@ LSR an

ACCREDITED
Design. Create. Certify. Connect. trsTmG CERT #1255.01

W66 N220 Commerce Court @ Cedarburg, Wl 53012
Phone: 262.375.4400 e Fax: 262.375.4248
wWww.lsr.com

ENGINEERING TEST REPORT # 315054
LSR Job #: C-2167

Compliance Testing of:
SaBLE-x

Test Date(s)
April 14" — 23 2015

Prepared For:

LSR

Attn: Josh Bablitch
WG66N220 Commerce Court
Cedarburg, WI 53012

This Test Report is issued under the Authority of: Shane D. Rismeyer, EMC Engineer

i

Signature: <z ;}’% _ Date: 4/25/15

Test Report Reviewed by: Report by:

Khairul Aidi Zainal, Sr. EMC Engineer Shane D. Rismeyer, EMC Engineer

Signature: | . Date: 4/24/15 Signature: Date: 4/24/15
J’sw = A

This Test Report may not be reproduced, except in full, without written approval of LS Research, LLC.




Table of Contents

1.0 Summary of TSt REPOIt......ccouiiiiiiiiiiiei ettt 4
2.0 TSt FACIIITIES ..eueetieiiieiiestiete ettt ettt ettt ettt et e st e e se e bt e st e eseenbeenbesneeseenees 4
3.0 Client INfOrmMAtION. ......ooiuiiiiiiiiee ettt ettt ettt et e st e e beesaeeeneeas 5
3.1  Equipment Under Test (EUT) Information........c..ccccooieiiiiiniiniiiiniinecieneccececesecee e 5
3.2 Product DESCIIPLION ....eouiiiiieiiieeieeciie ettt ettt e et eetae et estbeesbeestaeensaessaeesseessseenseessseesseesssesnsees 5
3.3  Modifications Incorporated In the EUT for Compliance Purposes ..........cccceevveeeeieeecveeceneennne. 5
3.4  Deviations & Exclusions from Test SpecifiCations ..........cocceceeiirieniriiinicnecienieneeeeeeeeee 5
3.5 Additional INFOrmMAatION .....c..eeouieiiiiiiriiiieiieeee ettt et 5
4.0 CoNAIIONS OF TESt...eeutiiiiiiiiieite ettt ettt et e st et sae e e bt e s aeesabeesbeeeabeesaaeeneeas 6
5.0 TeSt EQUIPIMENL ..ottt ettt et et e et esab e e bt e s ebeenbeesabeenbeeeneeenseas 6
6.0  Conformance SUMIMATY ..........c.ceoiiiiiiiiieiiieitie ittt et et esite et e st eebeesabeebeessbeeseesnseenseeesseenseas 6
Appendix A — Test EQUIPIMENL ........ooviiiiiiiiieeiie ettt s e e et eessaee e saee e sseeesnseesnnaeennnes 7
APPENdiX B — TSt DAta......coiuiiiiiiiiieie ettt e sttt st bee e 8
B.1 — RF Conducted EMISSIONS .......cc.covuiiiiriieriiiieniieieeienteeie sttt ettt ettt 8
B.2 — Radiated EMISSIONS ...c..eeiuiiiiiiiiiiiieiie ettt ettt ettt ettt sae e e b 21
Appendix C - Uncertainty SUMMATY .......cccceveeiirienierienienieetene ettt ettt esiesaeesreesreesesieeneeeaeens 37
APPENAIX D = RETEIENCES ... ceuiiiiieiiieiieeie ettt ettt ettt e et e e s beeaeeesseebeessseenseesnsaans 37
Appendix E — Duty Cycle CalCulation............cceeciiiiiiieiiiieeieeciee et eeiveeevve e sveeesvee e 38
LS Research, LLC Page 2 of 40
Prepared For: LSR Model Number: SaBLE-x Report #: 315054

EUT: SaBLE-x Serial Number: 450-0144-R1 LSR Job #: C-2176




LS Research, LLC in Review

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

A a

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
1+l

Canada

Industry Canada
On file, 3 Meter Semi-Anechoic Chamber based on RSS-212 — Issue 1
File Number: IC 3088-A
On file, 3 and 10 Meter OATS based on RSS-212 — Issue 1
File Number: IC 3088

q

U. S. Conformity Assessment Body (CAB) Validation
Validated by the European Commission as a U. S. Competent Body operating under the U.
S./EU, Mutual Recognition Agreement (MRA) operating under the European Union
Electromagnetic Compatibility —Council Directive 2004/108/EC (formerly 89/336/EEC, Article
10.2).
Date of Validation: January 16, 2001

Validated by the European Commission as a U.S. Notified Body operating under the U.S.
/EU, Mutual Recognition Agreement (MRA) operating under the European Union
Telecommunication Equipment — Council Directive 99/5/EC, Annex V.

