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Test Report Revision History

Revision Date Revised By Reason for Revision
1.0 October 20, 2016 Poona Saber Original Document
20 November 28,2016 Poona Saber Revised the frequency of operation range and
conducted spurious test procedure
3.0 December 2, 2016 Poona Saber Added authorized band edge section
40 December 2, 2016 Poona Saber Added plots taken for number of points for

radiated testing
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ILAC / A2LA

Compliance Testing, LLC, has been accredited in accordance with the recognized International Standard ISO/IEC
17025:2005. This accreditation demonstrates technical competence for a defined scope and the operation of a laboratory
quality management system (refer to the joint ISO-ILAC-IAF Communiqué dated January 2009).

The tests results contained within this test report all fall within our scope of accreditation, unless noted in the table below.

Please refer to http://www.compliancetesting.com/labscope.html for current scope of accreditation.

Testing Certificate Number: 2152.01

\\\\l|ll/,I
LA

/,

/, N\ -
//'ll. ih .\\‘\\ TESTING CERT
#2152.01

FCC Site Reg. #349717

IC Site Reg. #2044A-2

Non-accredited tests contained in this report:

N/A
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The applicant has been cautioned as to the following

15.21 - Information to User

The user’'s manual or instruction manual for an intentional radiator shall caution the user that changes or modifications not
expressly approved by the party responsible for compliance could void the user’s authority to operate the equipment.

15.27(a) - Special Accessories

Equipment marketed to a consumer must be capable of complying with the necessary regulations in the configuration in
which the equipment is marketed. Where special accessories, such as shielded cables and/or special connectors are
required to enable an unintentional or intentional radiator to comply with the emission limits in this part, the equipment
must be marketed with, i.e. shipped and sold with, those special accessories. However, in lieu of shipping or packaging
the special accessories with the unintentional or intentional radiator, the responsible party may employ other methods of
ensuring that the special accessories are provided to the consumer, without an additional charge.

Information detailing any alternative method used to supply the special accessories for a grant of equipment authorization
or retained in the verification records, as appropriate. The party responsible for the equipment, as detailed in 2.909 of this
chapter, shall ensure that these special accessories are provided with the equipment. The instruction manual for such
devices shall include appropriate instructions on the first page of text concerned with the installation of the device that
these special accessories must be used with the device. It is the responsibility of the user to use the needed special
accessories supplied with the equipment.
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All tests and measurement data shown were performed in accordance with FCC Rules and Regulations, Volume II; Part 2
and the following individual Part: 15.247 Operation within bands 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.

Except as noted herein, the following conditions and procedures were observed during the testing:

In accordance with ANSI C63.4-2009, ANSI C63.10-2009, FCC DA 00-705, and unless otherwise indicated in the specific
measurement results, the ambient temperature of the actual EUT was maintained within the range of 10 to 40C (50 to
104F) unless the particular equipment requirements specified testing over a different temperature range. Also, unless

otherwise indicated, the humidity levels were in the range of 10% to 90% relative humidity.

Environmental Conditions

Temperature Humidity Pressure
(°C) (%) (mbar)
25.2 29.8 968.4

Measurement results, unless otherwise noted, are worst case measurements.

EUT Description

Frequency Range: 902 - 928 MHz

Range of Operation: 905.5-924.4 MHz

Modulation: FSK

Emission Designator: F1D

Transmitter Power Configuration: 3VDC from internal battery

Model: 1115 - Water and Temp Sensor

Description: Combination water and temperature sensor used in home automation system
Additional Information:

EUT Operation during Tests
EUT was tested on both fixed channel and hopping mode for different testing

15.203: Antenna Requirement:

X The antenna is permanently attached to the EUT

The antenna uses a unique coupling

The EUT must be professionally installed

The antenna requirement does not apply
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Test Results Summary
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ee a: Pass,
Specification Test Name Fail, N/A Comments
15.247(b) Peak Output Power Pass
15.247(d) Conducted Spurious Emissions Pass
15.247(d), 15.209(a), Radiated Spurious Emissions Pass
15.205
15.247(a) Occupied Bandwidth Pass
15.247 (e) %Average time of occupancy of hopping Pass
requency
15.247 (e) Hoppmg channel carrier frequencies Pass
separation
15.247 (e) Number of hopping frequencies Pass
15.247(a) Number of Hopping Channels Pass
15.207 A/C Powerline Conducted Emissions N/A Unit is DC powered
RSS-GEN §7 Receiver Spurious Emissions N/A Unit is not a standalone receiver
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Peak Output Power
Engineer: Poona Saber
Test Date: 10/20/2016

Test Procedure

The EUT was connected directly to the input of a Spectrum Analyzer. The Maximum output peak readings were taken and
the result was then compared to the limit.

