CETECOM"
T e

FCC / IC Test Report

FOR:
Moog Inc.

Model Name:

ILC3000

Product Description:

Asset Tracker

FCC ID: 2AGRZ-ILC3000
IC ID: 20942-ILC3000

Per:

47 CFR Part 22, 24
RSS-132 Issue 3
RSS-133 Issue 6

TEST REPORT #: EMC_MOOGI-005-15001_FCC 22 24
DATE: February 3, 2016

\I]ll/,

\\\\\ I///
N NS Ve

e e

SNS—A
acwRA

%

A
“y >\

ACCREDITED

/,,/ | \\\\\\ TESTING LABORATORY
nin Certificate #2135.01

CETECOM Inc.
411 Dixon Landing Road * Milpitas, CA 95035 ¢ U.S.A.

Phone: + 1 (408) 586 6200 ¢ Fax: + 1 (408) 586 6299 ¢ E-mail: info@cetecomusa.com ¢ http://www.cetecom.com
CETECOM Inc. is a Delaware Corporation with Corporation number: 2905571

V1.01 2013-07-29 © Copyright by CETECOM



http://www.cetecom.com/

Test Report #: EMC_MOOGI-005-15001_FCC_22 24 FcCID: 2AGRz-ILc3000  CETECOM™
Date of Report : February 3, 2016 IC ID: 20942-1LC3000 »

Table of Contents

1 ASSESSIMENT ... ettt ettt b R E e e R e R Re e n e nnn e reeanee s 4
2 AUMINISIIALIVE DA .....eeviiieieiiieie ettt sttt et e e beenbeeneenreeneeanes 5
2.1 Identification of the Testing Laboratory Issuing the Test RepOrt ..........cccoeveieiiiinininineneees 5
2.2 1dentification OF the CHENT ..ot ae e 5
2.3 Identification Of the ManUFACTUIET ...........cuiiiiiiiii s 5
A B T (TS o) N =T o SRS 5

3 Equipment UNder TESE (EUT) ..ottt sttt e nne e 6
3.1 Specification of the EQUIPMENt UNCEN TEST.......ccvi i 6
3.2 Identification of the Equipment under TeSt (EUT) ....occooviiiiiiiieiiise e 7
3.3 Identification Of ACCESSOIY EQUIPIMENT......ccviieiriiiiitesiestesre ettt 7

4 Summary Of MeasuremMent RESUILS .........cooiiiiiriiieiee e 8
O IMIBASUIBIMENTS. ...ttt ettt ettt e et eshe e et e e s be e e b e e nmneaneeanneene e 12
5.1 MeasUreMENt UNCEIAINTY ......c.iiiiie et sttt s ba et e s be et e e sbesaeeeesre e 12
5.2 Nominal Environmental ConditioNS.........cccooveiiiiiiiiiieieieicseses e 12
5.3 Nominal Environmental TeSt CONGItIONS.........c.coviireriiiiie e 12
5.4  Inheriting Test Results from Incorporated Module Certification:...........cccccovveviiiiicie e, 12
55  Nominal Cellular TeSt CONUITIONS. ......cceiirieieieisiie e sne e 12
5.6  Additional Test INFOrMALION. .........ceiiiiiieir et sre e nee e 12