Date of Validation: November 20, 2002

Notified Body Identification Number: 1243
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1.0 Summary of Test Report

In April 2015 the EUT, SaBLE-x, was tested and MEETS the following requirements:

. Compliance
FCC and IC Paragraph Test Requirements (Yes/No)
FCC:15.247 (a)(2) . i .
IC: RSS 210 A8.2 (a) 6 dB Bandwidth of a Digital Modulation System Yes
FCC :15.247(b) & 1.1310 .
IC - RSS 210 AS.4 Maximum Output Power Yes
FCC:15.247 (d) . .. .
IC: RSS 210 A8.2 (b) Power Spectral Density of a Digital Modulation System Yes
FCC :15.247(d) RF Conducted Spurious Emissions at the Transmitter %
IC : RSS 210 A8.5 Antenna Terminal ©
FCC:15.247(c), 15.209 &
15.205 Transmitter Radiated Emissions Yes
IC : RSS 210 A8.2(b),
section 2.2, 2.6 and 2.7
FCC :15.109 . . . . .
IC - RSS GEN Receive Mode (Digital Device) Radiated Emissions Yes
FCC:2.1055 (d) Frequency Stability Yes
FCC : 15.207 ) .
IC - RSS GEN sect. 7.2.2 Power Line Conducted Emissions Measurements Yes

2.0  Test Facilities

All testing was performed at:
LS Research, LLC
W66 N220 Commerce Court
Cedarburg, Wisconsin, 53012 USA

LS Research, LLC is accredited by A2LA (American Association for Laboratory Accreditation) to
the requirements of ISO/IEC 17025, 2005 “General Requirements for the Competence of Calibration
and Testing Laboratories”.

LS Research, LLC’s scope of accreditation includes all test methods listed herein, unless otherwise
noted.
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3.0 Client Information

Manufacturer Name: LSR
Address: W66N220 Commerce Court
Contact Person: Josh Bablitch

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

Product Name: SaBLE-x
Model Number: SaBLE-x
Serial Number: 450-0144-R1
FCCID TFB-1002
IC Number 5969A-1002

3.2  Product Description

The SaBLE-x module fully supports the single mode Bluetooth Low Energy operation, and the
output power can support class 2. The module provides the ability to either put your entire
application into the integrated ARM Cortex M3 microcontroller, or use the module in Network
Processor mode in conjunction with the microcontroller of your choice. RF Core’s dedicated ARM
Cortex MO improves system performance and frees up FLASH memory for custom applications.

3.3 Modifications Incorporated In the EUT for Compliance Purposes

None noted at time of test

3.4  Deviations & Exclusions from Test Specifications

None noted at time of test

3.5 Additional Information

Low Channel 1 (2402 MHz), Middle Channel 19 (2440 MHz), High Channel 39 (2480
MHz). EUT programmed for continuous transmit or receive on selectable channel using a
programming board and LSR BT Tool v5.0.0.0.

LS Research, LLC Page 5 of 40

Prepared For: LSR Model Number: SaBLE-x Report #: 315054

EUT: SaBLE-x Serial Number: 450-0144-R1 LSR Job #: C-2176




4.0  Conditions of Test
Environmental:
Temperature: 20-25°C
Relative Humidity:  30-60%
Atmospheric Pressure: 86-106 kPa
Voltage: 3.3VDC
50  Test Equipment
All test equipment is calibrated by a calibration laboratory accredited by A2LA to the
requirements of ISO 17025. For a complete list of test equipment and calibration dates, see
Appendix A. Unless otherwise noted, resolution bandwidth of measuring instrument used
during testing for given frequency range, see below.
Frequency Range Resolution Bandwidth
9 kHz — 150 kHz 200 Hz
150 kHz — 30 MHz 9 kHz
30 MHz — 1000 MHz 120 kHz
Above 1000 MHz 1 MHz
6.0 Conformance Summary
The EUT was found to MEET the requirements as described within the specification of FCC
Title 47, CFR Part 15.247, 15.109, Industry Canada RSS-210, Issue 8 (2010), Annex 8, RSS-
GEN Issue 4 (2014).
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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Appendix A — Test Equipment

