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LS Research, LLC in Review

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

following:

®a

lACCREDITEDl

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

lilllll

!!!@!

(

(

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-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 August 2013 the EUT was tested and MEETS tHewvi@hg requirements:

: Compliance
FCC and IC Paragraph Test Requirements (Yes/No)
FCC:15.247 (a)(2) . N _
IC: RSS 210 A8.2 (a) 6 dB Bandwidth of a Digital Modulation System Yes
FCC :15.247(b) & 1.1310 .
IC : RSS 210 A8.4 Maximum Output Power Yes
FCC:15.247 (e) . - .
IC: RSS 210 A8.2 (b) Power Spectral Density of a Digital Modulation &yst Yes
FCC :15.247(d) RF Conducted Spurious Emissions at the Transmitter Yes
IC : RSS 210 A8.5 Antenna Terminal
FCC : 15.247(d), 15.209, 15.205 . . .
IC: RSS 210 A8.5, section 2.2 Transmitter Radiated Emissions Yes
FCC :2.1055 (d) Frequency Stability Yes
FCC : 15.207 . .
IC - RSS GEN sect. 7.2.4 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 (Americars@daation for Laboratory Accreditation) to
the requirements of ISO/IEC 17025, 2005 “Generalu®ements for the Competence of Calibration

and Testing Laboratories”.

LS Research, LLC’s scope of accreditation inclualésest methods listed herein, unless otherwise

noted.
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3.0 Client Information
Manufacturer Name: LS Research, LLC.
Address: W66 N220 Commerce Ct. Cedarburg, WI 53012
Contact Person: Josh Bablitch
3.1 Equipment Under Test (EUT) Information
The following information has been supplied by the applicant.
Product Name: TiWi-uB1
Model Number: TiWi-uB1
Serial Number: Trace Antenna Unit (1CBA8C1B8B35); U.FL Unit (1CBB8B38C65)
FCCID TFB-BT2
IC Number 5969A-BT2
3.2 Product Description
The TiWi-uB1 Module is a radio module that implertsea Bluetooth Low Energy (BLE)
transceiver.
This module uses a hybrid trace antenna and aboaifd U.FL option for +2 dBi peak gain
Dipole antenna.
3.3 Modifications Incorporated In the EUT for Compliance Purposes
None noted at time of test
3.4  Deviations & Exclusions from Test Specification
None noted at time of test
3.5  Additional Information
The channels used for test were 2402 MHz (low),02MHz (mid), and 2480 MHz (high).
The radio is programmed via a Chipcon AS (SOC_BB hoard with USB cable connected
to computer running TiWi Bluetooth Eval Tool Vemial.0.0.0. Once programmed the
module is removed from the programming board andgped with a DC bench supply.
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4.0

5.0

6.0

Conditions of Test

Environmental:
Temperature: 20-25° C
Relative Humidity:  30-60%
Atmospheric Pressure: 86-106 kPa

Mains Voltage: 120VAC 60Hz
DC Supply to module: 3.3 VDC (nominal)

Test Equipment

All test equipment is calibrated by a calibratiabdratory accredited to the requirements of
ISO 17025. For a complete list of test equipmert ealibration dates, see Appendix A.

Unless otherwise noted, resolution bandwidth of sugag 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

Conformance Summary

The EUT was found to MEET the requirements as dasgwithin the specification of FCC
Title 47, CFR Part 15.247, and Industry Canada RBE-Issue 8 (2010), Annex 8.

If some emissions are seen to be within 3 dB df tilespective limits

As these levels are within the tolerances of tlsé éguipment and site employed, there is a
possibility that this unit, or a similar unit seied out of production may not meet the
required limit specification if tested by anothgeacy.

LS Research, LLC certifies that the data containectin was taken under conditions that
meet or exceed the requirements of the test spatidns. The results in this Test Report
apply only to the item(s) tested on the above-$jgecdates. Any modifications made to the
EUT subsequent to the indicated test date(s) wilhlidate the data herein, and void this
certification.
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Appendix A — Test Equipment

Wireless Product Development
Equipment Calibration

"‘ LS RESEARCH LLC
f

Diate :_B-Aug-2013 Type Test: RF Conducted Job#: C-1724
Prepared By: _Adam Customer: LSRR Cuote #: 313136
Mo [ Azset # | Dezcription | Manufacturer | Model # | Serial # | Cal Date | Cal Due Date | Equipment Status
1 AADEOM4Z Phazeflex Gore EKDMD01042.0 BB4EG13 BIH2012 BH42015 Active Calibration
2 EES9R00T3 Spectrum Analyzer Agilent E444E28 US45300564 Bl22i2013 BiZafz014 Active Calibration
Project Engineer: 4 - Cuality Bssurance:

Wireless Product Devel opment
Equipment Calibration

V‘ LS RESEARCH LLC
f

Diate :_6-Aug-2013 Type Test: AC Maing Emissions Job#: C-1724
Prepared By: Adam & Customer: LSR Quote #:_H3136
| No.l Azzet# | Description | Manufacturer | Model # | Serial # | Cal Date | CalDue Diate | Equipment Status
1 EE 380084 LISM - 154, COM-POWER L2154 1atazn 20642013 20602014 Active Calibration
2 AASENDH Transient Limiter HF N47A H07ADITOR 2mz afzz0z Active Calibration
3 EE9E0013 EMI Receiver HF 85464 System JEITADOZZOI44EL 2203 2imizod Active Calibration
4 EESE0014 EMI Receiver-filker section HF BE4E0A, J448A00236 2izonz 2nnzmd Acctive Calibration
Project Engineer: 4 - Cuality Assurance:

