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EXHIBIT 1. INTRODUCTION
1.1 Scope
References: CFR Title 47 FCC Part 15

Purpose of Test:

To demonstrate compliance to the requirements of CFR 47
FCC part 15, RSS GEN, and ICES-003

Test Procedures:

Radiated emissions measurements were conducted in
accordance with ANSI C63.4

Environmental Classification:

Residential

1.2 Normative references

Publication Title
American National Standard for Methods of Measurement
ANSI C63.4 of Radio Noise Emissions from Low-Voltage Electrical and
Electronic Equipment in the range of 9kHz to 40 GHz
Information Technology Equipment (ITE)- Limits and
ICES-003
methods of measurements
RSS GEN General Requirements for Compliance of Radio apparatus

CFR Title 47 FCC Part 15

Radio Frequency Devices
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1.3 LS Research, LLC in Review

As an EMC Testing Laboratory, our Accreditation and Assessments are recognized through the
following:

()

lACCREDITEDI

TESTING CERT #1255.01

A2LA — American Association for Laboratory Accreditation
Accreditation based on ISO/IEC 17025: 2005 with Electrical (EMC) Scope of Accreditation
A2LA Certificate Number: 1255.01

C

Federal Communications Commission (FCC) — USA
Listing of 3 Meter Semi-Anechoic Chamber based on Title 47 CFR — Part 2.948
FCC Registration Number: 90756

I * I Industrie  Industry
Canada Canada
I+l

Canada

Industry Canada
On file, 3 Meter Semi-Anechoic Chamber based on RSS-GEN - Issue 4
File Number: IC 3088A-2
On file, 3 Meter Semi-Anechoic Chamber based on RSS-GEN - Issue 4
File Number: IC 3088A-3
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1.4 Location Of Testing

All testing was performed at LS Research, LLC, W66 N220 Commerce Court, Cedarburg,
Wisconsin, 53012 USA, utilizing the facilities listed below, unless otherwise noted.

List of Facilities Located at LS Research, LLC:

e Semi-Anechoic Chamber

1.5 Test Equipment Utilized

A complete list of equipment utilized in testing is provided in Appendix A of this test report. Calibration
dates are indicated in Appendix A.
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EXHIBIT 2. PERFORMANCE ASSESSMENT

2.1 Client Information

Manufacturer Name: LSR

Address: W66 N220 Commerce Court
Cedarburg, W1 53012

Contact Name: Josh Bablitch

2.2 Equipment Under Test (EUT) information
The following information has been supplied by the applicant.

Product Name: Sterling-LWB

Model Number: Sterling-LWB

WLAN: 23, Bluetooth: 26 (Conducted Testing)
WLAN: 15, Bluetooth: 29 (Radiated Testing)

Serial Number:

2.3 EUT’s Technical Specififcations

Additional Information:

Operating Voltage 3.0-3.6 VDC
EUT will be operated under FCC FCC: CFR 47 part 15
part(s) and/or IC Rule IC: ICES-003, RSS GEN

2.4 Product Description

The Sterling-LWB is a multi-standard module with support for WLAN (802.11 b/g/n), and Bluetooth
V2.1 and Bluetooth 4.0 & 4.1 with multiple antenna options.

Chip Antenna: Johanson Part # 2450AT18D0100 Peak Gain 1.5 dBi

U.FL Antenna port utilizes the following antenna options:
LSR 2.4 GHz Dipole Antenna 2dBi
LSR 2.4 GHz FlexPIFA 2dBi
LSR 2.4 GHz FlexNotch 2dBi
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EXHIBIT 3. EUT OPERATING CONDITIONS DURING TEST

3.1 Climate test conditions

Temperature: 70-74° Fahrenheit
Humidity: 30-42%
Pressure: 729-742mmHg

3.2 Applicability and summary of EMC emissions test results

: Compliance
FCC part 15 Test Requirements (yes/no)
Power Line Conducted Emissions Measurements Yes
Unintentional Radiated Emissions Yes

3.3 Modifications incorporated in the EUT for compliance purposes
X None [ ] Yes (explain below)

3.4 Deviations and exclusions from test specifications

X None [ ] Yes (explain below)
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EXHIBIT 4. DECLARATION OF CONFORMITY

The EUT was found to MEET the emissions requirements as described within the specification of
Code of Federal Regulation (CFR) title 47 FCC part 15 and ICES-003.