4

A%

LS RESEARCH LLC

Wireless Product Development
Equipment Calibration

Date :_22-Apr-2015

Type Test: Radiated Emissions

Job#: C-2210

Frepared By:_Shane Rismeyer Customer: _JDSU Quote #:_315103
Mo.| Asset # |Desc_ription |Manufacture| |Mode| # ‘Serial # |Cal Date |Cal Due Date | Equipment Status
1 EE 360073 Spectrum Analyzer Agilent E44464 US45300564 10M32014 10132015 Active Calibration
2 EE3E00GE 8GHz MRE Spectrum Analyzer Augilent M3032A MYEIZI0E 1arzos W3z01E Active Calibration
3 AASEODTE Log Periodic Antenna ERCO 93146 9701-4865 32016 Ma2me Active Calibration
4 AAIENSD Biconical Antenna ETS =} 0003-3346 t2zi2015 w2zt2me Active Calibration
5 EESE0ME Std. Gain Horn Ant. wipreamp Adv. Micro f EMC WLAEZZ-4 ¢ 3160-09 123001 Srznfzon Sez0ems Active Calibration
& AAIEDIZT Standard Gain Horn Ant. EMCO JE0-10 B9263 afzofzon4 aizofzms Active Calibration
7T AA9E0EE Diouble Ridge Horn Antenna ETE Lindgren 7 109300 Ef2002014 Ef20fZ006 Aetive Calibration
& EE380153 05 -21GHz LMA Mini-Circuits EVA-ZITA-Se T40411007 BI20iz014 BRZ0fZ0N5 Active Calibration
4 AAIEME Highpazs Filter KL Microwawe  11SH10-2000 2 2B2MG 206I2ME Active Calibration
10 EE 360084 LISH - 162 COM-POWER  LI-216A 1515920 Bi2iz2m4 Bi22ME Active Calibration

Froject Engineer;_—

Quality Assurance: ﬂia_ J?'Ar&-.,

r

a%

LS RESEARCH LLC

Wireless Product Development
Equipment Calibration

Diate : _12-Mar-2015

Type Test: Conducted Meaurements Job#: C-2178

Prepared By:_Shane Rismeyer Customer:  LSR Quote #: 315064
Mo.[ Azset # |Desc_ripti0n |ManuFacturer |M0de| # Serial # Cal Date |Cal Due Date | Equipment Status
1 EE3E00RT 44GHz EXA Spectrum Analyzer Agilent MNanns, MYE2400296 120112014 12412015 Active Calibration
2 AAIE0MI Phazefles Gore EKDMD0I042.0 GE4E513 BIH2012 BI42015 Active Calibration

Froject Engineer:

Cluality Aszurance:

LS Research, LLC

Page 7 of 40

Prepared For: LSR

Model Number: SaBLE-x

Report #: 315054

EUT: SaBLE-x

Serial Number: 450-0144-R1

LSR Job #: C-2176




Appendix B — Test Data

B.1 — RF Conducted Emissions

Test Location LS Research

General
Measurement
Procedure

FCC KDB 558074 D01 DTS Meas Guidance v03r02
ANSI C63.10-2009 Section 6.7
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B.1.1 — RF Conducted — Fundamental Bandwidth

4/14/15
Temp./RH. | 20-25°C/30 - 60% R.H.

