes antenna, cable loss, amplifier, and attenuators.
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Test data, continued ‘

Radiated measurement vertical polarization, low channel

@ RBW 120 kHz  Marker 1 [
Demod — AM Mr 1s 1BuV/m

Att 0 dB AUTO PREAMP ON 62. 0000000 MHz
daBpv 100 MHz 1 GHz
/m

seL

Lo
'

/ l m""‘w‘ oo

30 MHz 1 GHz

Date: 3.DEC.2015 20:16:45

. Duty )
Freq. QuaS| Peak Correction Quasi Peak Quasi Peak cycle Avg field Avg limit Avg.
(MHz) | Pol-V/H | field strength (dB) limit (dBuV/m) | margin (dB) | corr strength | (45 jy/jmy | Margin
(dBuVv/m) ( dB)' (dBuV/m) (dB)

31.5750 v 26.1 12.4 40.0 -13.9 - - - -
67.9250 v 22.1 12.2 40.0 -17.9 -- -- -- --
101.9500 v 325 13.8 43.5 -11.0 - - - -
162.0000 v 25.5 10.7 43.5 -18.0 -- -- -- --
Note: Correction factor includes antenna, cable loss, amplifier, and attenuators.
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Test data, continued ‘

Radiated measurement vertical polarization, middle channel

® RBW 120 kHz Marker 1 [T1 ]
Demod AM MT 1 s 23.69 dBuV/m
Att 0 dB AUTO  PREAMP ON 62.025000000 MHz
BRV [y 100 MHz 1 GHz
/m
M SGL

’

s
FCCE |

;\‘ / \ Td

ﬂ | 1 ' :

30 MHz 1 GHz

Date: 3.DEC.2015 19:49:38

) Duty )
Freq. Pol. V/H f%JdaZ rZﬁgtkh Correction Quasi Peak Quasi Peak cycle ng;;;etlg Avg limit mg\r/gin
(MHz) : (dBuv/m) (dB) limit (dBuV/m) | margin (dB) c(:gg). (dBuV/m) (dBuv/m) (dB)
31.2500 v 23.9 12.4 40.0 -16.1 - - -- --
67.9250 v 21.6 12.2 40.0 -18.4 - - - -
101.9250 v 33.7 13.8 43.5 -9.8 -- -- - --
135.0250 v 21.2 10.4 43.5 -22.3 - - -- --
148.5000 v 22.0 10.2 43.5 -21.5 - - - -
162.0250 v 23.9 10.7 43.5 -19.6 -- -- - --
Note: Correction factor includes antenna, cable loss, amplifier, and attenuators.
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Test data, continued ‘

Radiated measurement horizontal polarization, middle channel
® RBW 120 kHz Marker 1 [T1 ]
Demod AM MI 1 s 31.09 dBpv/m
/m“v 100 MHz 1 GHz
x |.
™ { TDS
- 5
, ' 1.
22 l L V]AW
- A /’“ L. ‘ b W
L w\w/ W
Date: 3.DEC.2015 19:57:35
Quasi . Quasi Duty )
Freq. Pol. Peak field | Correction Qua”sr:qli:t’eak Peak cycle ';\;lrgr]:'etlg Avg limit m':\rlgin
(MHz) VIH | strength (dB) (@Bpvim) | ™Margin corr. ( dBuV% my | (@Buvim) | T dg)
(dBuV/m) (dB) (dB)
98.0750 h 24.9 13.5 435 -18.6 - - - -
162.0000 h 27.6 10.7 43.5 -15.9 - -- - -
209.2000 h 23.9 13.3 43.5 -19.6 - -- - -
Note: Correction factor includes antenna, cable loss, amplifier, and attenuators.
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Test data, continued ‘

Radiated measurement horizontal polarization, high channel
® REW 120 kHz  Marker 1 [11 ]
Demod AM MT 1 s 18.46 dBpv/m
Att 0 dB AUTO PRIEAMP  ON 162.000000000 Mz
B g 100 MHz 1 GHz
/m
™ I TDS
Fa I
L. N MWW 6DB
L., y / \“A \ e o
_lg_WLh \f J \ I L MW
| | U™
Date: 3.DEC.2015 20:25:36
Quasi Peak Quasi Peak Duty Avg field Avg
Freq. Pol. ) Correction - Quasi Peak cycle Avg limit .
(MHz) V/H field strength (dB) limit margin (dB) corr strength (dBuV/m) margin
(dBuVv/m) (dBuV/m) ( dB)' (dBuVv/m) (dB)
68.0250 h 18.8 12.2 40.0 212 -- -- - -
101.9500 h 29.4 13.8 43.5 -14.1 - - - -
135.0000 h 15.7 10.4 43.5 -27.9 - - - -
162.0000 h 25.1 10.7 435 -18.5 -- -- - -
Note: Correction factor includes antenna, cable loss, amplifier, and attenuators.
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Test data, continued ‘

