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1.0 Summary of Test
TEST
TEST REQUIREMENT TEST METHOD RESULT
. FCC PART 15C FCC PART 15C
Antenna Requirement Section 15.203 Section 15.203 PASS
_ . FCC PART 15C
Occupied Bandwidth _ ANSI C63.10: Clause 6.9] PASS
section 15.215(c)
FCCPART LS C ANSI C63.10: CI 6.4
. . .10: Clause 6.
Radiated Emission section 15.249 (a), 65 & 6.6 PASS
(d)
Band Edges Measurement FCCPART 15C ANSI C63.10: Clause 6.10  PASS

section 15.249 (d)

Remark 1:

N/A: not applicable. Refer to the relative sectionthe details
EUT: In this whole report EUT means Equipment UnDest.

Tx: In this whole report Tx (or tx) means Transemit

Rx: In this whole report Rx (or rx) means Receiver.

RF: In this whole report RF means Radio Frequency.

ANSI C63.10: the detail version is ANSI C63.10:20d.3he whole report.

uncertainty

Remark 2:

Measurement uncertainty:
Test items
Radiated
Emission

Below 1GHz

4.87dB

Above 1GHz

4.79dB

ID: PW3-HAFELESZOI
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20  General Description
21  Product Description
Operating Frequency 2450MHz

Report No.: 160406124GZU-004
Issu@016-05-18

Type of Modulation: FSK

Number of Channels 1 Channel

Channel Separation: None

Antenna Type PCB layout

Antenna gain: 0 dBi

Power Supply: 3V(button cell “CR2032")
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2.2 Related Submittal(s) Grants

Report No.: 160406124GZU-004
Issu@016-05-18

This is an application for certification of:
Part 15 Low Power Communications Device Transmitter

2.3  Test Methodology

Radiated emission measurements was performed aggotd the procedures in ANSI
C63.10:2013. Radiated emission measurement wasrped in semi-anechoic chamber. For
radiated emission measurement, preliminary scatdiaal tests were performed in the semi-
anechoic chamber to determine the worst case métlasdiated tests were performed at an
antenna to EUT distance of 3 meters, unless stdleawise.

24  Test Facility

All of the tests are performed at:

Intertek Testing Services Shenzhen Ltd. Guangzirandh

Block E, No.7-2 Guang Dong Software Science Padipi@ Road, Guangzhou Science City,
GETDD Guangzhou, China.

Except Radiated Emission was performed at:
EST Technology Co., Ltd.
Santun (guantai Road), Houjie Town, DongGuan @GityangDong, China.

This test facility and site measurement data haenbully placed on file with the FCC, test
firm registration number is 989591.
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3.0 System Test Configuration

31 Judtification

For emissions testing, the equipment under tesTjE6tup to transmit continuously to

simplify the measurement methodology. Care wasitékensure proper power supply voltages
during testing. It was powered by 3V (button c€R2032").

Report No.: 160406124GZU-004
Issu@016-05-18

The signal is maximized through rotation and plameimn the three orthogonal axes; the
antenna height and polarization are varied durrggdearch for maximum signal level. The
antenna height is varied from 1 to 4 meters. Radiatissions are taken at three meters unless
the signal level is too low for measurement at thistiance. If necessary, a pre-amplifier is used
and/or the test is conducted at a closer distance.

All readings are extrapolated back to the equivaleree meter reading using inverse scaling
with distance. The spurious emissions more thawnlBR®elow the permissible value are not
reported.