Wireless Product Development
Equipment Calibration

V‘ LS RESEARCH LLC
f

Diate :_B-Aug-2013 Tupe Test: Radiated Emissions Job #: C-1724
Prepared By:_Adam A Customer: LSR Quote #: 313136
Mo.| Asset # |Des_cripti0n Manufacturer |M0de| # Serial # Cal Date |Cal Dwe Date | Equipment Status
1 EE980013 EMI Receiver HF 25464 System JEITADDZZ034488 202013 2imizod Active Calibration
z  EE360014 EMI Receiver-filter zection HF B54600, 3448400236 2z iz Active Calibration
3 AADE0IED Double Ridge Horm Antenna EMCO v 103200 Hze20 Hzez0 Active Calibration
4 EESE0153 0.2 - 21GHz LA Fini-Circuits Z¥A-213K-5+ T40411007 Hze20 Hzez0 Active Calibration
5 AADE0IEZ 24GHz High Pazs Filter KWl HPF-L- 14126 TaTz-04 Hzmz 412014 Active Calibration
£ AA 003 Diouble Ridge Hom Antenna EMCO il E307 H2aiz0ts 232014 Active Calibration
T EESRO0073 Spectrum Analyzer Augilent E444E8, US45300564 Bizaf201s Bizaf2014 Active Calibration
& AAJENDO4 Log Periodic Antenna EMCO 9346 9512-4276 L anrzme Active Calibration
9 AASE0IE0 Eicon Antenna ETS N0e 0003-3346 12hzfz0z 12hzf2012 Active Calibration
10 EESE0M47 Pre-Amp Ay, Micro WLAEIZ 1221 2izmz 22014 Active Calibration
11 EESE0ME Std. Gain Horn Ant. wipreamp Ay, Micro f EMC WLABZZ-4 ¢ 21E0-08 122001 Sizefz02 QIZEI201T Active Calibration
Froject Engineer: / - Cluality Assurance: "=~

Prepared For: LS Research, LLC.

Name: TiWi-uB1

Report: TR 313136 FCCICTX A

Model: Tiwi-uB1

LSR: C-1724

Serial: Trace Antenna Unit (1CBA8C1B8B35); U.FLitJiCBA8C1B8C65)

Page 7 of 37




Appendix B — Test Data
B.1 — RF Conducted Emissions

Test Location

General
Measurement
Procedure

LS Research, LLC

FCC KDB 558074 D01 DTS Meas Guidance v03r01
ANSI C63.10-2009 Section 6.7
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B.1.1 — RF Conducted — Fundamental Bandwidth

Date /8613

Temp./R.H. | 20-25°C/30-60% R.H.

Specific

Measurement

Procedure

Additional
Notes

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

Continuous transmit modulated used for this test.

Table

2402 698.6 1.06 1.22
2440 697.6 1.06 1.21
2480 709.5 1.06 1.21
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Plots
Low Channel — 2402 MHz

Atten 18 dB Ext PG -10 B

#VBH 300 kHz

Occupied Bandwidth
1.8876 MHz

-2.625 kHz
638.669 kHz

Transmit Freq Error
% dB Bandwidth

Atten 18 dB Ext PG -18 dB

#YBH 300 kHz

Occupied Bandwidth
1.8882 MHz

-3.292 kHz
697.645 kHz

Transmit Freq Error
% dB Bandwidth

#YBH 380 kHz

Span 3 MHz
Sweep 1 oms (601 pts)

Occ BH % Pwr 99.69 ¥
®dB -G08 dB

Span 3 MHz
Sweep 1 ms (601 pts)

Occ BH % Pwr 99.00 1
% dB  -6.00 dB

Span 3 MHz
Sweep 1 ms (601 pts)

Atten 10 dB Ext PG -18 dB

Span 3 MHz
Sweep 3.05 ms (601 pts)

Occupied Bandwidth Occ BH % Pur 9900
1.0689 MHz % dB -20.08 dB

#YBH 300 kHz

339.844 Hz
1.222 MHz

Transmit Freq Error
% dB Bandwidth

Atten 16 dB Ext PG -18 dB

Span 3 MHz
Sweep 3.05 ms (601 pta)

Occupied Bandwidth Occ BH % Par  99.80 %
1.2601 MH=z % dB -70.00 dB

#YEH 300 kHz

-134.629 Hz
1.218 MHz

Transmit Freq Error
% dB Bandwidth

Atten 19 dB Ext PG -10 dB

Span 3 MHz

#YBW 300 kHz

Sweep 3.08 ms (601 pts)

Occupied Bandwidth Occ BH % Pwr  99.00 %
1.8863 MHz ¥ dB  -6.00 dB

Occupied Bandwidth Oce BH % Par  99.80 %
1.0627 MHz x dB -20.00 dB

Transmit Freq Error  -24.412 kHz Transmit Freq Error  -21.463 kHz
% dB Bandwidth 709.529 kHz % dB Bandwidth 1.208 MHz

6 dB DTS BW 99% BW
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B.1.2 — RF Conducted — Fundamental Power and SpeetrDensity

Manufacturer | LS Research, LLC
Date 8-6-13
Operator Adam A
Temp. / R.H. 20 - 25° C / 30-60% R.H.
Rule Part 15.247 [/ RSS-210 A8
Specific : . K conetl
Measurement FCC KDB 558074 Sect!on 9.1.1 — Maximum peak conetlicutput power
FCC KDB 558074 Section 10.2 — Peak PSD
Procedure
Additional
Description of | 3 kHz resolution bandwidth used for Peak Power 8akbensity measurement
Measurement
Sample Calculation:

Additional Margin (dB) = Limit — Measured level
Notes Continuous transmit modulated used for this test.
Table
Frequency Power PKPSD Limit Margin

(MHz) (dBm) (dBm) (dBm) (dB)

2402 -0.46 -12.54 8 20.54

2440 -1.07 -12.94 8 20.94

2480 -1.83 -14.00 8 22.00
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Plots
Low Channel — 2402 MHz

Aug

VBH & MHz

High Channel — 2480 MHz

 Agilent

Span 3 MHz
Sweep 1 ms (6A1 pts)

Span 3 MHz
Sweep 1 ms (601 pts)

Span 3 MHz
Sweep 1 ms (601 pts)

Atten 18 dB Ext PG -16 dB

Center 2.482 808 8 GHz
VBH 9.1 kHz

Atten 18 dB Ext PG -18 dB

2.440074500 GHz
-12.94 dBm

Center 2.440 888 @ GHz

#Res BH 3 kHz YBH 9.1 kHz

Atten 18 dB Ext PG -10 dB

Center 2.480 088 @ GHz
#Res BH 3 kHz

-12.54 dBm

Span 1.847 MHz
Sweep 1111 ms (681 pts)

-12.94 dBm

Span 1.847 MHz
Sweep 111.1 ms (681 pts)

-14.6% dBm

Span 1.863 MHz
Sweep 112.83 ms (601 pts)
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B.1.3 — RF Conducted — Spurious
Date (8613
20 - 25° C / 30-60% R.H.

Specific
Measurement | FCC KDB 558074 Section 11.0 — Emissions in nonrictet frequency bands
Procedure

No Emissions found to be within 30 dB of limit

Additional
Notes Continuous transmit modulated used for this test.

Plots start next page
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Low Channel — 2402 MHz

Agilent 13:52:09 Pug 6, 2613

1-10GHz

Agilent 13:52:52 Aug 6, 2013 R T

Agilent 13:53:28 Fug 6, 2013

Marker &
2.960000 MHz

Band-Edge
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Mid Channel — 2440 MHz

Agilent 14:17:48 Aug B, 2013

1-10GHz

Agilent 14:18:42 Aug 6, 2613 R T

WEM 300 kHz

10-26 GHz

% Agilent 14:21:59 Aug 6, 2013

kHz

30-1000 MHz

Agilent 14:21:02 Pug 6, 2613 R T

by
M f||n|\
£ Wy,
'.\.\“

e,

Band-edges
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High Channel — 2480 MHz

Agilent 14:30:28 Aug B, 2013

1-10GHz

Agilent 14:30:58 Aug 6, 2613 R T

YBH 300 kHz

10 — 26 GHz

55 Agilent 14:31:27 Rug B, 2013

30 — 1000 MHz

3 Agilent 14:33:02 Aug 6, 2013 R T

Band-Edge
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B.1.3 — RF Conducted — Emissions in Restricted Bard

Manufacturer | LS Research, LLC

Date 8-6-13 and 8-15-13

Operator Adam A

Temp./R.H. | 20-25°C/30-60% R.H.

Rule Part 15.247 | RSS-210 A8

Specific FCC_ KDB 558074 Section 12.0 — Emissions in regddtequency bands
Section 12.2 — Antenna-port conducted measurements

Measurement .

Procedure Section 12.2.4 - Peak power measurement procedure -
Section 12.2.5.1 - Trace averaging with continudéug transmission at full power

Additional

Description of | RF Conducted Measurement

Measurement

Additional 1. Continuous transmit modulated used for this test.

Notes 2. Supplied Dipole gain of +2.0 dBi used as maximurneana gain.

Sample Calculation:

Margin (dB) = Limit — Emission

E = EIRP -20log D + 104.8

EIRP = conducted output power (dBm) + maximum amiegain (dBi) + ground reflection factor

(dB)

EIRP =-51.73 +2 + 0 =-49.73

E = (-49.73) — 20*log (3) +104.8 = 45.53
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Band-edge Restricted Bands

Channel P_e a!< Avc.ara.ge
(MHz) Emission | Emission
(dBm) (dBm)
2402 -51.73 -61.06
2480 -42.45 -50.44
Peak Peak Peak Average Average | Average
Channel . . . . . . . -y .
(MHz) Emission Limit Margin Emission Limit Margin
(dBuV/m) | (dBuV/m) (dB) (dBuV/m) | (dBuV/m) (dB)
2402 45.53 74 28.47 36.20 54 17.80
2480 54.81 74 19.19 46.82 54 7.18
Harmonics in Restricted Bands
Peak Average
Frequency . . . .
(MHz) Emission Emission
(dBm) (dBm)
4804 -49.51 -52.37
4880 -51.20 -54.05
4960 -52.51 -55.65
Peak Peak Peak Average Average | Average
Frequency . . . . . . . A1 o
(MHz) Emission Limit Margin Emission Limit Margin
(dBuV/m) | (dBuV/m) (dB) (dBuV/m) | (dBuV/m) (dB)
4804 47.75 74 26.25 44.89 54 9.11
4880 46.05 74 27.95 43.21 54 10.79
4960 44.75 74 29.25 41.61 54 12.39
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RF Conducted Band-edges in Restricted Bands