Radiated measurement vertical polarization, high channel

® RBW 120 kHz  Marke:
Demod AM MT 1s 1BPV/m

Att 0 dB AUTO PREAMP  ON 170.800000000 MHz

100 MHz 1 GHz

30 MHz 1 GHz

Date: 3.DEC.2015 20:22:03

Freq. Pol. fi?eIL(jja:irﬁ;rh Correction _Q_uasi Peak Quas_i Peak DUtgoszIe '::,:/rgrf]:,:g Avg limit mg\r/gin

(MHz) V/H (dBuV/m) (dB) limit (dBuV/m) | margin (dB) (dB) (dBuV/m) (dBpV/m) (dB)
31.3500 v 24.7 12.4 40.0 -15.3 - - - -
67.7250 v 23.8 12.3 40.0 -16.2 - - - -
101.5500 v 35.3 13.8 435 -8.2 - - - -
135.0250 v 18.0 10.4 435 -25.5 - - - -
162.0000 v 24.4 10.7 43.5 -19.1 - - - -
170.8000 v 18.6 11.0 43.5 -24.9 - - - -
Note: Correction factor includes antenna, cable loss, amplifier, and attenuators.
High channel radiated measured in vertical and horizontal polarization with protocol 802.11n
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Setup photos
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8.7 Clause 15.247(e) Power spectral density for digitally modulated devices
§ 15.247 Operation within the bands 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.

(e) For digitally modulated systems, 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. This power spectral density shall be determined in accordance with the provisions of
paragraph (b) of this section. The same method of determining the conducted output power shall be used
to determine the power spectral density.

Special notes

- The test was performed using guidelines of ANSI C63.10-2013,

- PSD option 1 was used since output power option 1 was used.
- Emission peak was located and zoomed in. RBW was set to 3 kHz, VBW was set > RBW.
Sweep time was set to Span/3 kHz. Peak level was measured.
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Radiated measurement protocol, vertical polarization

Low channel Mid channel
B e ®

- o),

limi N ”II‘H‘I I\’ _ | !

§x [A

Calculate the EIRP from the radiated field strength in the far field using Equation (22):
EIRP = E + 20log d —104.7 (22)

where

EIRP is the equivalent isotropically radiated power, in dBm

EMeas is the field strength of the emission at the measurement distance, in dBuV/m
dMeas is the measurement distance, in m (3m)

Frequency Field strength EIRP
(MHz) (dBuV/m) (dBm)
2402 98.36 3.20
2442 99.46 4.30
2462 100.59 6.13
Frequency PSD Limit Margin
(MHz) (dBm/3 kHz) (dBm/3 kHz) (dB)
2402 -3.8 8 -11.8
2442 -2.7 8 -10.7
2462 -0.9 8 -12.4
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Theoretical conversion from Field Strength measured at 3 m to power conducted from the intentional radiator to the
PSD [dBm/3 kHz] = EIRP — Antenna gain [dBi] (7 dBi)

Test data

Radiated measurement protocol, horizontal polarization

®‘ 0 amvrn

Low channel

e

‘“

Mid channel

where

High channel

i

|

|
-

e
Wi

EIRP is the equivalent isotropically radiated power, in dBm

EMeas is the field strength of the emission at the measurement distance, in dBpyV/m
dMeas is the measurement distance, in m (3m)

Calculate the EIRP from the radiated field streng'th in the far field using Equation (22):
EIRP = E + 20log d -104.7 (22)

Frequency Field strength EIRP
(MHz) (dBpV/m) (dBm)
2402 103.13 7.97
2442 102.03 6.87
2462 99.89 5.43
Frequency PSD Limit Margin
(MHz) (dBm/3 kHz) (dBm/3 kHz) (dB)
2402 0.97 8 -7.03
2442 -0.13 8 -8.13
2462 -1.6 8 -7.01

Theoretical conversion from Field Strength measured at 3 m to power conducted from the intentional radiator to the
PSD [dBm/3 kHz] = EIRP - Antenna gain [dBi] (7 dBi)
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Section 9: Block diagrams of test set-ups

| Product: Sensor

Section 9: Block diagrams of test set-ups
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Section 10: EUT photos | Product: Sensor
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Section 10: EUT photos ‘
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