If some emissions are seen to be within 3 dB of their respective limits:

As these levels are within the tolerances of the test equipment and site employed, there is a possibility
that this unit, or a similar unit selected out of production may not meet the required limit specification
if tested by another agency.

LS Research, LLC certifies that the data contained herein was taken under conditions that meet or
exceed the requirements of the test specifications. The results in this Test Report apply only to the
item(s) tested on the above-specified dates. Any modifications made to the EUT subsequent to the
indicated test date(s) will invalidate the data herein, and void this certification.
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EXHIBIT 5. RADIATED EMISSIONS TEST

5.1  Test Setup

The test setup was assembled in accordance with ANSI C63.4. The EUT was placed on an 80cm
high non-conductive pedestal, centered on a flush mounted 3-meter diameter turntable inside a 3
meter Semi-Anechoic, FCC listed Chamber.

The EUT was powered with a generic DC supply providing 3.6 VDC.

5.2 Test Procedure

Radiated RF measurements were performed on the EUT in a 3 meter Semi-Anechoic, FCC listed
Chamber. The frequency range from 30 MHz to 25000 MHz was scanned and investigated. The
radiated RF emission levels were manually noted at the various fixed degree settings of azimuth on
the turntable and antenna height. The EUT was placed on a non-conductive material in the 3 meter
Semi-Anechoic Chamber, with the antenna mast placed such that the antenna was 3 meters from the
EUT. A Biconical Antenna was used to measure emissions from 30 MHz to 200 MHz, and a Log
Periodic Antenna was used to measure emissions from 200 MHz to 1000 MHz. Measurements above
1GHz were performed using a double ridged horn antenna and standard gain horn antenna was used
for measurements above 18GHz. The maximum radiated RF emissions were found by raising and
lowering the sense antenna between 1 and 4 meters in height, using both horizontal and vertical
antenna polarities and rotating the EUT on a turntable. For measurements above 1 GHz the “cone of
radiation”, as refered to in ANSI C63.4, was maintained

5.3 Test Equipment Utilized

A list of the test equipment and antennas utilized for the Radiated Emissions test can be found in
Appendix A. This list includes calibration information and equipment descriptions. All equipment is
calibrated and used according to the operation manuals supplied by the manufacturers. All
calibrations of the antennas used were performed at an IEC/ISO 17025 accredited calibration
laboratory, traceable to the Sl standard. In addition, the Connecting Cables were measured for losses
using a calibrated Signal Generator and an EMI Receiver. The resulting correction factors and the
cable loss factors from these calibrations were entered into the EMI Receiver database. As a result,
the data taken from the EMI Receiver accounts for the antenna correction factor as well as cable loss
or other corrections, and can therefore be entered into the database as a corrected meter reading.
The EMI Receiver was operated with a resolution bandwidth of 120 kHz for measurements below 1
GHz (video bandwidth of 1.2 MHz), and a bandwidth of 1 MHz for measurements above 1 GHz (video
bandwidth of 3 MHz).

5.4  Test Results

The EUT was found to MEET the Radiated Emissions requirements of CFR 47 part 15.109 class B
and Industry Canada ICES-003 class B. The frequencies with significant RF signal strength were
recorded and plotted as shown in the Data Charts and Graphs.

Prepared For: LSR Model #: Sterling-LWB LSR Job #: C-2391

EUT: Sterling-LWB Serial #: See Section 2.2 Template: FCC

Report #: TR316050 Page 9 of 26




5.5 Test Setup Photos — Radiated Emissions Test
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5.6 Calculations of radiated emissions limits

The following table depicts the Class B limits.

CFR 47 part 15.109 and RSS GEN/ICES003

Frequency 3 m Limit 3 m Limit
(MHz) pV/m (dBuV/m)
30-88 100 40.0
88-216 150 43.0
216-960 200 46.0
960-40,000 500 54.0
Example:

Reported data:

E in dBuV/m = 20log(E in pV/m)
= 20log (100 pv/m)
E =40.0 dBuV/m

For both fundamental and spurious emissions measurement, the data reported includes all necessary
correction factors. These correction factors are loaded onto the EMI receiver when measurements

are performed.

Reported Measurement data = Raw receiver measurement (dBuV/m) + Antenna correction
Factor + Cable factor (dB) + Miscellaneous factors when applicable (dB) — amplification factor

when applicable (dB).

