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1. Scope

This test report certifies that the Building 36 Technologies ADC-S40-W Water Sensor as
tested, meets the FCC Part 15, Subpart C and ISED Canada RSS-247, Issue 2 requirements.
The scope of this test report is limited to the test sample provided by the client, only in as
much as that sample represents other production units. If any significant changes are made to
the unit, the changes shall be evaluated and a retest may be required.

2. Product Details

2.1. Manufacturer: Building 36 Technologies

2.2. Model Number: ADC-S40-W

2.3 Serial Number: Pre-production prototype

2.4 Description of EUT: Wireless Water Sensor with Flood Detection
2.5 Power Source: 3 Volt Lithium Battery CR123

2.6 Hardware Revision: Rev 3

2.7 Software Revision: N/A

2.8. Modulation Type: Gaussian frequency shift keying

2.9. Operating Frequencies: 912 & 920 MHz
2.10. EMC Modifications: None

3. Product Configuration
3.1. EUT Hardware

. Input | Freq (Hz) . .
Manufacturer Model Serial Number
u u I u Volts Or DC Description/Function
Building 3.6 ADC-S40-W Pre-production 3 DC Wireless Water Sensor
Technologies
3.2. Support Equipment
Device Manufacturer Model Serial No. Comment
Laptop Lenovo P50 PCOMHJ8Y For setting up EUT
3.3. Cables
Cable Type Length Shield From To
Sensor Cable 2M Yes EUT Sensor
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3. Product Configuration (continued)

3.4. Operational Characteristics & Software
Install the battery to the device under test.

A proprietary software, provided by Silicon Labs for EMC testing, called MicroRFLink is used to
configure the frequency, modulation type and bandwidth of the DUT. The device will be configured
using this software to modulate test frequencies at 912 MHz and 920 MHz

3.5. Block Diagram

Water Sensor Lapt
Model 1 _____. (for coar:ﬁgggtion,
ADC-540-W removed for test)
Sensor

4. Measurements Parameters
4.1. Measurement Equipment Used to Perform Test

Device Manufacturer |[Model No.| Serial No. | Cal Due | Interval
EMI Test Receiver, 9kHz - 7GHz * Rohde & Schwarz ESR7 101156 10/16/2022 2 Years
EMI Test Receiver, 10 Hz - 7GHz * Rohde & Schwarz ESR7 101770 7117/2022 2 Years
Spectrum Analyzer, 2 Hz to 26.5 GHz?| Rohde & Schwarz FSW26 102057 9/13/2021 3 Years
Spectrum Analyzer, 9 kHz to 40 GHz® | Rohde & Schwarz FSV40 100899 8/12/2022 2 Years
Spectrum Analyzer 10 Hz — 40 GHz! Rohde & Schwarz FSVR40 100909 9/18/2022 2 Years
Loop Antenna 9 kHz - 30 MHz EMCO 6512 9309-1139 1/28/2022 3 Years
Biconilog Antenna, 30 MHz - 2 GHz Sunol Sciences JB1 A050913 6/5/2021 2 Years
Dbl Ridged Guide Antenna 1- 18 GHz ETS-Lindgren 3117 00143292 3/21/2022 2 Years
Preamplifier, 1 GHz to 26.5 GHz Hewlett Packard 8449B 3008A01323 | 9/11/2021 3 Years
1.8 GHz - 9.3 GHz Passband Filter Mini-Circuits VHP-16 0341 3/23/2022 2 Years
Digital Barometer Control Company 4195 ID236 4/30/2021 3 Years
Temperature Chamber Eﬁvsifgrfmendtal SD-308 10782 CNR

1 ESR7

2 FSW26
3 FSv40
4 FSVR40

Date installed: 09/30/2020
Date installed: 11/16/2020
Date installed: 05/04/2016
Date installed: 08/19/2016

Firmware revision: V3.48 SP3,
Firmware revision: V4.71 SP1,
Firmware revision: V2.30 SP4,
Firmware revision: V2.23 SP1,

Previous V3.48 SP2, installed 07/23/2020.
installed 08/11/2020.
Previous V2.30 SP1, installed 10/22/2014.
installed 10/22/2014.

Previous V4.61,

Previous V2.23,
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4. Measurements Parameters
4.2. Measurement Software

Software Title or :
Manufacturer Description Model # Rev. Report Sections
Compliance Worldwide TesF Report Test Report 1.0 | 7.10. Conducted Emissions
Generation Software Generator

4.3. Measurement & Equipment Setup

4/27/2021 — 4/30/2021

Test Dates:

Test Engineers: Sean Defelice
Normal Site Temperature (15 - 35°C): 21.2

Relative Humidity (20 -75%RH): 35

Frequency Range:
Measurement Distance:

EMI Receiver IF Bandwidth:

EMI Receiver Average Bandwidth:
Detector Function:

4.4, Measurement Procedures

30 kHz to 9.4 GHz

3 Meters

200 Hz — 9 to 150 kHz

9 kHz — 150 kHz to 30 MHz

120 kHz - 30 MHz to 1 GHz
1 MHz - Above 1 GHz

>= 3 * |F (BW) or RBW

Peak, Quasi-Peak & Average

Test measurements were made in accordance FCC Part 15.247: Operation within the
bands 902 - 928 MHz, 2400 - 2483.5 MHz, 5725 - 5850 MHz, and 24.0 - 24.25 GHz.

The measurement procedures in this report are in accordance with ANSI C63.10-2013:
American National Standard of Procedures for Compliance Testing of Unlicensed
Wireless Devices. FCC OET Publication Number KDB 558074 D01 v05r02, Guidance for
Performing Compliance Measurements on Digital
Frequency Hopping Spread Spectrum Systems, and Hybrid System Devices
Operating Under 815.247, dated April 2, 2019, was also referenced for the test
procedures used to generate the data in this report. All references to these publications
refer to this versions and dates detailed in this paragraph.

Transmission Systems (DTS),
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4. Measurements Parameters

4.5. Measurement Uncertainty
The following uncertainties are expressed for an expansion/coverage factor of K=2.

RF Frequency + 1x10°8
Radiated Emission of Transmitter + 4.55 dB
Radiated Emission of Receiver + 455 dB
Temperature +£0.91°C
Humidity + 5%

5. Choice of Equipment for Test Suits

5.1 Choice of Model
This test report is based on the test samples supplied by the manufacturer and are
reported by the manufacturer to be equivalent to the production units.

5.2 Presentation
This test sample was tested complete with all required ancillary equipment. Refer to
Section 3 of this report for product equipment configuration.

5.3 Choice of Operating Frequencies
The device under test utilizes two operating frequencies: 912 MHz and 920 MHz. Both
frequencies were tested.

5.4 EUT Positions for Emissions Measurements

During all radiated mode measurement testing, the EUT was mounted on a polystyrene
form to facilitate rotating the device through three orthogonal axes as required by ANSI
C63.10-2013, section 5.10.1.
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6. Measurement Summary
FCC ISED Test
Test Requirement Rule Rule Report Result
Requirement Requirement | Section
Antenna Requirement 15.203 7.1 Compliant
Minimum DTS Bandwidth 15.247 (a) (2) Rgsz-gw 72 | compliant
Maximum Peak Conducted Output RSS-247 .
Power 15.247 (b) (1) 5.4 d) 7.3 Compliant
Operation with directional antenna .
gains greater than 6 dBi 15.247 (b) (4) 7.4 Compliant
Spurious Radiated Emissions 15.247 (d) RS6S'163EN Compliant
Spurious Radiated Emissions 7.5
(> GHz) - Harmonic 15.247 (d) RS§'163EN Compliant
Measurements '
Band Edge and Out of Band RSS-GEN .
Measurements 15.247 (d) 6.13 7.6 Compliant
Emissions in Non-restricted RSS-GEN .
Frequency Bands 15.247(e) 6.13 7.7 Compliant
Peak Power Spectral Density 15.247(e) Rgsz-%;w 7.8 Compliant
AC .Po.wer Line Conducted 15.207 RSS-GEN 79
Emissions 7.2
Duty Cycle 15.247 N/A 7.10 Compliant
99% (Occupied) Bandwidth RS%'(;EN 7.11 Compliant

RSS-GEN, Issue

Public Exposure to Radio 11307 (b) (1) | 5, Section3.4, | 7.12 | Compliant
Frequency Energy Levels RSS 102
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7. Measurement Data
7.1. Antenna Requirement (15.203)

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.

Results: The EUT utilizes an etch antenna that is not user replaceable.
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7. Measurement Data
7.2. Minimum DTS Bandwidth (15.247 (a) (2, ISED_RSS-247 5.2 a))

Requirement: (15.247 (a) (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.

Procedure:

Results:

This test was performed in accordance with the procedure detailed in
FCC OET publication number 558074, Section 8.1 Option 1, DTS (6 dB)
Channel Bandwidth.

The device under test meets the minimum 500 kHz DTS (6 dB) bandwidth
requirement.

Minimum
Frequency “o el -6 dB
Channel Bandwidth 3 Result
(MHz) (kH2) Bandwidth
(kHz)
Low 912 626.40 >500 Compliant
High 920 635.40 >500 Compliant
7.2.1. Low Channel — 912 MHz
Spectrum I:Dv:
Ref Level 20.00 dBm Offset 10.00 dB & RBW 100 kHz
jo ALt 20dB  SWT L ms & VBW 300 kHz Mode Sweep
180-21 Building 36 ADC-S4000-wW Z-Wave Long Range @ 1Pk View
M1 M1[1] 12.84 dBm
10 dBm T4 A N T2 911.80220 MHz
K= 6.00 dB
4 B "-\ 626400000000 kHz
0 dBm — Qfaclm\ 1455.7
/H- N
-10 dBm: —r B S
20 dB ol
7
-30 dBm: - N,
,_)‘..,«J")JN N'\,..__‘r.w‘__
-40 dBm:
-50 dBm:
-60 dBm
-70 dBm:
CF 91%.00 MHZ 1001 pts Span 3.0 MHz
Marker
Type ] Ref ] Trc ] X-value ] ¥-value | Function | Function Result |
P11 1 911.59022 MHz 12,84 dBm ndB down 626.4 kHz
T1 1 911.6913 MHz 5,79 dBm nde 6.00 dB
T2| 1] 912.3177 MHz 5.87 dBm Q factor 1455.7
i Measuring... @UORENLLD B0 2’;?:;‘::; Yy
Date: 2E.APR.2021 10:55:43
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7. Measurement Data

7.2. Minimum DTS Bandwidth (15.247 (a) (2)) (continued)
7.2.2. High Channel — 920 MHz

Spectrum :%1
Ref Level 20.00 dem Offset 10.00 dé & RBW 100 kHz
jo ALL 20de SWT 1ms & VBW 200 kHz Mode Sweap
180-21 Building 36 ADC-S4000-W Z-Wave Long Rangs @ 1Pk View
M1 M1[1] 12.76 dBm
¥ = - 919.80820 MHz
10 dBm T - 1z 6.00 db
/ B \ 635.400000000 kHz
B
Odém / Q facts 1447.7
-10 dBm - \\'
P —
—~ )
-20 dém \
30 dBm—tr—el L
=] —
e datiad T
40 dem
50 dem
60 dBm
-70 dem
CF 920.0 MHz 1001 pts Span 3.0 MHz
Marker |
Type | Ref | Trc | ¥-value | ¥-value | Function | Function Result |
M1 1] 919.8082 MHz 12,76 dém | ndB down | 635.4 kHz |
T1 1] 919.56883 MHz | 6.65 dem | nds | 5.00 dB |
TZ| 1 920.3237 MHz 6.73 dém 0 factor | 1447.7 |
7T . — T
)|l Measuring..  WRANEEEED im0 7
Date: 28.APR.2021 10:11:5(
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7. Measurement Data (continued)
7.3. Maximum Peak Conducted Output Power (FCC 15.247 (b)(3), ISED RSS-247 5.4 d)
Requirement: (15.247 (b) (3))

Procedure:

Test Note:

Results:

The maximum peak conducted output power of the intentional radiator
shall not exceed the following: For systems using digital modulation in the
902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz bands: 1 Watt
(+30 dBm).