Test Setup

Spectrum EUT
Analyzer >

Transmitter Peak Output Power

Tuned Frequency Recorded Measurement Specification Limit Result
(MHz) Watts (Watts)
905.5 0.0108 1 Pass
914.9 0.011 1 Pass
924.39 0.0119 1 Pass
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Conducted Spurious Emissions

Engineer: Poona Saber

Test Date: 10/20/2016

ey

Test Procedure

" Compliance Testing, LLC

Testing since 1963

The EUT was connected directly to a spectrum analyzer to verify that the EUT met the requirements for spurious
emissions. The reference level was offset for the peak power output with the resolution bandwidth set for 100 KHz. The
frequency range from 30 MHz to the 10" harmonic of the fundamental transmitter was observed. Only detectable spurious

emissions were recorded and plotted.

For emissions that fell within restricted bands extra measurement was taken to show compliance with 15.209 limit.

i
ko b

Date:

14 dBm

Test Setup

Spectrum EUT
Analyzer >

Conducted Spurious Emissions Plots

* RBW 100 kHz Marker 1 [T
* VBEW 300 kHz 10.42
*Att 10 dB “EWT 1 s 906.730769231

dBm

ME=

=16

--30

-50

F-&0

--90

Lara

Start 30 MH=z

20.0CT.2016

02:01:17

97 MHz/ Stop

Low Channel 30 MHz-1GHz -20dBc

1 GH=z
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® * REW 100 kH=z Marker 4 [T1 ]
*VBW 300 kHz

Ref 14 dBm *ALC 10 dB *Ewr 1 o= 4.

Markedr 1 [T1|[]

1o -2 .38 dBm
1.807694308 GHz
Markdr 2 [T1]|]
o T
~3g¢.84 dbBm
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—t p1 9. cd ap Mol 2 (7a |y
37.44 dBm
FL.E6Z25000000 GH
F-20
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F-40
A 3DB
v
--50
ML6O I
A ian '-%WMMWWM
F-70
--80
Start 1 GHz 900 MHz/ stop 10 GHz

Date: Z0.0CT.2016 02:02:12

Low Channel 1-10 GHz - 20 dBc

® *REW 1 MHz Marker 2 [T1 ]
TWBEW 3 MH= 39,25 dBuwv

102.1 dBpv Attt 0 das SWT 55 m= 3.625000000 GH=z

F100—=+F <H betedd e & o T
so0foe arpv

2.71634¢154 cu=z |IEM

o0

70

Fe0

D1 54 dipuv
3

50

3DB

-40

10

Start 1 GHz 200 MHz/ Stop 10 GHz

Date: 20.0CT.2016 23:22:51

Low Channel 1-10 GHz restricted band emissions Average
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® *RBW 1 MH=z Marker 3 [T1 ]
S VEW 3 MHz 57.40 dBuV

Re £ 102.1 dBuv *aAtt 0 dB SWT 55 ms= 3.625000000 GHz
100 -—effg=t e pcrated] I
c9l35 dRpv
z.716344154 cHz |EM
-0 |4 0= g Lep= o s g n
= 2.45673¢769 GHz
50 LVL
Dl f—:L "AJI’,]JV
70
-eo ]
v
50
3DB
E&QJ iﬂ

30
20
— 10
Start 1 GHz 900 MHz/ Stop 10 GH=z

Date: 20.0CT.2016 23:31:39

Low Channel 1-10 Ghz restricted band emissions Peak

® *RBW 100 JkHz Marker 1 [T1 ]
*VEBW 300 kH=z 1lo.72 dbBm

Ref 14 4ApBRm * Attt 10 AR FEWT 1 o= 916.057692308 MH=z

10

=10 : S—b

—40

Ll

3DB

Start 30 MH=z 97 MHz/ Stop 1 GHz

Date: 20.0CT.2016 02:06:49

Mid Channel 30 MHz-1GHz -20dBc
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® * RBW 100 kH=z Ma e [r1 ]
FWVEW 300 kH= L0 .50 dBm

Ref 14 dBm FALE 10 dB eSWT 1 o= 2. 7451 92308 GH
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==
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--40
4 3DB

-850
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Date: 20.0CT.2016 03:08:32

Mid Channel 1-10 GHz - 20 dBc

® * RBW 1 MHz Marker 2
FVEBW 3 MH=
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|-100 c = el T
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LVI.
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40
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Mid Channel 1-10 Ghz restricted band emissions Average
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® “ REBW 1 MH= Marker 2 [T1 ]
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3 ARV
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[-100-= 1 S + PN IS I
71 14 dBuav
1