For an intentional radiator, the spectrum shalinvestigated from the lowest radio frequency
signal generated in the device, without going bedakiHz, up to at least the frequency shown in
the following table:

Frequency range of radiated emission measurements
Lowest frequency generated in
the device

9 kHz to below 10 GHz

Upper frequency range of measurement

10th harmonic of highest fundamental frequencyatd
GHz, whichever is lower

At or above 10 GHz to below 305th harmonic of highest fundamental frequency drG0
GHz GHz, whichever is lower

At or above 30 GHz 5th harm.onic of highest fundamental freguency g.I(IO

GHz, whichever is lower, unless otherwise specified

Number of fundamental frequencies to be testedJm Eansmit band

Frequency range in which Number of Location in frequency
device operates frequencies range of operation
1 MHz or less 1 Middle
1 MHz to 10 MHz 5 1 near top and 1 near
bottom
More than 10 MHz 3 1 near top, 1 near middle

and 1 near bottom
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3.2 EUT Exercising Software
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No special exercising software

3.3 Special Accessories
No special accessories used.
34  Measurement Uncertainty

When determining of the test conclusion, the Meam@nt Uncertainty of test has been
considered.

Uncertainty and Compliance — Unless the standaedifsgally states that measured values are
to be extended by the measurement uncertainty terrdming compliance, all compliance
determinations are based on the actual measurnael. val

35 Equipment Modification

Any modifications installed previous to testingHgfele America Co.will be incorporated in
each production model sold / leased in the UnitatkeS.

No modifications were installed by Intertek TestBeyvices Shenzhen Ltd. Guangzhou Branch.

3.6  Support Equipment List and Description

The client make a continuous transmit sample f&t; ta actual use will with duty cycle (detail
information can refer to page 12)
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Intertek

40 Measurement Results

4.1  Antenna Requirement:
Standard requirement
15.203 requirement:
For intentional device. According to 15.203. arenttonal radiator shall be designed to
Ensure that no antenna other than that furnishetéyesponsible party shall be used with
the device.
EUT Antenna

The antenna is an integral antenna and no consimleia replacement. The best case gain
of the antenna is 0 dBi.

Report No.: 160406124GZU-004
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4.2

Occupied Bandwidth:

Test Requirement:

Test Method:
Test Status:

Test Configuration:

Report No.: 160406124GZU-004
Issu@016-05-18

FCC PART 15 C section 15.215(c)

(c) Intentional radiators operating under theraliive provisions
to the general emission limits, as contained 8817 through
15.257 and in subpart E of this part, must be eesigo ensure

that the 20 dB bandwidth of the emission, or whatdandwidth
may otherwise be specified in the specific ruletisacunder
which the equipment operates, is contained withenftequency
band designated in the rule section under whiclethgpment is

operated
ANSI C63.10: Clause 6.9

Pre-Scan has been conducted to detethe worst-case mode
from all possible combinations between availabledutations,
data rates and antenna ports (if EUT with anteniversity
architecture).

Spectrum Analyzer

EUT

y L

MNon-Coducted Table

Ground Reference Plane

Test Procedure:

The transmitter was operated at its maximum capoegrer measured under normal test

conditions.

a) The instrument center frequency was set to tine@mal EUT channel center frequency. The
frequency span for the spectrum analyzer was betwéetimes and 5.0 times the OBW(20

dB Bandwidth).

b) The nominal IF filter bandwidth (3 dB RBW) wamsthe range of 1% to 5% of the OBW,
and VBW was approximately three times the RBW.

c) Set the reference level of the instrument asired, keeping the signal from exceeding the
maximum input mixer level for linear operation.ganeral, the peak of the spectral

ID: PW3-HAFELESZOI
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envelope was more than [10 log (OBW/RBW)] below rbikerence level.

d) Step a) through step ¢) might require iterateadjust within the specified range.

e) The dynamic range of the instrument at the ssdlelRBW was more than 10 dB below the
target “-20 dB dowr requirement; that is, if the requirement callsrfa@asuring the
—20 dB OBW, the instrument noise floor at the sel@édRBW was at least 30 dB below the

reference value.

f) Peak detection and max hold mode (until theetrstabilizes) was used.
g) Used the 20dB bandwidth function of the instratrend reported the measured bandwidth.

h) The occupied bandwidth was reported by provigilod(s) of the measuring instrument
display; the plot axes and the scale units pesdimiwas clearly labeled. Tabular data was

reported in addition to the plot(s).