This test was performed in accordance with the procedure detailed in
FCC OET publication number KDB 558074, Section 9.1.1.

A spectrum analyzer resolution bandwidth of 1 MHz and a video
bandwidth of 3 MHz were used to meet the requirements of FCC OET
publication number 558074, Section 9.1.1 and the measured product
DTS bandwidth.

The device under test meets the required maximum peak conducted
output power level of 1 Watt (30 dBm).

Frequency BT ezl P.ea.k Margin
Channel Conducted Output Power| Limit Result
(MHz) (dBm) (dBm) (dB)
Low 912 13.16 30 -16.84 | Compliant
High 920 13.13 30 -16.87 | Compliant

7.3.1. Low Channel — 912 MHz

Spectrum | u%-l
Ref Level 20.00 dem  Offset 10.00 dB & RBW 1 MHz
j ALL 20 dB SWT 1ms & VBW 32 MHz Mode Sweep
180-21 Building 36 ADC-54000-W Z-Wave Long Range @ 1Pk View
Mi[1] 13.16 dBm
911.80020 MHz
15 dem aac 3
L J
— ‘__‘_ e s
10 dBm = —
e
S dBm — - N
0 dBm
\\
N
-5 dBm
4 \\
-10 dBm L
/ N
Fd \
-15 dem o N
r
-20 dBm—* Ay
’ \
:}& I"L
i
4
J’P "\
CF912.0 MHz 1001 pls Span 3.0 MHz
Marker
Type | Ref | Trc | X-value | T-value | Function | Function Result |
M1 1 911.8002 MHz | 13.16 dBm

-r

— Toant
Measuring...  WURNNALED W6 226 7
4 g o )
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7. Measurement Data

7.3. Maximum Peak Conducted Output Power (continued)

7.3.2. High Channel — 920 MHz

Spectrum I

&

Ref Level 20.00 d@m Offset 10.00 dB & RBW 1 MHz
jo Attt 20 de  SWT 1ms & VBW 3 MHz

Mode Sweep

120-21 Building 36 ADC-S4000-W Z-Wave Long Range @ 1Pk View

15 dem

A1

M1[1]

13.13 dBm
919.79520 MHz

10 d2m

’—'_'_'_'_L\_’-_"—”_\_‘_‘--\_

5 dBm —

0 dBm o

5 dBm ~

-10 dBm /

-15 dBm ra

-20 dBm v

by

o

\N

-25 ll:lﬁé.

N
'i.ﬂ]hu

s
ILCF 920.0 MHz

1001 pts

Marker
Type | Ref | Trc | ¥-value |

Y-value |

Function

Span 5.0 MHz

Function Result |

M1 [ 1] 910,7952 MHz |

13,13 dBrn |

\id

Date: 28.AFR.2021 10:30:36

] Meaqllring..._ '-llllllll “ Wo42021

10:30:36 ﬁ
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7. Measurement Data
7.4. Operation with directional antenna gains greater than 6 dBi (15.247 (b)(4))
Requirement: If transmitting antennas of directional gain greater than 6 dBi are used,

DUT Status:

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 FCC
Part 15.247, as appropriate, by the amount in dB that the directional gain
of the antenna exceeds 6 dBi.

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.

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.

Procedure: Not applicable for the device under test.

The DUT utilizes an antenna with an approximate peak gain of -5.3 dBi,
and therefore is exempt from this requirement.
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7. Measurement Data (continued)

7.5. Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz) (FCC 15.209, ISED
RSS-GEN 6.13)

7.5.1 Transmitter Spurious Radiated Emissions
Requirement: (15.209) The Emissions from an intentional radiator shall not exceed the

Procedure:

Test Notes:

Results:

Sample Calculation:

field strength levels specified in the following table:

Frequency Range Distance Limit
(MHz) (Meters) (dBuv/m)?
0.009 to 0.490 3 128.5t0 93.8
0.490to 1.705 3 73.81063.0

1.705 to 30 3 69.5

30 to 88 3 40.0

88 10 216 3 43.5

216 to 960 3 46.0

>960 3 54.0

1Measurements in the 9 to 90 kHz, 110 to 490 kHz and above 1000 MHz ranges employ
an average detector. Otherwise a quasi-peak detector is used.

This test was performed in accordance with the procedure detailed in
FCC OET publication number 558074, Section 12.0: Emissions in
restricted frequency bands and FCC 47CFRPart 15.209: Radiated
Emission Limits; General Requirements.

The test methods used to generate the data in this test report is in
accordance with ANSI C63.10:2013, American National Standard for
Testing Unlicensed Wireless Devices.

Measurements were made from the lowest oscillator frequency as stated
by the manufacturer (32.768 kHz) to the 10" harmonic of the highest
transmitter frequency or 40 GHz, whichever is lower.

Reference FCC Part 15.33(a) and FCC Part 15.33(a)(1).

Each of the test modes documented within the test report were evaluated
and the worst case of each of the test modes is detailed in this section. A
full set of measurement scans are presented in Appendix A of this test
report.

The Emissions from the DUT did not exceed the field strength levels
specified in the above table.

Final Result (dBuV/m) = Measurement Value (dBuV) + Antenna Factor (dB/m) +
Cable Loss (dB) — Pre-amplifier Gain (dB) Internal or External.

Note: All correction factors are loaded into the measurement instrument prior to
testing to determine the final result.
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7. Measurement Data (continued)

7.5. Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz) (FCC 15.209, ISED
RSS-GEN 6.13)

7.5.2. Transmitter Spurious Radiated Emissions (Harmonic Meas.) Test Results
Worst case measurements of Harmonics that fall into the restricted bands.
7.5.2.1. Fundamental Frequency = 912 MHz

Freq. Fi(-}(lddBSt\r/;ength Limit Margin Antenna
(MH2) HV/m) (dBuv/m) (dBuv/m) Polarity | Result
Peak Average Peak Average Peak Average (HV)

2736.00 47.68 34.57 74.00 54.00 -26.32 -19.43 H Compliant
3648.00 51.26 36.38 74.00 54.00 -22.74 -17.62 H Compliant
4560.00 52.23 37.97 74.00 54.00 -21.77 -16.03 H Compliant
7296.00 53.14 41.20 74.00 54.00 -20.86 -12.80 H Compliant
8208.00 54.08 43.18 74.00 54.00 -19.92 -10.82 H Compliant
9120.00 52.09 40.82 74.00 54.00 -21.91 -13.18 H Compliant

1 All correction factors are stored in the spectrum analyzer and applied to these column entries.

7.5.2.2. Fundamental Frequency = 920 MHz

Freq. Fi(-}(lddBSt\r/;ength Limit Margin Antenna
(MH2) HV/m) (dBuv/m) (dBuv/m) Polarity | Result
Peak Average Peak Average Peak Average (HV)

2760.00 45.48 34.10 74.00 54.00 -28.52 -19.90 \% Compliant
3680.00 51.85 36.59 74.00 54.00 -22.15 -17.41 \Y, Compliant
4600.00 52.32 37.35 74.00 54.00 -21.68 -16.65 H Compliant
7360.00 51.74 40.61 74.00 54.00 -22.26 -13.39 \% Compliant
8280.00 55.01 42.57 74.00 54.00 -18.99 -11.43 \% Compliant
9200.00 51.74 40.17 74.00 54.00 -22.26 -13.83 Y, Compliant

1 All correction factors are stored in the spectrum analyzer and applied to these column entries.
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TESTING CERT #1673.01

Issue Date: 5/28/2021

7. Measurement Data (continued)
7.6. Band Edge and Out of Band Measurements (FCC 15.209, ISED RSS-GEN 6.13)

Requirement: 15.247(d) In any 100 kHz bandwidth outside the frequency band in which
the spread spectrum or digitally modulated intentional radiator is
operating, the radio frequency power that is produced by the intentional
radiator shall be at least 20 dB below that in the 100 kHz bandwidth within
the band that contains the highest level of the desired power, based on
either an RF conducted or a radiated measurement, provided the
transmitter demonstrates compliance with the peak conducted power
limits. If the transmitter complies with the conducted power limits based on
the use of RMS averaging over a time interval, as permitted under
paragraph (b)(3) of this section, the attenuation required under this
paragraph shall be 30 dB instead of 20 dB. Attenuation below the general
limits specified in Section 15.209(a) is not required. In addition, radiated
emissions which fall in the restricted bands, as defined in Section
15.205(a), must also comply with the radiated emission limits specified in
Section 15.209(a) (see Section 15.205(c)).

Procedure:  For the band edges, this measurement was performed in accordance with
the procedure detailed in FCC OET publication number 558074, Section
11: Emissions in non-restricted frequency bands.

Results: The DUT met the 20 dB requirement at the band edges.

7.6.1. Lower Band Edge

- Band Edge -
Lowest Maximum Minimum
Band Edge - Delta to :
Transmitter PSD Required
AT Frequency (100 kHz) ('\:gé ESB) Delta Result
(MHz) (MHz) (dBm) (dB) (dB)
902 912 12.21 -58.31 -20 Compliant

Note: Reference the plot on the following page.
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TESTING CERT #1673.01

Issue Date

: 5/28/2021

7. Measurement Data (continued)
7.6. Band Edge and Out of Band Measurements (continued)

Lower Band Edge

Spectrum | u:lvz
Ref Level 20.00 dBrm  Offset 10.00 dB & RBW 100 kHz
o Att 20 de SWT 1ms @ VBW 300 kHz Mode Sweep
180-21 Building 36 ADC-54000-W Z-Wave Long Range @ 1Pk View
1 M1[1] 12.21 dBm|
912.2130 MHz
10 dBm / \
0 dem [ l
5 de—J0L -7.790 dBm 1
)J \
-20 dem l H\
-30 dBm |I \
-40 dBm meJr LL“HV“
-50 dBriy Mnj‘ lﬁw “‘JJVJ %"—uv Uﬂ%
 6odepia s VNN BT I
-70 dBrh -
F1
Start 900.0 MHz 1001 pts Stop 930.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value |  Function | Function Result |
M1 | 1 912.213 MHz 12,21 dBm |
Jil Measuring... @RNRRRRND WG T
Date: 28.APR.2021 11:32:59
7.6.2. Upper Band Edge
Lowest Maximum e [FEEE Minimum
Band Edge : Delta to .
Frequency Transmitter PSD Max PSD Required —
Frequency (100 kHz) (100 kHz) Delta
(MHz) (MHz) (dBm) (dB) (dB)
928 920 12.79 -56.59 -20 Compliant

Note: Reference the plot on the following page.
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7. Measurement Data (continued)