Low Channel — 2402 MHz

1 Agilent 13:59:56 Aug 6, 2013 R T

'Marker
2.389870000 GHz
-51.73 dBm

M Hz 1
Lower Restricted Band (Peak)

Agilent 14:03:55 Aua 6, 2013 R T

High Channel — 2480 MHz

5 Agilent 14:36:13 Aug 6, 2013 R T

#tten

Marker
2.484242500 GHz
-42.45 dBm

@ GHz
VB

0 Hz.
Upper Restricted Band (Peak)
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RF Conducted Harmonics in Restricted Bands
| — 2402 MHz

2 45 Agilent g
Mkrl 4.884 517 GHZ Mkrl 4.884 133 GHz
#Atten 6 dB Ext PG -18 dB -49.51 dBm #Atten @ dB Ext PG -18 dB -52.367 dBm

Span 16 MHz X Span 18 MHz
YEH 3 MHz Sweep 1 ms (681 pts) VBH 3 MHz Sweep 1 ms (601 pts)

> Harmonic (Average)

el — 2440 MHz

Rug
Mkrl 4.689 186 GHZ
#ftten @ dB Ext PG -16 dB -51.28 dBm #ftten @ dB Ext PG -16 dB -54.647 dBm

4,8804330008 GHz
-51.20 dBm

Span 18 MHz X Span 18 MHz
WBH 3 MHz Sweep 1oms (601 pts) WBH 3 MHz Sweep 1oms (601 pts)

Harmonic (Peak)

Mkrl 4.959 456 GHZ| . Mkrl 4.959 806 GHZ|
#ftten @ dB Ext PG -10 dB -52.51 dBm #ftten @ dB Ext PG -10 dB —55.648 dBm

4.8959450000 GHz
-52.51 dBm

Span 18 MHz . Span 18 MHz
Sweepn 1 ms (601 pts) Sweepn 1 ms (601 pts)

Prepared For: LS Research, LLC. Name: TiWi-uB1
Report: TR 313136 FCCICTX A Model: TiWi-uB1
LSR: C-1724 Serial: Trace Antenna Unit (1CBA8C1 35); U.FLiU1CBA8C1B8C65)
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B.2 — Radiated Emissions

Rule Part(s)

FCC: 15.247 / 15.205 / 15.209
IC: RSS-210 A8 / RSS-210 Section 2.2

Measurement
Procedure

ANSI| C63.4 - 2003
ANSI| C63.10 — 2009

FCC KDB 558074 D01 DTS Meas Guidance v03r01

Test Location

LS Research, LLC - FCC Listed 3 meter Semi-Aneckiamber

Test Distance

See data section

EUT Placement

80 cm height non-conductive table above referencergl plane

applicable)

Are

pst

g
al
il at

-

Frequency Biconical: Log Periodic Dipole|  Double-Ridged | Standard Gain Horn
Range of 30-300 MHz Array: Waveguide Horn: | 18-25 GHz
Measurement 300-1000 MHz 1-18 GHz
30-1000MHz 1-25GHz:
Measurement | pgyy: 120 kHz RBW : 1IMHz
Detectors VBW: 300 kHz VBW: 3 MHz Peak / 10 Hz Average
1) The antenna, cable, pre-amp, and other necessayurement system correction factors
are loaded onto the EMI receiver / spectrum analyzben the measurements &
preformed. The data is gathered and reported asothected values.
Description 2) The EUT is placed on a non-conductive pedestatered on a turn-table in the t
of location with the antenna at the test distance fiteerEUT
Measurement
3) Maximum radiated RF emissions are determinedotgtion of azimuth and scannir
the sense antenna between 1 and 4 meters in hegig both horizontal and vertic
antenna polarities. Maximized levels are manuadted at degree values of azimuth ang
sense antenna height.
Example Reported Measurement dr?lt_a = Raw receiver mea_surelmmenna_ _Correction Factor
Calculations Cable factor (dB) - amplification factor (when appble) + Additional factor (whe

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

Frequency 3 m Limit 3 m Limit Type

(MH2z) (Lv/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)

Prepared For: LS Research, LLC.

Name: TiWi-uB1

Report: TR 313136 FCCICTX A

Model: TiWi-uB1

LSR: C-1724

Serial: Trace Antenna Unit (1CBA8C1B8B35); U.FLitJiCBA8C1B8C65)
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B.2.1 — Radiated Band-Edge Restricted Bands

Manufacturer LS Research, LLC
Date 8-9-13 and 8-12-13
Operator Adam A
Temp. / R.H. 20 - 25° C / 30-60% R.H.
Rule Part 15.247/ 15.205 / 15.209
Measurement ANSI C63.4 - 2003
ANSI C63.10 - 2009
Procedure

FCC KDB 558074 12.2.7 Radiated Spurious emissisn te

Test Distance

3 meter (1-4 GHz)

EUT Placement

80 cm height non-conductive table centered on tabhe

Peak; RBW 1MHz VBW 3 MHz (10Hz VBW for average rmegeements)

Detectors
1)
Additional Notes 2)
3)

Tested in the worst case of continuous transmituteddd mode with EUT in three
orthogonal orientations at maximum power.

EUT maximized in azimuth and antenna height withimam results reported.

Tested two units; Trace antenna unit and U.FL with matched terminated antenna per
FCC KDB 558074 Section 12.2.7

Example Calculation:

FCC 15.209 Peak Limit @ 3 meter (@&/m) — Peak Reading (dB//m) = Peak Margin
FCC 15.209 Average Limit @ 3 meter (@&'m) —Average Reading (dB//m) = Average Margin

Data Table (Trace Antenna)

Peak Peak Peak Average Average Average

Channel . . .. . .. e .