20 dB bandwidth:

Frequency Measured 20 dB Limit
Result

(MH2z) bandwidth (kHz) (kHz)
2450 877.50 / Pass

20dB bandwidth:
Result plot as follows:

Spectrum

®

(=)

Ref Level -9.00 dém @ RBW 100 kHz
= Att 10 dB & SWT 19 ps @ VBW 300 kHz  Mode Auto FFT

@ 1Pk Max

M1[1]

20 dem AT ndB
Bw

-30 dBm //\ ‘\//'\ Q factor

-26.30 dBm)|
2.450199060 GHz|

877.500000000 kHz|

20.00 dB

2792.2

-40 dem T g

-50 dBm

-60 dBm

oy

-80 dBm

-90 dBm

-100 dBm

CF 2.45 GHz 8000 pts

Span 5.0 MHz

Marker
Stimulus Response |__Function |

Function Result

Type | Ref | Tre

M1 1 2,45019906 GHz -26.30 dBm ndB down
T1 1 2.44957531 GHz -46.29 dBm ndg
T2 1 2.45045281 GHz -46,30 dBm Q factor

877.5 kHz
20.00 dB
2792.2
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4.7

Radiated Emission

Test Requirement:

Report No.: 160406124GZU-004
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FCC PART 15 C section 15.249@),

(a) Except as provided in paragraph (b) of thisisecthe field
strength of emissions from intentional radiatoreraped within

these frequency bands shall comply with the follayvi

Fundamental| Field Strength of| Field Strength of
Frequency Fundamental Harmonics
(MHz) (dBpV/m @ 3m) | (dBuV/m @ 3m)
902 to 928 94.0 54.0
2400 to 2483.5 94.0 54.0
5725 to 5875 94.0 54.0

Test Method:
Test Status:

Test site:
Limit:

Detector:

ID: PW3-HAFELESZOI

22

Note: The limits shown in the above table are based casorements using an
average detector, except for the fundamental eonissithe frequency band 902-
928 MHz, which is based on measurements using BRIRiasi-peak detector.
(d) Emissions radiated outside of the specifieduescy bands,
except for harmonics, shall be attenuated by at & dB below
the level of the fundamental or to the generalatadi emission
limits in§ 15.209, whichever is the lesser attermumat

ANSI C63.10: Clause 6.4, 6.5 and 6.6

Pre-Scan has been conducted to determine the vasstmode
from all possible combinations between availablelulations,
data rates and antenna ports (if EUT with anteivexrsity
architecture).

Measurement Distance: 3m (Semi-Anechoic Chamber)

The field strength of radiated emission outsidéhefspecified
frequency bands, except for harmonics at a distah8emeters
shall not exceed the following values:

Frequency (MHz Field Strength
(dBuVvV/m @ 3m)
30-88 40.0
88-216 43.5
216-960 46.0
Above 960 54.0

For Peak and Quasi-Peak value:
200 Hz for 9 kHz to 150 kHz
9 kHz for 150 kHz to 30 MHz
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120 kHz for 30 MHz to 1GHz
RBW =1 MHz for f> 1 GHz
VBW = RBW
Sweep = auto
Detector function = peak forf1 GHz, QP for f <1 GHz
Trace = max hold

According 15.35(c), when the field strength (or &ope power) is
not constant or it is in pulses, and an averagectimtis specified
to be used, the value of field strength or powailde determined
by averaging over one complete pulse train, inclgdilanking
intervals within the pulse train, as long as this@arain does not
exceed 0.1 seconds. In cases where the pulseeitegeds 0.1
second, the average value of field strength orudyspwer shall be
determined during a 0.1 second interval during Whine field
strength or power is at its maximum value.