7.6. Band Edge and Out of Band Measurements (continued)

Upper Band Edge

Spectrum I

&

Ref Level 20.00 dém Offset 10.00 dB & RBW 100 kHz
je At 20 dB SWT 1ms & VBW 300 kHz Mode Sweep

180-21 Building 36 ADC-S4000-Y Z-Wave Long Range @ 1Pk Yiew

M1[1] M1 12.79 dBm
~ 919.7950 MHz
10 dem M2[1] -58.31 dBm)
900.5240 MHz
0 dBm !
1-7.2 By
10 den—f 7210 !,'
-20 dBr J
-30 dBr 7
-40 dBr fj
50 dBr A _h - nM — M‘| b
M2 WJ V] ¥ ﬁ% M3
(PP S R DR oty T
-70 dBr o
F1
|
Start 900.0 MHz 1001 pts Stop 930.0 MHz
Marker
Type | Ref | Tre | X-value | Y-value |  Function | Function Result |
M1 [ 1] 919,795 MHz | 12,79 dém |
m2| | 1] 900,524 MHz | -£2.31 dém |
M3 Y 929,386 MHz | -56.59 dBm |
- rr——ra— T
1 | Measuring...  @EARRNNNN 0 il
Date: 28.APR.2021 09:34:53

Compliance Worldwide, Inc. - 357 Main Street - Sandown, NH 03873
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Issue Date: 5/28/2021

7. Measurement Data (continued)
7.7. Emissions in Non-restricted Frequency Bands

Requirement: 15.247(d) In any 100 kHz bandwidth outside the frequency band in which
the spread spectrum or digitally modulated intentional radiator is
operating, the radio frequency power that is produced by the intentional
radiator shall be at least 20 dB below that in the 100 kHz bandwidth
within the band that contains the highest level of the desired power,
based on either an RF conducted or a radiated measurement, provided
the transmitter demonstrates compliance with the peak conducted power
limits.

Test Notes: Peak in-band measurements were taken at the time the DTS (-6 dB)
bandwidth measurements were made. These values were used as the
reference levels for the following measurements. Refer to section 7.2 of

this report for these values.

Reference Appendix B for the measurement data used for this test
section.

The DUT met the 20 dB requirement emission level delta requirement in
the non restricted frequency bands.

Results:

Emissions in Non-restricted Frequency Bands

Maélsr:rlgum Worst Case Maximum PSD Delta to Minimum
Out-of-Band (100 kHz) - Required
(liog::dzl) Frequency Qut-of-Band MaX|TduBn; PED Delta Rzl
MHz dBm dB
(dBm)
12.79 3649 -46.03 -58.82 -7.21 Compliant

Taken from Section 7.2 - DTS Bandwidth
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WORLDWIDE TESTING CERT #1673.01
Test Number: 180-21 Issue Date: 5/28/2021

7. Measurement Data (continued)
7.8. Peak Power Spectral Density (FCC 15.247(e), ISED RSS-247, 5.2 b))

Requirement:

Procedure:

Results:

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 FCC Part 15.247. The
same method of determining the conducted output power shall be used to
determine the power spectral density.

FCC OET publication number 558074, Section 10.2: Method PKPSD
(peak PSD). FCC OET 662911 was referenced to determine the
procedure for measuring in-band power spectral density of transmitters
with multiple outputs in the same band.

The DUT met the required power spectral density limit at the tested
frequencies.

Measurement Results in 902-928 MHz Band

b T Maximum Power
Frequency PSD . Limit Margin
Channel Frequency | SPectral Density Result
(MHz) (MHz) (dBm) (dBm) (dB)
Low 912 912.125 3.24 8 -4.76 Compliant
High 920 920.126 3.18 8 -4.82 Compliant

Page 20 of 66

Compliance Worldwide, Inc. - 357 Main Street - Sandown, NH 03873

(603) 887 3903 Fax (603) 887 6445
www.complianceworldwide.com



)

COMPLIANCE (ACCREDITED)
WORLDWIDE TESTING CERT #1673.01

Test Number: 180-21 Issue Date: 5/28/2021

7. Measurement Data (continued)
7.8. Peak Power Spectral Density (15.247(e)), ISED RSS-247, 5.2 b)) (continued)
7.8.1. Low Channel — 912 MHz

Spectrum | u%?‘

Ref Level 20.00 dém  Offset 10.00 d& & RBW 3 kHz
jo Att 20 dB BWT 10.5 ms @ VBW 10 kHz Mode Swesp
180-21 Building 36 ADC-S4000-W Z-Wave Long Range @ 1Pk View

M1[1] 3.24 dBm|
912.124840 MHz

10 dam

M1

dBm: 4 I 4 II 'l

2 apm—ba [l )w’lﬂm uﬂ }M"*@'WWM J’*MLW’L o T Mmjm Wl
L;TEJ R f ’ [ u‘x“'bﬁq NLMJ"

- 'U !u[

AL

=30 dam

-40 dam

=50 dam

=60 dam

=70 dam

CF 912.0 MHz 1001 pls Span 939.6 kHz

Marker
T!EEI Ref | Trc | H¥-value | ¥-value |  Function | Function Result |
M1 1 912,12484 MHz 3.24 dém | |

n J
] | Measuring... i"l'ﬁ Wa E.‘.,m.m! |

7.8.2. High Channel — 920 MHz

Spectrum | ':E?

Ref Level 20.00 dém  Offset 10.00 dB & RBW 3 kHz
jo At 20 de2 SWT 10.6 ms & VBW 10 kHz Mode Sweep
180-21 Building 36 ADC-S4000-W Z-Wave Long Range @ 1Pk View

M1i[1] 3.18 dBm)|
920.125680 MHz|

10 dBmy:
M1

0 dB

j ; . I .
g et g AraM }llﬁ“mj%w"w\rmﬁ JAM lf'lll" '”MW'WIWWWM.. )

WP Y LA

i : -;‘[ f
K ' “V'“VWW\;“
U V

30 dBm

-40 dem

-50 dBm:

-60 dBm

70 dBmy

CF 920.0 MHz 1001 pts Span 953.1 kHz

Marker
Type | Ref | Tre | X-value | ¥-value | Function | Function Result |
M1 ).| 920.12568 MHz 3.18 dém

- -
il | Measuring...  WERRRRNAN 0 02129 G
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WORLDWIDE TESTING CERT #1673.01
Test Number: 180-21 Issue Date: 5/28/2021

7. Measurement Data (continued)
7.9. Conducted Emissions
Requirement: 15.207 With certain exceptions, an intentional radiator that is designed to

Procedure:

Test Notes:
Results:

be connected to the public utility (AC) power line, the radio frequency
voltage that is conducted back onto the AC power line on any frequency
or frequencies, within the band 150 kHz to 30 MHz, shall not exceed the
limits in the following table, as measured using a 50 yH/50 ohms line
impedance stabilization network (LISN).

Frequency Range (Ialgu's)
(MHz)
Quasi-Peak Average
0.15t0 0.50 66 to 56* 56 to 46*
0.50t0 5.0 56 46
5.0 to 30.0 60 50
* Decreases with the logarithm of the frequency.

This test was performed in accordance with the procedure detailed in
ANSI C63.10-2013, Section 6.2: Standard test method for ac power-line
conducted emissions from unlicensed wireless devices.

The device was tested using the support equipment laptop.

The device under test meets the FCC Part 15.207 test requirements.

Measurement & Equipment Setup

Test Date: N/A

Test Engineer: N/A

Site Temperature (°C): N/A

Relative Humidity (%0RH): N/A

Frequency Range: 0.15 MHz to 30 MHz

EMI Receiver IF Bandwidth: 9 kHz

EMI Receiver Avg Bandwidth: >= 3 * IF BW (RBW)
Detector Functions: Peak, Quasi-Peak & Average

Note: EUT is powered via 3 VDC Lithium Battery which is not rechargeable

Sample Calculation:

Final Result (dBuV) = Measurement Value (dBuV) + LISN Insertion Loss (dB) +
Cable Loss (dB).

Note: All correction factors are loaded into the measurement instrument prior to
testing to determine the final result.

Page 22 of 66

Compliance Worldwide, Inc. - 357 Main Street - Sandown, NH 03873

(603) 887 3903 Fax (603) 887 6445
www.complianceworldwide.com



2

COMPLIANCE
WORLDWIDE

Test Number: 180-21

(L)

lACCRE DITEDI
TESTING CERT #1673.01

Issue Date: 5/28/2021

7. Measurement Data (continued)
7.10. Duty Cycle

Requirement:

(FCC OET publication number 558074)

Preferably, all measurements of maximum conducted (average) output
power will be performed with the EUT transmitting continuously (i.e., with
a duty cycle of greater than or equal to 98%).

Procedure:  Duty cycle measurements were made according to the procedure detailed
ANSI C63.10-2013, Section 11.6(b). Various spans were analyzed to
determine if there was any off time. 100 mS span was used.

Results: Duty cycle measurements are listed in the following table.

Time Time per
Channel Frequency High Period Duty Cycle
(MHz) (mS) (mS) (Numeric) (%)
Low 912 1.000 1.000 1.0 100.00
High 920 1.000 1.000 1.0 100.00
7.10.1. Low Channel — 912 MHz
Spectrum I @\
Ref Level 20.00 dBm Offset 10.00 d& & RBW 10 MHz
= Att 20 dEe @ SWT 100 ms & VBW 10 MHz
180-21 Building 36 ADC-54000-W Z-Wave Long Range @ 1Pk View
mM1[1] 13.27 dBm
82.6000 ms

[XE]

15 dBm

10 dBm

5 dBm

0 dBm

-5 dém

-10 dém

-15 dBm

-20 dBm

-25 dBm

GF 912.0 MHz 1001 pts

10.0 ms/

Marker

Type | Ref | Tre | H-value | Y-value |

Function |

M1 1 £2.6 ms 13.27 dBm

Function Result |

—_—r
] Measuring...

—_—
28042021
112405 77
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WORLDWIDE TESTING CERT #1673.01
Test Number: 180-21 Issue Date: 5/28/2021

7. Measurement Data (continued)
7.10. Duty Cycle (continued)
7.10.2. High Channel — 920 MHz

Spectrum | | %1‘

Ref Level 20.00 dem Offset 10.00 dé & RBW 10 MHz
jo Att 20 dB @ SWT 100 ms @ VBW 10 MHz
180-21 Building 36 ADC-S4000-W Z-Wave Long Range @ 1Pk View

M1[1] 13.13 dBm
95,4030 ms|

. 4

15 dBm

10 dam

Sdim

O cdem

-5 dBm

10 dBém

-15 dém

-20 dem

-25 dém

CF 920.0 MHz 1001 pts 10.0 ms/
Marker |

Type | Ref | Trc | ¥-value | Y-value | Function | Function Result |
M1 | 1 95.4 ms | 13.13 dBm |

- - — h T
’[ Measuring... LRRLLLEED 0 102501 7

Date: 28.APR.2021 10:25:02
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7. Measurement Data (continued)

7.11. 99% (Occupied) Bandwidth (RSS-GEN 6.7)

Requirement: The occupied bandwidth shall be reported for all equipment in addition to
the specified bandwidth required in the applicable RSSs.

The resolution bandwidth (RBW) shall be in the range of 1% to 5% of the
actual occupied / x dB bandwidth and the video bandwidth (VBW) shall
not be smaller than three times the RBW value.

The sample detector of the spectrum analyzer shall be used to make the

measurement.