(MHz) Emission Limit Margin Emission Limit Margin

(dBuV/m) | (dBuV/m) (dB) (dBuV/m) | (dBuV/m) (dB)

2402 57.73 74 16.27 44.42 54 9.58

2480 59.31 74 14.69 47.43 54 6.57
Data Table (Terminated Antenna)

Peak Peak Peak Average Average Average

Channel . . .. . .. e .

(MHz) Emission Limit Margin Emission Limit Margin

(dBuV/m) | (dBuV/m) (dB) (dBpV/m) | (dBuV/m) (dB)

2402 45.95 74 28.05 33.22 54 20.78

2480 46.88 74 27.12 33.97 54 20.03

Prepared For: LS Research, LLC.

Name: TiWi-uB1

Report: TR 313136 FCCICTX A

Model: Tiwi-uB1

LSR: C-1724

Serial: Trace Antenna Unit (1CBA8C1B8B35); U.FLitJiCBA8C1B8C65)
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Plots (Trace Antenna)

3 Agilent B5:28:28 Aug 9, 2013 R T 3 Agilent B5:27:580 Aug 9, 2013 R T

Bp\/m #Att
Marker
2.485975080 GHz

59.31 dBpV/m

1

. iy ) I
i M el '"\'\‘.""'-'w".\‘Jlf."'a\h"“"‘rr\‘.‘.,ﬁ\""\h bt m.ﬂ"’*‘f\* Ayt s b i

1Hz 0 H 1 #/BH 18 Hz

High Channel (2480MHz) Upper Band- edge Pea|k nghnnel (2480MH2z) - Upper Band- edge Avera

# Agilent 05:20:45 Aug 9, 2013 R T 5 Agilent 05:20:11 Aug 9, 2013 R T

BpW/m #Htten
Marker

2.388530000 GHz
57.73 dBpV/m

1

'-.-.'ﬂ,l,."lu"n"u“w‘*n"‘\"-""" J'.».,..-.‘,Jf‘iy,w,.‘i{,-.‘m.a,;\\m‘,-_ !‘,’\'.JF'“‘-'M,‘;\\\I\»'«' 1l l\“a"lf,’ ity JI"'

#/BH 18 Hz

Lch/armel (2402 MHZz) - Upper Band -edge Averg

LowChanneI (2402 MHz) Upper Band- -edge Pea

Prepared For: LS Research, LLC. Name: TiWi-uB1
Report: TR 313136 FCCICTX A Model: TiWi-uB1
LSR: C-1724 Serial: Trace Antenna Unit (1CBA8C1B8B35); U.FLitJiCBA8C1B8C65)
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Plots (Terminated Antenna)

o Agilent B7:50:09 Pug 12, 2013

#Atten O dB

2.487680000 GHz
46.88 dBpV/m

1

h, f'JV..“ .\Wﬁ ," i mi‘ Wil

ng Channel (2480MH) Upper Band- edge Peak

3 Agilent 8749046 Rug 12, 2013

#/EBH 18 Hz

] Kibhnnel (2480MHz) - Upper Band-edge Avera

e

7=

H Agilent B8:29:36 Pug 12, 2013

#Atten

2.377730000 GHz
45.95 dBpVY/m

TRy
‘ l'i‘ I b s, iy it e SR

o i

iy,
b7

1

i \w\"-,i"'f'f’"m'i"“'“.~.-."P\NW""""‘

Low Channel (2402 MHz) Upper Band- edge Pea

3 Agilent B5:23:13 Rug 12, 2013

#/BH 18 Hz

| Ldwarthel (2402 MHz) - Upper Band-edge Avera‘

=
D

Prepared For: LS Research, LLC.

Name: TiWi-uB1

Model: Tiwi-uB1

Report: TR 313136 FCCICTX A

Serial: Trace Antenna Unit (1CBA8C1B8B35); U.FLitJiCBA8C1B8C65)

LSR: C-1724
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B.2.2 — Radiated Harmonics in Restricted Bands

Manufacturer LS Research, LLC
Date 8-8-13 and 8-15-13
Operator Adam A

Temp. / R.H. 20 - 25° C / 30-60% R.H.
Rule Part 15.247/ 15.205 / 15.209
Measurement ANSI C63.4 - 2003
Procedure ANSI C63.10 - 2009

Test Distance

1 meter 4-25 GHz

EUT Placement

80 cm height non-conductive table centered on tabhe

RBW 1 MHz; Peak; VBW 3 MHz / Average VBW (10Hz)

Detectors
1)
” 2)
Additional Notes 3)
4)

Tested in continuous transmit modulated mode Wil Eh three orientations at maximum

power.

Maximum results reported.