6 RF Power OULPUL radiated.........c.ecveiieiiiiie ettt sae e nnees 13
B.1  RETEIBNCES ...ttt et b bbb 13
6.2 T SR 13
6.3 TSt MOAUIALION. .....c.eiiiiiiiiie ettt e e b e s besae e nneeeneas 13
6.4 MEASUIEMENT RESUIL: ...ttt sttt b e be st e e ens 14
6.5 Y e U T T a1 o S 15
6.5.1 EIRP, GSM 850, TX: Ch. LOW ..eiiiiiiiciiic ettt ettt ettt s be e sbe e taestnesnne s 15
6.5.2 EIRP, GSM 850, TX: Ch. IMI0.....cciiiiiieieieiesece e 16
6.5.3 EIRP, GSM 850, TX: Ch. HIghN ...ciuiiiiiieieece e 17
6.5.4 EIRP, UMTS FDD V, TX: Ch. LOW .eiiiiieiicce ettt ettt s sta et snee e 18
6.5.5 EIRP, UMTS FDD V, TX: Ch. Mi...c.ceiiiiieiiice e 19
6.5.6 EIRP, UMTS FDD V, TX: Ch. High ..o 20
6.5.7 EIRP, GSM 1900, TX: Ch. LOW .icuiiiiieiic ettt et sra e e s be s sba e taestnesrne s 21
6.5.8 EIRP, GSM 1900, TX: Ch. Mid......ccciviieieieiesit et 22
6.5.9 EIRP, GSM 1900, TX: Ch. HIgh ..eeieeeeee e 23
6.5.10 EIRP, UMTS FDD I, TX: Ch. LOW .cviiiiiiiecce ettt ettt 24
6.5.11  EIRP, UMTS FDD I, TX: Ch. Mid......cciiiiiiiiiiiic ettt 25
6.5.12  EIRP, UMTS FDD I, TX: Ch. High oo e 26

7 Spurious EmIsSions RAAIALE ..........cueiiierieiieiiiiesiieeee et 27
7.1 R C T =) T SR 27
7.2 T 0 SR 27
7.2.1 FCC 22.917 Emission limitations for cellular equipment. ...........ccccooviiiiiiinencnenee 27
7.2.2 FCC 24.238 Emission limitations for Broadband PCS equipment. ...........ccccocvvvnenienen. 27
7.2.3 RSS-132 Section 5.5.1.1 and RSS-133 SeCtion 6.5.1.......cccceiviiiiiineieieeeee e 27

7.3  Radiated out of band measurement ProCEAUIE: ..........coiiieriie e 28
7.3.1 Sample Calculations for Radiated Measurements: .........cccccvvveveeriiiieeve e 29
7.3.2 SPECIrUM ANAIYZEE SEILINGS ....vee ettt ne et sne e nee e 29

O 1Y B (=LY | 3SR 30
7.4.1 GSM 850tttk bbbttt bbbt nn e 30
7.4.2 UMTS FDD BAND V ...ttt bbbttt bt 30