7.11.1. Measurement Results

Channel 99% Power

Channel Frequency Bandwidth
(MHz) (kHz)
Low 912 917.08
High 920 921.08

7.11.1.1. 99% Power Bandwidth — Low Frequency (912 MHz)

Spectrum | ':%1
Ref Level 20.00 d2m Offset 10.00 dB@ & RBW 20 kHz
j Att 20dB SWT 1ms & YBW 100 kHz Mode Sweep
180-21 Building 36 ADC-S4000-W Z-Wave Long Range @ 1Pk View
Mi[1] 9.10 dBm|
d 912.19980 MHz
15 dBm Occ Bw 0917.082917083 kHz|
10 dBm e
K ,
5 dBm Ulr \U)/L\. N'M ;\l I,J /\.\ \\r" \
0 dBm /J/ ‘\
-5 dBm 3/‘ \_ﬁ_\
-10 dBm: {‘ S
-15 dBm r/\ 'I( ]\'
M
50 dB \ [ \ ST
A A % M
25;'3{\ N \
LY
CF 912.0 MHz 1001 pts Span 2.0 MHz
Marker
Type | Ref | Trc | ¥-value | Y-value | Function | Function Result |
M1 1 512,1998 MHz | 9.10 dem | [
T1 1 911.54046 MHz | -8.30 dém | Occ Bw | 917.082917083 kHz
T2 1 012.45754 MHz -6.94 dBrn
— —
| Measuring...  QRRRRCCED WG

11:17:20

a: ZB.APR.2021

y

11:17:20
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7. Measurement Data (continued)

7.11. 99% (Occu

pied) Bandwidth (RSS-GEN 6.7)

7.11.1.4. 99% Power Bandwidth — High Frequency (920 MHz)

Spectrum | :g;z
Ref Level 20.00 dem  Offset 10.00 d8 & RBW 30 kHz
| Att 20 deE SWT 1ms @ VBW 100 kHz Mode Sweep
180-21 Building 36 ADC-S4000-W Z-Wave Long Range @ 1Pk View
M1[1] 9.13 dBm|
15 db 920.19980 MHz
m Occ Bw 921.078921079 kHz
M1
10 dem
n J{ A Y J/N-\j \
5 dBm: ~ o o T v
s A\
0 dBm r’” ATy
B (¥
-5 dBm 3 =
-10 dem /' \
-15 dém -
d /’Vr(\ / \ /ﬂw"“
-20 dém T
RIx W M
BT
-25/HBm \
\
CF 920.0 MH=z 1001 pts Span 2.0 MHz
Marker |
Type | Ref | Trc | X-value | Y-value |  Function | Function Result |
M1 1 920.1998 MHz 9.13 dim |
T‘ll 1. 919.53846 MHz | -8.01 dém | Oce Bw | 921.078921079 kHz |
T2| 1] 920,45954 MHz -6.79 dBm |
i}
‘T ] Measuring... JUERRCRLD i S s 4
Date: 28.AFR.2021 09:08:35
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WORLDWIDE TESTING CERT #1673.01
Test Number: 180-21 Issue Date: 5/28/2021

7. Measurement Data (continued)

7.12. Public Exposure to Radio Frequency Energy Levels ((1.1307 (b)(1)) RSS-GEN,
ISSUE 5, RSS-102)

7.12.1. 1.1307 (b) (1) Public Exposure

Requirement: Systems operating under the provisions of this section shall be
operated in a manner that ensures that the public is not exposed to
radio frequency energy levels in excess of the Commission’s

guidelines.
DUT
F Digﬂtzgce Output AnDtgr;rna power Density Limit
requency Power ) ; mW/cm?
(MHz) | (em) | el |Gain (dBi) ( ) | Result
(mW/cm?) | (W/m?)
(1) (2 (3 4 ()
912.0000 20 13.16 -5.3 0.001215431 | 0.01215431 | 0.6080000 | Compliant
920.0000 20 13.13 -5.3 0.001207064 | 0.01207064 | 0.6133333 | Compliant
PD = OP + AG
T (Axmxd?
e PD = Power Density (mW/cm?)
e OP = DUT Output Power (dBm)
e AG = DUT Antenna Gain (dBi)
e d = MPE Distance (cm)

1. Reference CFR 2.1091: For purposes of this section, a mobile device is defined as a
transmitting device designed to be used in other than fixed locations and to generally be
used in such a way that a separation distance of at least 20 centimeters is normally
maintained between the transmitter’'s radiating structure(s) and the body of the user or
nearby persons.

Table 6.2 of this test report.
Estimated Antenna gain comparing radiated measurements to conducted measurements.

Power density is calculated from field strength measurement and antenna gain.

Reference CFR 1.1310, Table 1: Limits for Maximum Permissible Exposure (MPE), Section
(B): Limits for General Population/Uncontrolled Exposure. Limit = f/1500, where fis in MHz.

AN A

Results: Passed - The device under test meets the exclusion requirement
detailed for a device with a separation distance of 20 cm.
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WORLDWIDE TESTING CERT #1673.01

Test Number: 180-21

7. Measurement Data (continued)

7.12. Public Exposure to Radio Frequency Energy Levels ((1.1307 (b)(1)) RSS-GEN,
ISSUE 5, RSS-102 continued)

7.12.2. RSS-102 Issue 5 Requirements

Requirement: Requirement: RF exposure evaluation is required if
the separation distance between the user and/or bystander and the
device’s radiating element is greater than 20 cm, except when the
device operates as follows:

Issue Date: 5/28/2021

at or above 300 MHz and below 6 GHz and the source-based, time-
averaged maximum e.i.r.p. of the device is equal to or less than
1.31 x 102 x fo6834 W (adjusted for tune-up tolerance), where f is in

MHz.
Results: Compliant
Separation REEHLOA
Frequency D'p Maximum Power! | Exemption
istance i Result
imit
(MHz) (cm) (mW) | (Watts) (Watts)
912.00 =20 20.70 |0.02070 1.38 Compliant
920.00 =20 20.56 |0.02056 1.39 Compliant

1 Reference Section 6.2 of this report.

2 Reference RSS-102, § 2.5.2 Exemption Limits for Routine Evaluation —
RF Exposure Evaluation for distances greater than 20 cm.

The following formula was used to determine the exemption limit (W):
1.31 x 1072 x f06834 (f = frequency (MHz))
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8. Test Setup Photographs
8.1. Spurious Radiated Emissions, 30 kHz to 1 GHz — Front
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8. Test Setup Photographs

8.2. Spurious Radiated Emissions, < 30 MHz — Rear
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8. Test Setup Photographs

8.3. Spurious Radiated Emissions, 30 MHz to 1 GHz — Rear View
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8. Test Setup Photographs
8.4. Radiated Emissions Above 1 GHz — Front
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8. Test Setup Photographs

8.5. Radiated Emissions 1 to 18 GHz — Rear
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Test Number: 180-21 Issue Date: 5/28/2021

9. Test Site Description

Compliance Worldwide is located at 357 Main Street in Sandown, New Hampshire. The test
sites at Compliance Worldwide are used for conducted and radiated emissions testing in
accordance with the Federal Communications Commission (FCC) and Innovation Science and
Economic Development Canada (ISED) standards. Through our American Association for
Laboratory Accreditation (A2LA) ISO Guide 17025 Accreditation our test sites are designated
with the FCC (designation number US1091), Industry Canada (file number IC 3023A-1) and
VCCI (Member number 3168) under registration number A-0274.

Compliance Worldwide is also designated as a Phase 1 CAB under APEC-MRA (US0132) for
Australia/New Zealand AS/NZS CISPR 22, Chinese-Taipei (Taiwan) BSMI CNS 13438 and
Korea (RRA) KN 11, KN 13, KN 14-1, KN 22, KN 32, KN 61000-6-3, KN 61000-6-4.

The radiated emissions test site is a 3 and 10 meter enclosed open area test site (OATS).
Personnel, support equipment and test equipment are located in the basement beneath the
OATS ground plane.

The conducted emissions site is part of a 16" x 20" x 12' ferrite tile chamber and uses one of
the walls for the vertical ground plane required by EN 55022. A second conducted emissions
site is also located in the basement of the OATS site with a 2.3 x 2.5 meter ground plane and
a 2.4 x 2.4 meter vertical wall.

The radiated emissions test site for measurements above 1GHz is a 3 Meter open area test
site (OATS) with a 3.6 by 3.6 meter anechoic absorber floor patch to achieve a quasi-free
space measurement environment per ANSI C63.4/C63.10 and CISPR 16-1-4 standards.

The sites are designed to test products or systems 1.5 meters W x 1.5 meters L x 2.0 meters
H, floor standing or table top.
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WORLDWIDE TESTING CERT #1673.01
Test Number: 180-21 Issue Date: 5/28/2021

Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
Al. Spurious Radiated Emissions (30 kHz — 150 kHz) Test Results

Al.1. Low Channel 912 MHz — X Axis
Al.1.1. Measurement Results: Parallel Antenna

Receiver A

RBW (CISPR) 200 Hz ™MT 100 ms 1002 0314 CBL Chamber Antennz (.01 - 1000 k
Input 1 DC  Att 10 d&  Preamp OFF  Step TD Scan
180-21 Building 36 ADC-S4000-W Z-Wave Long Range Scan @1Pk Max

: : Mi[1] 67.60 dBpY /m|

120 deuv/m : : 0.000 s 40.000 kHz
FCC Part 15.209 Below 30 MHz.LIN
110 dBpvm - — —
100 dBuvfm
90 dapvim
80 dBpv/m

Yy : :
e, R : !
My “""’\"‘v’“w\,\_ i

b N

50 dBp/m e
.whvwwmwmw%
P i,

50 dRp/m 1 4

40 dByMjm

30 dBpv/m

e | |

Start 30.0 kHz Stop 150.0 kHz

-~

L il | Measuring... NERRNED W 1204220
Dater 2Z7.AFR.20Z1 2 d:2

Al.1.2. Measurement Results: Perpendicular Antenna

Receiver | uj_\'_l
RBW (CISFR) 200 Hz MT 100 ms 1002 D314 CBL Chamber Antenna (.01 - 1000 b
Input 1 0DC Attt 10 dé  Preamp COFF Step TD Scan
180-21 Buillding 36 ADC-54000-W Z-Wave Long Range Scan @ 1Pk Max
] M1[1] 70.28 dBpV,/m|
120 deyv/m T 0.000 5 30.000 kHz
FCC Part 15.209 Below 30 MHz.LIN
110 dapv/m _; ———— —
| -— |
100 daypv/m
50 dBuv/m
BO dBpv/rr
1
F i
W\_WWW :
T R
£0 dBuvm
v 4 Y mef'lmm‘ e
A Mg
50 dBpvfm
40 dBuv/m
20 dBuv/rr
re !
Start 30.0 kHz Stop 150.0 kHz
- —
L :I | Measuring...  @UARERERD & 12:08:96PM 7
Date: 27.APR.202Z 2:08:46
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WORLDWIDE TESTING CERT #1673.01
Test Number: 180-21 Issue Date: 5/28/2021

Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
Al. Spurious Radiated Emissions (30 kHz — 150 kHz) Test Results

Al.1. Low Channel, 912 MHz — X Axis
Al1.1.3. Measurement Results: Ground-Parallel Antenna