Tested at 1 meter test distance so a distancectionmdactor of 9.5 added to 3 meter limit
Tested two units; Trace antenna unit and U.FL with matched terminated antenna per
FCC KDB 558074 Section 12.2.7

Example Calculation:

FCC 15.209 Peak Limit @ 1 meter (@&m) — Peak Reading (dB//m) = Margin (dB)
FCC 15.209 Average Limit @ 1 meter (@&'m) — Average Reading (dB//m) = Margin (dB)

Data Table (Trace Antenna)

Frequency EUT Antenna Height Azimuth Pea.k Avg P.ea.k Pealf Avg Limit Avg'
(MHz) orientation Polarity (cm) (degree) peedine peedine Limit Margin (dBuV/m) Margin
(dBuV/m) | (dBuV/m) | (dBuV/m) (dB) (dB)
Vertical 100 92 51.44 47.24 32.06 16.26
Vertical
Horizontal 111 84 51.77 48.09 31.73 15.41
4804 Horizontal Vertical 100 43 51.73 48.35 83.50 31.77 63.50 15.15
Horizontal 100 55 54.91 52.89 28.59 10.61
Flat Vertical 104 168 52.76 49.09 30.74 14.41
Horizontal 100 199 52.11 48.24 31.39 15.26
Vertical 102 46 51.22 46.48 32.28 17.02
Vertical
Horizontal 114 47 53.19 50.00 30.31 13.50
Vertical 111 11 52.79 48.99 30.71 14.51
4880 Horizontal ertica 83.50 63.50
Horizontal 101 60 53.62 50.12 29.88 13.38
Flat Vertical 103 160 51.86 47.98 31.64 15.52
Horizontal 100 159 52.56 49.01 30.94 14.49
Vertical 100 21 51.31 47.67 32.19 15.83
Vertical
Horizontal 106 1 52.59 48.49 30.91 15.01
4960 Horizontal Vertical 100 166 52.72 48.95 83.50 30.78 63.50 14.55
Horizontal 102 41 53.72 51.05 29.78 12.45
Flat Vertical 102 170 53.61 50.76 29.89 12.74
Horizontal 100 145 54.73 52.07 28.77 11.43

Prepared For: LS Research, LLC.

Name: TiWi-uB1

Report: TR 313136 FCCICTX A

Model: Tiwi-uB1

LSR: C-1724

Serial: Trace Antenna Unit (1CBA8C1B8B35); U.FLitJiCBA8C1B8C65)

Page 25 of 37




Plots (Trace Antenna)

s Agilent B3:12:24 Aug 8, 2013 R T s Agilent 98:03:21 Fug 8, 2913 R T

i
T

#WBH 108 kHz

4-18 z (Peak) I 7 4-18 GHz (Average) 7
R T

Agilent 06:04:04 Aug 15, 2013

23.063000000 GHz
54.71 dBpV/m

1

N ;i‘“u‘

il e ot

L 'w"u'|'\\.."r‘n’ LT
- Nt ikl i Pl
USRI i
v i

st g r
PN

Prepared For: LS Research, LLC. Name: TiWi-uB1
Report: TR 313136 FCCICTX A Model: TiWi-uB1
LSR: C-1724 Serial: Trace Antenna Unit (1CBA8C1B8B35); U.FLitJiCBA8C1B8C65)
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Data Table (Terminated Antenna)
Frequency EUT Antenna Height Azimuth Pea.k Avg P‘ea.k Pealf Avg Limit Avg‘
(MHz) orientation Polarit (cm) (degree) Reading Reading Limit Margin (dBuv/m) Margin
v & (dBuv/m) | (dBuv/m) | (dBpv/m) |  (dB) H (dB)
Vertical 100 98 51.75 46.33 31.75 17.17
Vertical
Horizontal 107 333 52.92 47.62 30.58 15.88
4804 Horizontal Vertical 104 12 52.20 48.50 83.50 31.30 63.50 15.00
Horizontal 100 60 53.69 51.12 29.81 12.38
Flat Vertical 100 268 53.56 49.17 29.94 14.33
Horizontal 100 263 51.98 46.25 31.52 17.25
Vertical 100 101 52.72 47.55 30.78 15.95
Vertical
Horizontal 107 99 53.14 47.67 30.36 15.83
4880 Horizontal Vertical 111 35 52.26 45.97 83.50 31.24 63.50 17.53
Horizontal 100 73 54.02 48.93 29.48 14.57
Flat Vertical 103 263 52.16 46.55 31.34 16.95
Horizontal 100 263 51.60 45.14 31.90 18.36
Vertical 100 104 52.43 47.51 31.07 15.99
Vertical
Horizontal 106 96 52.96 47.63 30.54 15.87
4960 Horizontal Vertical 100 310 51.80 43.58 83.50 31.70 63.50 19.92
Horizontal 104 136 53.52 48.24 29.98 15.26
Flat Vertical 102 271 52.08 46.44 31.42 17.06
Horizontal 100 265 51.66 45.39 31.84 18.11

Prepared For: LS Research, LLC.

Name: TiWi-uB1

Report: TR 313136 FCCICTX A

Model: TiWi-uB1

LSR: C-1724
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Plots (Terminated Antenna)

F Agilent 14:33:05 Aug &, 2013 R

1] & MHz 35
4-18 GHz (Peak)

3 Agilent 14:32:89 Aug 8, 2013 R T

s
L, Jh‘,.- A

PR
Nk

5 Agilent §5:59:17 Pug 15, 2013 R

ae | b

A e

FT Wl M'.‘ H'”"\""'-" oy
un e

18-25 GH

Hz
z (Peak)

Prepared For: LS Research, LLC.

Name: TiWi-uB1
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B.2.3 — Radiated Emissions Transmit Mode

Manufacturer LS Research, LLC
Date 8-9-13 and 8-15-13
Operator Adam A

Temp. / R.H. 20 - 25° C / 30-60% R.H.
Rule Part 15.247/ 15.205 / 15.209
Measurement ANSI C63.4 - 2003
Procedure ANSI C63.10 - 2009

Test Distance

3 meter 30-4000 MHz

EUT Placement

80 cm height non-conductive table centered on tabhe

Detectors

Peak; RBW 1 MHz

Additional Notes

1) Tested in continuous transmit modulated mode Wit ih three orientations at maximum

power. Worst case emissions reported.