Page 2 of 69



Test Report # EMC_MOOGI-005-15001_FCC 22 24
Date of Report : February 3, 2016

IC ID: 20942-1LC3000

8
9

7.4.3 GSIM 900.... . cuiiieiiieii ettt ettt ettt e et e et s b e e e bt e a et e et eesh e e st e s aeebeeebeeebeesresaresaranas 31
7.4.4 UMTS FDD BAND T ..ottt ettt ettt ettt sve e st e seee st e s eraesteesreesaeeaaeeas 31
7.4.5 GSM 850, TX: Ch. LOW, 30 MHZ — 1 GHzZ..ooo oottt ettt 32
7.4.6 GSM 850, TX: Ch. LOW, 1 GHZ — 9 GHZ ..oeeeeieeeee ettt ettt 33
7.4.7 GSM 850, TX: Ch. Mid, 9 KHZ — 30 MHZ ....oeiiii it 34
7.4.8 GSM 850, TX: Ch. Mid, 30 MHZ — 1 GHZ ....cveeoiiiieeie et 35
7.4.9 GSM 850, TX: Ch. Mid, 1 GHZ — 9 GHzZ.....ooveiceeeceeieeee ettt 36
7.410  GSM 850, Tx: Ch. High, 30 MHZ — 1 GHzZ....c.oceoiiieiceesececeee e 37
7.411  GSM 850, Tx: Ch. High, L GHZ — 9 GHZ ......ccoeeiiitcieseeeeee e 38
7412 UMTS FDD Band V, Tx: Ch. LOW, 30 MHZ — 1 GHzZ.....ccvvveieee ettt 39
7413 UMTSFDD Band V, Tx: Ch. Low, 1 GHZ =9 GHz......ccvvoieeieeeeceeeeeeeeee e 40
7414 UMTS FDD Band V, Tx: Ch. Mid, 9 KHZ =30 MHZ .....cccoiiiiicie e 41
7.4.15 UMTS FDD Band V, Tx: Ch. Mid, 30 MHZ — 1 GHzZ....cvooceeieeeeeceeeeeeee e 42
7416 UMTSFDD Band V, Tx: Ch. Mid, 1 GHZ =9 GHzZ ......ocvvieiieeeeceeeeeeeeee e 43
7.4.17 UMTS FDD Band V, Tx: Ch. High, 30 MHZ — 1 GHZ ......cccovvviiiiiceecc e, 44
7.4.18 UMTS FDD Band V, Tx: Ch. High, 1 GHZ — 9 GHz........ccccoevviiiciiceccseeese e, 45
7.4.19 GSM 1900, TX: Ch. LoW, 30 MHZ — 1 GHzZ....oooovieeeeee et 46
7.4.20  GSM 1900, TX: Ch. LOW, 1 GHZ — 18 GHZ .....ecoviiviiiisicieci e 47
7.4.21  GSM 1900, TX: Ch. LOW, 18 GHZ — 22 GHZ ....covviieii et 48
7.4.22 GSM 1900, TX: Ch. Mid, 9 KHZ =30 MHZ ......coviiiii ettt 49
7.4.23 GSM 1900, TX: Ch. Mid, 30 MHZ — 1 GHZ ....ooeieeee ettt 50
7.4.24  GSM 1900, Tx: Ch. Mid, 1 GHZ — 18 GHzZ....c.oooiiviei i 51
7.4.25  GSM 1900, Tx: Ch. Mid, 18 GHZ — 22 GHzZ.......oceeeeiiieieee et 52
7.4.26  GSM 1900, Tx: Ch. High, 30 MHZ — 1 GHZ......cociiiiiicicececece e 53
7.4.27  GSM 1900, Tx: Ch. High, 1 GHZ — 18 GHZ......cceccveiiiteiece e 54
7.428  GSM 1900, Tx: Ch. High, 18 GHZ — 22 GHz ......c.ccoviiiciicececee e 55
7429 UMTS FDD Band I, Tx: Ch. Low, 30 MHZ — 1 GHZ ....evvoviiieceeeeeeeeeeee e 56
7430 UMTSFDD Band I, TX: Ch. Low, 1 GHZ — 18 GHz.......oocveiceeeeeeeeeeeeeee e 57
7.431 UMTS FDD Band I, Tx: Ch. Low, 18 GHZ — 22 GHz......c.c..cooceviieiieiie e 58
7.4.32 UMTS FDD Band 1, Tx: Ch. Mid, 9 KHZ =30 MHZ.......oocviiieecee et 59
7.4.33 UMTS FDD Band Il, Tx: Ch. Mid, 30 MHZ — 1 GHz......ooooveieeeeeeee et 60
7.4.34 UMTS FDD Band Il, Tx: Ch. Mid, 1 GHZ — 18 GHzZ .....ccevvveieciiie et 61
7.4.35 UMTS FDD Band Il, Tx: Ch. Mid, 18 GHZ —22 GHzZ .........coocoiieiieie e 62
7.4.36 UMTS FDD Band II, Tx: Ch. High, 30 MHZ — 1 GHZ .......cccocoviiiiiiicceeeeceee e 63
7.4.37 UMTS FDD Band Il, Tx: Ch. High, 1 GHz — 18 GHz........cccoeviiiie e 64
7.4.38 UMTS FDD Band Il, Tx: Ch. High, 18 GHz — 22 GHz.........ccccccviiviiiir e, 65
Test Equipment and Ancillaries USed fOr tESES. .......cuuireriiiriiereee e 66
[ oo (B F- Vo [ -y OSSR RPRURPRS 67
10 REVISION HISTOIY ....cuiiiiiiiiiitesit et bbbttt bbbt 69