Receiver | uf
RBW (CISFR) 200 Hz MT 100 ms 1002 0314 CBL Chamber Antenna (.01 - 1000 &
Input 1 0C Atk 10 dé  Preamp  OFF  Step TD Scan
180-21 Building 36 ADC-54000-W Z-Wave Long Range Scan @1Pk Max
] ] M1[1] 70.76 dBpv/m|
120 depvfm i * 0.000 s 30.050 kHz
FCC Part 15.209 Below 30 MHz.LIN H
110 depivim . B —— —_—
100 dBpvim -
90 dByvfm
80 dipv/m :
! i
e '
-\WW“"""\H—\HM H
60 dBuv ke ¥ "
W s N
I S
'»H-.‘rﬂn
50 dBuv/
40 dBpvfm
30 dBuvfm
[TF H i
Start 30.0 kHz Stop 150.0 kHz
L J1 , Measuring..  QEARRAREN W0 o305 oM g

Al.2. High Channel, 920 MHz
Al.2.1. Measurement Results: Parallel Antenna

Receiver | =

RBW (CISPR) 200 Hz MT 100 ms 1002 0314 CBL Chamber Antenna (.01 - 1000
Input 1 DC ALt 10 dB  Preamp OFF  Step TD Scan
180-21 Building 36 ADC-S4000-W Z-Wave Long Range Scan @1FPk Max
. mMi[1] 69.96 dBpY /m|
120 dBpv/m 0.000 s 30.400 kHz
FCC Part 15.209 Below 30 MHz.LIN
110 deyvim e —_—
100 dapvfm
a0 dBpvr
80 dBpvim
Al
:g QBL T
-&‘\.—.d«-._m-_.u‘h» g
- i
J T
60 dBpvim AR,
WWAM
e,
S0 deuvim H H
40 dBuvYr
30 dBpvym:
F
Fstnn 30.0 kHz Stop 150.0 kHz
» T
L jT S LLLLLR ] [T |

Data: Z7.APR.Z021 13:47:31
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TESTING CERT #1673.01

Issue Date: 5/28/2021

Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
Al. Spurious Radiated Emissions (30 kHz — 150 kHz) Test Results

Al1.2. High Channel, 920 MHz — X Axis
Al.2.2. Measurement Results: Perpendicular Antenna

Receiver | T

RBW (CISPR) 200 Hz MT 100 ms 1002 0314 CBL Chamber Antenna (.01 - 1000 &
Input 1 DC  Att 10 di Preamp OFF  Step TD Scan
180-21 Building 36 ADC-54D00-W Z-Wave Long Range Scan @1Pk Max
) ] ] M1[1] 69.87 dBpY/m
120 depim T T 0.000 5 31.400 kHz
FCC Part 15.209 Below 30 MHz.LIN |
110 dapvfm — —
100 dapv/m
90 dBuv/
80 dBuv/
ML
Buvim i -
P
W'A\M“"\““\M
0 iy : - M“““"ﬂ*—mrw :
WMMW
S ST
M"M’-‘Mwm
S0 diyvfm -
40 dayvfm
30 dByv/m
e | i
Start 30.0 kHz Stop 150.0 kHz
L il Measuring...  JRRNNANND WO sisezaM g

Al.2. High Channel, 920 MHz
Al.2.3. Measurement Results: Ground-Parallel Antenna

Receiver | ry

RBW (CISPR) 200 Hz MT 100 ms 1002 0314 CBL Chamber Antenna (.01 - 1000 &

Input 1 DC  Att 10 d& Preamp OFF 8tep TD Scan
180-21 Building 36 ADC-S4000-W Z-Wave Long Range Scan @ 1Pk Max

_ : M1[1] 6979 dBpV /m|
120 dBpivim: T 0.000 s 32.000 kHz|
FCC Part 15,209 Below 30 MHz LIN H
110 dByivim: B —— N
100 dBpifm
90 dBuVfm:
80 dBuvY

M1

Ly :

60 dBpvm: \MMW - ‘%"“”mm
1 A

e S PR

50 dByivim
40 dByv
30 dBpV/m:
Start 30.0 kHz Stop 150.0 kHz
L
T’ Measuring...  LORLLLED 0 oLz PM
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Issue Date: 5/28/2021

Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
Al. Spurious Radiated Emissions (30 kHz — 150 kHz) Test Results

A1.3. Low Channel 912 MHz — Y Axis
Al1.3.1. Measurement Results: Parallel Antenna

Receiver | u'f_\'_l
RBW (CISPR) 200 Hz MT 100 ms 1002 D314 CBL Chamber antenna (.01 - 1000 bk
Input 1 DC  Att 10 d&  Preamp OFF  Step TD Scan
180-21 Building 36 ADC-S4000-W Z-Wave Long Range Scan @ 1Pk Max
. ; mi[1] 69.59 dBpv /m|
120 dapv/m T 0.000 5 30.200 kHe|
FCC Part 15.209 Below 30 MHz.LIN_ '
110 daypvim: - —— — i
100 dBphvim
90 devfr
ED dBvfm
1
[Fesesvin
M\.@\.—Lﬂ,\r ”\*MM
o PVt e |
60 dBUV/m = »
W
S Y My
rovmhoenie)
S0 e
40 depvim
30 dBpvifm
s
Start 30.0 kHz Stop 150.0 kHz
- —
T{ Measuring...  QEERARESN L0 15004 AM o2

Date: 27.APR.Z021 11:50:15

Al1.3.2. Measurement Results: Perpendicular Antenna

Receiver |

(=]

RBW (CISPR) 200 Hz MT 100 ms
Input 1 DC  Att 10 dB  Preamp OFF  Btep TD Scan

1002 D314 CBL Chamber antenna (.01 - 1000 b

180-21 Building 36 ADC-S4000-W Z-Wave Long Range Scan @1Pk Max
: M1[1]
0.000 s

120 dBuV/m -
FCC Part 15.209 Bel o 30 l‘-'.‘i_'.L“‘-._

69.62 dBpV,/m)|
30.100 kHz|

110 dBpvim - —

100 cBuv/m

90 dBpvim

B0 dBpvm

1
Z‘-ﬂk(ﬂﬂd‘\'\‘?"o—u\—n’& reihen A,

T e

50 dBEpvim

"'""“"""\h‘“““"w-vm_w

ittt i o
e

50 dBpvim

40 depvim

30 dBvim

=
FRI‘an a0.0 kHz

Stap 150.0 kHz

| Il

—
l Measuring...  ERARERRED 0

1052:57 AM 5
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WORLDWIDE TESTING CERT #1673.01
Test Number: 180-21 Issue Date: 5/28/2021

Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
Al. Spurious Radiated Emissions (30 kHz — 150 kHz) Test Results

A1.3. Low Channel, 912 MHz - Y Axis
A1.3.3. Measurement Results: Ground-Parallel Antenna

Receiver | I T

RBW (CISFR) 200 Hz MT 100 ms 1002 0314 CBL Chamber Antenna (01 - 1000 N
Input 1 DC Atk 10 di  Preamp OFF  Step TD Scan
180-21 Building 36 ADC-S4000-W Z-Wave Long Range Scan @1Pk Max
M1i[1] 69.66 dBpY/m
120 depv/m 0.000 5 32.100 kHz,
FCC Part 15.209 Balow 30 MHz LIN_

110 depv/m —— - —

100 dBpvym

90 dBpv/m

8O dBpv/im

M1
R r—y ;
Sttt
M e W

a0 dipvim

I N S
50 dByv/m

40 dBjv/m

30 dBjv/m

Start 20.0 kHz Stop 150.0 kHz
r mn
Measuring...  @UARRNNND W0 siaianM

“ RN

Date: 27.APR.2021 13:31:11

Al.4. High Channel, 920 MHz
Al.4.1. Measurement Results: Parallel Antenna

o
Receiver l l s
RBW [CISPR) 200 Hz MT 100 ms 1002 0314 CBL Chamber Antenna (.01 - 1000 &
Input 1 DC AL 10 d8  Preamp OFF  Step TD Scan
180-21 Building 36 ADC-S4000-W Z-Wave Long Range Scan @1Pk Max
y Mi[1] 69.67 dBpV /m
120 dBuv/m: 0.000 s 31.350 kHz
FCC Part 15,209 Below 30 MHZLIN
110 dapvjim B —— e
100 depv/
90 cBuvm
80 dBpv/m
M1
BV,
mk‘"“%
v
e frun,
60 B i ST TN
Hvim T e A i i
g AL
At
S0 dBuvim H
40 dBuv/m
30 dBuv/m:
F
FSlﬂﬂ 30.0 kHz Stop 150.0 kHz
L m—— ———————————————
L JL J Measuring...  EERRNNAND 0 zonLPM
Date: ZT.APR.ZOZ]  14:01:02
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WORLDWIDE TESTING CERT #1673.01
Test Number: 180-21 Issue Date: 5/28/2021

Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
Al. Spurious Radiated Emissions (30 kHz — 150 kHz) Test Results

Al.4. High Channel, 920 MHz — Y Axis
Al.4.2. Measurement Results: Perpendicular Antenna

Receiver | ry

RBW (CISPR) 200 Hz MT 100 ms 1002 0314 CBL Chamber Antenna (.01 - 1000 &
Input 1 DC  Att 10 d& Preamp OFF 8tep TD Scan
180-21 Building 36 ADC-S4000-W Z-Wave Long Range Scan @ 1Pk Max
] : Mi[1] 69.50 dBpv/m
120 dBpivim: T 0.000 s 30.500 kHz
FCC Part 15,209 Below 30 MHz LIN__ :
110 dByivim: — e —
100 dByvim
90 dBv/m
80 dBuvY
1
LY, dByim - .
i ""'-J"MWWM
50 dBym e s —
; A A i ‘At
e S
S0 dBuvfm
40 dBuVfm
30 dBpv/m:
Start 30.0 kHz ] Stop 150.0 kHz
1 T’ Measuring...  LORLLLED 0 020416PM  J
at 7 21 14:04:17
Al.4. High Channel, 920 MHz
Al.4.3. Measurement Results: Ground-Parallel Antenna
F—]
Receiver | o
RBW (CISPR) 200 Hz MT 100 ms 1002 0314 CBL Chamber Antenna {.01 - 1000 &
Input 1 DC At 10 d&  Preamp OFF  Step TD Scan
180-21 Building 36 ADC-54000-W Z-Wave Long Range Scan @1Pk Max
] Mi[1] 65.83 dBpV,/m|
120 dBp/m . ; ; : 0.000 5 53,000 kHz,
FCC Part 15,209 Below 30 MHzLIN__
110 dByvim ———— —
100 dBpv/m:
S0 dBuv/m
80 cBuv/m
cB/m b
P U |
60 dewv/m ST e -
A““‘“"‘W‘\m‘wm "
R
50 cBuV/m
40 dBLv/m
30 dBuv/m
F
FRIan 30.0 kHz Stop 150.0 kHz
1 il | Measuring...  LRNRNALCED W0 ase g
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Al. Spurious Radiated Emissions (30 kHz — 150 kHz) Test Results

A1.5. Low Channel 912 MHz — Z Axis
Al1.5.1. Measurement Results: Parallel Antenna

Receiver |

(=]

RBW (CISPR) 200 Hz MT 100 ms
Input 1 OC  Att 10 dB  Preamp OFF  Step TD Scan

1002 0314 CBL Chamber Antennz (.01 - 1000 k

180-21 Building 36 ADC-S4000-W Z-Wave Long Range Scan @1Pk Max
: : Mi[1]
120 deuv/m 0.000 s

FCC Part 15.209 Below 30 MHz.LIN_

70.47 dBpvY/m|
30.700 kHz|

110 dBuv/m - — —— —

100 dBuv/m

90 dBy /i

B0 dByV/m
11

s

n% :
60 d/m - M‘*’I*ﬂ

o e Ay,
P—hhine_y

Pl i,y s A o

50 dBym

40 dByMjm

30 dBpvim
re

Start 30.0 kHz

Stop 150.0 kHz

Measuring...