Specific FCC KDB 558074 Section 8.0 DTS bandwidth
Measurement ANSI C63.10-2009 Section 6.9
Procedure RSS-GEN Section 4.6

Additional

Continuous transmit modulated used for this test.
Notes

Table

1 2402 0.7 1.1 1.2
19 2440 0.7 1.1 1.2
39 2480 0.7 1.1 1.2
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B.1.2 — RF Conducted — Fundamental Power and Spectral Densit

4/14/15
Temp./RH. | 20-25°C/30-60% R.H.

f,}’::;fr‘;mem FCC KDB 558074 Section 9.2.2.2
FCC KDB 558074 Section 10.2
Procedure

Continuous transmit modulated used for this test.
Additional Sample Calculation:
Notes Margin (dB) = Limit — Measured level

Average Output power = 4.9 dBm < 30 dBm (limit)

Outiut Power Table

1 2402 4.9 25.1
19 2440 4.7 30 25.3
39 2480 4.3 25.7
PSD Table
1 2402 4.7 3.3
19 2440 4.6 8 3.4
39 2480 4.2 3.8
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Plots
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B.1.3 — RF Conducted — Emissions in 100kHz bandwith

4/14/15
Temp./RH. | 20-25°C/30-60% R.H.

Specific
Measurement FCC KDB 558074 Section 11.0 — Emissions in non-restricted frequency bands
Procedure

No Emissions found to be within 15 dB of limit

Additional
Notes Continuous transmit modulated used for this test.

Plots start next page
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Low Channel — 2402 MHz
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Mid Channel — 2440 MHz
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B.1.4 — RF Conducted — Emissions in restricted frequency bands and band-edge measurements

Manufacturer LSR

Date 4/14/15

Operator Aidi Zainal

Temp. / R.H. 20 -25°C/30-60% R.H.
Rule Part 15.247 /RSS-210 A8
Specific

KDB 558074 D01 Meas Guidance v03r02: Section 12.2 (states that at band-edge use either

Measurement . . . .
Procedure peak in band antenna gain or 2dBi whichever is greatest)
Additional
Description of | RF Conducted Measurement
Measurement
Additional
Notes Continuous transmit modulated used for this test.
Low channel
Frequency | Measured | Measured S:r?eg::clb: Antenna
[{MHz) Peak (dBm) | Avg (dBm) (dB) gain (dBi}
4804.0 -40.8 -43.3 14.9 2.0 -38.8 -21.2 17.5 -53.7 -41.2 12.4
7206.0 -46.6 -50.8 14.9 2.0 -44.6 -21.2 23.3 -59.5 -41.2 18.2
Middle channel
Frequency | Measured | Measured S:r?eg::clb: Antenna
(MHz) [Peak (dBm) | Avg (dBm) (dB) gain (dBi)
4880.0 -40.8 -43.3 14.9 2.0 -38.8 -21.2 17.5 -53.7 -41.2 12.4
7320.0 -50.8 -56.3 14.9 2.0 -48.8 -21.2 27.5 -63.7 -41.2 22.4
High channel
Frequency | Measured | Measured S:r?eg::clb: Antenna
(MHz) [Peak (dBm) | Avg (dBm) (dB) gain (dBi)
4360.0 -39.7 -42.2 14.9 2.0 -37.7 -21.2 16.5 -52.6 -41.2 11.4
7440.0 -54.6 -61.5 14.9 2.0 -52.6 -21.2 31.3 -67.5 -41.2 26.2

DC corrected average = Measured Peak - DC correction factor + gain

Upper band edge data
Restricted | Average |Restricted

Peak data
Data Rate e band Band data band Band{ Antenna
[MBPS) (MHz) edge: Peak| Frequency | edge: Ave | gain (dBi)
{dBm) (MHz) (dBm)

1 2484.0 -45.8 2483.5 -57.6 2.0 -43.8 -21.2 22.6 -41.2 14.3
Note: See Appendix E for Duty Cycle justification.
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Low Channel
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High Channel
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B.2 — Radiated Emissions