2) Peak detector with max hold in vertical and hortabantenna polarizations
3) No emissions found associated with EUT on low, raij high channels
4) Tested two units; Trace antenna unit and U.FL with matched terminated antenna per

FCC KDB 558074 Section 12.2.7

Example Calculation:

gilent 85:24:04 Aug 9, 2613 R T

#Atten @ dB

N A
;M"Ilph' MI,WW,- e
ity ‘

s Agilent 05:22:50 Aug 9, 2013 R T

#Atten @ dB

VB

1000 — 2310 MHz (average)

Prepared For: LS Research, LLC. Name: TiWi-uB1

Report: TR 313136 FCCICTX A Model: TiWi-uB1

LSR: C-1724 Serial: Trace Antenna Unit (1CBA8C1B8B35); U.FLitJiCBA8C1B8C65)
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¢ Agilent 85:27:16 Aug 9, 2013 R T Agilent 85;26:36 Aug §, 2013 R T
#Atten B dB #Atten
A Sl Ay iy
.Jl. N'L|lr.‘|‘*ﬁ,'|\|'nll\r1._," -.p,*‘,l\‘huk.‘.,\'u.“ N"f"JL" ! _MH[,,.‘.-.\n\,w'n’pwfi.ilr'Iglu\. I Wy
»4aﬁl'dﬁ'hp"\f'p'w'h""».“u «V.,\n,ﬂ;r\I."“ﬁi"“ ‘I"'J\'I‘l".'.‘"'n" i
S = z VEK : 1
2500 — 4000 MHz (peak) 2500 — 4000 MHz (average)

[BF) 18:34:27 RUG 12 2843 [Cast frd (B3] 18:26:34 fUG {2, 2413 [Last tro
HARKER ALTU DET: PEAK ey Menu HRREER ACTY DET: PEAK ey Meny
9660 HHz MERS DET: PEAK OF AUG . 90A.8 fHz MERS DET: FEAK P AUG .
PE.BT dBuls MK GB3.8 fH: PB.36 oBuls MER GB3.8 HH:

v 28.85 dB,lin v 78,35 dBulin

LOG  AEF 55 @ dEpWsn FRERHF 0N HHEKE? LOG  AEF 55 @ dEpWsn FRERHF ON HHEKE?

5 5

o [ wennes o L] tenees

0| | - 28 | | a
] ]

HEXT HEXT
PERK PEFRE

WA 5B WEXT PE WA 5B NEXT PE

50 FC Dot BIBHT 5C FL et BRI

RLORR T RLORR -

Lot HEXT PR i HEXT PR

N T LEFT o T LEFT

STRRT 2HA.B MHz Z10F 1.BPBE GHz Nore STRRT 20A.B MHr Z10F 1.BPBE GHz Nore

L IF BW 128 kHz  AUG BH 380 kH: SWP 758 msec 1 of 7 L IF BW 178 kHz  AUG BH 380 kH: GHP 750 msec  f of 2
200-1000 MHz Vertical 200-1000 MHz Horizontal

[3] 18:53:30 AU 12, 2043 (st fird (3] 11:81:3d fUD 42, 2813 [Last Hr
REF LEVEL ACTW DET: PERK ey Menu HRRKER ACTY DET: PERK ey Nenu
Y58 dBylsn MERS DET: PEAK OP AUG . 182.6 HHz MERS DET: PEAK OP AVG SEAN

MKR 192.8 HHz 18,27 dBubsn MKR 1B2.5 NHz
17,58 dByl/n 18.27 dBylrn

LOG  AEF 45 @ dEplsn FREAHF ON HHEKEP LOG  AEF 45 @ dEplsn FREAHF ON HHEKEP

9 9

SE;N [ HARKER SE;N [ HARKER

A dB “ A dB “

KEXT KEXT

PEAE PERAE

MA 5B - NEXT PE WA 5B NEXT PE

s b RIGHI grﬁnggw b RIGHI

ag | ottty HEXT P T T T, HEXT Pr

LEFT it LEFT

STRRT 36.8 MH:z $TOF CAA.A NHr Hore STRRT 38.8 MH: $TOF CHA.A HHr Hore

RL IF BW 128 kHz  AVUG BN 380 kH: SWP 150 msec 1 of ? RL IF BW 128 kHz  AVG BN 380 kH: SWP 159 msec 1 of 2
30-200 MHz Vertical 30-200 MHz Horizontal

Prepared For: LS Research, LLC.

Name: TiWi-uB1

Report: TR 313136 FCCICTX A
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Page 30 of 37




B3 — Frequency Stability

Channel (MHz) Max (3.6 VDC) Min (2.0 VDC) freq drift (Hz)
2402 2401991521 2401997772 6688
2440 2439991130 2439997800 6670
2480 2479991160 2479996910 5920

Prepared For: LS Research, LLC.

Name: TiWi-uB1

Report: TR 313136 FCCICTX A

Model: TiWi-uB1

LSR: C-1724
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B4 — AC Mains Conducted Emissions

Test Setup

The test area and setup are in accordance with AI§314-2003 and with Title 47 CFR, FCC Part
15, Industry Canada RSS-210 and RSS GEN. The EUWIplaaed on a non-conductive wooden
table, with a height of 80 cm above the referemoeigd plane. The EUT’s power cable was plugged
into a Line Impedance Stabilization Network (LISNhe AC power supply of 120V was provided
via an appropriate broadband EMI Filter, and tleethe LISN line input. Final readings were then
taken and recorded. After the EUT was setup andexted to the LISN, the RF Sampling Port of
the LISN was connected to a 10 dB Attenuator-Limigad then to the EMI Receiver. The LISN
used has the ability to terminate the unused pioht &5 (ohm) load when switched to either L1
(line) or L2 (neutral).