Example of reported data at 200 MHz:

Reported Measurement data = 18.2 (raw receiver measurement ) + 15.8 (antenna factor) +
1.45 (cable factor) = 35.45 (dBuV/m).
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5.7 Data Chart- Radiated emissions test

Manufacturer: | LSR
Date(s) of Test: | 2/10/16 — 4/18/16

Project Engineer(s): | Coty Hammerer

Test Engineer(s): | Coty Hammerer/Kimberly Bay

Voltage: | 3.6VDC
Operation Mode: | Continuous receive
Environmental | Temperature: 70-74'F

Conditions in the Lab: | Relative Humidity: 30-42 %

EUT Power: Single Phase 120 VAC 3 Phase VAC
' Battery X | Other: 3.6VDC
EUT Placement: | X | 80cm non-conductive table 10cm Spacers

3 Meter Semi-Anechoic

EUT Test Location: | X ECC Listed Chamber 3/10m OATS
Measurements: Pre-Compliance Preliminary X | Final
Detectors Used: | X | Peak X Quasi-Peak X | Average
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The following table depicts the level of significant spurious radiated RF emissions

found:
WLAN
Frequeny | o | A | e | Rewting | Pecktmit | VR | AL peak | ouesipeo| Averoge | Antema | (| BT

e (degree) | \apuv/m) | (9Buv/m) | (a8uv/m) | ‘BFV/™ | (apuv/m) | (dBpvjmy |MTE (9B)| Margin (4B Margin (B) Polarity orientation

76.60 1.00 0.00 N/A 29.60 N/A N/A 40.00 N/A N/A 10.40 N/A Vv Mid Flat

400.00 1.00 202.00 N/A 35.70 N/A N/A 46.00 N/A N/A 1030 N/A H Mid Flat
3660.00 1.00 31650 45.29 N/A 42 48 74.00 N/A 54.00 2171 N/A 1152 H Mid Flat
3660.00 246 21125 4785 N/A 4340 74.00 N/A 54.00 26.15 N/A 960 v Mid Flat
7311.00 166 327.25 47 85 N/A 4215 74.00 N/A 54.00 26.15 N/A 1185 Vv Mid Flat
7238.00 229 166.5 4871 N/A 4383 74.00 N/A 54.00 25.30 N/A 10.17 v Mid Flat
7386.00 242 21425 4830 N/A 4377 74.00 N/A 54.00 25.70 N/A 10.23 v Mid Flat
7310.00 1.01 306.5 46.30 N/A 3974 74.00 NfA 54.00 27.70 N/A 14.26 H Mid Vert.

Bluetooth
(dBuV/m) | (dBuV/m) | (dBuV/m) (dByV/m) | (d8uV/m)

76.42 1.00 296.75 N/A 29.80 N/A N/A 40.00 N/A N/A 10.20 N/A v Mid Vert.
2410.00 1.00 100.00 44 75 N/A 30.05 74.00 N/A 54.00 29.75 N/A 2395 v Low Vert.
2450.00 1.00 0.00 40.28 N/A 27.54 74.00 N/A 54.00 33.72 N/A 26.46 vV Low Vert.
2413.00 1.00 0.00 3223 N/A 27.26 74.00 N/A 54.00 4177 N/A 26.74 H Low Side
2454 00 1.00 0 39.87 N/A 27.66 74.00 N/A 54.00 3413 N/A 26.34 H Low Flat
2410.00 1.00 0 4467 N/A 30.12 74.00 N/A 54.00 2933 N/A 2388 v Low Flat
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5.8

Screen Captures - Radiated Emissions Testing

These screen captures represent Peak Emissions. For radiated emission measurements, a Quasi-
Peak detector function is utilized when measuring frequencies below 1 GHz, while both peak and
average function is utilized for emissions above 1000 MHz. The plots below represent the worst
emissions in each frequency range.
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EXHIBIT 6. CONDUCTED EMISSIONS TEST, AC POWER LINE

6.1 Test Setup
The test area and setup are in accordance with ANSI C63.4 and with Title 47 CFR, FCC Part 15,

Industry Canada RSS GEN. The EUT was placed on a non-conductive table, with a height of 80 cm
above the reference ground plane. The power supply was then plugged into a 50 (ohm), Line
Impedance Stabilization Network (LISN). A generic AC-DC Adapter was used to supply of 3.3VDC
via an appropriate broadband EMI Filter, and then to the LISN line input. Final readings were then
taken and recorded. After the EUT was setup and connected to the LISN, the RF Sampling Port of
the EMI receiver System. The LISN used has the ability to terminate the unused port with a 50Q2
(ohm) load when switched to either L1 (line) or L2 (neutral).