FCC: 15.247/15.205/ 15.209

Rule Part(s) IC: RSS-210 A8/ RSS-210 Section 2.2
Measurement ANSI C63.4 - 2009

ANSI C63.10 — 2009
Procedure

FCC KDB 558074 D01 DTS Meas Guidance v03r02

Test Location

LS Research, LLC - FCC Listed 3 meter Semi-Anechoic Chamber

Test Distance See data section
EUT Placement | 80 cm height non-conductive table above reference ground plane
Frequency Biconical: Log Periodic Dipole Double-Ridged Standard Gain Horn:
Range of 30-300 MHz Array: Waveguide Horn: | 18-26GHz
Measurement 300-1000 MHz 1-18 GHz
30-1000MHz 1 - 40 GHz:
Measurement RBW: 120 kHz RBW : 1IMHz
Detectors VBW: At least 300 kHz VBW: At least 3 (MHz) Peak
10 Hz Average
1) The antenna, cable, pre-amp, and other necessary measurement system correction factors
are loaded onto the EMI receiver / spectrum analyzer when the measurements are
performed. The data is gathered and reported as the corrected values.
Descrintion 2) The EUT is placed on a non-conductive pedestal centered on a turn-table in the test
of p location with the antenna at the test distance from the EUT
Measurement 3) Maximum radiated RF emissions are determined by rotation of azimuth and scanning
the sense antenna between 1 and 4 meters in height using both horizontal and vertical
antenna polarities. Maximized levels are manually noted at degree values of azimuth and at
sense antenna height.
4) Measurements performed with the antenna port terminated with 50Q
Example Reported Measurement data = Raw receiver measurement + Antenna Correction Factor +
Calcu{)ations Cable factor (dB) - amplification factor (when applicable) + Additional factor (when

applicable)

FCC Part 15.209 / IC RSS-210 Section 2.7 Limits:

Frequency 3 m Limit 3 m Limit Type
(MHz) (uVv/m) (dBuV/m)
30-88 100 40.0 Quasi-Peak
88-216 150 43.5 Quasi-Peak
216-960 200 46.0 Quasi-Peak
Above 960 500 54.0 Average (>1 GHz)
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B.2.1 — Radiated Band-Edge Restricted Bands

42215

20 - 25° C /30-60% R.H.

Measurement ANSI C63.4 - 2009
ANSI C63.10 - 2009
Procedure

FCC KDB 558074 v03r02 Section 12.2.7 Radiated siurious emission test

EUT Placement | 80 cm height non-conductive table centered on turn-table

Additional Notes 1) EUT maximized in azimuth and antenna height with maximum results reported.

Example Calculation:
FCC 15.209 Average Limit (@ 3 meter (dBuV/m) — Peak Reading (dBuV/m) = Margin

Data Table
1 2340 Vertical 253 242 61.1 74.0 129 337 54.0 203
Vertical
39 2497 VELLE] 267 263 61.6 74.0 124 334 54.0 206
Vertical
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B.2.2 — Radiated Harmonics in Restricted Bands

4/22/15-4/23/15

Temp. / R.H. 20 - 25° C/30-60% R.H.

Measurement ANSI C63.4 - 2009
Procedure ANSI C63.10 - 2009

EUT Placement | 80 cm height non-conductive table centered on turn-table

1) Tested in continuous transmit modulated mode with EUT in three orientations at maximum
Additional Notes power.

2) 50Q Termination used on antenna port

Example Calculation:
FCC 15.209 Average Limit @ 3 meters (dBuV/m) — Peak Reading (dBuV/m) = Margin

Data Table
Low Ch —
4804 Side Pos
7320 155 | 310 52.3 540 | 1.7 y | Midch- 1
Side Pos
7440 147 | 333 52.4 540 | 1.6 y | HiehCh=1
Side Pos
Note 1: Peak measurements below Average limit.
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Plots - Middle Channel

% Agilent 13:31:45 Apr 22, 2015 R T | Marker

Select Marker
1

Normal

Delta

Delta Pair
(Tracking Ref)
Ret A

i
o ",.-""\plp‘f v
i LAt

AP Ayl ¥

pvi
.J e s

Span Pair

Span Center
Off

— More
#Res BH 1 W 2 1 pt Lof e

Allowable CF for current span exceeded

4-18 GHz (Reduced VBW)

& Agilent 17:19:52 Apr 22, 2015 R T |Peak Search

Next Peak
Next Pk Right
Next Pk Left
Min Search
Pk-Pk Search

Mkr 3 CF

More
WEH 10 kHz pt Lef2

ile Operation Status, C:\18GHZ26.ANT file loaded

18-26 GHz (reduced VBW)

LS Research, LLC Page 25 of 40

Prepared For: LSR Model Number: SaBLE-x Report #: 315054

EUT: SaBLE-x Serial Number: 450-0144-R1 LSR Job #: C-2176




B.2.3 — Radiated Emissions Transmit Mode

4/21/15-4/22/15

Temp. / R.H. 20 - 25° C/30-60% R.H.

