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SECTION 1
REPORT SUMMARY
Radio Testing of the
CalAmp Wireless Networks Corp.
Tracking Unit with OBD-II Interface
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1.1

INTRODUCTION

America

The information contained in this report is intended to show verification of the CalAmp Wireless
Networks Corp. LMU-3030 Tracking Unit with OBD-II Interface to the requirements of FCC Part 15
Subpart C §15.247 and IC RSS-210 Issue 8 December 2010.

Objective

Manufacturer

Model Number(s)

FCC ID Number

IC Number

Serial Number(s)

Number of Samples Tested

Test Specification/Issue/Date

Start of Test
Finish of Test
Name of Engineer(s)

Related Document(s)

To perform Radio Testing to determine the Equipment Under
Test's (EUT’s) compliance with the Test Specification, for the
series of tests carried out.

CalAmp Wireless Networks Corp.
LMU30H30BT3

APV-3030HBT

5843C-3030HBT

4532000604 and 4632081643

2

e  FCCPart 15 Subpart C §15.247 (October 1, 2013).

e RSS-210 - Licence-exempt Radio Apparatus (All
Frequency Bands): Category | Equipment (Issue 8,
December 2010).

e RSS-Gen - General Requirements and Information for
the Certification of Radio Apparatus (Issue 3, December
2010).

e  Public Notice (DA 00-705 Released March 30, 2000)
Filing and Measurement Guidelines for Frequency
Hopping Spread Spectrum Systems

July 03, 2014
October 02, 2014
Ferdinand Custodio

e Supporting documents for EUT certification are
separate exhibits.

e  Bluetooth Daughterboard Test Mode Setup.docx
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1.2

BRIEF SUMMARY OF RESULTS

-
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A brief summary of the tests carried out in accordance with FCC Part 15 Subpart C §15.247 with cross-reference to
the corresponding IC RSS standard is shown below.

Comments/
Section S LG RSS Test Description Result Base
Clause
Standard
2.1 §15.207 (a) RSS-Gen 7.2.4 Conducted Emissions N/A
2.2 §15.247(a)(1) RSS-210 A8.1(b) Carrier Frequency Separation Compliant
§15.247(a)(1)
2.3 (i) RSS-210 A8.1(d) Number of Hopping Frequencies Compliant
iii
§15.247(a)(1)
2.4 (i) RSS-210 A8.1(d) Time of Occupancy (Dwell Time) Compliant
iii
2.5 §15.215(c) RSS-210 A8.1(a) 20 dB Bandwidth Compliant
2.6 RSS-Gen 4.6.1 99% Emission Bandwidth Compliant
2.7 §15.247(b)(1) RSS-210 A8.4(2) Peak Output Power Compliant
2.8 §15.247(d) RSS-210 A8.5 Band-edge Compliance of RF Conducted Emissions Compliant
2.9 §15.247(d) RSS-210 A8.5 Spurious RF Conducted Emissions N/A
2.10 §15.247(d) RSS-2102.2 Spurious Radiated Emissions Compliant
2.11 §15.247(d) RSS-2102.2 Radiated Immediate Restricted Bands Compliant
2.12 RSS-Gen 6.0 Receiver Spurious Emissions Compliant
N/A1 Not applicable. EUT is battery operated only and designed for vehicular use.
N/A2 Not applicable. EUT has an integral antenna. Spurios Emissions is covered under Section 2.10 of this test

report.
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1.3 PRODUCT INFORMATION

1.3.1 Technical Description

The Equipment Under Test (EUT) was a CalAmp Wireless Networks Corp. LMU-3030 Tracking Unit with
OBD-Il Interface as shown in the photograph below. The EUT is a tracking unit with GPS, Bluetooth,
OBD-II interface, backup battery, and a 3-axis accelerometer. The EUT can access vehicle diagnostic
interface data, track vehicle speed and location, detect hard braking, cornering, acceleration and
capture pre and post-impact data. Messages are transported across the cellular network using enhanced
SMS or UDP messaging providing communications link between the EUT and application servers. The
EUT is designed to reduce cost, power and size while improving field reliability in 12 volt passenger or
light-duty vehicles. This test report covers verification of the Bluetooth module.

Equipment Under Test

Page 8 of 91

TUV SUD AMERICA INC 10040 Mesa Rim Road San Diego, CA 92121-2912 Phone: 858 678 1400 FAX: 858 546 0364



FCC ID APV-3030HBT
IC: 5843C-3030HBT
Report No. SC1409996A

-

America

1.3.2 EUT General Description
EUT Description Tracking Unit with OBD-Il Interface
Model Name LMU-3030
Model Number(s) LMU30H30BT3
Rated Voltage 9-16VDC Vehicle Systems with internal 3.7VDC Li-lon Polymer
Battery 200 mAh
Mode Verified Bluetooth Classic
Capability GSM/GPRS/EDGE/UMTS/HSPA and Bluetooth 4.0 Dual Mode
Primary Unit (EUT) IZ Production
[] Pre-Production
[] Engineering
Antenna Type 2.4GHz Antenna (Johanson Technology P/N 2450AT42A100)
Antenna Gain 0 dBi
1.3.3 Maximum Peak Output Power (EIRP)
. T Field Strength Peak Output Peak Output
Modulation (MHz) (Peak - dBpV/m @ Power EIRP Power EIRP
3 meters) (dBm) (mW)
GFSK 2402-2480 99.0 3.703 2.346
1/4-DQPSK 2402-2480 99.9 4.803 3.022
8DPSK 2402-2480 100.4 5.803 3.805
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1.4

141

142

1.4.3

1.4.4

-
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EUT TEST CONFIGURATION

Test Configuration Description

Test

Configuration Description

Radiated emissions test configuration. The EUT is connected with a support call box.

Default . I .
erau All RF parameters of the EUT are configured within the call box in Master/Slave mode.

EUT Exercise Software

None. No special software was used to exercise the EUT. The firmware however was modified to allow
test mode thus permitting connection with a call box (CMW500).

Support Equipment and 1/0 cables

Manufacturer Equipment/Cable Description
Protek Laboratory DC Power Supply M/N 35010M S/N D102007S
GM Wiring Harness Connector OBD2 OBDII ALDL (4.5m power cable only)
Duralast Marine Battery 12vDC P/N 24MD-DL, 685 MCA, 550 CCA, 85Ah
Rhode & Schwarz Cor\rﬁvr:?uer:)izzgoRna'dl'ieoster M/N CMW 500 S/N 1201.0002k50/103829

Worst Case Configuration

Worst-case configuration used in this test report as per maximum peak EIRP output power
measurements:

Modulation Channel/Packet Type Mode
8DPSK 38 (Mld Channel) Non_hopping
8DPSK - Hopping

EUT is a mobile device. For radiated measurements X, Y and Z orientations were verified. Worst case
position are “X” and “Z”. Verification performed using “X” configuration.

=

“X” Configuration “Y” Configuration “Z” Configuration
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1.4.5 Simplified Test Configuration Diagram

RF receive antenna

| EUT in Test mode and connected with the
call box (CMWMWS00)
Spectrum Analyzer/
) EUT mounted on a CBD-II
connector

Receiver for radiated
For illustration purpose only and not to scale

measure ment

Lait ceneen |

|E

CMW500 (Call Box) in
Bluetooth Signalling Mode

Image presented may not represent the actual EUT or support equipment

Programmable DC Power
Supply or equivalent
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15

1.6

1.7

1.8

18.1

1.8.2

DEVIATIONS FROM THE STANDARD

America

No deviations from the applicable test standards or test plan were made during testing. Two samples
were used during verifications with different model numbers (M/N LMU30H30BT3 and M/N
LMU30G60BT). Both models are identical except the licensed RF module used. The Bluetooth module,
RF path and antenna used are identical between the two models. Only the worst test results presented.

MODIFICATION RECORD

Description of Modification

Modification
Fitted By

Date
Modification
Fitted

Serial Number 4532000604 and 4632081643

N/A

The table above details modifications made to the EUT during the test programme. The modifications
incorporated during each test (if relevant) are recorded on the appropriate test pages.

TEST METHODOLOGY

All measurements contained in this report were conducted with ANSI C63.4-2009, American National
Standard for Methods of Measurement of Radio-Noise Emissions from Low-Voltage Electrical and

Electronic Equipment in the range of 9 kHz to 40 GHz.

For conducted and radiated emissions the equipment under test (EUT) was configured to measure its
highest possible emission level. This level was based on the maximized cable configuration from
exploratory testing per ANSI C63.4-2009. The test modes were adapted according to the Operating

Instructions provided by the manufacturer/client.

TEST FACILITY LOCATION

TUV SUD America Inc. (Mira Mesa)

10040 Mesa Rim Road, San Diego, CA 92121-2912 (32.901268,-117.177681). Phone: 858 678 1400 FAX:

858-546 0364

TOV SUD America Inc. (Rancho Bernardo)

Sony Electronics Inc., Building #8 16530 Via Esprillo, San Diego, CA 92127-1708 (33.018644,-

117.092409). Phone: 858 942 5542 FAX: 858-546 0364
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1.9 TEST FACILITY REGISTRATION

191 FCC — Registration No.: US1146

TUV SUD America Inc. (San Diego), is an accredited test facility with the site description report on file
and has met all the requirements specified in §2.948 of the FCC rules. The acceptance letter from the
FCC is maintained in our files and the Registration is US1146.

1.9.2 Industry Canada (IC) Registration No.: 3067A

The 10m Semi-anechoic chamber of TUV SUD America Inc. (San Diego) has been registered by
Certification and Engineering Bureau of Industry Canada for radio equipment testing with Registration
No. 3067A.
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SECTION 2

TEST DETAILS

Radio Testing of the
CalAmp Wireless Networks Corp.
Tracking Unit with OBD-II Interface
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21 CONDUCTED EMISSIONS

2.1.1 Specification Reference

Part 15 Subpart C §15.207(a)

2.1.2 Standard Applicable

America

An intentional radiator that is designed to 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 uH/50 ohms line impedance stabilization network (LISN).

Conducted limit (dBuV)

Frequency of emission (MHz)

Quasi-peak Average

0.15-0.5 66 to 56* 56 to 46*
0.5-5 56 46
5-30 60 50

*Decreases with the logarithm of the frequency.

2.1.3 Equipment Under Test and Modification State

Not performed. EUT is battery operated only and designed for vehicular use.
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2.2

221

2.2.2

2.2.3

224

2.2.5

2.2.6

227

CARRIER FREQUENCY SEPARATION

Specification Reference

Part 15 Subpart C §15.247(a)(1)

Standard Applicable

America

(1) Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum
of 25 kHz or the 20 dB bandwidth of the hopping channel, whichever is greater. Alternatively, frequency
hopping systems operating in the 2400-2483.5 MHz band may have hopping channel carrier frequencies
that are separated by 25 kHz or two-thirds of the 20 dB bandwidth of the hopping channel, whichever is
greater, provided the systems operate with an output power no greater than 125 mW. The system shall
hop to channel frequencies that are selected at the system hopping rate from a pseudo randomly
ordered list of hopping frequencies. Each frequency must be used equally on the average by each
transmitter. The system receivers shall have input bandwidths that match the hopping channel
bandwidths of their corresponding transmitters and shall shift frequencies in synchronization with the

transmitted signals.