The average correction factor was computed by aimagythe on time in 100ms over one
complete pulse train. Analysis of the remote trattemon time in one complete pulse train,
therefore the average value of fundamental frequess: Average = Peak value + 20log (Duty
cycle), where the duty factor is calculated frorhofeing formula:

The duration of one cycle >100ms

Effective period of the cycle =9.71 ms

DC =9.71/100=0.0971 or 9.71%

Therefore, the averaging factor is found by 201§013= -20.26

The duty cycle was calculated at “S1” button, itie worst case found.
Please refer to below plots for more details.
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%

Spectrum | In%:

Ref Level 6.00 dBm @ RBW 1 MHz
@ Att 20 dB & SWT 100 ms & YBW 3 MHz
@ 1Pk View

M1[1] -32.53 dBm
odam 45.797 ms
D2[1] -0.17 dB

9.710 ms

-10 dBm

-20 dBm

30 dem sl

-40 dBm

-50 dBm

mmwww e bl o, o SARTVRR

-70 dBm

-B0 dBm

-90 dBm

CF 2.45 GHz 691 pts
Marker

10.0 ms/

Type | Ref | Trc | Stimulus | Response |__Function | Function Result
M1 1 45,797 ms -32.53 dBm
D2 M1 1 9.71 ms -0.17 dB
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Section 15.205 Restricted bands of operation.

Report No.: 160406124GZU-004
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MHz MHz MHz GHz
l0.090 -0.110 16.42 - 16.423 399.9 -410 45-5.15
0.495 - 0.505 16.69475 - 608 - 614 5.35-5.46
2.1735 - 2.1905 16.69525 960 - 1240 7.25-7.75
4.125-4.128 16.80425 - 1300 - 1427 8.025-8.5
417725 -4.17775 16.80475 1435 - 1626.5 9.0-9.2
4.20725 - 4.20775 255 -25.67 1645.5 - 1646.5 9.3-95
6.215 - 6.218 37.5-38.25 1660 - 1710 10.6 - 12.7
6.26775 - 6.26825 73 -74.6 1718.8 -1722.2 13.25-13.4
6.31175 - 6.31225 74.8 - 75.2 2200 - 2300 14.47 - 145
8.291 - 8.294 108 - 121.94 2310 - 2390 15.35-16.2
8.362 - 8.366 123 -138 2483.5 - 2500 17.7-21.4
8.37625 - 8.38675 149.9 - 150.05 2655 - 2900 22.01 - 23.12
8.41425 - 8.41475 156.52475 - 3260 - 3267 23.6-24.0
12.29 - 12.293 156.52525 3332 - 3339 31.2-31.8
12.51975 - 156.7 - 156.9 3345.8 - 3358 36.43 - 36.5
12.52025 162.0125 - 167.17 3600 - 4400
12.57675 - 167.72 - 173.2
12.57725 240 - 285
13.36 -13.41 322 -335.4
ID: PW3-HAFELESZOI Page 14 of
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Test Configuration:
1) 9 kHz to 30 MHz emissions:

VVVVVVVVVVVV

L} Im
o EUT
im
o8 ""I Turn Table

Recaver

\A'A

)

AAAA

2) 30 MHz to 1 GHz emissions:

VVVVVVVVVVVV

EUT

AAAA

VVVV

08 m

Turn Table
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1 GHz to 25 GHz emissions:

VVVVVVVVVVVV

f - Ei
/l'illl Tm-4m | EUT
Fo
1.5m

l__| A ffﬂ\&/ﬁhiu.w\fﬁ\ 4 Turn Takle

AAAA

e |
Receiver

Test Procedure:
1) 9 kHz to 30 MHz emissions:

For testing performed with the loop antenna. Thereeof the loop was positioned 1 m above
the ground and positioned with its plane vertitdha special distance from the EUT. During
testing the loop was rotated about its verticas &ar maximum response at each azimuth and
also investigated with the loop positioned in teizontal plane.

2) 30 MHz to 1 GHz emissions:

For testing performed with the bi-log type antenfiae measurement is performed with the EUT
rotated 360°, the antenna height scanned betweeandmm, and the antenna rotated to repeat
the measurement for both the horizontal and vériietenna polarizations.