{ i )

L1048 AM

Al1.5.2. Measurement Results: Perpendicular Antenna

Receiver | 'y
RBW (CISPR) 200 Hz MT 100 ms 1002 0314 CEL Chambar Antenna (.01 - 1000 b
Input 1 DC Att 10 deé_Preamp  OFF  Step TD Scan
180-21 Building 36 ADC-54000-W Z-Wave Long Range Scan @1Pk Max
i M1[1] 69.82 dBpY /m)|
120 dBpvfm 0.000 s 31.900 kHz
FCC Part 15.209 Below 30 MHz.LIN
110 dByvfm R—— e
100 deuv/m
90 dap/m
80 dauv/m
M1
b e, H
”““-WWWM’MME
60 depvim T e T
bk F T
bt A
50 dapv/m
40 dapv/m
30 dauv/m
Start 30.0 kHz Stop 150.0 kHz
- —
L il Measuring...  BUARRRLLD W sty
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Test Number: 180-21 Issue Date: 5/28/2021

Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
Al. Spurious Radiated Emissions (30 kHz — 150 kHz) Test Results

A1.5. Low Channel, 912 MHz — Z Axis
A1.5.3. Measurement Results: Ground-Parallel Antenna

Receiver | n;r

RBW (CISPR) 200 Hz MT 100 ms 1002 0314 CEL Chamber Antenna (.01 - 1000
Input 1 DC Att 10 dB  Preamp OFF  8tep TD Scan
180-21 Building 36 ADC-S4000-W Z-Wave Long Pange Scan @1Pk Max

M1[1] 69.53 dBpV,/m|
120 dBuv/m : : : : 0.000 s 30.400 kHz
FCC Part 15.209 Below 30 MHz.LIN
110 dByv/m B —— —
100 dBuv/m
90 dapvim
80 dBpvim
A1
Y2 dRuim, SO
e
WM
60 depv/ L o T WYY ) o]
Rl S R

S0 depv/
40 dapvf
30 depv/m
E
Start 30.0 kHz Stop 150.0 kHz

Measuring...  JRANNNNED WO eI

Al.6. High Channel, 920 MHz
Al1.6.1. Measurement Results: Parallel Antenna

Receiver e
RBW (CISPR) 200 Hz MT 100 ms 1002 D314 CEL Chamber Antenna (.01 - 1000 M
Input 1 DC At 10 dé Preamp  OFF  Step 1D Scan
180-21 Building 36 ADC-54000-W Z-Wave Long Range Scan @1Pk Max
Mi[1] 69.45 dBpV/m
120 depvim 0.000 s 30.650 kHz,
FCC Part 15,209 Below 30 MHz LIN
110 cBp/m B —— _
100 dBpvim
0 dBpvi
80 dBpvim
1
MMMW "
50 dBpvim = : Mw}w -
Wu_,\u_mw_ J"\--«'-‘.».,-.._,.“
S0 dBpvi
40 dBpvfm
30 dBpvim
[TF
Start 30.0 kHz Stop 150.0 kHz
-

Measuring...  SRACRLCEE W0 MSTAEPM

L JL

Date: 27.APR.Z0Z21
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WORLDWIDE TESTING CERT #1673.01
Test Number: 180-21 Issue Date: 5/28/2021

Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
Al. Spurious Radiated Emissions (30 kHz — 150 kHz) Test Results

Al1.6. High Channel, 920 MHz — Z Axis
Al1.6.2. Measurement Results: Perpendicular Antenna

Receiver | u,f'

RBW (CISPR) 200 Hz MT 100 ms 1002 0314 CBL Chamber Antenna (.01 - 1000 &
Input 1 DC Att 10 dé  Preamp OFF SBtep TD Scan
180-21 Building 36 ADC-S4000-% Z-Wave Long Range Scan @ 1Pk Max

: M1[1] 70,12 dBpV/m

120 deyffm 7 ; i i 0.000 s 30,550 kiz,
FCC Part 15.209 Below 30 MHz.LIN
110 dBuv/m - e —
100 dBv/m:
90 dBpvim
80 dBpV/m

M1 !
LY0 deyn/m 7
MMNWMMW_M

50 dBLv/m R ey
! s,
: MM*'MMM
S ot LECR
50 depiv/m
40 dByiv/m
30 dewvym :
Start 30.0 kHz Stop 150.0 kHz
b .
byl Measuring... QRURANLLY i Rtisssvs
Date: Z27.APR.20Z1 13:53:5%4

Al.6. High Channel, 920 MHz
Al1.6.3. Measurement Results: Ground-Parallel Antenna

Receiver l e
RBW (CISPR) 200 Hz MT 100 ms 1002 0314 CBL Chamber Antenna (.01 - 1000 &
Input 1 DC Att 10 d&  Preamp OFF Step TD Scan
180-21 Building 36 ADC-54000-W Z-Wave Long Range Scan @1Pk Max
] M1[1] 69.62 dBpV /m|
120 dBpi/m : : : : 0.000 5 30100 kHz,
FCC Part 15.200 Below 30 MHz.LIN
110 d2uv/m  — —
100 dBpvyn
90 dBpvm:
80 dBuvm:
Rl SR
Aoty
60 dBLA M“”“VVMM
Wi/ L S
A o
"—“‘“""‘“ﬂ-—d—aamm,i\..., -
S0 dBpvm:
40 dBuim
30 dBuvm
F
Start 30.0 kHz Stop 150.0 kHz
| o Rl
)i | measuring... WRRNNNAAN WO UUSW. 4
Date: 27.AFR.E0Z1  13:38:00
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Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A2. Spurious Radiated Emissions (150 kHz — 30 MHz) Test Results
A2.1. Low Channel, 912 MHz — X Axis

A2.1.1. Measurement Results: Parallel Antenna

Receiver |

(=]

Input 1 0C  Att

RBW (CISPR) 3 kHz MT

0 d&  Preamp

100 ms

OFF  Step TD Scan

1002 Chamber Antenna Cable, TOF 0210 EMCO LE

FCC Part 15,209 Below 30 MHz.LIN

1E0-21 Building 36 ADC-S4000-W 2-Wave Long Range Scan @ 1Pk Max

1 MHz

T m1[1]
| 0.000 s

56.46 dBpv /m)|
973.500 kHz|

75 depvim

[

70 depvim

65 dBpv/m

\?n dByvim

'y

55 deyigim

S0 dByv/m

45 dByvim

40 depv/m

35 depv/m

M\il W

R ST Y e .

TH

Start 150.0 kHz

Measuring...

A2.1.2. Measurement Results: Perpendicular Antenna

Stop 30.0 MHz

030743 PM

Receiver | mf
RBW (CISPR) 3 kHz MT 100 ms 1002 Chamber Antenna Cable, TOF 0210 EMCO LE
Input 1 DC  Att 0dé Preamp OFF  Step 7D Scan
1E0-21 Building 36 ADC-S4000-W 2-Wave Long Range Scan @ 1Pk Max
FCC Part 15,209 Below 30 MH2.LIN 1 MHz T mi[1] 61.56 dBpv/m
| » 0.000 s 152.250 kHz|
75 deyiv/m f -
70 dewvim — -
65 dByv/m | -
1 | '
Hiinm,'... -
55 by -
50 dByv/m Dol :
45 dBpv/m ‘“..»M
40 deyv/m ot L\’“v\w‘ .
- PNt L A L .
35 dBpiv/m Sty N T T
: TH
Start 150.0 kHz Stop 30.0 MHz
—
L JU |} Measuring... | EEEERRR |* ] B0
Date: 27.APR.20Z1 10:44
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Test Number: 180-21

Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)

A2. Spurious Radiated Emissions (150 kHz — 30 MHz) Test Results

A2.1. Low Channel, 912 MHz — X Axis

A2.1.3. Measurement Results: Ground-Parallel Antenna

Receiver | Y
RBW (CISPR) © kHz MT 100 ms 1002 Chamber Antenna Cable.TOF D210 EMCO L.
Input 1 DC ALl 0 dBE  Preamp OFF  Step TD Scan
180-21 Building 36 ADC-54000-W Z-Wave Long Range Scan @1Pk Mayx
JFCC Part 15.200 Balow 30 MHz.LIN 1 MHz CETEY 43.73 dBpV/m
i i | i i ! 0.000s 946.500 kHz,
75 dBpvm—rt — : :
70 deutfm— e
65 dBuv/m— :
%{dawn
\ i : :
) : :
55 dam{'&. - :
! | !
! M, |
50 dapm——sk .
: *.'L-, "
45 dBvim 1y
: N"‘VII
' e :
40 davgm 0 r\“‘" 0
5 5 Y 5 5
i i Mrrash i
35 davim B W‘-"#wa"m
Start 150.0 kHz Stop 30.0 MHz
-
L J1 | Measuring... CCOLTTN ) Q0SSP
Date: 27.APR,2021 2

A2.2. High Channel, 920 MHz
A2.2.1. Measurement Results: Parallel Antenna

Receiver | uf
RBW (CISPR) 9 kHz MT 100 ms 1002 Chamber Antenna Cable. TOF 0210 EMCO L
Input 1 0C At 0d3 Preamp  OFF  Step TD Scan
180-21 Building 26 ADC-54000-W Z-Wave Long Range Scan @ 1Pk Max
FCC Part 15.200 Below 20 MHz LIN 1 MHz M1[1] 61.40 dBpY /m
0.000 s 152.250 kHz|
75 dBpfm
70 dByvfm
€5 dBav —
1 ~
%’fﬂur’f I
= g
S0 dBpv/m ""“\&‘m
45 dBpvm W\A‘\
'\\;M.‘
gy )
40 dBuvfm -
v"\”"‘-‘u)‘
R
35 dBpv/m o | S . o
TS e T B T L
T
Start 150.0 kHz Stop 30.0 MHz
| Measuring...  [NRRNRNN WG azaa0s oM7)
Date: Z7.AFR.Z021 14:34:08

Page 45 of 66

Compliance Worldwide, Inc. - 357 Main Street - Sandown, NH 03873

(603) 887 3903 Fax (603) 887 6445
www.complianceworldwide.com

aa

lACCREDITEDI
TESTING CERT #1673.01

Issue Date: 5/28/2021




2 wa
COMPLIANCE (ACCREDITED)

WORLDWIDE TESTING CERT #1673.01
Test Number: 180-21 Issue Date: 5/28/2021

Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A2. Spurious Radiated Emissions (150 kHz — 30 MHz) Test Results

A2.2. High Channel, 920 MHz — X Axis
A2.2.2. Measurement Results: Perpendicular Antenna