Equipment Under Test and Modification State

Serial No: 4532000604 and 4632081643/ Default Test Configuration

Date of Test/Initial of test personnel who performed the test

July 16, 2014/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility

Ambient Temperature 26.1°C
Relative Humidity 52.3%
ATM Pressure 99.2 kPa

Additional Observations

e Thisis a radiated test.

e Hopping function enabled.

e Span is wide enough to capture the peaks of two adjacent channels.
e RBW is 1% of the span.

e VBW is 3x RBW

e Sweepisauto
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e Detector is peak.

e Trace is max hold.

e Marker-delta function is used between the peaks of the adjacent channels.
e Limit used is >960.0 kHz (2/3 of worst case 20dB BW).

2.2.8 Test Results

22 Spectrum

ol Level .00 REW
At SWT S0 ms & VBW
1 Frequency Sweep

Span 10.0 MH:

H-Value ¢-Valie Function Result
2.402006 GHz 3
1.008 MHz

Dae:16.JUL 2014 114947

Observed carrier frequency separation between Channel 0 and Channel 1 = 1.0 MHz (Complies. Greater than
960.0 kHz, this is 2/3 of 1.44MHz 20 dB BW)
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2.3 NUMBER OF HOPPING FREQUENCIES
2.3.1 Specification Reference
Part 15 Subpart C §15.247(a)(1)(iii)
2.3.2 Standard Applicable
(iii) Frequency hopping systems in the 2400-2483.5 MHz band shall use at least 15 channels. The
average time of occupancy on any channel shall not be greater than 0.4 seconds within a period of 0.4
seconds multiplied by the number of hopping channels employed. Frequency hopping systems may
avoid or suppress transmissions on a particular hopping frequency provided that a minimum of 15
channels are used.
2.3.1 Equipment Under Test and Modification State
Serial No: 4532000604 and 4632081643/ Default Test Configuration
2.3.2 Date of Test/Initial of test personnel who performed the test
July 16 and 17, 2014/FSC
2.3.3 Test Equipment Used
The major items of test equipment used for the above tests are identified in Section 3.1.
2.3.4 Environmental Conditions
Test performed at TUV SUD America Inc. Rancho Bernardo facility
Ambient Temperature 26.1°C
Relative Humidity 52.3%
ATM Pressure 99.2 kPa
2.35 Additional Observations
e Thisis a radiated test.
e Hopping function enabled.
e Span is wide enough to capture the channels of interests.
e The span was broken up to two sections in order to clearly show all of the hopping frequencies.
e Detector is peak, trace is max hold.
e Trace in max hold was allowed to stabilize until all hopping frequencies were discernible.
2.3.6 Test Results
Observed Number of Hopping Frequencies is =79 (Complies)

= Plot #1 + Plot #2
=41+ 38
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» B8 Spectrum

Rel Le 1 0 8 RE o0 Compatible
At ® SWT S0 ms @ VI Mode
1 Frequency o 1Pl Clne

6Ol prs

Dae:17.JUL 2014 042320

Plot #1

L 22 Spectrum
el Le b RBW i Compatible
At 0 ® SWT S0 ms @ VI iz Mode -
1 Frequency Swee; & [P Clny 272

6Ol prs

Dae:17.JUL 2014 053131

Plot #2
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2.4

24.1

2.4.2

24.1

24.2

243

244

245
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TIME OF OCCUPANCY (DWELL TIME)

Specification Reference

Part 15 Subpart C §15.247(a)(1)(iii)

Standard Applicable

(iii) Frequency hopping systems in the 2400-2483.5 MHz band shall use at least 15 channels. The
average time of occupancy on any channel shall not be greater than 0.4 seconds within a period of 0.4
seconds multiplied by the number of hopping channels employed. Frequency hopping systems may
avoid or suppress transmissions on a particular hopping frequency provided that a minimum of 15
channels are used.

Equipment Under Test and Modification State

Serial No: 4532000604 and 4632081643/ Default Test Configuration

Date of Test/Initial of test personnel who performed the test

August 08, 2014/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility

Ambient Temperature 24.3°C
Relative Humidity 52.1%
ATM Pressure 98.9 kPa

Additional Observations

e Hopping function enabled.

e Span = zero span, centered on a hopping channel.

e Detector is peak.

e Asingle pulse is first measured. This measurement is then used to compute the average time of
occupancy in the required period (no. of channels x 0.4 second).

e All packet types verified.

e Spectrum analyzer used is limited to 3.2 seconds sweep time instead of the required 3.16
seconds, therefore computation of average time of occupancy was modified from # of pulses in
3.16 seconds multiplied by 10 to # of pulses in 3.20 seconds multiplied by 9.875. The result is
then multiplied to the pulse width.
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2.4.6 Test Results
. M i f .
Modulation Packet Type GG ) Requirement
occupancy
DH1 126.4 ms
GFSK DH3 262.3 ms
DH5 286.4 ms
2DH1 126.4 ms
1/4-DQPSK 2DH3 196.7 ms <400 ms (EUT Complies)
2DH5 229.1 ms
3DH1 126.4 ms
8DPSK 3DH3 180.3 ms
3DH5 286.4 ms
2.4.7 Sample Computation (GFSK DH5)

Width of single pulse =0.0029 second

Observed occurrence =10 pulses/3.20seconds

Required period =79 channels x 0.4 second

=31.6 seconds
Average time of occupancy = Pulse width x #pulses in 3.2seconds x 9.875
=0.0029 second x 10 x 9.875
=0.28637 second
Compliance = Complies. 0.28637 second < 0.4 second
Page 21 of 91

TUV SUD AMERICA INC 10040 Mesa Rim Road San Diego, CA 92121-2912 Phone: 858 678 1400 FAX: 858 546 0364




FCC ID APV-3030HBT
IC: 5843C-3030HBT
Report No. SC1409996A

America

2.4.8 Sample Test Results Plots
&/ Delta 1 [T1] RBW 100 kHz RF Att 20 dB
Ref Lvl -34.48 dB VBN 300 kHz
112 dBuV 2.309820 ms SWT 4 ms Unit dBuV
112 — - -
FSoB ==t YT [TTT] 8709 0B.V| g
-5.40/R 14 us
100 AL [T -34].48 dB
2.909B20 ms
BD Al atl b
w'\l\ N \JIVV\“MH w twwpﬂww WW(
80 ¥
70
| TERIN ALJa
WU“U
A
50 T
AD l\w‘.ﬂ)“
30
20
TR
12 |
Center 2.48 GHz 400 uss

Date:

0B8.AUG.2014 11:17:40

GFSK DH5 width of single pulse (2.9ms)
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‘y RBW 100 kHz  RF Att 20 dB
Ref Lvl VBW 300 kHz
112 dBuV SWT 3.2 s Unit dBuV
112
PSNTSN ESEa—
A
100
S0
80
70
50 |l | I I

50

)
3L b

30

12

T [T J

I L ‘\\“‘

\‘ | [T |
A

Center 2.48 GHz

Date: 08.AUG.2014

320 ms/

11:20:20

10 pulses/3.2 seconds (DH5)
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& Delta 1 [T1] RBW 100 kHz RF Att 20 dB
Ref Lvl -4.99 dB VBW 300 kHz
112 dBuV 1.86399313 ms SWT 2 ms Unit dBuV
112 4. L (ol el I
TJ D orrogt 71 LTlJ 6392 dBM A
-5.40714 us
100 2T -4.99 dB
1.659319 ms
380 MJ\" 4 AHWMI + la ‘WM{WH‘ il PR n-m .vn\\
80 o " ] “ )
70
A
60
A
50 i
40 ’
30
20
R
12
Center 2.48 GHz 200 uss
Date: 0B8.AUG.2014 11:15:29
GFSK DH3 width of single pulse (1.66ms)
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America

RBW 100 kHz  RF Att 20 dB

Ref Lvl VBW 300 kHz

112 dBuv SWT 3.2 s Unit dBuV
112

+H—B ot
a

100
90
80
70
60 H ‘ ‘ ‘ ‘ ‘ | | N

‘ UL H‘M‘H 111, I (T
| /

12

Center 2.402 GHz 320 ms/s

Date: 0B8.AUG.2014 11:25:323

16 pulses/3.2 seconds (DH3)
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& Delta 1 [T1] RBW 100 kHz  RF Att 10 dB
45 Ret Lyl 2.96 dB VBW 300 KHz
102 dBuV 400.801603 us SWT 1 ms Unit 4BV
102
+5—ipf B foet YT [TTT] SU-FZ OBAY|
262.525050 us
90 . . POV R IS ol9s dB
\Mj\"\ Uw Ulw AA 400.801F03 us
80 U
70
50 ~
i | |
N
EJD Y U
40

Al e

20
10
2
Center 2.48 GHz 100 wus~s
Date: 08.AUG.2014 11:07:47

GFSK DH1 width of single pulse (0.4ms)
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America

RBW 100 kHz RF Att 20 dB

Ref Lvl VBW 300 kHz
112 dBuV SWT 3.2 s Unit dBuV
112

4= vl o o ;
I'J 0D Ol Trsgt

100

S0

80

70

[ {

12

Center 2.402 GHz 320 ms/

Date: 0B8.AUG.2014 11:24:42

32 pulses/3.2 seconds (DH1)
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2.5

251

25.2

251

2.5.2

253

254

255

America

20 dB BANDWIDTH

Specification Reference

Part 15 Subpart C §15.215(c)

Standard Applicable

(c) Intentional radiators operating under the alternative provisions to the general emission limits, as
contained in §§15.217 through 15.257 and in Subpart E of this part, must be designed to ensure that the
20 dB bandwidth of the emission, or whatever bandwidth may otherwise be specified in the specific rule
section under which the equipment operates, is contained within the frequency band designated in the
rule section under which the equipment is operated. The requirement to contain the designated
bandwidth of the emission within the specified frequency band includes the effects from frequency
sweeping, frequency hopping and other modulation techniques that may be employed as well as the
frequency stability of the transmitter over expected variations in temperature and supply voltage. If a
frequency stability is not specified in the regulations, it is recommended that the fundamental emission
be kept within at least the central 80% of the permitted band in order to minimize the possibility of out-
of-band operation.

Equipment Under Test and Modification State

Serial No: 4532000604 and 4632081643/ Default Test Configuration

Date of Test/Initial of test personnel who performed the test

August 08, 2014/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility

Ambient Temperature 24.3°C
Relative Humidity 52.1%
ATM Pressure 98.9 kPa

Additional Observations

e Thisis a radiated test.

e An offset was added to compensate for the receiving antenna factor, preamp gain and cable
loss.

e Span is approximately 2 to 3 times the expected 20dB bandwidth.

e RBW is 2 1% of the expected 20dB bandwidth while VBW is > RBW.

e Sweep is auto.

e Detector is peak.
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e  Max hold function activated.
e  “ndBdown” marker function (20dB) of the spectrum analyzer was used for this test.