3) 1 GHz to 25 GHz emissions:

Test site with RF absorbing material covering threugd plane that met the site validation
criterion called out in CISPR 16-1-4:2010 was useperform radiated emission test above 1
GHz.

For testing performed with the horn antenna. Thasueement is performed with the EUT
rotated 360°, the antenna height scanned betweeandmm, and the antenna rotated to repeat
the measurement for both the horizontal and vériietenna polarizations.

4) The receiver was scanned from 9 kHz to 25 GHzekVan emission was found, the table was

PW3-HAFELESZOI Page 16 of
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rotated to produce the maximum signal strength. iniral pre-scan was performed for in peak
detection mode using the receiver. The EUT was areddor both the Horizontal and Vertical
polarities and performed a pre-test three ortholgolaaes. For intentional radiators,
measurements of the variation of the input poweherradiated signal level of the fundamental
frequency component of the emission, as appropsatdl be performed with the supply voltage
varied between 85% and 115% of the nominal ratpglgwoltage. The worst case emissions
were reported.

9 kHz~30 MHz Field Strength of Unwanted Emissid@sasi-Peak Measurement
The measurements with active loop antenna weréegritean 20dB below the limit, so the
test data were not recorded in the test report.

Radiated Emissions (Below 1GHZz)
Test Curve and test data
Horizontal:

v i
ECLE'E[ (dBuVim)

70

60

FCC PART 15 C(3M)

50

0 e

30 , - ]
§ M
st

30 100. 200, 300. 400, 500. 600, 700. 800, a00. 1000
Frequency (MHz)

3_ gt

"

Quasi-peak measurement:
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Vertical:

aaLevei (dBuV/m)

70

60
FCC PART 15 C(3M0)

50

30 100 200, 300. 400 500. 600, 700. 800, 900. 1000

Frequency (MHz)
Quasi-peak measurement:
Ant Cable Emisaion

Fredq. Factor Loss Eeading Level Limitcs Hargin

{MHZ) {dB/m) {dB) {dBuV) (dBu¥/m) (dBuV/m) (dB)
1 &62.44 20,10 7.71 2g.18 25.23 15 20,77
2 T752.44 22.04 £2.42 22.44 28.03 46.00 17.97
3 B874.87 22.74 g.90 27.74 25,14 48,00 le.E8
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Radiated Emissions (Above 1GHZz)

1~25 GHz Harmonics & Spurious Emissions. Peak & Average Measurement
Peak Measurement:

Frequency Antenna Cable loss Preamp Reading | Emission Limit Antenna
(MHz) factors (dB) factor Level Level (dBuv/m) | polarization
(dB/m) (dB) (dBuv) (dBuv/m)

2450.00 27.59 6.67 34.09 87.61 87.78 114.00 \Y
4900.00 31.42 12.22 31.93 46.67 58.38 74.00 \Y
7350.00 36.57 11.59 31.98 42.17 58.35 74.00 \Y
9800.00 38.02 11.61 31.83 41.13 58.93 74.00 \Y
2450.00 27.59 6.67 34.09 89.30 89.47 114.00 H
4900.00 31.42 12.22 31.93 48.57 60.28 74.00 H
7350.00 36.57 11.59 31.98 44.88 61.06 74.00 H
9800.00 38.02 11.61 31.83 41.60 59.40 74.00 H
Average Measurement:

Frequency Antenna Cable loss Preamp | Average | Emission Limit Antenna

(MH2) factors (dB) factor Factor Level (dBuv/m) | polarization
(dB/m) (dB) (dB) (dBuv/m)

2450.00 - - - - - 94.00 \Y
4900.00 31.42 12.22 31.93 -20.26 38.12 54.00 \Y
7350.00 36.57 11.59 31.98 -20.26 38.09 54.00 \Y
9800.00 38.02 11.61 31.83 -20.26 38.67 54.00 \Y
2450.00 - - - - - 94.00 H
4900.00 31.42 12.22 31.93 -20.26 40.02 54.00 H
7350.00 36.57 11.59 31.98 -20.26 40.80 54.00 H
9800.00 38.02 11.61 31.83 -20.26 39.14 54.00 H