1og308 cH= |[HEW

[—20

=0 LV,

D1 74 dpv
b
70

[—c0

W

MWWWWMW A AR AR AAA At A B4

—10

Start 1 GH= 900 MH=/ Stom 10 GH=

Date: 20.0CT.2016 22:35:26

Mid Channel 1-10 Ghz restricted band emissions Peak
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Authorized Band-Edge Measurements
Engineer: Poona Saber
Test Date: 10/19/2016

Test Procedure

Compliance Testing, LLC

Testing since 1963

This test is performed two times. Once with the hopping function turned OFF and then repeated with the hopping function
turned On to make sure that the RF power remains OFF while the device is changing frequencies and that the oscillator
stabilizes at the new frequency before RF power is turned back ON and overshoot of any oscillator wouldn’t cause any

transmission occur during temporary periods.

Following measurement setup was used and emissions at the band edge and beyond were checked to not be less than
20 dBc. For hopping mode the trace was allowed to stabilize before any measurements were taken.

Sweep time: Coupled
Resolution bandwidth: 100 KHz
Video bandwidth: 300 KHz
Detector: Peak

Trace: Max hold

Test Setup

Spectrum
Analyzer

—>

# Agilent

EUT

#Atten 24 dB

Low channel 20 dBc Band-Edge

p16a0004_FCC_Part 15.247_FHSS_Rev 4.0
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m
m
m

High channel 20 dBc Band-Edge

Low Channel Hopping Band Edge
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Ampli

High Channel Hopping Band-Edge

p16a0004_FCC_Part 15.247_FHSS_Rev 4.0
Page 18 of 31



~ Compliance Testing, LLC
v‘ Testing since 1963

g

|

Radiated Spurious Emissions
Engineer: Poona Saber
Test Date: 10/19/2016

Test Procedure

The EUT was tested in a semi-anechoic chamber set 3m from the receiving antenna. A spectrum analyzer was used to
verify that the EUT met the requirements for Radiated Spurious Emissions that fall in restricted bands per 15.209 limits.
The antenna and cable correction factors were summed with the pre-amplifier gain and entered into the spectrum
analyzer as an offset to ensure accurate readings. The spectrum for each tuned frequency was examined to the 10™
harmonic.

Test Setup

EUT z \ Antenna P SpeCtl‘um
7N f— Amplifier —_— Analyzer

No other emissions were detectable. All emissions were greater than -20 dBc.

Extra plot on the emission at 3.6 GHz was taken with lower span to show meeting the number of points requirement per
ANSI C63.10 which requires the number of points be higher than 2*span/RBW with average detector and further
investigation has been done to meet this requirement on all the other spurious emissions.

p16a0004_FCC_Part 15.247_FHSS_Rev 4.0
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Radiated Spurious Emissions Plots
5 Agilent R T

#Atten B dB

#Atten @ dB

1 GHz
BH 1 MHz #YBH 3 MHz

Low channel 1-10 GHz Peak
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=5 Agilent R T

#Atten @ dB

#Atten B dB

Mid channel 30MHz - 1GHz
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= Agilent R T

#Atten B dB

: URE.GIF file saved
Mid channel 1-10 GHz Peak

5 Agilent R T

HEL = = 1l l -

VB

Mid channel 3.6 GHz (humber of points > 2*span/RBW)
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=5 Agilent R T

#Atten @ dB

#II_IIE:H E: MHE

High channel 30MHz - 1GHz
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5 Agilent R T

#Atten © dB

PICTURE.GIF file saved

High channel 1-10 GHz Peak
5 Agilent R T

#Htten B dB

1 GHz
BH 1 MHz #UBH 3 MHz

High channel 1-10 GHz Average
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Occupied Bandwidth
Engineer: Poona Saber

Test Date: 10/18/2016
Test Procedure

The EUT was connected directly to a spectrum analyzer. The Span was set wide enough to capture the entire transmitting
spectrum and the resolution bandwidth was set to at least 1% of the span. The analyzer was set to max hold and when
the entire spectrum was captured, the 20dB bandwidth was measured to verify that the bandwidth met the specification.