2.5.6 Test Results

America

. Frequency Measuret? 20dB
Modulation Channel (MHz) Bandwidth
(MHz)
0 2402 1.11
GFSK 38 2440 1.11
78 2480 1.10
0 2402 1.43
n/4-DQPSK 38 2440 1.44
78 2480 1.43
0 2402 141
8DPSK 38 2440 1.36
78 2480 1.37

Worst case configuration (Low Channel it/4-DQPSK)

2402 MHz — (20dB BW/2) = 2401.285 MHz (within the frequency band - Compliant)

Worst case configuration (High Channel t/4-DQPSK)

2480 MHz + (20dB BW/2) = 2480.715 MHz (within the frequency band - Compliant)
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257 Test Results Plots

Marker 1 [T1 ndB] RBW 100 kHz RF Att 10 dB
Ref Lvl ndB 20.00 dB VBW 300 kHz
102 dBuv B 1.11222445 MHz SWT 5 ms Unit dBuV
182 4 (TmY L L
IJ DT uoTrTraet 71 L‘lj BH bdtﬁ/u -
2.40191p83 GHz
a0 - nd 20l.00 dB
BIW 1.11222/445 MHz
\\ VT [T 69.p9 dBuv
&0 v D ZUTS2P04 Gz
W//// Jq [T1] 69.p6 dBuv
- e - 2 40063427 GH
1MAX | 1MA
2AR
60 A
50 Yk wf’\'\»\\
40k | N . ol ” ] A | vl
30
O e LI B
10
2
Center 2.402 GHz 300 kHz/ Span 3 MHz
Date: 08.AUG.2014 10:48:08
GFSK Low Channel
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Marker 1 [T1 ndB] RBW 100 kHz  RF Att 10 dB
<%%>Ref Lvl ndB 20.00 dB VBW 300 kHz
102 dBuV Bl 1.10621242 MHz SWT 5 ms Unit dBuV
1 02—
P o oet YT [TTT] CER A [

2.44008[116 GHz

90 nd 20000 dp
1 BN 1.10621p42 MHz
/7 Tl [T1] 63.p1 dBuv

80 D Z3957B06 Gz
\\\\ vTd [T1] 63.59 dBuv

-0 y 2 4406327 GH
TMAX 1MA
T o oap

‘uththUhqﬂﬂ“ﬂAw

hatananall
i
i

LA |

Center 2.44 GHz 300 kHz/ Span 3 MHz

nM m

10

Date: 08.AUG.2014 10:49:20

GFSK Mid Channel
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Marker 1 [T1 ndBJ RBW 100 kHz  RF Att 10 dB
<%%>Ref Lvl ndB 20.00 dB VBW 300 kHz
102 dBuV BW 1.10020040 MHz SWT 5 ms Unit dBuV
T —
ESENS (5] RE LIS S YT TTT] ST{7T OB | g
1 2.47991B84 GHz
P g U nd 20,00 dB

90
B 1.10020040 MHz
//// \\\ Ty (T1] 71.[78 dBuv
80 o 77957P05 GAzZ

T J 2L Tt (212 dBuV
2. 408062826 GH

Al |
/0 1MAX 1MA
2AP
¥ { T | \
_ fﬁw/

VVJJ/' ” ’ ’4\hﬂkquﬂh
40 ' -
) Vwm
20 ! :
0
10
2
Center 2.48 GHz 300 kHz~/ Span 3 MHz
Date: 08.AUG.2014 10:50:13

GFSK High Channel
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Marker 1 [T1 ndB]J RBW 100 kHz  RF Att 10 dB
<%%>Ref Lvl ndB 20.00 dB VBW 300 kHz
102 dBuV Bl 1.42484370 MHz SWT 5 ms Unit dBuv
102 P - -
TJ DT uoT 1moeE "l 71 L‘lj Bb 1 dB/LL -
2.40208[116 GHz
a0 . nd 20l.00 dB
NN Bl 1.42484B70 MHz
M,/J/\J TV~ (711 66.34 dBuv

80 [’u ' o A0T350 72 GHz
T1] 66.6 dBuV
Fﬂ Ul 2 40278457 GH

O Tax | 1MA
| 24P
\ Jd |

[

B0

50

40 ‘

il

I |4l

20

, l'“l l |”| ]

10

Center 2.402 GHz 300 kHz/ Span 3 MHz

Date: 08.AUG.2014 10:53:30

1n/4-DQPSK Low Channel
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Marker 1 [T1 ndB] RBW 100 kHz  RF Att 10 dB
<%%>Ref Lvl ndB 20.00 dB VBW 300 kHz
102 dBuv Bl 1.43687375 MHz SWT 5 ms Unit dB LV
102 — -
5B o f=et YT TTT] 5T-PT 547 | g
2.43991P83 GHz
90 nd 20l.00 g8
BW 1.43687375 MHz
;\ 1] [T1] 60.B3 dBuv
80 A nw"\}“\ﬂ

043934770 GHz

Jﬂw" meV?ﬁE]CT1J 61.p2 dBuv

20 | 2. 44070457 GH
1MAX // 1MA

T 5 24P
60 ?V I

50

ADl |I|I| 11 | | I

30

L RN

10

2

Center 2.44 GHz 300 kHz~ Span 3 MHz
Date: 08.AUG.2014 10:52:24

rt/4-DQPSK Mid Channel
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. Marker 1 [T1 ndB] RBW 100 kHz  RF Att 10 dB
45 Ret Ll ndB 20.00 dB VBW 300 kHz
102 dBuv B 1.43086172 MHz SUT 5 ms Unit dBuv
102
5B B foet YT 59|70 5L g
2.47991p83 GHz
a0 - nd 2000 de
MM 1.43086[172 MHz
/’V VTN T 69.[79 dBuv
80
D 77935877 GFz
7] N 69.F1 dBuV
® 2 b 4B079ps8 GH
70
TMAX 1MA
26P
60 /
50 Jgh lh M|1 |
40 1 | ! . [l
‘I
30 l
20
”l I |||
10
2
Center 2.48 GHz 300 kHz/ Span 3 MHz
date: 08.AUG.2014 10:51:27

1t/4-DQPSK High Channel
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Marker 1 [T1 ndB] RBW 100 kHz RF Att 10 dB
Ref Lvl ndB 20.00 dB VBW 300 kHz
102 dBuV BW 1.41282565 MHz SWT 5 ms Unit dBuV
102 —
ITJ Dy oTrT1mraoe "l 71 L‘lj Bb HdB/LL -
2.40191/884 GHz
a0 . nd 20l.o0 dB
quprVv BW 1.41282B65 MHz
an wqu{ﬁ [(T1] 66.B2 dBuV
ALY
8o 'I o I0T3508 77 GAZ
vTd RT1) 66.38 dBuV
20 . 2. 40277pP55 GH
1MAX ‘ 1MA
2AP
60
<ol 1 P'\uW
40 1 |
30
20 L ur ’ t |u||u“‘
10
2
Center 2.402 GHz 300 kHz/ Span 3 MHz
Date: 08.AUG.2014 10:54:47

8DPSK Low Channel
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Marker 1 [T1 ndB] RBW 100 kHz RF Att 10 dB
Ref Lvl ndB 20.00 dB VBW 300 kHz
102 dBuv B 1.36472946 MHz SWT 5 ms Unit dBuv
1D2 4 mY o C L
P 6 =et VT T T 1] B3 50| g
2.433920185 GHz
a0 nd 20000 dB
1 B 1.36472P46 MHz
Jﬂ vT] [T1] 63.F4 dBuv
Y Pan
80 Pl = D Z3938377 Gz
/AUU”“ qrvqiﬁiﬁﬁle 63.F1 dBuv
20 2 A4074850 GH
1MAX TV/ 5 1MA
Z 2aP
60 ’ ' \\
A\
ED La A 1k \gu
g o
40 || I I . | L1l |
30
20 :
||| ||‘I [ | ||‘I|[|||
10 T T
2
Center 2.44 GHz 300 kHz/ Span 3 MHz
Date: 08.AUG.2014 10:55:50
8DPSK Mid Channel
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Marker 1 [T1 ndB] RBW 100 kHz RF Att 10 dB
Ref Lvl 20.00 dB VBN 300 kHz
102 dBuv 1.37074148 MHz SWT 5 ms Unit dBuV
1D2 4 mY o C L
T oD uTTset YT [TT1] 9T.132 dBu =
1 2.48008B20 GHz
a0 1 nd 20100 dB
L“\ymw,wg:ﬂi 1.37074/148 MHz
,)’“M (71 71.p3 dBuv
80
2.4/7/938B8 78 GHz
T VT4 [N 1.4 dBuV
20 , 2. 48076092 GH
1MAX [ 1MA
2AP
60 || T
50 .MW i
o
40 Ly
30
20 : }
UG
10
2
Center 2.48 GHz 300 kHz~ Span 3 MHz
Jate: 08.AUG.2014 10:57:07
8DPSK High Channel
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2.6

26.1

2.6.2

2.6.1

2.6.2

2.6.3

2.6.4

2.6.5

America

99% EMISSION BANDWIDTH

Specification Reference

RSS-Gen Clause 4.6.1

Standard Applicable

When an occupied bandwidth value is not specified in the applicable RSS, the transmitted signal
bandwidth to be reported is to be its 99% emission bandwidth, as calculated or measured.

The transmitter shall be operated at its maximum carrier power measured under normal test conditions.
The span of the analyzer shall be set to capture all products of the modulation process, including the
emission skirts. The resolution bandwidth shall be set to as close to 1% of the selected span as is
possible without being below 1%. The video bandwidth shall be set to 3 times the resolution bandwidth.
Video averaging is not permitted. Where practical, a sampling detector shall be used given that a peak
or peak hold may produce a wider bandwidth than actual.

The trace data points are recovered and directly summed in linear terms. The recovered amplitude data
points, beginning at the lowest frequency, are placed in a running sum until 0.5% of the total is reached
and that frequency recorded. The process is repeated for the highest frequency data points. This
frequency is recorded. The span between the two recorded frequencies is the occupied bandwidth.

Equipment Under Test and Modification State

Serial No: 4532000604 and 4632081643/ Default Test Configuration

Date of Test/Initial of test personnel who performed the test

August 08, 2014/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility

Ambient Temperature 24.3°C
Relative Humidity 52.1%
ATM Pressure 98.9 kPa

Additional Observations

e Thisis a radiated test.

e An offset was added to compensate for the receiving antenna factor, preamp gain and cable
loss.

e Span is wide enough to capture the channel transmission.

e RBW is 1% of the span.

e VBW is 3X RBW.
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e Sweep is auto.
e Detector is peak.

-

America

e The % Power Bandwidth setting in the spectrum analyzer was set to 99% (default).
e The OBW power measurement function of the spectrum analyzer was used for this test.

2.6.6 Test Results (For reporting purposes only)

Modulation Channel Frt(el?nu:zr;cy Measur(i:II:zQ)% OBW
0 2402 0.942
GFSK 38 2440 0.982
78 2480 0.962
0 2402 1.263
1/4-DQPSK 38 2440 1.283
78 2480 1.242
0 2402 1.263
8DPSK 38 2440 1.263
78 2480 1.242
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2.6.7 Test Results Plots

Marker 1 [T1] RBW 100 kHz  RF Att 10 dB
Ref Lvl 89.38 dBuV VBW 300 kHz
102 dBuv > .40192986 GHz SWT 5 ms Unit dBuv
182 4. Ty L L
5B B foet YT ITTTT GERcEpGEmy
2 .40192B86 GHz
a0 H 0P a4d1 . 8R37A[753 KA
YT [T1] 72.B5 dBuv
2. 40160822 GHz
&0 T TTT] 73BT oBu
T 2 2. 40255/110 GHz
70
THAX 1MA
24P
. ﬂhwdiiﬁ A

30
20 1
T KK
10 }
2
Center 2.402 GHz 1 MHz/ Span 10 MHz
Date: 08.AUG.2014 10:08:12

GFSK Low Channel
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Marker 1 [T1] RBW 100 kHz RF Att 10 dB
Ref Lvl 83.65 dBuv VBW 300 kHz
102 dBuV 2.43992986 GHz SWT 5 ms Unit dBuV
1D2 4 Lo o L
I3J D T TToe 71 L‘lj Hj b CJB/LL -
2.43992886 GHz
a0 QP a1 96392786 KH
1 vl (T1] 66.4 dBuv
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0.44057|114 GHz
rax ‘ 1MA
24P
60 / \
50 «J ‘ N
H| | I’I|| i| \h il \H M
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| | LRIl i ii "H’
10H
2
Center 2.44 GHz 1 MHz/ Span 10 MHz
Date: 08.AUG.2014 10:06:42
GFSK Mid Channel
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Marker 1 [T1] RBW 100 kHz RF Att 10 dB
Ref Lvl 91.59 dBuV VBW 300 kHz
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Date: 08.AUG.2014 10:05:27