Page 3 of 69

FCC ID: 2AGRz-ILc3000  CETECOM™



Test Report #: EMC_MOOGI-005-15001_FCC_22 24 FcCID: 2AGRz-ILc3000  CETECOM™
Date of Report : February 3, 2016 IC ID: 20942-1LC3000 »

1 Assessment

The following equipment as further described in section 3 of this test report was evaluated against
the applicable criteria specified in FCC CFR47 Parts 22, 24 and Industry Canada Radio Standard
Specifications RSS-132 Issue 3 and RSS-133 Issue 6. No deviations were ascertained during the
course of the tests performed.

Company Description Model #
Moog Inc. asset tracker ILC3000
Report reviewed by:
Franz Engert G o e TR
February 3, 2016 Compliance (Compliance Manager) EraenGeiccomcom
Date Section Name Signature
Responsible for the Report:
Yu-Chien Ho .
February 3, 2016  Compliance (EMC Engineer) Yu-Chien Ho
Date Section Name Signature

The test results of this test report relate exclusively to the test item specified in Section3.
CETECOM Inc. USA does not assume responsibility for any conclusions and generalizations drawn from the test results with
regard to other specimens or samples of the type of the equipment represented by the test item. The test report may only be

reproduced or published in full. Reproduction or publication of extracts from the report requires the prior written approval of
CETECOM Inc. USA.
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2 Administrative Data

2.1 Identification of the Testing Laboratory Issuing the Test Report

Company Name: CETECOM Inc.

Department: Compliance

Address: CETECOM Inc.
411 Dixon Landing Rd
Milpitas, CA 95035

Telephone: +1(408) 586 6200

Fax: +1 (408) 586 6299

Compliance Manager: Franz Engert

Responsible Project Leader Yu-Chien Ho

2.2 Identification of the Client

Client Firm/Name: Moog Inc.

Street Address: 1421 McCarthy Blvd.
City/Zip Code Milpitas, CA 95035
Country USA

2.3 Identification of the Manufacturer

Manufacturer’s Name:

Same as Applicant

Manufacturers Address:

City/Zip Code

Country

24  Dates of Testing:

November 17, 2015 — December 21, 2015
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3 Equipment under Test (EUT)

3.1 Specification of the Equipment under Test
Model #: ILC3000

HW Version : 001

SW Version : 3.0.0.1

FCC-ID: 2AGRZ-ILC3000
IC-ID: 20942-1LC3000
HVIN: ILC3000

PMN: ILC3000

FVIN: N/A

Product Description: asset tracker

Module UBIlox Lisa U201;

Module Information:

FCC-ID: XPYLISAU201;
IC: 8595A-LISAU201;

Technology / Type(s) of
Modulation:

GSM/GPRS/EGPRS 900/1800MHz, multislot class 12;
UMTS/HSPA FDD BAND II, V

Operating Frequency
Ranges (MHz) /
Channels:

GSM 850: 824 MHz - 849 MHz

GSM 1900: 1850 MHz - 1910 MHz

UMTS FDD BAND V: 824 MHz - 849 MHz
UMTS FDD BAND II: 1850 MHz — 1910 MHz

Max. Measured Radiated
Output Power

31.5dBm EIRP GSM 850

Antenna info:

internal, PIFA, peak gain: 1.5dBi@850, 2.4dBi@1850

Rated Operating Voltage
Range:

e Li-ion Rechargeable Battery: Vmin: 3.3V dDC/ Vnom: 3.7V DC / Vmax:

42V DC
e AC/DC Battery Charger: 110V — 230V AC, 120mA.