Measurement ANSI C63.4 — 2009
Procedure ANSI C63.10 - 2009

EUT Placement | 80 cm height non-conductive table centered on turn-table

1) Tested in continuous transmit modulated mode with EUT in three orientations at maximum
Additional Notes power.

2) Emissions not effected by channel or transmit or receive mode.
Example Calculation:

Limit (dBuV/m) — Reading (dBpV/m) = Margin

Data on the following page
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Table

. Quasi Peak | Quasi Peak

Frequency Height {m) Azimuth Reading Limit Margin (dB) Antenlna . EUT, EUT Notes
(MHz) (degree) (dBuv/m) | (dByV/m) Polarity |orientation | Channel
1820 100 0 17.55 435 26.0 H T Low 13,4
1847 1.00 0 17 84 435 257 v T Low 1,34
1941 100 1] 17.83 435 257 H T Mid 134
1924 1.00 1] 17.71 435 258 v T Mid 134
189 4 100 0 17.55 435 26.0 H T High 13,4
1851 1.00 0 1814 435 254 v T High 1,34
o029 100 1] 2842 54.0 256 H T Low 134
oo4.2 1.00 1] 2B.65 54.0 254 v T Low 134
5o84 1.00 0 2879 540 25.2 H T Mid 1,34
951.3 1.00 0 2808 460 179 v T Mid 1,34
056.1 100 1] 28.09 460 179 H T High 134
0o5.5 1.00 1] 2B.73 54.0 25.3 v T High 134

MNote 1: EUT in transmit mode
MNote 2: EUT in receive mode
Measurements were obtained with EUT antenna port terminated. Emissions

MNote 3:
did not change due to EUT orientation

Note 4:  |system noisefloor measurement

Plots
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B.2.4 — Radiated Emissions Receive Mode

Manufacturer LSR

Date 4/21/15-4/22/15
Operator Mike Hintzke

Temp. / R.H. 20 - 25°C/30-60% R.H.
Rule Part 15.109 / RSS-GEN
Measurement ANSI C63.4 — 2009
Procedure ANSI C63.10 - 2009

Test Distance 3 meter 30-25000MHz

EUT Placement 80 cm height non-conductive table centered on turn-table

Detectors Quasi-Peak; RBW 120 kHz and Peak; RBW 1 MHz

1) Tested in continuous transmit modulated mode with EUT in three orientations at maximum
power.

2) Maximum results reported

3) Emissions not effected by channel or transmit or receive mode.

Additional Notes

Example Calculation:
Limit (dBpV/m) — Reading (dBpuV/m) = Margin

Table
Frequency . Azimuth Quas| ?Eak QUE.SI ?EEK . Antenna EUT EUT
(MHz) Height (m) (degree) Reading Limit Margin (d8) Polarity |orientation| Channel Notes
(dBuv/m) | (dBuV/m)
193.1 1.00 0 17.76 43.5 25.7 H L) Low 2,34
199.3 1.00 0 18.07 43.5 254 v L) Low 2,34
198.1 1.00 0 18.01 43.5 25.5 H L) Mid 2,34
199.0 1.00 0 19.36 43.5 241 v L) Mid 2,34
190.2 1.00 0 17.44 43.5 26.1 H L) High 2,34
198.0 1.00 0 18.03 435 255 v L) High 2,34
925.7 1.00 0 2757 46.0 180 H L) Law 2,34
995.2 1.00 0 28.73 54.0 25.3 v T Low 234
998.9 1.00 0 28.78 54.0 25.2 H T Mid 234
993.2 1.00 0 28.43 54.0 256 v T Mid 2,34
936.7 1.00 0 76 46.0 184 H T High 2,34
996.6 1.00 0 28.75 54.0 25.3 v T High 2,34
Note 1:  |[EUT in transmit mode
MNote 2: EUT in receive mode
Measurements were obtained with EUT antenna port terminated. Emissions
Note 3: did not change due to EUT orientation
Noted: |[system noisefloor measurement
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B3 - Frequency Stability