GFSK High Channel
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Marker 1 [T1] RBW 100 kHz RF Att 10 dB
Ref Lvl 86.51 dBuV VBW 300 kHz
102 dBuV 2.40192986 GHz SWT 5 ms Unit dBuV
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Date: 08.AUG.2014 10:10:52

1n/4-DQPSK Low Channel
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Marker 1 [T1] RBW 100 kHz RF Att 10 dB
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rt/4-DQPSK Mid Channel
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Date: 08.AUG.2014 10:18:00
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Marker 1 [T1] RBW 100 kHz RF Att 10 dB
<%%>Ref Lvl 80.98 dBuv VBW 300 kHz
102 dBuv 2.439392986 GHz SWT 5 ms Unit dBuV
102 — -
B 5 f=et YT TTT] BU-F5 G54V g
2.43992886 GHz
90 opP 1.26252508 MH
vT] [T1) 67.F3 dBuv
1 2.43944B30 GHz
BD Xll\
: 1% T TTTT 57 7 dBu
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70 T 2
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40 ———4
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2
Center 2.44 GHz 1 MHz/ Span 10 MHz
Date: 08.AUG.2014 10:17:09

8DPSK Mid Channel
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Marker 1 [T1] RBW 100 kHz RF Att 10 dB
Ref Lvl 89.51 dBuV VBW 300 kHz
102 dBuv 2.48008018 GHz SWT 3 ms Unit dBuV
102
T UDTuUTToeET Vl LTlJ 89 1 dB/LL -
2.48009018 GHz
30 g op 1. 24248497 MH
VTl [T1] ’6.[44 dBuV
2.47946B94 GHz
80 T T T] 76’5 dBa
2.48071142 GHz
70
1MAX 1MA
2AP
60 Jf I'
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40 ".““‘.“LN L.J\"L\“u‘l
30
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10 } l ,
2
Center 2.48 GHz 1 MHz/ Span 10 MHz
Date: 08.AUG.2014 10:16:06
8DPSK High Channel
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2.7

27.1

2.7.2

27.1

2.7.2

2.7.3

274

2.7.5

America

PEAK OUTPUT POWER

Specification Reference

Part 15 Subpart C §15.247(b)(1)

Standard Applicable

(1) For frequency hopping systems operating in the 2400-2483.5 MHz band employing at least 75 non-
overlapping hopping channels, and all frequency hopping systems in the 5725-5850 MHz band: 1 watt.
For all other frequency hopping systems in the 2400-2483.5 MHz band: 0.125 watts.

Equipment Under Test and Modification State

Serial No: 4532000604 and 4632081643/ Default Test Configuration

Date of Test/Initial of test personnel who performed the test

August 06, 2014/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility

Ambient Temperature 24.8°C
Relative Humidity 50.8%
ATM Pressure 99.2 kPa

Additional Observations

e This is a radiated test. The spectrum was searched from 2390MHz to 2500MHz to cover
immediate restricted bands (masked by the notch filter during Radiated Spurious Emissions
test), upper band edges and the fundamental frequency.

e All packet types verified, only worst case presented.

e Fundamental measurements will be proven by Substitution Method.

e Verifications were performed on two samples, only the worst results presented.

e Measurement was done using EMC32 automated software. Reported level is the actual level
with all the correction factors factored in. Correction Factor column is for informational
purposes only. See Section 2.7.8 for sample computation.
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America

2.7.6 Sample Computation (Radiated Emission)
Measuring equipment raw measurement (dbpuV) @ 2400 MHz 53.9
Asset# 1153 (cable) 3.4
Correction Factor (dB) Asset#t 8628(preamplifier) -36.5 -0.4
Asset#7575 (antenna) 32.7
Reported Max Peak Final Measurement (dbpV/m) @ 2400 MHz 53.5
2.7.7 Test Results (EIRP Limit)
Me|:ai::1c|red Substitution | Substitution
Modulation Channel Frequency strength Peak Output | Peak Output Limit
(MHz) (dBuV/m @ Power Power (mW)
3 meters) (125 ()
0 2402 94.8 -0.197 0.956 1000.0
GFSK 38 2440 98.6 3.803 2.400 1000.0
78 2480 99.0 3.703 2.346 1000.0
0 2402 99.9 4.803 3.022 1000.0
n/4-DQPSK 38 2440 96.6 1.803 1.515 1000.0
78 2480 99.7 4.703 2.953 1000.0
0 2402 95.1 -0.197 0.956 1000.0
8DPSK 38 2440 100.4 5.803 3.805 1000.0
78 2480 99.5 4.703 2.953 1000.0
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2.7.8 Test Results GFSK Low Channel

11

10

FCC Part 15 Class B Electric Field Strepgth PK above 1GHz

| f

CC_Part_15 Class B Electric Field-Stréngth AV above 1GHz
] L

J

Level in dBuV/m
[}

*
2
10
2390 2400 2420 2440 2460 2480 2500

Frequency in MHz

FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
-------- FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
—— Preview Result 1V-PK+ [Preview Result 1V.Result:2]
~——  Preview Result 1H-PK+ [Preview Result 1H.Result:2]

* Final Result 1-PK+ [Final Result 1.Result:1]

* Final Result 2-AVG [Final Result 2.Result: 1]

Peak Data

2400.000000 55.0 1000.0 1000.000 100.8 H 142.0 -0.2 18.9 73.9
2402.000000 94.8 1000.0 1000.000 101.7 H 143.0 -0.2 Fundamental

2483.500000 52.8 1000.0 1000.000 136.7 H 138.0 0.1 21.1 73.9
2500.000000 49.8 1000.0 1000.000 99.7 \ 47.0 0.2 24.1 73.9

Average Data

2400.000000 35.1 1000.0 1000.000 100.8 H 142.0 -0.2 18.6 53.9
2402.000000 78.8 1000.0 1000.000 101.7 H 143.0 -0.2 Fundamental

2483.500000 32.7 1000.0 1000.000 136.7 H 138.0 0.1 21.2 53.9
2500.000000 41.4 1000.0 1000.000 99.7 \Y 47.0 0.2 12.5 53.9

Substitution Data

2402.000000 94.8 9.503 -3.7 -6.0 -0.197 30 30.197

Test Notes: Peak data used for Substitution since EUT is not transmitting @ 100% duty cycle. Average will be
< Peak if duty cycle correction is applied. Downlink from the call box is ignored.
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2.7.9 Test Results GFSK Mid Channel

11
10 'S
9 |
8
FCC Part 15 Class B Electric Field Strength PK above 1GHz
7

-CC Part 15 Class.B Electric Field Strgngth AV ab®e 1GHz.

Level in dBuV/m
[}

4

3

2

10
2390 2400 2420 2440 2460 2480 2500

Frequency in MHz

FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
-------- FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
—— Preview Result 1V-PK+ [Preview Result 1V.Result:2]
~——  Preview Result 1H-PK+ [Preview Result 1H.Result:2]

* Final Result 1-PK+ [Final Result 1.Result:1]

* Final Result 2-AVG [Final Result 2.Result: 1]

Peak Data

2400.000000 66.6 1000.0 1000.000 101.7 H 144.0 -0.2 7.3 73.9
2440.000000 98.6 1000.0 1000.000 99.7 H 143.0 0.0 Fundamental

2483.500000 50.7 1000.0 1000.000 100.7 H 146.0 0.1 23.2 73.9
2490.585333 56.7 1000.0 1000.000 100.7 H 146.0 0.1 17.2 73.9

Average Data

2400.000000 43.2 1000.0 1000.000 101.7 H 144.0 -0.2 10.7 53.9
2440.000000 84.2 1000.0 1000.000 99.7 H 143.0 0.0 Fundamental

2483.500000 30.7 1000.0 1000.000 100.7 H 146.0 0.1 23.2 53.9
2490.885333 41.7 1000.0 1000.000 100.7 H 146.0 0.1 12.2 53.9

Substitution Data

2440.000000 98.6 9.503 -3.7 -2.0 3.803 30 26.197

Test Notes: Peak data used for Substitution since EUT is not transmitting @ 100% duty cycle. Average will be
< Peak if duty cycle correction is applied. Downlink from the call box is ignored.
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2.7.10  Test Results GFSK High Channel

11

10 *

1 FCC Part 15 Class B Electric Field Strength PK above 1GHz

ECC Part 15,Class.B_Electric Field St ng| AV_above 1GHz

Level in dBuV/m
[}

2
4
3 4
2
10
2390 2400 2420 2440 2460 2480 2500

Frequency in MHz

FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
-------- FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
—— Preview Result 1V-PK+ [Preview Result 1V.Result:2]
~——  Preview Result 1H-PK+ [Preview Result 1H.Result:2]

* Final Result 1-PK+ [Final Result 1.Result:1]

* Final Result 2-AVG [Final Result 2.Result: 1]

Peak Data

2400.00000 50.4 1000.0 1000.000 100.7 \ 69.0 -0.2 235 73.9
2480.00000 99.0 1000.0 1000.000 99.7 H 145.0 0.1 Fundamental
2483.50000 52.6 1000.0 1000.000 101.7 H 144.0 0.1 21.3 | 73.9

Average Data

2400.00000 32,5 1000.0 1000.000 100.7 \ 69.0 -0.2 214 53.9
2480.00000 84.4 1000.0 1000.000 99.7 H 145.0 0.1 Fundamental
2483.50000 33.9 1000.0 1000.000 101.7 H 144.0 0.1 20.0 | 53.9

Substitution Data

2480.00000 99.0 9.503 -3.8 -2.0 3.703 30 26.297

Test Notes: Peak data used for Substitution since EUT is not transmitting @ 100% duty cycle. Average will be
< Peak if duty cycle correction is applied. Downlink from the call box is ignored.
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2.7.11 Test Results t/4-DQPSK Low Channel

11
10 L 2
9 fl
8
CC Part 15 Class B Electric Field Qtrpﬂgm,BK,a ove 1GHz
700 "

" FCC Part #15_Class.B_Electric Field Strength AV._above 1GHz
50-- rrrrrrrrrrrrrrrrrr Y | e i

Level in dBuV/m
[}

3 *

2

10
2390 2400 2420 2440 2460 2480 2500

Frequency in MHz

FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
-------- FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
—— Preview Result 1V-PK+ [Preview Result 1V.Result:2]
~——  Preview Result 1H-PK+ [Preview Result 1H.Result:2]

* Final Result 1-PK+ [Final Result 1.Result:1]

* Final Result 2-AVG [Final Result 2.Result: 1]

Peak Data

2400.00000 68.8 1000.0 1000.000 104.7 H 142.0 -0.2 5.9 73.9
2402.000000 99.9 1000.0 1000.000 103.7 H 141.0 -0.2 Fundamental
2483.500000 41.8 1000.0 1000.000 404.9 H 94.0 0.1 321 | 73.9

Average Data

2400.00000 52.0 1000.0 1000.000 104.7 H 142.0 -0.2 1.9 53.9
2402.000000 85.5 1000.0 1000.000 103.7 H 141.0 -0.2 Fundamental
2483.500000 28.6 1000.0 1000.000 404.9 H 94.0 0.1 25.3 | 53.9

Substitution Data

2402.000000 99.9 9.503 -3.7 -1.0 4.803 30 25.197

Test Notes: Peak data used for Substitution since EUT is not transmitting @ 100% duty cycle. Average will be
< Peak if duty cycle correction is applied. Downlink from the call box is ignored.
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2.7.12 Test Results t/4-DQPSK Mid Channel

11

10

CC Part 15 Class B Electric Field Qtrp&gm,BK above 1GHz

*

ELC Part 15 Class!B.Electric Field Strefigth AV aboye 1GHz.