Rated Operating
Temperature Range:

Tlow: -20° C/ Tnom: 22° C/ Tmax; 60° C

Other Radios included in WLAN
the Device: BILE 4.1
' GPS
Sample Revision: EPrototype;  OProduction;  OPre-Production
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3.2 Identification of the Equipment under Test (EUT)

EUT # Serial Number Sample HW / SW Version

1 320008 Radiated 001/3.0.0.1

3.3 Identification of Accessory equipment

AE # Type Model Manufacturer Serial Number

1 N/A
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4  Summary of Measurement Results

GSM 850, 850 MHz Band:

Temperature
Test Specification Test Case and Voltage Mode Pass | Fail | NA | NP Result
Conditions

§2.1046

§22.913 (a) RF Output Power Nominal GMSK: u O O O | Complies
RSS-132 5.4

§2.1055 Frequency

§22.355 Stability Nominal GMSK:z O O O | Note 1
RSS-1325.3

§2.1049 Occupied .

§22.917(b) Bandwidth Nominal GMSK2 O O O u Note 1
RSS-132 5.2

§2.1051

§22.917 cand Bdge Nominal GMSK, ool o] m | Noet
RSS-1325.5 P

§2.1051 Conducted

§22.917 Spurious Nominal GMSK: O O O u Note 1
RSS-132 5.5 Emissions

§2.1053 . .

§22.917 RadE‘te.d Spurious |\ ominal GMSK, m | O| O| O | Comples
RSS-132 5.5 missions

Note: NA= Not Applicable; NP= Not Performed.

Note 1: Leveraged from module certification. See Section 5.4

Note 2: It has been confirmed that GMSK modulation delivers highest channel power as well as highest power
density. Thus GMSK has been chosen to represent worst case for all measurements in this report.
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UMTS FDD V, 850MHz Band:

Temperature
Test Specification Test Case and Voltage Mode Pass | Fail | NA | NP Result
Conditions

§2.1046

§22.913 (a) RF Output Power Nominal UMTS FDD u O O O | Complies
RSS-132 5.4

§2.1055 Frequency

§22.355 Stabili Nominal UMTS FDD O O O u Note 1
RSS-1325.3 y

§2.1049 .

§22.917(b) g;?ﬁ:jﬁ] Nominal UMTS FDD O| 0| O] m | Notet
RSS-132 5.2

§2.1051

§22.917 gs;dli‘:]%ee Nominal UMTS FDD O| ol o = | Nott
RSS-132 5.5 P

§2.1051 Conducted

§22.917 Spurious Nominal UMTS FDD O O O | Note 1
RSS-132 5.5 Emissions

§2.1053 . .

§22.917 Radf;te.d Spurious |\ inal UMTS FDD m | O| 0| O comples
RSS-1325.5 missions

Note: NA= Not Applicable; NP= Not Performed.
Note 1: Leveraged from module certification. See Section 5.4
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GSM 1900, 1900 MHz Band:

Temperature
Test Specification Test Case and Voltage Mode Pass | Fail | NA | NP Result
Conditions

§2.1046

§24.232 (a) RF Output Power Nominal GMSK: u O O O | Complies
RSS-133 6.4

§2.1055 Frequency

§24.235 Stabilit Nominal GMSK: O O O u Note 1
RSS-133 6.3 y

§2.1049 .

§24.238(b) Boaicdu\zil:ja% Nominal GMSK: O|O| O = | Notet
RSS-133 6.2

§2.1051

§24.238 gj;dli?]%ee Nominal GMSK; O| o| ol = | Nt
RSS-133 6.5 P

§2.1051 Conducted

§24.238 Spurious Nominal GMSK: O O O | Note 1
RSS-133 6.5 Emissions

§2.1053 . .

§24238 | NORISISPUIOUS | oy GMSK m | O| O O |Comples
RSS-133 6.5 missions

Note: NA= Not Applicable; NP= Not Performed.
Note 1: Leveraged from module certification.
Note 2: It has been confirmed that GMSK modulation delivers highest channel power as well as highest power

density. Thus GMSK has been chosen to represent worst case for all measurements in this report.
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UMTS FDD Band II, 1900 MHz Band:

Temperature
Test Specification Test Case and Voltage Mode Pass | Fail | NA | NP Result
Conditions

§2.1046

§24.232 (a) RF Output Power Nominal UMTS FDD u O O O | Complies
RSS-133 6.4

Pl Frequency

§24.235 Stapilt Nominal UMTS FDD O| 0| 0| = | Notet
RSS-133 6.3 y

§2.1049 .