Operator Aidi Zainal

Measurement

ANSI C63.10 - 2009
Procedure

Low 2402005299 | 2402005432 | 2402005297 135
Middle | 2440006277 | 2440006275 | 2440006304 29
High 2480004958 | 2480004975 | 2480004959 17
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B4 — AC Mains Conducted Emissions

Test Setup

The test area and setup are in accordance with ANSI C63.4-2009 and with Title 47 CFR, FCC Part
15, Industry Canada RSS-210 and RSS GEN. The EUT was placed on a non-conductive table, with a
height of 80 cm above the reference ground plane. The EUT’s power cable was plugged into a Line
Impedance Stabilization Network (LISN). The AC power supply of 120VAC was provided 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
LISN was connected to a 10 dB Attenuator-Limiter (internal to the EMI Receiver), and then to the
EMI Receiver. The LISN used has the ability to terminate the unused port with a 50Q (ohm) load
when switched to either L1 (line) or L2 (neutral).

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 was as specified for Quasi-
Peak and Average detectors in the frequency range of 150 kHz to 30 MHz. Final readings were then
taken and recorded.

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

0.5-5.0 56 46

5.0-30 60 50 RBW =9 kHz

* The limit decreases linearly with the logarithm of the frequency in

this range.
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Test Data

Manufacturer:

LSR

Date(s) of Test:

4/24/15

Test Engineer:

Shane Rismeyer

Voltage:

3.3VDC (Supplied from AC/DC Converter)

Operation Mode:

Continuous transmit modulated used for this test. (No significant
difference between transmit or receive or channel selection)

Environmental
Conditions in the Lab:

Temperature: 71°F
Relative Humidity: 40%

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

Sample Calculation:
Margin (dB) = Limit (dBuV) — Reading (dBuV)

0.150 1.000 | 42.400 | 66.000 | 23.600 | 31.900 | 56.000 | 24.100

0.226 1.000 | 38.900 | 62.596 | 23.696 | 28.300 | 52.596 | 24.296

0.361 1.000 | 34.300 | 58.707 | 24.407 | 23.900 | 48.707 | 24.807

0.150 2.000 | 38.500 | 66.000 | 27.500 | 20.400 | 56.000 | 35.600

0.225 2.000 | 35.700 | 62.633 | 26.933 | 17.200 | 52.633 | 35.433

0.307 2.000 | 36.800 | 60.053 | 23.253 | 15.600 | 50.053 | 34.453
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These screen captures represent Peak Emissions. For conducted emission measurements, both a Quasi-Peak detector
function and an Average detector function are utilized. The emissions must meet both the Quasi-peak limit and the
Average limit as described in 47 CFR 15.207 and RSS GEN 7.2.2 (Table 2).

Marker 1 150.00 kHz
R

Start 150 kMz
Res BW 9 kHz

VEW 90 kHz
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Appendix C - Uncertainty Summary

This uncertainty represents an expanded uncertainty expressed at
approximately the 95 % confidence level, using a coverage factor of k=2.

Table of Expanded Uncertainty Values, (K=2) for Specified Measurements

Measurement Type Particular Configuration Uncertainty Values
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
Absolute Conducted Emissions Agilent PSA/ESA Series 1.38 dB
AC Line Conducted Emissions Shielded Room/EMCO LISN 3.20dB
Radiated Immunity 3 Volts/Meter in 3-Meter Chamber 2.05 Volts/Meter
Conducted Immunity 3 Volts level 2.33V
EFT Burst, Surge, VDI 230 VAC 54.4V
ESD Immunity Discharge at 15kV 3200V
Temperature/Humidity Thermo-hygrometer 0.64° / 2.88 %RH

Appendix D - References

Publication Year Title
FCC CFR Parts 0-15 2015 Code of Federal Regulations — Telecommunications
American National Standard for Methods of
Measurement of Radio-Noise Emissions from Low-

ARl AU Voltage Electrical and Electronic Equipment in the
Range of 9 kHz to 40 GHz.
Low-power License-exempt Radio

RSS-210 Annex 8 2010 communication Devices (All Frequency Bands):
Category | Equipment