Level in dBuV/m
[}

3 *

2

10
2390 2400 2420 2440 2460 2480 2500

Frequency in MHz

FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
-------- FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
—— Preview Result 1V-PK+ [Preview Result 1V.Result:2]
~——  Preview Result 1H-PK+ [Preview Result 1H.Result:2]

* Final Result 1-PK+ [Final Result 1.Result:1]

* Final Result 2-AVG [Final Result 2.Result: 1]

Peak Data

2400.000000 65.8 1000.0 1000.000 99.7 H 140.0 -0.2 8.1 73.9
2440.000000 96.6 1000.0 1000.000 112.7 H 93.0 0.0 Fundamental

2483.500000 46.0 1000.0 1000.000 332.1 H 142.0 0.1 27.9 73.9
2490.717667 61.1 1000.0 1000.000 100.7 H 145.0 0.2 12.8 73.9

Average Data

2400.000000 39.4 1000.0 1000.000 99.7 H 140.0 -0.2 14.5 53.9
2440.000000 83.3 1000.0 1000.000 112.7 H 93.0 0.0 Fundamental

2483.500000 28.9 1000.0 1000.000 332.1 H 142.0 0.1 25.0 53.9
2490.717667 45.6 1000.0 1000.000 100.7 H 145.0 0.2 8.3 53.9

Substitution Data

2440.000000 96.6 9.503 -3.7 -4.0 1.803 30 28.197

Test Notes: Peak data used for Substitution since EUT is not transmitting @ 100% duty cycle. Average will be
< Peak if duty cycle correction is applied. Downlink from the call box is ignored.
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2.7.13  Test Results n/4-DQPSK High Channel

11

10

FCC Part 15 Class B Electric Field Strer h PK above 1GHz

ECC Part 15 Class.B_Electric Field S ng| AV_above 1GHz

: SR

Level in dBuV/m
[}

10
2390 2400 2420 2440 2460 2480 2500

Frequency in MHz

FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
-------- FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
—— Preview Result 1V-PK+ [Preview Result 1V.Result:2]
~——  Preview Result 1H-PK+ [Preview Result 1H.Result:2]

* Final Result 1-PK+ [Final Result 1.Result:1]

* Final Result 2-AVG [Final Result 2.Result: 1]

Peak Data

2400.000000 41.5 1000.0 1000.000 129.7 \ 29.0 -0.2 32.4 73.9
2480.000000 99.7 1000.0 1000.000 99.7 H 149.0 0.1 Fundamental
2483.500000 57.7 1000.0 1000.000 101.7 H 94.0 0.1 16.2 | 73.9

Average Data

2400.000000 28.6 1000.0 1000.000 129.7 \ 29.0 -0.2 253 53.9
2480.000000 84.7 1000.0 1000.000 99.7 H 149.0 0.1 Fundamental
2483.500000 37.1 1000.0 1000.000 101.7 H 94.0 0.1 16.8 | 53.9

Substitution Data

2480.000000 99.7 9.503 -3.8 -1.0 4.703 30 25.297

Test Notes: Peak data used for Substitution since EUT is not transmitting @ 100% duty cycle. Average will be
< Peak if duty cycle correction is applied. Downlink from the call box is ignored.
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2.7.14  Test Results 8DPSK Low Channel

11

10

CC Part 15 Class B Electric Field Qtrpﬂgm,BK,a ove 1GHz

S
S 7
=
m
© oeop
= FCC Parnt Class.B_Electric Field -Strength AV_above 1GHz
0 I ! g *
g S0 I Y | i | i
4 <> """"" B I e AR e
3 *
2
10
2390 2400 2420 2440 2460 2480 2500

Frequency in MHz

FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
-------- FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
—— Preview Result 1V-PK+ [Preview Result 1V.Result:2]
~——  Preview Result 1H-PK+ [Preview Result 1H.Result:2]

* Final Result 1-PK+ [Final Result 1.Result:1]

* Final Result 2-AVG [Final Result 2.Result: 1]

Peak Data

2400.000000 60.8 1000.0 1000.000 165.6 \ 77.0 -0.2 13.1 73.9
2402.000000 95.1 1000.0 1000.000 102.7 H 142.0 -0.2 Fundamental
2483.500000 51.7 1000.0 1000.000 302.2 \ 87.0 0.1 22.2 | 73.9

Average Data

2400.000000 37.9 1000.0 1000.000 165.6 \ 77.0 -0.2 16.0 53.9
2402.000000 78.0 1000.0 1000.000 102.7 H 142.0 -0.2 Fundamental
2483.500000 32.2 1000.0 1000.000 302.2 Vv 87.0 0.1 21.7 | 53.9

Substitution Data

2402.000000 95.1 9.503 -3.7 -6.0 -0.197 30 30.197

Test Notes: Peak data used for Substitution since EUT is not transmitting @ 100% duty cycle. Average will be
< Peak if duty cycle correction is applied. Downlink from the call box is ignored.
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2.7.15 Test Results 8DPSK Mid Channel

11

10 .

CC Part 15 Class B Electric Field Qtrp&gm,BK above 1GHz

| FLCC Part 15 Class.B Electric Field Strefigth AV _abave 1GHz.

Level in dBuV/m
[}
>

L 2

3

2

10
2390 2400 2420 2440 2460 2480 2500

Frequency in MHz

FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
-------- FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
—— Preview Result 1V-PK+ [Preview Result 1V.Result:2]
~——  Preview Result 1H-PK+ [Preview Result 1H.Result:2]

* Final Result 1-PK+ [Final Result 1.Result:1]

* Final Result 2-AVG [Final Result 2.Result: 1]

Peak Data

2400.000000 65.7 1000.0 1000.000 101.7 H 144.0 -0.2 8.2 73.9
2440.000000 100.4 1000.0 1000.000 100.7 H 140.0 0.0 Fundamental

2483.500000 51.2 1000.0 1000.000 99.7 H 150.0 0.1 22.7 73.9
2491.037000 60.0 1000.0 1000.000 101.7 H 149.0 0.2 13.9 73.9

Average Data

2400.000000 38.4 1000.0 1000.000 101.7 H 144.0 -0.2 15.5 53.9
2440.000000 85.1 1000.0 1000.000 100.7 H 140.0 0.0 Fundamental

2483.500000 30.3 1000.0 1000.000 99.7 H 150.0 0.1 23.6 53.9
2500.000000 44.7 1000.0 1000.000 101.7 H 149.0 0.2 9.2 53.9

Substitution Data

2402.000000 100.4 9.503 -3.7 0.0 5.803 30 24.197

Test Notes: Peak data used for Substitution since EUT is not transmitting @ 100% duty cycle. Average will be
< Peak if duty cycle correction is applied. Downlink from the call box is ignored.
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2.7.16  Test Results 8DPSK High Channel

11

10

CC Part 15 Class B Electric Field Stren h PK above 1GHz

i : CC Part 15 Class.B_Electric Field-S ng AV_above 1GHz

Level in dBuV/m
[}

10
2390 2400 2420 2440 2460 2480 2500

Frequency in MHz

FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
-------- FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
—— Preview Result 1V-PK+ [Preview Result 1V.Result:2]
~——  Preview Result 1H-PK+ [Preview Result 1H.Result:2]

* Final Result 1-PK+ [Final Result 1.Result:1]

* Final Result 2-AVG [Final Result 2.Result: 1]

Peak Data

2400.000000 52.2 1000.0 1000.000 101.7 H 138.0 -0.2 21.7 73.9
2480.000000 99.5 1000.0 1000.000 99.7 H 147.0 0.1 Fundamental
2483.500000 59.4 1000.0 1000.000 100.7 H 148.0 0.1 14.5 | 73.9

Average Data

2400.000000 323 1000.0 1000.000 101.7 H 138.0 -0.2 21.6 53.9
2480.000000 83.4 1000.0 1000.000 99.7 H 147.0 0.1 Fundamental
2483.500000 37.9 1000.0 1000.000 100.7 H 148.0 0.1 16.0 | 53.9

Substitution Data

2480.000000 99.5 9.503 -3.8 -1.0 4.703 30 25.297

Test Notes: Peak data used for Substitution since EUT is not transmitting @ 100% duty cycle. Average will be
< Peak if duty cycle correction is applied. Downlink from the call box is ignored.
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2.8

28.1

2.8.2

2.8.1

2.8.2

2.8.3

284

2.8.5

America

BAND-EDGE COMPLIANCE OF RF CONDUCTED EMISSIONS

Specification Reference

Part 15 Subpart C §15.247(d)

Standard Applicable

(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
§15.209(a) is not required. In addition, radiated emissions which fall in the restricted bands, as defined
in §15.205(a), must also comply with the radiated emission limits specified in §15.209(a) (see
§15.205(c)).

Equipment Under Test and Modification State

Serial No: 4532000604 and 4632081643/ Default Test Configuration

Date of Test/Initial of test personnel who performed the test

August 08, 2014/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions

Test performed at TUV SUD America Inc. Rancho Bernardo facility

Ambient Temperature 24.3°C
Relative Humidity 52.1%
ATM Pressure 98.9 kPa

Additional Observations

e Thisis a radiated test.

e An offset of -0.2dB was added manually as the correction factor for the Radiated Emissions
Setup using a semi-anechoic chamber (antenna factor, pre-amp gain and cable loss).

e Span is wide enough to capture the peak level of the emission operating on the channel closest
to the band edge.

e RBW is 100kHz, VBW is 3X RBW.
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-

America

e Sweep is auto, detector is peak, trace is max hold.

e Trace allowed to stabilize. Marker-delta function used to verify compliance.

e Limitis 30dBc.

e  Both Hopping and Non-Hopping mode verified.

e  Only Lower Bandedges presented, Upper Bandedge test results are covered under Section 2.7
of this test report since it falls under the restricted bands.

e  Verifications were performed on two samples, only the worst results presented.

2.8.6 Test Results

Controlled by BEVC32 “RBN 100 kHz Delta 1 [T1 ]
VBN 300 kHz -54_.30 dB
Ref 99.8 dBWwWV/ Attt O dB SNT 5ms —-1.907051282 VHz
Offfet 0.2 B ] veridr 1 ml]
o266 By
. el 2_401 N
V-
& LML
2 AF
ARAR

A%
—
e
—

Center 2.4 GHz 1 vwz/ Span 10 VHz

Date: 8.AUG.2014 07:31:27

Lower Bandedge (GFSK)
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“RBN 100 kHz
VBN 300 kHz
Ref 99.8 dBWV *Att O dB SAT 5 ms

Controllled by BVC32

Delta 1 [T1 ]
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i ]

W

I ]

Center 2.4 Gz 1 MHz/

Date: 8.AUG.2014 07:36:28
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Corrolled by BEMC32 “RBN 100 kHz Delta 1 [T1 ]
VBN 300 kHz -48.99 dB
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Controlled by BMC32 “ RBN 100 kHz Delta 1 [T1 ]
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Controlled by BVC32 “ RBNV 100 kHz Delta 1 [T1 ]
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2.9

29.1

2.9.2

293

America

SPURIOUS RF CONDUCTED EMISSIONS

Specification Reference

Part 15 Subpart C §15.247(d)

Standard Applicable

(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
§15.209(a) is not required. In addition, radiated emissions which fall in the restricted bands, as defined
in §15.205(a), must also comply with the radiated emission limits specified in §15.209(a) (see
§15.205(c)).