Notes:

1. AT frequencies equal to or less than 1000MHasgpeak detector was used,
above 1000MHz, Peak detector was used.

2. All measurements were made at 3 meter.

3. Horn antenna is used for the emission over 1(0OM

4. When Peak emission level was below AV limit, &\ emission level did not be recorded.
5. Final Test Level (PK) =Receiver Reading + AneRiactor + Cable Loss —Preamplifier

Factor.

ID: PW3-HAFELESZOI Page 19 of
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4.8 Band Edges Requirement
Test Requirement: FCC PART 15 C section 15.249 (d)

(d) Emissions radiated outside of the specifiezfjdiency bands,
except for harmonics, shall be attenuated by ait 188 dB below
the level of the fundamental or to the general at@di emission
limits in§ 15.209, whichever is the lesser attermmat

Report No.: 160406124GZU-004
Issu@016-05-18

Frequency Band: 2400 MHz to 2483.5 MHz
Test Method: ANSI C63.10: Clause 6.10
Test Status: Pre-Scan has been conducted to determine the vamstmode

from all possible combinations between availablelulations,
data rates and antenna ports (if EUT with antemvexsity
architecture).

Test Configuration:

Spectrum Analyzer

/

EUT

Non-Coducted Table

Ground Reference Plane

ID: PW3-HAFELESZOI Page 20 of
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Result plot asfollows:
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Spectrum | =3
Ref Level -2.00 dBm @ RBW 100 kHz
Att 15 dB SWT 2277 ps @ VBW 300 kHz Mode Auto FFT
@ 1Pk Max
M3[1] -77.95 dBm
-10 dBm 2.48350000 GHz
M1[1] -23.44 dBm
-20dBm L1 2.45021220 GHz
-30 dBm
-40 dBrn
-S0dBm f L

-60 dBm
70 dam—j M —
o IS YW e P, i S ol s

-390 dBm

Start 2.39 GHz 30000 pts Stop 2.5 GHz
Marker
Type | Ref | Trc Stimulus Response |__Function Function Result
r1 1 2.4502122 GHz -23.44 dBm
rz2 1 2.4 GHz -78.50 dBm
M2 1 2.4835 GHz -77.95 dBm

Peak Measurement

Band-edge compliance is determined by applying eradklta method, i.e (Band-edge
Plot).

() Lower band-edge:

Peak Resultant field strength

=Fundamental emissions (peak value) — delta frarbtnd-edge plot
= 89.47dBuv/m — 55.06dB

= 34.41dBpv/m

(i) Upper band-edge:

Peak Resultant field strength

=Fundamental emissions (peak value) — delta frabtnd-edge plot

= 89.47dBuv/m — 54.51dB

= 34.96dBuv/m

The Peak resultant field strength meets the genea@iated emission AV limit
54dBuv/m, so it complies with the requirement.
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5.0

Test Equipment List

Radiated Emission

Report No.: 160406124GZU-004

Issue@16-05-18

Equipment Manufacturer Model No. Serial No. Lask ClNext Cal.
EMI Test ReceivefRohde & SchwarZESVS10 100004 June,28/15rear
Spectrum AnalyzeAgilent E4411B MY50140697 June,28|15rear
Bilog Antenna Teseq CBL 6111D | 27090 June,2f, Mear
Signal Amplifier | Agilent 310N 187037 June, 28 1% ear
Horn Antenna SCHWARZBECKBBHA 9120 D|BBHA9120D1002June,28,18 Year
Signal Amplifier |SCHWARZBECK [BBV9718 9718-212 June,28,18 Year
Spectrum AnalyzeAgilent E4408B MY44211139 June,28|15rear
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