6.2 Test Procedure

The EUT was investigated in continuous modulated transmit mode for this portion of the testing. The
appropriate frequency range and bandwidths were selected on the EMI Receiver, and measurements
were made. The bandwidth used for these measurements is 9 kHz, as specified in CISPR 16-1,
Section 1, Table 1, for Quasi-Peak and Average detectors in the frequency range of 150 kHz to 30
MHz. Final readings were then taken and recorded.

6.3 Test Equipment Utilized

A list of the test equipment and accessories utilized for the Conducted Emissions test is provided in
Appendix A. This list includes calibration information and equipment descriptions. All equipment is
calibrated and used according to the operation manuals supplied by the manufacturers. Calibrations
of the LISN and Limiter were performed at an IEC/ISO 17025 accredited calibration laboratory,
traceable to the Sl standard. All cables are calibrated and checked periodically for conformance. The
emissions are measured on the EMI System, which has automatic correction for all factors stored in
memory and allows direct readings to be taken.

6.4 Test Results
The EUT was found to MEET the Conducted Emission requirements of FCC Part 15.107 and ICES-
003 Class B. See the Data Charts and Graphs for more details of the test results.
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6.5 FCC Limits of Conducted Emissions at the AC Mains Ports

Frequency Range Class B Limits (dBuV) Measuring
(MHz) Quasi-Peak Average Bandwidth
0.150 -0.50 * 66-56 56-46 RBW =9 kHz
05-5.0 56 46 VBW > 9 kHz for QP
5.0-30 60 50 VBW =1 Hz for
* The limit decreases linearly with the Average
logarithm of the frequency in this range.
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6.6 CONDUCTED EMISSIONS TEST DATA CHART
Manufacturer: | LSR
Date(s) of Test: | 4/16/16

Project Engineer:

Coty Hammerer

Test Engineer:

Coty Hammerer

Voltage:

3.3VDC

Operation Mode:

Continuous Receive

Environmental
Conditions in the
Lab:

Temperature: 70-74°F
Relative Humidity: 32-42%

Test Location: | X | AC Mains Test area Chamber
X | 40cm from Vertical Ground Plane 10cm
EUT Placed On: Spacers
X | 80cm above Ground Plane Other:
Measurements: Pre- Preliminary X | Final
Compliance
Detectors Used: Peak X | Quasi-Peak X | Average

Note: Data used for this test is leveraged from the TX conducted data, which represents the
worst-case emissions. Emissions are independent of channel.

WLAN
1 0.20 44.60 63.83 19.23 31.50 53.83 22.33 Tx
1 0.62 40.70 56.00 15.30 30.00 46.00 16.00 Tx
1 0.20 46.50 63.62 17.12 36.20 53.62 17.42 Tx
2 0.20 41.90 63.62 21.72 26.50 53.62 27.12 Tx
2 0.67 41.40 56.00 14.60 25.10 46.00 20.90 Tx
2 0.27 41.30 61.24 19.94 27.30 51.24 23.04 Tx
Bluetooth
1 0.15 40.50 66.00 25.50 28.30 56.00 27.70 Tx
1 0.63 33.60 56.00 22.40 25.50 46.00 20.50 Tx
1 0.16 39.80 65.42 25.62 28.70 55.42 26.72 Tx
2 0.62 34.00 56.00 22.00 24.90 46.00 21.10 Tx
2 0.16 33.00 65.73 32.73 19.90 55.73 35.83 Tx
2 0.16 34.70 65.47 30.77 21.60 55.47 33.87 Tx
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6.7

Test Setup Photo(s) — Conducted Emissions Test
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6.8 Screen Captures — Conducted Emissions Test

These screen captures represent Peak Emissions. For conducted emission measurements, both a Quasi-Peak detector
function and an Average detector function are utilized. The plots below represent the worst-case emissions.