RSS-GEN Issue 4 2014 Geqeral Requlremegts and Information for the
Certification of Radio Apparatus

ANSI C63.10 2009 American National Standard for Testing

Unlicensed Wireless Devices

Guidance for Performing Compliance Measurements
2014 on Digital Transmission Systems (DTS) Operating
Under §15.247

FCC KDB 558074 D01
DTS Meas Guidance v03r02
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Appendix E — Duty Cycle Calculation

PDU Type

bsb,bsby | Packet Name

0000 ADV_IND

0001 ADV_DIRECT_IND
0010 ADV_NONCONN_IND
0011 SCAN_REQ

0100 SCAN_RSP

0101 CONNECT_REQ
0110 ADV_SCAN_IND
0111-1111 | Reserved

Table D1: Advertising channel PDU Header’s PDU Type field encoding

ADV_IND =37 octets (47)
ADV_DIRECT IND= 12 octets (22)
DV_NONCONN_IND=37 octets (47)
ADV_SCAN =37 octets (47)

SCAN_ REQ=12 octets (22)

SCAN_ RSP =37 octets (47)
CONNECT REQ=34 octets. (44)

(Plus 1 octet for preamble.
Plus 4 octets for adress.

Plus 2 octets for PDU header.
Plus 3 octets for CRC.)

47 octets is 376 bits, stated as worst case length packet.
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Undirected Advertising Events

For all undirected advertising events, the time between the start of two consec-
utive advertising events (7_advEvent) is computed as follows for each adver-
tising event:

T_advEvent = advinterval + advDelay

The advinterval shall be an integer multiple of 0.625 ms in the range of 20 ms
to 10.24 s. If the advertising event type is either a scannable undirected event
type or a non-connectable undirected event type, the advinterval shall not be
less than 100 ms. If the advertising event type is a connectable undirected
event type, the advinterval can be 20 ms or greater.

The advDelay is a pseudo-random value with a range of 0 ms to 10 ms gener-
ated by the Link Layer for each advertising event.

As illustrated in Figurep1, the advertising events are perturbed in time using
the advDelay.

Advertising Advertising Advertising
Event Event Event
T_advEvent —> T_advaen: >
advinterval ! advinterval !
T advDE Ey advDefa?
Advertising
State

entered

Figure D1: Advertising events perturbed in time using advDelay

ADV_IND ADV_IND ADV_IND
<10ms <10ms
, Adv_idx = 37 Adv_idx = 38 P Adv_idx = 39
Advertising Advertising
event event
started closed
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Figure D2: Connectable undirected advertising event with only advertising PDUs
Duty Factor for Connectable Undirected Advertising Event, per advertising channel:

ADV_IND =376 uS duration. (ON channel 37)
IFS =150 uS (OFF)

ADV _IND =376 uS duration (OFF channel 38)
IFS =150 uS (OFF)

ADV_IND =376 uS duration (OFF Channel 39).
Adv_Internal (min) =20 mS.

DF =376 /(376*3+150%2+20000)=0.0175

Relaxation factor =-min( 20*log10 (DF),-20 dB) =-min( -35.119 ,-20) =20 dB

ADV_DIRECT ADV_DIRECT ADV_DIRECT ADV_DIRECT ADV_DIRECT
_IND _IND _IND _IND _IND
£3.75ms
£3.75ms
Adv_idx = 37 Adv_idx = 38 Adv_idx = 39 Adv_idx = 37 Adv_idx = 38
Advertising Advertising Advertising

event event event
started closed started

Figure D3: Connectable directed advertising event type with only advertising PDUs

Duty Factor for Connectable Directed Advertising Event, per advertising channel

ADV_DIRECT IND = 176 uS duration. (22 octets) (ON channel 37)
IFS =150 uS (OFF)

ADV_IND = 176 uS duration (OFF channel 38)

IFS =150 uS (OFF)

ADV _IND = 176 uS duration (OFF Channel 39).

IFS=150 uS (OFF)

Time from open to close of advertising event = 3*176 + 3*150 =978 uS
DF =176/(978)=0.179

Relaxation factor =-min( 20*log10 (DF),-20 dB) =-min( -14.9 ,-20) = 14.9 dB
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