Equipment Under Test and Modification State

Not performed. EUT has an integral antenna. Spurios Emissions is covered under Section 2.10 of this test
report.
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2.10

2.10.1

2.10.2

2.10.3

2.10.4

2.10.5

2.10.6

2.10.7

America

SPURIOUS RADIATED EMISSIONS

Specification Reference

Part 15 Subpart C §15.247(d)

Standard Applicable

(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
§15.209(a) is not required. In addition, radiated emissions which fall in the restricted bands, as defined
in §15.205(a), must also comply with the radiated emission limits specified in §15.209(a) (see
§15.205(c)).

Equipment Under Test and Modification State

Serial No: 4532000604 and 4632081643/ Default Test Configuration

Date of Test/Initial of test personnel who performed the test

July 03, 09 and October 02, 2014/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions/ Test Location

Test performed at TUV SUD America Inc. Rancho Bernardo facility

Ambient Temperature 20.9-25.7°C
Relative Humidity 44.6-56.4%
ATM Pressure 99.1-99.4 kPa

Additional Observations

e Thisis a radiated test. The spectrum was searched from 30MHz to the 10™ harmonic (25GHz).

e There are no emissions found that do not comply to the restricted bands defined in FCC Part 15
Subpart C, 15.205 or Part 15.247(d).

e Only the considered worst case configuration (8DPSK) presented for radiated emissions when
not hopping. There are no significant differences in radiated emissions between the three
modulation and packet types.
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e Verifications were performed on two samples, only the worst results presented. For Receive
Mode, only M/N LMU30H30BT3 was verified.

e Measurement was done using EMC32 automated software. Reported level is the actual level
with all the correction factors factored in. Correction Factor column is for informational
purposes only. See Section 2.10.8 for sample computation.

2.10.8 Sample Computation (Radiated Emission)

Measuring equipment raw measurement (dbuV) @ 30 MHz 24.4
Asset# 1066 (cable) 0.3
Asset# 1172 (cable) 0.3

Correction Factor (dB) Asset# 1016 (preamplifier) -30.7 -12.6
Asset# 1175(cable) 0.3
Asset# 1002 (antenna) 17.2

Reported QuasiPeak Final Measurement (dbuV/m) @ 30MHz 11.8

2.10.9 Test Results

See attached plots.
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2.10.10 Test Results Below 1GHz (Receive Mode)

America

80t
701
60T
- FCC Part 15 Class B Electric Field Strength QP
e 50t
> |1
= |
S [
c 40
G L
>
8 3ot / AL |
¢ l AV i\ " *
201 ’Wv\[\v IKOARY e AT
A MNP WAV
1 ‘ \/\ r/\“‘(/'“/'\"‘r oy
v *
101
0 t t t t t t t t t t t |
30M 50 60 80 100M 200 300 400 500 800 1G
Frequency in Hz
— FCC Part 15 Class B Electric Field Strength QP [..\EMI radiated\]
— Preview Result 1V-PK+ [Preview Result 1V.Result:2]
Preview Result 1H-PK+ [Preview Result 1H.Result:2]
L 2 Final Result 1-QPK [Final Result 1.Result:1]
Quasi Peak Data
Frequency QuasiPeak (I";;::I Margin ':'i‘::‘:' Bandwidth Height Pol Az';‘“ ut Corr.
(MHz) (dBuV/m) ) (dB) ) (kHz) (cm) ) (dB)
35.615551 224 1000.0 120.000 350.0 H -8.0 -13.6 17.6 40.0
52.062766 29.6 1000.0 120.000 100.0 \ 243.0 -19.2 10.4 40.0
81.268858 14.9 1000.0 120.000 166.0 Vv 349.0 -21.0 25.1 40.0
87.652745 18.7 1000.0 120.000 105.0 H 342.0 -20.3 213 40.0
296.552625 12.5 1000.0 120.000 150.0 \ 231.0 -11.6 335 46.0
957.610581 22.1 1000.0 120.000 150.0 \ 231.0 2.4 23.9 46.0
Test Notes:
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America
2.10.11 Test Results Above 1GHz (Receive Mode)

90T
801
4 FCC Part 15 Class B Electric Field Strength PK above 1GHz
701
601 *
£ + FCC Part 15 Class B Electric Field StrengthfAV-aogveTGHz |
2 *
éﬁ 501 *
s @ * %
o) 40+
>
5 1
307
2
1
01 t t t t t t f——t—t {
1G 2G 3G 4G 56 6 8 10G 18G
Frequency in Hz
FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
—-—-=== FCC Part 15 Class B Electric Field Strength AV above 1GHz [.\EMI radiated\]
Preview Result 1V-PK+ [Preview Result 1V.Result:2]
Preview Result 1H-PK+ [Preview Result TH.Result:2]
* Final Result 1-PK+ [Final Result 1.Result:1]
Final Result 2-AVG [Final Result 2.Result:1]

Peak Data
Meas. . . . . —
Frequency MaxPeak Time Bandwidth | Height Polarization Azimuth Corr. Margin Limit
(MHz) (dBuV/m) T (kHz) (cm) (deg) (dB) (dB) (dBuV/m)
1000.00000 43.8 1000.0 1000.000 115.7 H 15.0 -7.0 30.1 73.9
1999.56666 43.2 1000.0 1000.000 406.7 \ 16.0 -1.0 30.7 73.9
3955.93333 44.7 1000.0 1000.000 410.2 H 0.0 6.0 29.2 73.9
6388.83333 49.2 1000.0 1000.000 250.3 H 276.0 12.7 24.7 73.9
10973.5666 51.8 1000.0 1000.000 116.7 \Y 240.0 17.0 22.1 73.9
17752.7666 59.1 1000.0 1000.000 313.2 H 256.0 25.8 14.8 73.9
Average Data
Meas. . . . . .
Frequency Average Time Bandwidth Height Polarization Azimuth Corr. Margin Limit
(MHz) (dBuV/m) (ms) (kHz) (cm) (deg) (dB) (dB) (dBuV/m)
1000.00000 30.7 1000.0 1000.000 115.7 H 15.0 -7.0 23.2 53.9
1999.56666 28.6 1000.0 1000.000 406.7 Vv 16.0 -1.0 25.3 53.9
3955.93333 31.7 1000.0 1000.000 410.2 H 0.0 6.0 22.2 53.9
6388.83333 36.7 1000.0 1000.000 250.3 H 276.0 12.7 17.2 53.9
10973.5666 38.9 1000.0 1000.000 116.7 \ 240.0 17.0 15.0 53.9
17752.7666 46.4 1000.0 1000.000 313.2 H 256.0 25.8 7.5 53.9
Test Notes:
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2.10.12 Test Results Below 1GHz (Bluetooth TX Worst Case — Non-hopping)

America

TUV 3m Radiated 30 to 1000MHz
901
801
701
601
£ L FCC Part 15 Class B Electric Field Strength QP+AV.
>
& 50r
© - I
£ I
< 40
>
? L
|
301
20t ¢
- L 4
101 4 S *
L *
0 f f —t— f f f f f —t— {
30M 50 60 80 100M 200 300 400 500 800 1G
Frequency in Hz
FCC Part 15 Class B Electric Field Strength QP+AV [.\EMI radiated\]
Preview Result 1V-PK+ [Preview Result 1V.Result:2]
Preview Result 1H-PK+ [Preview Result 1H.Result:2]
L 2 Final Result 1-QPK [Final Result 1.Result: 1]
Quasi Peak Data
. Meas. . . . q -
Frequency QuasiPeak Time Bandwidth Height Polarization Azimuth Corr. Margin Limit
(MHz) (dBuVv/m) i) (kHz) (cm) (deg) (dB) (dB) (dBuVv/m)
32.195556 21.4 1000.0 120.000 100.0 \ 348.0 -15.4 18.6 40.0
54.708889 15.2 1000.0 120.000 100.0 Vv 312.0 -24.3 24.8 40.0
111.831111 9.7 1000.0 120.000 103.0 H 267.0 -24.7 33.8 43.5
307.028889 6.0 1000.0 120.000 100.0 Vv 318.0 -19.4 40.0 46.0
543.022222 8.4 1000.0 120.000 100.0 \ 45.0 -14.8 37.6 46.0
787.637778 10.2 1000.0 120.000 103.0 H 114.0 -11.1 35.8 46.0
Test Notes: Only worst case channel presented for spurious emissions below 1GHz.
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2.10.13 Test Results Below 1GHz (Bluetooth TX Hopping)

America

Continuous Rotation TUV 3m Radiated 30 to 1000MHz
80T
701
60T
L FCC Part 15 Class B Electric Field Strength QP
£ 501
> L
= I
S 40 !
= e
g
3 301 L 4 S
L & 'S
201
10f *
0 t t ———+ t t t t t ——— |
30M 50 60 80 100M 200 300 400 500 800 1G
Frequency in Hz
FCC Part 15 Class B Electric Field Strength QP [..\EMI radiated\]
Preview Result 1V-PK+ [Preview Result 1V.Result:2]
Preview Result 1H-PK+ [Preview Result 1H.Result:2]
L 2 Final Result 1-QPK [Final Result 1.Result:1]
Quasi Peak Data
Frequen QuasiPeak Meas. Bandwidth Height Azimuth Corr. Margin Limit
quency Time e Polarization ' g
(MHz) (dBuVv/m) (ms) (kHz) (cm) (deg) (dB) (dB) (dBuV/m)
31.360000 36.3 1000.0 120.000 100.0 \ 104.0 -11.3 3.8 40.0
54.790541 255 1000.0 120.000 100.0 \ 180.0 -19.9 14.5 40.0
68.741643 24.8 1000.0 120.000 100.0 \ 184.0 -21.4 15.2 40.0
87.652745 10.5 1000.0 120.000 100.0 \ 293.0 -20.3 29.5 40.0
650.020200 30.9 1000.0 120.000 109.0 \ 42.0 -2.7 15.1 46.0
750.022365 28.3 1000.0 120.000 159.0 Vv 270.0 -0.8 17.7 46.0
Test Notes:
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2.10.14 Test Results Above 1GHz (Bluetooth TX Hopping)

America

Continuous Rotation TUV 3m Radiated 1000 to 18000MHz

1001
90T
801 -
L FCC Part 15 Class B Electric Field Strength PK above 1GHz
701 ¢
c r ¢
> 60 1 *
= L ECC Part 15 Class BlElectrig Field StighgiiiAVabove 1GHz
@ £
= 50_ * ¢ *
e 40
| 4
301
201
101
0 t t t t t +—t {
1G 2G 3G 4G 5G 10G 18G
Frequency in Hz
—— FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
—-—-=— FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
Preview Result 1V-PK+ [Preview Result 1V.Result:2]
Preview Result 1H-PK+ [Preview Result 1TH.Result:2]
* Final Result 1-PK+ [Final Result 1.Result:1]
Final Result 2-AVG [Final Result 2.Result: 1]
Peak Data
Meas. . . . . _—
Frequency MaxPeak Time Bandwidth | Height Polarization Azimuth Corr. | Margin Limit
(MHz) (dBuvV/m) i) (kHz) (cm) (deg) (dB) (dB) (dBuvV/m)
1500.000000 48.3 1000.0 1000.000 122.0 \' 349.0 -5.1 25.6 73.9
4812.900000 64.5 1000.0 1000.000 98.0 H 27.0 6.8 9.4 73.9
4947.400000 46.2 1000.0 1000.000 137.0 \' 123.0 7.4 27.8 73.9
7208.600000 68.6 1000.0 1000.000 300.0 H 70.0 11.3 5.3 73.9
7253.933333 47.7 1000.0 1000.000 263.0 \' 41.0 11.3 26.2 73.9
9823.600000 524 1000.0 1000.000 164.0 H 91.0 13.9 215 73.9
16771.666667 59.7 1000.0 1000.000 191.0 H 165.0 25.9 14.2 73.9
Average Data
Frequency Average T:::' Bandwidth | Height Polarization Azimuth | Corr. | Margin Limit
(MHz) (dBuvV/m) . (kHz) (cm) (deg) (dB) (dB) (dBuV/m)
1500.000000 38.5 1000.0 1000.000 122.0 \ 349.0 -5.1 15.4 53.9
4812.900000 32.7 1000.0 1000.000 98.0 H 27.0 6.8 21.2 53.9
4947.400000 32.8 1000.0 1000.000 137.0 Vv 123.0 7.4 21.1 53.9
7208.600000 34.9 1000.0 1000.000 300.0 H 70.0 11.3 19.0 53.9
7253.933333 34.9 1000.0 1000.000 263.0 \Y 41.0 11.3 19.0 53.9
9823.600000 36.8 1000.0 1000.000 164.0 H 91.0 13.9 17.1 53.9