§24.238(b) é%cduv'[v’i'jt‘f] Nominal UMTS FDD O|o| O = | Notet
RSS-133 6.2

§2.1051

§24.238 gj;dli?]%ee Nominal UMTS FDD O| o| ol = | Nt
RSS-133 6.5 P

§2.1051 Conducted

§24.238 Spurious Nominal UMTS FDD O O O [ | Note 1
RSS-133 6.5 Emissions

§2.1053 . .

§24.238 Rad'gte.d Spurious |\ inal UMTS FDD m | O| 0| O comples
RSS-133 6.5 MISSIons

Note: NA= Not Applicable; NP= Not Performed.
Note 1: Leveraged from module certification.
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5 Measurements

5.1 Measurement Uncertainty

Uncertainty .Un.certamty Uncertainty | Uncertainty
. inin dB . .
in dB radiated in dB in dB
radiated 30MHz - radiated > Conducted
<30MHz 1GHz measurement
1GHz
standard deviation k=1 248 1.94 2.16 0.64
95% confidence interval in
dB 4.86 3.79 4.24 1.25
95% confidence interval in
dB in delta to Result
+2.5dB +-2.0dB +-2.3dB +-0.7dB

5.2 Nominal Environmental Conditions
- Ambient Temperature: 20-25°C
- Relative humidity: 40-60%

5.3 Nominal Environmental Test Conditions
- Test Temperature: 20°C (nominal);
- Test Voltage: 3.7 VDC( nominal);

Deviating test conditions are indicated at individual test description where applicable.

54 Inheriting Test Results from Incorporated Module Certification:
The EUT integrates the certified module UBlox Lisa U201 (details see EUT spec in section 3.1)

Taking into account guidance from FCC KDB 996369 (modular approval) and where relevant test procedures did not
change conducted test results are leveraged.

This test report contains full radiated testing as per FCC 22H/24E and RSS-132 issue 3 / RSS-133 issue 6

5.5  Nominal Cellular Test Conditions

1. The different cellular operation modes of the EUT as required for testing are controlled through the link with the
Digital Radio Communication Tester (R&S CMU200).

2. The EUT is tested on the low, mid and high channel of each of the supported cellular operation modes.

5.6  Additional Test Information.

Testing is performed according to the guidelines provided in FCC publication (KDB) 971168 D01 v02r02,
Measurement Guidance for Certification of Licensed Digital Transmitters and according to relevant parts of TIA-603C
2004 as detailed below.
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6 RF Power Output radiated

6.1 References
FCC: CFR Part 2.1046, CFR Part 22.913, CFR Part 24.232
IC: RSS-Gen issue 4, section 6.12; RSS-132 issue 3, section 5.4; RSS-133 issue 6, section 6.4

6.2 Limits:

ERP/EIRP (850 MHz Band)
FCC Part 22.913 (a) & RSS-132 Section 5.4

FCC: ERP < 38.45 dBm (7TW)
The effective radiated power (ERP) of mobile transmitters must not exceed 7 Watts.

IC: EIRP < 40.60 dBm (11.5W)
The transmitter output power shall be measured in terms of average power. The equivalent isotropically
radiated power (e.i.r.p.) for mobile equipment shall not exceed 11.5 watts.

EIRP (1900 MHz Band)
FCC Part 24.232 (c) (e) & RSS-133 Section 6.4/SRSP-510 Section 5.1.2

FCC: EIRP < 33 dBm (2W)

(b) Mobile/portable stations are limited to 2 Watts effective isotropic radiated power (EIRP).

(c) Peak transmit power must be measured over any interval of continuous transmission using
instrumentation calibrated in terms of an rms equivalent voltage. The measurement results shall be properly
adjusted for any limitations, such as detector response times, limited resolution bandwidth capability when
compared to the emission bandwidth, sensitivity, etc., so as to obtain a true peak measurement over the full
bandwidth of the channel.