WLAN

gilent EM) Recelver - Frequency Scan
Marker 1 195.00 kHz
CISPR

SmoothCp)
PREAF Scan

Atten: 10 4B

Ref 86.99 dBuV

Start 150 kHz
Res BW 9 kHz VBW 90 kHz

FRECUENCY SCAN  Sean
>0

Free Run

Mkr1

Agilent EMI Recelver - Frequency Scan

Y.
Marker 1 199.50 kHz
CISFR

PREAMP

Smonth  Cp)
Scan " Atten: 10 4B

Ref £6.99 dBuVv

Start 150 kHz
Res BW 9 kHz VBW 90 kHz

Peak Search

NextPeak

Stop 30 MHz
Dwell Time 108.1 ps(4.5 kHz)
swanus | DC Coupled

Line 2
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Bluetooth

Agflent CM Receiver - Frequency Scan

Marker 1 150.00 kHz FREQUENCY SCAN  Scan
Smoath o >1H
Scan Aen: 10 dB Free Run

Ref 86.99 dBpV

| -
WY

g “)""-'r[‘[q '\-‘flﬂ"‘,u\m A

Start 150 kHz Stop 30 MHz
Res BW 0 kHz VBW 90 kHz Dwell Time 108.1 ps(4.5 kHz)

usc =mans 1 DC Coupled

o A\ 0415728 P g 14, 2016
Marker 1 622.45 kHz
Smooth Lyt
PREAMP Scan Aten: 10 4B

Ref 86.99 dBpV

Start 150 kHz Stop 30 MHz
Res BW 9 kHz VBW 90 kHz Dwell Time 108.1 pus(4.5 kHz)

sz swanus 1 DC Coupled

Line 2
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Diate : 11-Feb-2016

APPENDIX A: Test Equipment List

Prepared By: Coty Hammerer

Customer:  LSR

Type Test: Radiated Measurements

Job #: C-2391

Quote #:_31B050

Mo Azset # | Description Manufacturer | Model # Serial # Cal Date | Cal Due Date | E quipment Status
1 AAZJEDSD 2.4GHz High P a=s Filter K HFF-L-14126 Tarz-n4 A15A2015 1512016 Active Calibration
2 EE 360153 0.8- 21GHz LMA Mini-Circuits ZVA-212K-5 40201423 2M4201E 212017 Active Calibration
3 AL JENSE Double Ridge Horn Antenna ETS Lindaren anr 103300 2042016 242017 Active Calibration

4 AL SR04 Fhaszeflex Gore EKDOMOMOT20 00373 Werification Werification Systemn
5 AA9E0IEZ EM Series Cable MegaPhaze EMZE-5151-120 12024201001 ER30#2015 ER30I2016 Active Calibration
& EE 360025 MNA03EA MIHE 26.5GHz Receiver Agilent MNanzaa RAYEIZI0142 GIEf2015 GIEf201E Active Calibration

¥ EESB0OTT OC Fower Supply G Inztek GPS-203000 EJ210521 Werification Werification Systemn
8 AAIE000E Eiconical Antenna EMCO S30E 9E01-2220 M4201E Hafz017 Active Calibration
9 AAIE00TE Log Periodic Antenna EMCO 9346 9701-4265 206 Izor Active Calibration
10 Rental Horn Antenna 18-40 GHz AH Systemns, Ine SAS-674 192 anzms Wanzme Active Calibration

Date: 14-Apr-2016 Type Test: Conducted E Job #: C-2351

Prepared By:_Coty Hammerer Customer: LSR GQuate #: 316050

Mo, Azset # | Dlescription | Planufacturer | Model # | Serial # | Cal Date | Cal Due Date | Equipment Status
1 EESB0EZ LISH - 154 COM-POWER  LI-2154 191963 242018 4200 Active Calibration

2 EESB0OYT OC Power Supply G Instek. GPS-202000 EJ210521 Werification Werification Systemn
3 EE3E0082 8GHz MEE Spectrum Analyzer Agilent MNanzga RWEIZI0138 22442018 20z4d2017 BAuctive Calibration

)
Project Engineer: (’“5 Howmmon &QM

Quality Assurance:
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APPENDIX B: Test Standards

STANDARD # DATE Am.1 | Am.
CFR 47 part 15 2016
ANSI C63.4 2014
RSS GEN 2014
ICES-003 2016
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APPENDIX C: Uncertainty Statement

Table of Exianded Uncertainti Values, iK=2i for Siecified Measurements

Radiated Emissions 3 — Meter chamber, Biconical Antenna 4.82 dB
3-Meter Chamber, Log Periodic
Radiated Emissions Antenna 4.88 dB
Radiated Emissions 3-Meter Chamber, Horn Antenna 4.85 dB
Radiated Emissions 10-Meter OATS, Biconical Antenna 4.32 dB
Radiated Emissions 10-Meter OATS, Log Periodic Antenna 3.63 dB
AC Line Conducted Emissions Shielded Room/EMCO LISN 3.20 dB
Temperature/Humidity Thermo-hygrometer 0.64° / 2.88 %RH
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