Test Notes: No significant emissions observed above 10GHz. Measurements above 10GHz are noise floor figures.
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2.10.15 Test Results Above 1GHz Low Channel (Bluetooth TX Worst Case)

90T
801
4 FCC Part 15 Class B Electric Field Strength PK above 1GHz
70t
T L 2
60t * .
£ + ECC Part 15 Class B Electric Field Strengthi AVraBeve 1 GHz |
>
= 501
S 1 ¢ .
c
3 40~ *
> s
[
-
301
201
101
0 t t t t t t ——t—t {
1G 2G 3G 4G 5G 6 8 10G 18G
Frequency in Hz
FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
—-—-=— FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
Preview Result 1V-PK+ [Preview Result 1V.Result:2]
Preview Result 1H-PK+ [Preview Result 1TH.Result:2]
* Final Result 1-PK+ [Final Result 1.Result:1]
Final Result 2-AVG [Final Result 2.Result: 1]
Peak Data
Meas. . . . . _—
Frequency MaxPeak Time Bandwidth | Height Polarization Azimuth Corr. | Margin Limit
(MHz) (dBuvV/m) i) (kHz) (cm) (deg) (dB) (dB) (dBuvV/m)
1500.000000 48.5 1000.0 1000.000 165.6 \ -16.0 -5.1 25.4 73.9
1937.466667 40.7 1000.0 1000.000 356.1 \ 0.0 -1.4 33.2 73.9
3892.500000 45.9 1000.0 1000.000 350.6 \ 240.0 6.0 28.0 73.9
4804.233333 61.0 1000.0 1000.000 100.1 \ 56.0 6.8 12.9 73.9
7206.733333 63.8 1000.0 1000.000 228.4 H 142.0 11.3 10.1 73.9
17755.033333 58.9 1000.0 1000.000 113.7 \ 62.0 25.8 15.0 73.9
Average Data
Frequency Average T:::' Bandwidth | Height Polarization Azimuth | Corr. | Margin Limit
(MHz) (dBuvV/m) . (kHz) (cm) (deg) (dB) (dB) (dBuV/m)
1500.000000 37.8 1000.0 1000.000 165.6 Vv -16.0 -5.1 16.1 53.9
1937.466667 27.7 1000.0 1000.000 356.1 Vv 0.0 -1.4 26.2 53.9
3892.500000 33.2 1000.0 1000.000 350.6 Vv 240.0 6.0 20.7 53.9
4804.233333 49.4 1000.0 1000.000 100.1 \ 56.0 6.8 4.5 53.9
7206.733333 47.5 1000.0 1000.000 228.4 H 142.0 11.3 6.4 53.9
17755.033333 46.0 1000.0 1000.000 113.7 Vv 62.0 25.8 7.9 53.9

Test Notes: Measurement was performed with a 2.4GHz
8GHz. Measurements above 8GHz are noise floor figures.

TOV SUD AMERICA INC 10040 Mesa Rim Road San Diego

notch filter. No significant emissions observed above
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2.10.16 Test Results Above 1GHz Mid Channel (Bluetooth TX Worst Case)

America
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4 FCC Part 15 Class B Electric Field Strength PK above 1GHz
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FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
—-—-=— FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
Preview Result 1V-PK+ [Preview Result 1V.Result:2]
Preview Result 1H-PK+ [Preview Result 1TH.Result:2]
* Final Result 1-PK+ [Final Result 1.Result:1]
Final Result 2-AVG [Final Result 2.Result: 1]
Peak Data
Meas. . . . . _—
Frequency MaxPeak Time Bandwidth | Height Polarization Azimuth Corr. | Margin Limit
(MHz) (dBuvV/m) i) (kHz) (cm) (deg) (dB) (dB) (dBuvV/m)
1500.000000 45.8 1000.0 1000.000 103.7 \ 138.0 -5.1 28.1 73.9
2590.466667 41.9 1000.0 1000.000 192.5 \ 204.0 -0.2 32.0 73.9
3846.333333 45.9 1000.0 1000.000 219.4 H 60.0 6.0 28.0 73.9
4880.366667 61.8 1000.0 1000.000 229.4 \ 257.0 7.1 12.1 73.9
7320.000000 59.1 1000.0 1000.000 182.6 H 259.0 11.1 14.8 73.9
17757.466667 59.5 1000.0 1000.000 407.1 H 232.0 25.8 14.4 73.9
Average Data
Frequency Average T:::' Bandwidth | Height Polarization Azimuth | Corr. | Margin Limit
(MHz) (dBuvV/m) . (kHz) (cm) (deg) (dB) (dB) (dBuV/m)
1500.000000 34.2 1000.0 1000.000 103.7 Vv 138.0 -5.1 19.7 53.9
2590.466667 29.1 1000.0 1000.000 192.5 Vv 204.0 -0.2 24.8 53.9
3846.333333 33.0 1000.0 1000.000 219.4 H 60.0 6.0 20.9 53.9
4880.366667 49.3 1000.0 1000.000 229.4 \ 257.0 7.1 4.6 53.9
7320.000000 46.4 1000.0 1000.000 182.6 H 259.0 11.1 7.5 53.9
17757.466667 46.3 1000.0 1000.000 407.1 H 232.0 25.8 7.6 53.9

Test Notes: Measurement was performed with a 2.4GHz notch filter. No significant emissions observed above

8GHz. Measurements above 8GHz are noise floor figures.
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2.10.17 Test Results Above 1GHz High Channel (Bluetooth TX Worst Case)

90T
801
4 FCC Part 15 Class B Electric Field Strength PK above 1GHz
70t
601 L 3 *
£ + ECC Part 15 Class B Electric Field StrengthfAVEBeVeGHZ |
S ,
= v
g 7] ¢ .
£ *
o) 40"
> L
[
-
301
201
101
0 t t t t t t ——t—t {
1G 2G 3G 4G 5G 6 8 10G 18G
Frequency in Hz
FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
—-—-=— FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
Preview Result 1V-PK+ [Preview Result 1V.Result:2]
Preview Result 1H-PK+ [Preview Result 1TH.Result:2]
* Final Result 1-PK+ [Final Result 1.Result:1]
Final Result 2-AVG [Final Result 2.Result: 1]
Peak Data
Meas. . . . . _—
Frequency MaxPeak Time Bandwidth | Height Polarization Azimuth Corr. | Margin Limit
(MHz) (dBuvV/m) i) (kHz) (cm) (deg) (dB) (dB) (dBuvV/m)
1500.000000 48.0 1000.0 1000.000 99.7 H 134.0 -5.1 25.9 73.9
2585.566667 42.2 1000.0 1000.000 403.0 H 37.0 -0.2 31.7 73.9
3979.333333 45.7 1000.0 1000.000 121.7 H 92.0 5.9 28.2 73.9
4960.066667 58.7 1000.0 1000.000 258.3 \ 224.0 7.4 15.2 73.9
11073.100000 51.3 1000.0 1000.000 151.6 \ 13.0 16.7 22.6 73.9
17780.900000 58.3 1000.0 1000.000 188.5 \ 51.0 25.8 15.6 73.9
Average Data
Frequency Average T:::' Bandwidth | Height Polarization Azimuth | Corr. | Margin Limit
(MHz) (dBuvV/m) . (kHz) (cm) (deg) (dB) (dB) (dBuV/m)
1500.000000 36.8 1000.0 1000.000 99.7 H 134.0 -5.1 17.1 53.9
2585.566667 29.1 1000.0 1000.000 403.0 H 37.0 -0.2 24.8 53.9
3979.333333 32.7 1000.0 1000.000 121.7 H 92.0 5.9 21.2 53.9
4960.066667 47.3 1000.0 1000.000 258.3 \ 224.0 7.4 6.6 53.9
11073.100000 38.5 1000.0 1000.000 151.6 Vv 13.0 16.7 15.4 53.9
17780.900000 45.8 1000.0 1000.000 188.5 Vv 51.0 25.8 8.1 53.9

Test Notes: Measurement was performed with a 2.4GHz notch filter. No significant emissions observed above

8GHz. Measurements above 8GHz are noise floor figures.
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2111

2.11.2

2111

2.11.2

2.11.3

2.11.4

2.115

America

RADIATED IMMEDIATE RESTRICTED BANDS

Specification Reference

Part 15 Subpart C §15.247(d)

Standard Applicable

(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
§15.209(a) is not required. In addition, radiated emissions which fall in the restricted bands, as defined
in §15.205(a), must also comply with the radiated emission limits specified in §15.209(a) (see
§15.205(c)).

Equipment Under Test and Modification State

Serial No: 4532000604 and 4632081643/ Default Test Configuration

Date of Test/Initial of test personnel who performed the test

July 03 and 09, 2014/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions/ Test Location

Test performed at TUV SUD America Inc. Rancho Bernardo facility

Ambient Temperature 20.9-25.3°C
Relative Humidity 44.3-56.4%
ATM Pressure 99.1-99.3 kPa

Additional Observations

e This is a radiated test. The spectrum was searched from 2310MHz to 2390MHz for lower
immediate restricted band and 2483.5MHz to 2500MHz for the upper immediate restricted
band.

e There are no emissions found that do not comply with the restricted bands defined in FCC Part
15 Subpart C, 15.205.

e Only Hopping modes presented. Non-hopping mode is covered under section 2.7 of this test
report.
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e Measurement was done using EMC32 automated software. Reported level is the actual level
with all the correction factors factored in. Correction Factor column is for informational
purposes only. See Section 2.11.8 for sample computation.