Receiver | ry
RBW (CISPR) 5 kHz MT 100 ms 1002 Chamber Antenna Cable. TOF 0210 EMCO L(
Input 1 DC ALt 0 dE Preamp OFF Step TD Scan
180-21 Building 36 ADC-54000-W Z-Wave Long Range Scan @ 1Pk Max
FCC Part 15,209 Balow 30 MHz LIN 1 MHz M1[1] 61.05 dBpV/mi|
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A2.2. High Channel, 920 MHz
A2.2.3. Measurement Results: Ground-Parallel Antenna
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RBW [CISPR) & kHz MT 100 ms 1002 Chamber Antenna Cable. TOF 0210 EMCO LE
Input 1 DC At 0d3 Preamp OFF  Step TD Scan
180-21 Building 36 ADC-54000-W Z-Wave Long Range Scan @1Pk Max
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Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A2. Spurious Radiated Emissions (150 kHz — 30 MHz) Test Results

A2.3. Low Channel, 912 MHz - Y Axis
A2.3.1. Measurement Results: Parallel Antenna

Receiver | o

RBW (CISPR) 9 kHz MT 100 ms 1002 Chamber Antenna Cable.TOF 0210 EMCO LL
Input 1 DC Att 0 di  Preamp OFF  Step TD Scan
180-21 Building 36 ADC-S4000-W Z-Wave Long Pange Scan @1Pk Max
FCC Part 15.209 Below 30 MHz.LIN 1 MHz M1[1] 61.51 dBpY/m
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A2.3.2. Measurement Results: Perpendicular Antenna
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A2.3. Low Channel, 912 MHz - Y Axis

A2.3.3. Measurement Results: Ground-Parallel Antenna

Receiver |

Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A2. Spurious Radiated Emissions (150 kHz — 30 MHz) Test Results

oo
A

RBW (CISFR) O kHz MT 100 ms
Input 1 0C At 0de Preamp  OFF Step TD Scan

1002 Chamber Antenna Cable, TDF 0210 EMCO LC

180-21 Building 36 ADC-54000-W Z-Wave Long Range Scan @1Fk Max
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A2.4. High Channel, 920 MHz
A2.4.1. Measurement Results: Parallel Antenna

Receiver |

o
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RBW (CISFR) 9 kHz  MT 100 ms
Input 1 DC  Att 0 d&  Preamp OFF  Step TD Scan

1002 Chamber Antenna Cable, TOF 0210 EMCO LE
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Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A2. Spurious Radiated Emissions (150 kHz — 30 MHz) Test Results

A2.4. High Channel, 920 MHz — Y Axis
A2.4.2. Measurement Results: Perpendicular Antenna

Receiver | ry
RBW (CISPR) 9 kHz  MT 100 ms 1002 Chamber Antenna Cable, TOF 0210 EMCO LC

Input 1 DC  Att 0 d&  Preamp OFF  Step TD Scan

180-21 Building 36 ADC-S4000-W Z-Wave Long Range Scan @1Pk Max
FCC Part 15.209 Below 30 MHz.LIN 1 MHz Mi[1] 60.82 dBpvV/m|
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A2.4. High Channel, 920 MHz
A2.4.3. Measurement Results: Ground-Parallel Antenna

Receiver |
RBW (CISPR) 9 kHz MT 100 ms 1002 Chamber Antenna Cable. TOF 0210 EMCO LL

Input 1 DC At 0dB Preamp  OFF  Step TD Scan
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Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A2. Spurious Radiated Emissions (150 kHz — 30 MHz) Test Results
A2.5. Low Channel, 912 MHz — Z Axis
A2.5.1. Measurement Results: Parallel Antenna

Receiver | mf

RBW (CISPR) 3 kHz MT 100 ms 1002 Chamber Antenna Cable, TOF 0210 EMCO LE
Input 1 DC  Att 0ds Preamp OFF Step TD Scan
1E0-21 Building 36 ADC-S4000-W 2-Wave Long Range Scan @ 1Pk Max
FCC Part 15,209 Below 30 MHz.LIN 1 MHz T M1[1] 61.60 dBpV/m
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A2.5.2. Measurement Results: Perpendicular Antenna

4 3 '] o
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RBW (CISPR) 9 kHz ™T 100 ms 1002 Chamber Antenna Cable. TOF 0210 EMCO Lt
Input 1 DC At 0dE Preamp OFF Step TD Scan
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Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A2. Spurious Radiated Emissions (150 kHz — 30 MHz) Test Results

A2.5. Low Channel, 912 MHz — Z Axis
A2.5.3. Measurement Results: Ground-Parallel Antenna

Receiver | ry

RBW (CISFR) 3 kHz ™MT 100 ms 1002 Chamber Antenna Cable. TOF 0210 EMCO Lt
Input 1 DC AL 0 dE Preamp OFF  Step TD Scan
180-21 Building 35 ADC-54000-W Z-Wave Long Range Scan @1Pk Max
FCC Part 15.209 Balow 30 MHz LIN 1 MHz M1[1] 53.92 dBpV/m|

0.000 s 993,750 kHz|

75 dBpv/me ;
70 dBpv/m e
65 dBpv/m

0 depvime
o

55 uﬁﬂ"l...
50 depy, :Mm'-, f
S

o M L
45 dBpv/m ,.T
A ‘Ile
{1
40 deypv/m -
35 depv/m: w""""'"“’-’.‘,. ) I pile
WY N A NMM‘“”"AWJﬂww
5
Start 150.0 kHz Stop 30.0 MHz
T[ | Measuring... ill“|l= [ n= Enﬂlaﬂami 4
Jat T.AFPR. 202 14:5%9:38

A2.6. High Channel, 920 MHz
A2.6.1. Measurement Results: Parallel Antenna

-
Receiver I lnf
RBW [CISPR) & kHz MT 100 ms 1002 Chamber Antenna Cabla. TDF 0210 EMCO LD
Input 1 DC AL 0de  Preamp OFF  Step TD Scan
180-21 Building 36 ADC-S4000-W Z-Wave Long Range Scan @1Pk Max
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Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A2. Spurious Radiated Emissions (150 kHz — 30 MHz) Test Results

A2.6. High Channel, 920 MHz — Z Axis
A2.6.2. Measurement Results: Perpendicular Antenna

Receiver | ry
RBW (CISFE) 9 kHz MT 100 ms 1002 Chamber Antenna Cable, TOF 0210 EMCO LE
Input 1 DC  Att 0 d&  Preamp OFF  Step TD Scan
180-21 Building 36 ADC-S4000-W Z-Wave Long Range Scan @1Pk Max
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A2.6. High Channel, 920 MHz
A2.6.3. Measurement Results: Ground-Parallel Antenna

Receiver | o
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Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A3. Spurious Radiated Emissions (30 MHz — 1 GHz) Test Results
A3.1. Low Channel, 912 MHz — X Axis

A3.1.1. Measurement Results: Horizontal Antenna

Receiver |

RBW (CISPR) 120 kHz MT 100 ms
Input 1 AC ALt 10 dB  Preamp ON  Step TD Scan
1B0-21 Building 36 ADC-54000-W Z-Wave Long Range Scan @ 1Pk Max
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A3.1.2. Measurement Results: Vertical Antenna
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Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A3. Spurious Radiated Emissions (30 MHz — 1 GHz) Test Results
A3.2. High Channel, 920 MHz — X Axis
A3.2.1. Measurement Results: Horizontal Antenna

Receiver | |T
RBW (CISFR) 120 kHz MT 100 ms 0006 ANT CHASE BICONILOG CHAMBER.TDF 1C
Input 1 AC  Att 10 dBé Preamp ON  Step TD Scan
180-21 Building 36 ADC-S4000-W Z-Wave Long Range Scan @1Pk Max
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A3.2.2. Measurement Results: Vertical Antenna
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Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A3. Spurious Radiated Emissions (30 MHz — 1 GHz) Test Results
A3.3. Low Channel, 912 MHz — Y Axis
A3.3.1. Measurement Results: Horizontal Antenna

Receiver I lT
RBW (CISFR) 120 kHz MT 100 ms 0005 ANT CHASE BICONILOG CHAMBER.TOF 1C
Input 1 AC Akt 10 d8  Preamp ON  Step TD Scan
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A3.3.2. Measurement Results: Vertical Antenna

Receiver A

RBW (CISPR) 120 kHz ™MT 100 ms 0006 ANT CHASE BICONILOG CHAMBER.TDF 1C
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Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A3. Spurious Radiated Emissions (30 MHz — 1 GHz) Test Results
A3.4. High Channel, 920 MHz — Y Axis
A3.4.1. Measurement Results: Horizontal Antenna

Receiver | u}_l
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A3.4.2. Measurement Results: Vertical Antenna

Receiver | ﬁ:
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Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A3. Spurious Radiated Emissions (30 MHz — 1 GHz) Test Results
A3.5. Low Channel, 912 MHz — Z Axis
A3.5.1. Measurement Results: Horizontal Antenna

( . ] | o
Receiver A

RBW (CISPR) 120 kHz MT 100 ms 0006 ANT CHASE RICONILOG CHAMBER.TDF 1C
Input 1 AC  Att 10 di.  Preamp ON  Step TD Scan
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A3.5.2. Measurement Results: Vertical Antenna
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RBW (CISPR) 120 kHz M™T 100 ms 0006 ANT CHASE BICONILOG CHAMBER.TDE 1C
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A3. Spurious Radiated Emissions (30 MHz — 1 GHz) Test Results
A3.6. High Channel, 920 MHz — Z Axis
A3.6.1. Measurement Results: Horizontal Antenna

Receiver |

oo
A

Input 1 AC  Abt

RBW (CISPR) 120 kHz ™MT

10 di Preamp

100 ms 0006 ANT CHASE BICONILOG CHAMBER.TDF 1C

ON  Step TD Scan

180-21 Building 36 ADC-S4000-W Z-Wave Long Pange Scan @1Pk Max
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0.000 5

102.268 dBpY Sm|
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A3.4.2. Measurement Results: Vertical Antenna

Receiver |
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&

Input 1 AC  Att

RBW (CISPR) 120 kHz MT

10 d8  Preamp

100 ms 0006 ANT CHASE BICONILOG CHAMBER.TDF 1C

OH  Step TO Scan

180-21 Building 36 ADC-S4000-W Z-Wave Long Range Scan @1Pk Max

100 MHz

Mi[1]
0.000 5
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919.800000 MHz|

120 dBpvim

110 dBuv/m

100 deuv/m

00 dBpjm

80 deyvfm

70 dBpvim

80 dBpvym

7 902-528 MHz LIN !

.