Test Setup

Spectrum

EUT
Analyzer v

—>

20 dB Bandwidth Summary

Fr?ﬁnllj_;r;cy Recorded Measurement Specification Limit Result
905.5 153.84 KHz 500 KHz Pass
914.99 153.84 KHz 500 KHz Pass

924.407 155.44 KHz 500 KHz Pass
® RBW 30 kH=z Delta 2 [TL ]
VBW 30 kH=z 0.04 4dB
Ref 17 dBm Attt 45 dp SWT 5 ms 153.846153844 kH=z
Marksgr 1 [TL1]]
10 h.569 dBm
a5.512820513 MH=
/Y
L og Mﬂ/ \\‘\'\ =n
F-30 LA “MW "\Al\"\}'u“t““"
M M
—-40
~-50
-60
=-70
F-80
Center 205.5222487 MHz 100 kHz/ Span 1 MHz
Date: 19.0CT.2016 02:22:33

Bandwidth Low channel
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*RBW 30 kH= Delta [T ]

*WVBW 320 kH=z O.10 4de
Ref 17 dBm Att 45 dB 5 EWT 5 ms 153.6846153846 kHz

Marlkegr 1 [T1 |1
10
/ \ eI ]

o
-10 -\\
20 f’/ \“\

DB

F-80

Center

19.0CT.2016

914 .

999359 MH= 100 kH=z/ Span 1 MH=z

02:26:08

Bandwidth Mid channel

*RBW 30 kH= De ]t S AR | |
FWEW 30 kH= O.535 4dR

AT 45 db FEWT 5 oms 155 . 44¢

——-10

\

A

[——~70

80

Center

l19.0CT.2016

Q24 .

4076282 100 kH=z=/ Span 1 MH=

Bandwidth High channel
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Average Time of Occupancy of Hopping Frequency
Engineer: Poona Saber
Test Date: 10/18/2016

Test Procedure

The EUT was connected directly to a spectrum analyzer. The EUT was set to hopping mode with the spectrum analyzer
setto a 0 Hz span.

Test Setup
EUT Spectrum
> Analyzer
Measured/Calculated Time Period Limit Result
(Sec) (Sec) (Sec)
0.132 20 0.4 Pass

Channel 20dB Bandwidth <250KHz

Time of occupancy Calculation:

1- Single occupancy duration = 0.73 ms

2- The minimum measured repetition of the channel occupancy in period of 20 seconds = 182
3- Time of occupancy= (single duration) x (repetition) = 132.86 ms

p16a0004_FCC_Part 15.247_FHSS_Rev 4.0
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o

S

o ]

l l
H s
5
o>

Single Occupancy Time

2WT 21 =

ALT

@

19.0CT.2016 ) 0] 11

Minimum repetition over 20 seconds
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Number of Hopping Channels

Engineer: Poona Saber
Test Date: 10/18/2016

Test Procedure

. Compliance Testing, LLC
>~ | Testing since 1963

The EUT was connected directly to a spectrum analyzer. The Span was set to the specified band end points. The EUT was
then set to operate in hopping mode. The MAX HOLD function of the spectrum analyzer was utilized to verify the number of

hopping cannels.

Test Setup
EUT Spectrum
Analyzer
Measured Number Limit Result
53 At least 50 Pass
<§§> REW 100 kHz Marker 1 [T1
M AT
= IREARA AR R T L
--10 ]
--20 |
--30 w
u L )
--co
--70
Start Q02 MH= 2.6 MH=z/ Stop 928 MH=
Date: 19.0CT.2016 02:34:54

Number of Hopping Channels
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Hopping Channel Carrier Frequencies Separation
Engineer: Poona Saber
Test Date: 10/18/2016

Test Procedure
The EUT was connected directly to a spectrum analyzer.

Test Setup

EUT Spectrum
Analyzer

Receiver Spurious Emissions Summary

Measured Separation Limit
(KHz) (KHz) Result
350.57 Minimum 25 Pass

® * RBW 20 kHz Delta 3 [T1 |
*VEW 30 kHz 0.02 dpB

Ref 17 dBm Att 45 dB FEWT 5 ms TZ22.756410257 kH=z

Markdr 1 [71[]
Ll].55 dBm

= DN
T T
A YA

D~

Center 914.99 MHz 100 kH=z/ Span 1 MH=z

Date: 19.0CT.2016 01:52:18

Carrier frequency separation
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Description Manufacturer Model # CT Asset # La;;t(;al C'Blali):e
Bi-Log Antenna Schaffner CBL6111D i00349 10/19/15 10/19/17
Horn Antenna ARA DRG-118/A i00271 06/16/16 06/16/18
Spectrum Analyzer Rohde & Schwartz FSU i00501 03/25/16 03/25/17
LISN COM POWER L1-125A i00446 04/29/16 04/29/17
AC Power Source Behlman BL 6000 i00362 Verified on: 5/13/16
EMI Analyzer Agilent E7405A i00379 2/11/16 211117
S Meter Sem- .| Panashield S Meter Sem | 00428 810/16 | 8/10/18

END OF TEST REPORT
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