2.11.6  Sample Computation (Radiated Emission)

Measuring equipment raw measurement (dbuV) @ 2400 MHz 53.9
Asset# 1153 (cable) 3.4

Correction Factor (dB) Asset# 8628(preamplifier) -36.5 -0.4
Asset#7575 (antenna) 32.7

Reported Max Peak Final Measurement (dbuV/m) @ 2400 MHz 53.5

2.11.7 Test Results

See attached plots.
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2.11.8 Test Results Restricted Band 2310MHz to 2390MHz (Hopping)

America

Continuous Rotation TUV 3m Radiated 1000 to 18000MHz
90T
80T
1 FCC Part 15 Class B Electric Field Strength PK above 1GHz
70t
60T
§ 1 FCC Part 15 Class B Electric Field Strength AV above 1GHz
ZF 507 L 4
9 > > .
c
5 40 * * *
> N
s
307
201
101
0 t t t t t t t t t t t t t t |
2310 2320 2330 2340 2350 2360 2370 2380 2390
Frequency in MHz
FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
—-—-=== FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
Preview Result 1V-PK+ [Preview Result 1V.Result:2]
Preview Result 1H-PK+ [Preview Result 1H.Result:2]
* Final Result 1-PK+ [Final Result 1.Result:1]
Final Result 2-AVG [Final Result 2.Result:1]
Peak Data
Frequency MaxPeak Ti?::' Bandwidth | Height Polarization Azimuth | Corr. | Margin Limit
(MHz) (dBuvV/m) oy (kHz) (cm) (deg) (dB) (dB) (dBuvV/m)
2318.325333 40.6 1000.0 1000.000 100.0 H -6.0 -0.5 33.3 73.9
2331.192000 48.3 1000.0 1000.000 100.1 H 302.0 -0.4 25.6 73.9
2341.165333 41.0 1000.0 1000.000 300.0 \' 316.0 -0.4 32.9 73.9
2353.069333 49.5 1000.0 1000.000 100.0 H 79.0 -0.4 24.4 73.9
2364.429333 40.8 1000.0 1000.000 247.0 H 15.0 -0.4 33.1 73.9
2388.040000 46.0 1000.0 1000.000 100.0 H 84.0 -0.2 27.9 73.9
Average Data
Frequency Average I:::' Bandwidth | Height Polarization Azimuth | Corr. | Margin Limit
(MHz) (dBuV/m) o (kHz) (cm) (deg) (dB) (dB) (dBuV/m)
2318.325333 28.0 1000.0 1000.000 100.0 H -6.0 -0.5 25.9 53.9
2331.192000 39.7 1000.0 1000.000 100.1 H 302.0 -0.4 14.2 53.9
2341.165333 28.0 1000.0 1000.000 300.0 \Y 316.0 -0.4 25.9 53.9
2353.069333 28.3 1000.0 1000.000 100.0 H 79.0 -0.4 25.6 53.9
2364.429333 28.0 1000.0 1000.000 247.0 H 15.0 -0.4 25.9 53.9
2388.040000 28.4 1000.0 1000.000 100.0 H 84.0 -0.2 255 53.9
Test Notes: 2.4GHz notch filter removed for this test.
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2.11.9 Test Results Restricted Band 2483.5MHz to 2500MHz (Hopping)

America

Continuous Rotation TUV 3m Radiated 1000 to 18000MHz
90T
80T
L FCC Part 15 Class B Electric Field Strength PK above 1GHz
70t
60T
£ 1
>
© L
= . » .
3 40
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3
301
201
101
0 t t t t t t t t t t t t t t t |
2483 2484 2486 2488 2490 2492 2494 2496 2498 2500
Frequency in MHz
FCC Part 15 Class B Electric Field Strength PK above 1GHz [..\EMI radiated\]
FCC Part 15 Class B Electric Field Strength AV above 1GHz [..\EMI radiated\]
Preview Result 1V-PK+ [Preview Result 1V.Result:2]
Preview Result 1H-PK+ [Preview Result 1H.Result:2]
* Final Result 1-PK+ [Final Result 1.Result:1]
Final Result 2-AVG [Final Result 2.Result:1]
Peak Data
Frequency MaxPeak I?i::' Bandwidth | Height Polarization Azimuth | Corr. | Margin Limit
(MHz) (dBuvV/m) T (kHz) (cm) (deg) (dB) (dB) (dBuvV/m)
2483.439333 43.3 1000.0 1000.000 200.0 \' 172.0 0.1 30.6 73.9
2487.684467 46.3 1000.0 1000.000 200.0 \' 20.0 0.2 27.6 73.9
2491.507233 45.5 1000.0 1000.000 191.0 H 39.0 0.2 284 73.9
2493.680500 52.0 1000.0 1000.000 191.0 H 71.0 0.2 219 73.9
2497.494600 43.1 1000.0 1000.000 100.0 \' 111.0 0.2 30.8 73.9
2500.000000 52.1 1000.0 1000.000 100.0 \' 19.0 0.2 21.8 73.9
Average Data
Frequency Average Iri:: Bandwidth | Height Polarization Azimuth | Corr. | Margin Limit
(MHz) (dBuvV/m) . (kHz) (cm) (deg) (dB) (dB) (dBuV/m)
2483.439333 28.6 1000.0 1000.000 200.0 \ 172.0 0.1 25.3 53.9
2487.684467 28.5 1000.0 1000.000 200.0 \Y 20.0 0.2 254 53.9
2491.507233 28.6 1000.0 1000.000 191.0 H 39.0 0.2 25.3 53.9
2493.680500 28.4 1000.0 1000.000 191.0 H 71.0 0.2 255 53.9
2497.494600 29.0 1000.0 1000.000 100.0 \Y 111.0 0.2 24.9 53.9
2500.000000 35.9 1000.0 1000.000 100.0 \Y 19.0 0.2 18.0 53.9
Test Notes: 2.4GHz notch filter removed for this test.
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212 RECEIVER SPURIOUS EMISSIONS

2.12.1  Specification Reference

RSS-Gen 6.0

2.12.2  Standard Applicable

-

America

Receivers shall comply with the limits of spurious emissions set out in this section, measured over the
frequency range determined in accordance with Section 4.10 of RSS-Gen.

Table 2: Radiated Limits of Receiver Spurious Emissions

Frequency Field Strength
(MHz) (microvolts/m at 3 metres)*
30-88 100
88-216 150
216-960 200
Above 960 500

2121

2.12.2

2.12.3

2124

2.12.5

*Measurements for compliance with limits in the above table may be performed at distances other than
3 metres, in accordance with Section 7.2.7 of RSS-Gen.

Equipment Under Test and Modification State

Serial No: 4532000604/Default Test Configuration

Date of Test/Initial of test personnel who performed the test

July 03 and 09, 2014/FSC

Test Equipment Used

The major items of test equipment used for the above tests are identified in Section 3.1.

Environmental Conditions/ Test Location

Test performed at TUV SUD America Inc. Rancho Bernardo facility

Ambient Temperature 20.9-25.3°C
Relative Humidity 44.3-56.4%
ATM Pressure 99.1-99.3 kPa

Additional Observations

e This s a radiated test. The spectrum was searched from 30MHz to the 3" harmonic (up to 10"
performed).

e Result identical to Section 2.10.10 and 2.10.11 of this test report.

e EUT in RX (Receive) mode configuration.
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SECTION 3

TEST EQUIPMENT USED
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3.1 TEST EQUIPMENT USED
List of absolute measuring and other principal items of test equipment.
(5":) g;r:::;) Test Equipment Type Serial Number Manufacturer Cal Date Cal Due Date

Radiated Test Setup
1184 Spectrum Analyzer FSEM 849718/025 Rhode & Schwarz 06/27/14 06/27/15
1002 Bilog Antenna 3142C 00058717 ETS-Lindgren 01/30/14 01/30/16
7575 32::'gii:;ig::rn antenna | 3117 00155511 EMCO 04/08/14 04/08/15
8628 Pre-amplifier QU 01182835-J0 | 8986002 &‘éf”Star Technologies 04/03/14 04/03/15
1150 Horn antenna 3160-09 012054-004 ETS 04/26/13 04/26/15
1151 Pre-amplifier TS-PR26 100026 Rhode & Schwarz 05/02/13 05/02/15
8760 Pre-amplifier ZKL-2 1001 Mini-Circuits 09/04/14 09/04/15
1153 High-frequency cable SucoFlex 100 SX N/A Suhner 04/03/14 04/03/15
8543 High-frequency cable 'i"gi;rs‘;‘;‘;;e N/A grno';idc t'\:icrowa"e 09/04/14 09/04/15
1040 EMI Test Receiver ESIB40 100292 Rhode & Schwarz 08/29/14 08/29/15
1049 EMI Test Receiver ESU 100133 Rhode & Schwarz 03/17/14 03/17/15
6815 2.4GHz Band Notch Filter | BRM50702 008 Micro-Tronics Verified by 1188 and 1049
1016 Pre-amplifier PAM-0202 187 PAM 10/08/13 10/08/14
1188 Signal Generator 2024 112282/488 Marconi 09/05/13 09/05/14
1003 Signal Generator SMR-40 1104.0002.40 Rhode & Schwarz 01/20/14 01/20/15
Miscellaneous

6452 Multimeter 3478A 2911A52177 Hewlett Packard 08/02/13 09/02/14

7554 Barometer/Temperature | (o, \y 0400706 Omega 01/30/14 01/30/15

/Humidity Transmitter
1123 DC Power Supply E3631A N/A Hewlett Packard Verified by 6452
Test Software EMC32 V8.53 Rhode & Schwarz N/A
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3.2 MEASUREMENT UNCERTAINTY

For a 95% confidence level, the measurement uncertainties for defined systems are:

3.2.1 Radiated Emission Measurements (Below 1GHz)

Receiver/Spectrum Analyzer Rectangular 0.45 0.26 0.07
Cables Rectangular 0.50 0.29 0.08
Preamp Rectangular 0.50 0.29 0.08
Antenna Rectangular 0.75 0.43 0.19
Site Rectangular 3.89 2.25 5.04
EUT Setup Rectangular 1.00 0.58 0.33
Combined Uncertainty (u.): 2.41

Coverage Factor (k): 2

Expanded Uncertainty: 4.82

3.2.2 Radiated Emission Measurements (Above 1GHz)

Receiver/Spectrum Analyzer Rectangular 0.57 0.33 0.11
Cables Rectangular 0.70 0.40 0.16
Preamp Rectangular 0.50 0.29 0.08
Antenna Rectangular 0.37 0.21 0.05
Site Rectangular 3.89 2.25 5.04
EUT Setup Rectangular 1.00 0.58 0.33
Combined Uncertainty (u,): 2.40
Coverage Factor (k): 2
Expanded Uncertainty: 4.81
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SECTION 4

DIAGRAM OF TEST SETUP
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4.1 TEST SETUP DIAGRAM

Antenna mast capable
of 4.0 meters elevation

Semi-Anechoic chamber

Antenna Center Paint

|_.-
|-.

Y

|
3 meters |

EUT

_I 0.8 meters
Turntable

PC running Receiver/Spectrum
automated software Analyzer

Radiated Emission Test Setup (Below 1GHz)
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[] Antennamast capable

Semi-Anechoic chamb
af 4.0 meters elevation i-Anechoic chamber

3 metars

—
.

EUT

_I 0.8 meters
Turntable

Absorbing material between measuring antenna
and EUT for above 1GHz measurement

PC running Receiver/Spectrum
automated software Analyzer

Radiated Emission Test Setup (Above 1GHz)
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SECTION 5

ACCREDITATION, DISCLAIMERS AND COPYRIGHT
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51 ACCREDITATION, DISCLAIMERS AND COPYRIGHT

TUV SUD America Inc.’s reports apply only to the specific sample tested under stated test
conditions. It is the manufacturer’s responsibility to assure the continued compliance of
production units of this model. TUV SUD America, Inc. shall have no liability for any deductions,
inferences or generalizations drawn by the client or others from TUV SUD America, Inc.’s issued

reports.

This report is the confidential property of the client. As a mutual protection to our clients, the
public and TUV SUD America, Inc., extracts from the test report shall not be reproduced, except

in full without TUV SUD America, Inc.’s written approval.

This report must not be used to claim product certification, approval, or endorsement by

A2LA, NIST, or any agency of the federal government.

TUV SUD America, Inc. and its professional staff hold government
and professional organization certifications for

AAMI, ACIL, AEA, ANSI, IEEE, A2LA, NIST and VCCI.

WA o (M g EEE

A2LA Cert. No. 2955.13
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