; b T
30 dayjm (I
Behdayin 2
REEm———— e
10 g8y
Start 30.0 MHz Stop 1.0 GHz

Measuring... =lllll= o .=,=m!!=,,!.=§ y

aa

lACCREDITEDI
TESTING CERT #1673.01

Issue Date: 5/28/2021
Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)

Page 58 of 66

Compliance Worldwide, Inc. - 357 Main Street - Sandown, NH 03873
(603) 887 3903 Fax (603) 887 6445
www.complianceworldwide.com



)

< a
COMPLIANCE ACCREDITED
WORLDWIDE TESTING CERT #1673.01

Test Number: 180-21 Issue Date: 5/28/2021

Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A4. Spurious Radiated Emissions (1 GHz — 9.4 GHz) Test Results

A4.1. Low Channel, 912 MHz — X Axis
A4.1.1. Measurement Results: Horizontal Antenna

Spectrum -

Ref Level 65.00 dBpv/m Offset -9.54 dB w RBW (CISFR) L MHz

o ALL OdE  SWT 336 ms & VBW 10 MHz  Mode Sweaep  Input OC
TOF

1B80-21 Bulding 36 ADC-54000-W Z-Wave Long Range @1Fk View

mM1[1] 43.12 dBpv/m

7.440700 GHz
60 dBuV/

40 dBuvfm:

35 dBpvfm

20 dBpv
Start 1.0 GHz 8401 pts Stop 9.4 GHz
Measuring... NERNED 10 7
At FR. 1 1

A4.1.2. Measurement Results: Vertical Antenna

Spectrum | ué"

Ref Level 55.00 dBpv/m Offset -2.54 dE & RBW (CISPR) 1 MHz

| ALt 0ok SWT 336 ms & VBW 10 MHz  Maode Sweep  Input OO
TOF

1B80-21 Building 36 ADC-54000-W Z2-Wave Long Range @ 1Pk Yiew

m1[1] 43,72 dBpV/m
8.038700 GHz,
60 dBpv/m
55 dBLv/m
FCC15.247 0DZ-028 MHz
S0 dBy v/
45 dBpv/m —
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Start 1.0 CHz 8401 pts Stop 9.4 CHz
r | Measuring...  @UARANELD WG
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Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A4. Spurious Radiated Emissions 1 GHz — 9.4 GHz) Test Results
A4.2. High Channel, 920 MHz — X Axis
A4.2.1. Measurement Results: Horizontal Antenna

Spectrum | '"é,"
Ref Level 55.00 depv/m Offset -9.54 dB & RBW (CISPR) 1 MHz

o Att 0de SWT  33.6ms & VBW 10MHz Mode Sweep  Input DC
TOF

180-21 Building 36 ADC-S4000-W Z-Wava Long Range @ 1Pk view

M1[1] 43.85 dBpV/m|
8.890600 GHz,
60 dBj/m

55 dBv/m
FCC15.247 002-028 MHz

S50 depiim

45 dBpvim

40 depvim

35 depvfm+

dBpv/m

20 dBpvfm
Start 1.0 GHz 8401 pts Stop 9.4 GHz
mn 3
L J1 , Measuring...  QESREREND W0 v

A4.2.2. Measurement Results: Vertical Antenna

Spectrum =

Ref Level 65.00 dBpv/m  Offset -9.54 dB & RBW (CISFR) 1 MHz

= Att Ode 8SWT 336ms & VBW 10 MHz  Mode Swasp  Input DO
TOF

180-21 Building 35 ADC-S4000-W Z-Wave Long Range @ 1Pk View

mMi1[1] 43.23 dBpv/m
9.317500 GHZ|
60 dbuv/m

55 dBuifm:
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S0 dByvim
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A4. Spurious Radiated Emissions (1 GHz — 9.4 GHz) Test Results

A4.3. Low Channel, 912 MHz - Y Axis
A4.3.1. Measurement Results: Horizontal Antenna

Spectrum | |“§"
Ref Level 65.00 depv/m  Offset -9.54 db & RBW (CISPR) 1 MHz

= ALE Ode  SWT F3.6ms & VBW 10 MHz  Mode Sweep  Input DO
TOE

180-21 Building 36 ADC-S4000-W Z-‘Wave Long Range @ 1Pk View

M1[1] 43.26 dBpv/m)|
4.561100 GHz|
60 depvim

55 dBLv/m
FCC15.247 002-928 MHz

50 dapvim

45 dBvm

40 dBuv/m T -

35 dBpvim+

£S dRm

20 depvim
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8401 pts Stop 9.4 GHz
—_— W
L J1 ) Measuring... RENNNNNED WO e

A4.3.2. Measurement Results: Vertical Antenna

Spectrum E

Ref Level 65.00 dBpv/m  Offset -5.54 dB & RBW (CISFR) 1 MHz

jo Att Ode  8WT 33.6 ms @ VBW 10 MHz  Mode Sweep  Input DO
TOF

180-21 Building 358 ADC-5S4000-W Z-Wave Long Range @1Fk View

M1[1] 43.42 dBpv/m|
0.376500 GHz,
60 dByvim

55 dbuv/m
FCC15.247 902-928 MHz

S0 dBufm

45 dBuvfm:

20 dBuv
Start 1.0 GHz 8401 pts Stop 9.4 GHz
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Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)

A4. Spurious Radiated Emissions 1 GHz — 9.4 GHz) Test Results

A4.4. High Channel, 920 MHz — Y Axis

A4.4.1. Measurement Results: Horizontal Antenna
Spectrum |

(=]

Ref Level 65.00 dBpv/m  Offset -5.54 di & RBW (CISFR)] 1 MHz
o Att Odé SWT 33.6ms & VBW

10 MHz  Mode Sweep Input DC
TOF

180-21 Building 36 ADC-S4000-W Z-Wave Long Range @ 1Pk View

Mi[1]
60 dBuvm

55 dBuvym:

44.75 dBpV,/m
4.599100 GHz|

FCC15.247 902-928 MHz

Start 1.0 GHz

0401 pts

[ J’: | Measuring... | FBEEEERE N )

Vartical

Date: 29.APR.2021 14:538:18

A4.4.2. Measurement Results: Vertical Antenna
Spectrum |

Stop 9.4 GHz

[IETETI

(=]

Ref Level 65.00 dBpv/m  Offset -5.54 di & RBW (CISFR)] 1 MHz

= Att 0deé SWT 33.6ms & VBW 10 MHz  Mode Sweep Input DC
TOF
180-21 Building 36 ADC-S4000-W Z-Wave Long Range @ 1Pk View

Mi[1]
60 dBuvm

55 dBuvym:

43.88 dBpV,/m
B.828600 GHz|

FC S02-928 MHz

40 dBuvfm:
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[ J’: | Measuring... | FBEEEERE N )
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Appendix A - Transmitter Spurious Radiated Emissions (30 kHz to 9.4 GHz)
A4. Spurious Radiated Emissions (1 GHz — 9.4 GHz) Test Results

A4.5. Low Channel, 912 MHz — Z Axis

A4.5.1. Measurement Results: Horizontal Antenna

Spectrum |

(=]

Ref Level 65.00 dBpv/m  Offset -9.54 dB & RBW (CISFR) 1 MHz
[ AL ode  SWT 33.6 mz & VBW 10 MHz
TOF

Mode Sweep Input DC

180-21 Building 36 ADC-S4000-W Z-Wave Long Range @ 1Pk View

Mi[1]

43.12 dBpv/m
8.899600 GHz|

40 depvim:

35 depv/m-

S dBuv/m

20 depvim:

Start 1.0 GHz 0401 pts

Stop 9.4 GHz

)

Measuring...

Vertical

Data: 29.AFR.202

A4.5.2. Measurement Results: Vertical Antenna

Spectrum |

QR e for

]

Ref Level 55.00 dBpv/m Offset -2.54 dE & RBW (CISPR) 1 MHz

| ALt 0ok SWT 336 ms & VBW 10 MHz
TOF

Mode Sweep  Input DC

1B80-21 Building 36 ADC-54000-W Z2-Wave Long Range @ 1Pk Yiew

mM1i[1]

60 BT

43.27 dBpV/m
9.369500 GHz|

55 By
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A4. Spurious Radiated Emissions 1 GHz — 9.4 GHz) Test Results

A4.6. High Channel, 920 MHz — Z Axis

A4.6.1. Measurement Results: Horizontal Antenna

Spectrum |

(=]

Ref Level 6500 depv/m  Offset

e ALL 0dE  SWT
TOF

9.54 di @ RBW (CISPR) 1 MHz
33.6ms & VBW 10 MHz

Mode Sweep  Input DC

180-21 Building 36 ADC-S4000-W Z-Wave Long Range @ 1Pk View

M1[1]
60 duv/m:

43,50 dBpV/m|
8804600 GHz

55 deuv/m

FCC15.247 902-028 MHz

50 deuvim
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40 dBufm

35 dauvfm——

25 dduv/m

20 dBpnfm

Btart 1.0 GHz 8401 pts
.

Stop 9.4 GHz

J J

Measuring...

A4.6.2. Measurement Results: Vertical Antenna

Spectrum

Qe e

&

Ref Level £5.00 dBpv/m
= ALL 0de
TOF

Oftset -9.54 dB & RBW (CISPR) 1 MHz
SWT 33.6 ms & VBW 10 MHz

Mode Sweep  Input DO

180-21 Building 36 ADC-S4000-W Z-Wave Long Range @I1Fk View
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8.615600 GHz
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Appendix B
B1. Emissions in Non-restricted Frequency Bands (30 MHz to 9.28 GHz)
B1.1. Emissions in Non-restricted Frequency Bands (30 MHz — 9.28 GHz) Test Results
B1.1.1. Measurement Results, 912 MHz, 30 MHz — 902 MHz

Spectrum | uél

Ref Level 20.00 dém  Offset 10.00 dB & RBW 100 kHz
e Att 20 dB SWT 17.5 ms & VBW 300 kHz  Mode Swesp
180-21 Building 36 ADC-S4000-W Z-Wave Long Range @ 1Pk View

mMi[1] -58.60 dBm)|
667.0380 MHz|

10 dBém

0 dém

D1 -7.750 dBrr

-10 dBm

Start 30.0 MHz 17441 pts Stop 902.0 MHz
Marker
Type | Ref | Tre | K-valua | Y -walug | Function | Function Result |
M1 1 667.038 MHz -53.60 dém
I e YT L
i Measuring...  ENNEEEND W0 crir |
Date: 28.APR.2021 11:35:31

B1.1.2. Measurement Results, 912 MHz: 928 MHz — 9.28 GHz
Spectrum | [%‘

Ref Level 20.00 dém  Offset 10.00 d& & RBW 100 kHz
j AL 20 dB SWT 1628 ms & VBW 300 kHz  Mode Sweep
180-21 Building 36 ADC-54000-W Z-Wave Long Range @ 1Pk View

M1[1] -46.03 dBm|
3.6488090 GHz

10 dam

0 dBm
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=10 dam

-20 dam

=30 dam

-40 dam
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=50 dam T
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Type | Ref | Tre | H¥-value | ¥-value |  Function | Function Result |
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-

v o mwen
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Appendix B

B1. Emissions in Non-restricted Frequency Bands (30 MHz to 9.28 GHz) (continued)
B1.1. Emissions in Non-restricted Frequency Bands (30 MHz — 9.28 GHz) Test Results
B1.2.1. Measurement Results, 920 MHz, 30 MHz — 902 GHz

jo AL

Spectrum |

=

20 dB

Ref Lavel 20.00 dém  Offset 10.00 d2 &« RBW 100 kHz

SWT 17.5 ms & VBW 300 kHz Mode Sweep

180-21 Building 36 ADC-S4000-W Z-Wave Long Range @1Fk View
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=70 diém

s SR H RS A

M1
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Stop 902.0 MHz

Marker

Type | Refl | Tre |

X-value

¥-value | Function |

M1

1

838.979 MHz |

-58.66 dBm

T
L L
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AR OB o y

B1.2.2. Measurement Results, 920 MHz, 928 MHz — 9.28 GHz

jo ALL

Spectrum |

=

Ref Level 20.00 dém

20 dB

Offset 10.00 d2 & RBW 100 kHz
SWT 168 ms & VBW 300 kHz Mode Sweep

10 dém
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-49.25 dBm)|
3.6808090 GHz|

0 dam

1 -7.210

Bm

=70 dBm

Start 928.0 MH=z 167041 pts Stop 9.28 GHz
Marker
Type | Ref | Trc | X-value ¥-value | Function | Function Result |
M1 [~ al 3.680800 GHz | -49,25 dém
- N
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