Test Procedure

The EUT was investigated in continuous modulatadgmit mode for this portion of the testing.

The appropriate frequency range and bandwidths sedested on the EMI Receiver, and
measurements were made. The bandwidth used e theasurements was as specified for Quasi-
Peak and Average detectors in the frequency rahfy@lokHz 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 logarithimtioe frequency in

this range.

Prepared For: LS Research, LLC.

Name: TiWi-uB1

Report: TR 313136 FCCICTX A

Model: Tiwi-uB1

LSR: C-1724

Serial: Trace Antenna Unit (1CBA8C1B8B35); U.FLitJiiCBA8C1B8C65)

Page 32 of 37




Test Data

Manufacturer:

LS Research, LLC

Date(s) of Test

8-12-13

Test Engineer

Adam A

Voltage:

120 VAC 60Hz Off-the-shelf AC-DC supply with 3.3 \Dto module

Operation Mode

Continuous transmit modulated used for this teaté antenna unit)

Environmental
Conditions in the Lab

Temperature: 7F

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

Final

Detectors Used:

X | Peak

Quasi-Peak

Average

Sample Calculation:

Margin (dB) = Limit (dBuV) — Reading (dBuV)

Peak | Average .
Frequency . : . . Margin
(MH2) Line | Reading | Limit (dB)
(dBuv) | (dBuv)
0.150 1 46.79 56.00 9.21
0.170 1 44.52 54.96 10.44
0.390 1 35.25 48.07 12.82
18.32 2 38.42 50.00 11.58
28.74 2 34.59 50.00 15.41
0.180 2 42.67 54.49 11.82

Prepared For: LS Research, LLC.

Name: TiWi-uB1

Report: TR 313136 FCCICTX A

Model: TiWi-uB1

LSR: C-1724

Serial: Trace Antenna Unit (1CBA8C1B8B35); U.FLitJiiCBA8C1B8C65)
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These screen captures represent Peak EmissionsoRducted emission measurements, both a Quasi-dReaktor
function and an Average detector function are addi. The emissions must meet both the Quasi-peak dind the
Average limit as described in 47 CFR 15.207 and BE&SI 7.2.2 (Table 2).

[@3] 11:13:59 AUG 12, P13 —— [@3] 11:93:36 AUG 12, P13 F——
ACTY DET: PEAK ey Nenu ACTY DET: PEAK ey Meny
MERS DET: PEAK OF AUG <Pl MERS DET: PEAK OF AUG <Pl
HKE 158 kHz HiP: 158 kHz
47,92 dEpl U7 88 dEpl
Iigﬁ REF 74 5 dEud HHQKE? Iigﬁ REF 74 5 dEuY HHQKE?
dBs dBs
HARKER HARKER
AN P AN P
18 de B a 18 de B a
""-\-\_\_\_\_h—‘\_\- ""-\-\_\_\_\_h—‘\_\-
HEXT HEXT
IIN"‘\\t a FEAE K . o FEAE
T b
WA 5B L] N A WEx] P HA cB Ll L1 -~ WEx] P
5 FC T R TN P W RILHT S0 FC ] Tt T e RILHT
RLORR RLORR
HEXT PK HEXT PK
LEFT LEFT
START 15A kHz $TOF 3JB.BE NHz Nore START 15A kHz $TOF 3JB.BE NHz Nore
RL #1F BH 9.8 kHz AUG B 38 kHz SHP 240 sec 1ol B BT #1F BH 9.8 kHz AUG B 38 kHz SHP 240 sec 1ol B
Line 1 Line 2
Prepared For: LS Research, LLC. Name: TiWi-uB1
Report: TR 313136 FCCICTX A Model: TiWi-uB1
LSR: C-1724 Serial: Trace Antenna Unit (1CBA8C1B8B35); U.FLitJiiCBA8C1B8C65)
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Appendix C - Uncertainty Summary

This uncertainty represents an expanded uncertaxgsessed at
approximately the 95 % confidence level, using\eecage 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 4.85dB
Radiated Emissions 10-Meter OATS, Biconical Antenna 4.32 dB
Radiated Emissions 10-Meter OATS, Log Periodic Antenna 3.63dB
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 544V
ESD Immunity Discharge at 15kV 3200 V
Temperature/Humidity Thermo-hygrometer 0.64°/2.88 %RH
Prepared For: LS Research, LLC. Name: TiWi-uB1
Report: TR 313136 FCCICTX A Model: TiWi-uB1
LSR: C-1724 Serial: Trace Antenna Unit (1CBA8C1B8B35); U.FLitJiCBA8C1B8C65)
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Appendix D - References

DTS Meas Guidance v03r(Q

Publication Year Title

FCC CFR Parts 0-15 2013 Code of Federal Regulations — Telecommunicatior|s
American National Standard for Methods of
Measurement of Radio-Noise Emissions from Low

A e e 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 lssue 3 2010 Gengral Requwemgnts and Information for the
Certification of Radio Apparatus

ANSI C63.10 2009 Am_erlcan Natl_onal Standgrd for Testing
Unlicensed Wireless Devices
Guidance for Performing Compliance Measuremerjts

AEG DI e, (D 2013 on Digital Transmission Systems (DTS) Operating

Under 815.247
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