IC: EIRP < 33 dBm (2W)
The transmitter output power shall be measured in terms of average power. The equivalent isotropically
radiated power (e.i.r.p.) for mobile equipment shall not exceed 2 watts.

6.3  Test modulation

It has been confirmed that the total output powers and power densities in 1MHz are highest on GSM
operating with GMSK modulation on one time slot.
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6.4 Measurement Result:

Band/Modulation Channel Measured Peak Limit [dBm] Verdict
Power [dBm]
GSM 850 / GMSK Low 30.6dBm ERP 38.45 dBm ERP PASS
GSM 850 / GMSK Mid 31.3dBm ERP 38.45 dBm ERP PASS
GSM 850 / GMSK High 31.5dBm ERP 38.45 dBm ERP PASS
UMTS V Low 23.8dBm ERP 38.45 dBm ERP PASS
UMTS V Mid 24.4dBm ERP 38.45 dBm ERP PASS
UMTS V High 24.2dBm ERP 38.45 dBm ERP PASS
GSM 1900 / GMSK Low 30.2dBm EIRP 33 dBm EIRP PASS
GSM 1900 / GMSK Mid 30.1dBm EIRP 33 dBm EIRP PASS
GSM 1900 / GMSK High 31.2dBm EIRP 33 dBm EIRP PASS
UMTS Il Low 25.7dBm EIRP 33 dBm EIRP PASS
UMTS Il Mid 25.1dBm EIRP 33 dBm EIRP PASS
UMTS Il High 24.4dBm EIRP 33 dBm EIRP PASS
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6.5 Measurement Plots:

6.5.1 EIRP, GSM 850, Tx: Ch. Low

35
34

24.0u000U MH

32 30:646-dBm

30

28

26

24

22

20

18

Level indBm

16 'L
14 ul

814 816 818 820 822 824 826 828 830 832 834
Frequency in MHz

Page 15 of 69



Test Report # EMC_MOOGI-005-15001_FCC 22 24
Date of Report : February 3, 2016

FcC ID: 2AGRz-ILC3000  CETECOM™
IC ID: 20942-1LC3000 bt

6.52 EIRP, GSM 850, Tx: Ch. Mid
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6.5.3 EIRP, GSM 850, Tx: Ch. High
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6.54 EIRP, UMTS FDD V, Tx: Ch. Low
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6.55 EIRP, UMTS FDD V, Tx: Ch. Mid
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6.56 EIRP, UMTS FDD V, Tx: Ch. High

35
34

32

30

28

846.878205 MHz
24.241 dBn;

24 o viLEv
22 w H-

20 Ww
18 (u

14 1
fl |

12

26

Level indBm

10

838 840 842 844 846 848 850 852 854 856 858
Frequency in MHz

Page 20 of 69



Test Report #: EMC_MOOGI-005-15001_FCC_22 24 FcCID: 2AGRz-ILc3000  CETECOM™
Date of Report : February 3, 2016 IC ID: 20942-1L.C3000 w

6.5.7 EIRP, GSM 1900, Tx: Ch. Low
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6.5.9 EIRP, GSM 1900, Tx: Ch. High
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6.5.12 EIRP, UMTS FDD II, Tx: Ch. High
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7  Spurious Emissions Radiated
7.1 References:

FCC: CFR Part 2.1053, CFR Part 22.917, CFR Part 24.238,
IC: RSS-Gen issue 4, section 6.13; RSS-132 issue 3, section 5.5; RSS-133 issue 6, section 6.5

7.2 Limits:

(a) Out of band emissions. The power of any emission outside of the authorized operating frequency
ranges must be attenuated below the transmitting power (P) by a factor of at least 43 + 10 log(P) dB.

For all power levels +30dBm to 0dBm, this becomes a constant specification of -13dBm.

7.2.1 FCC 22.917 Emission limitations for cellular equipment.

The rules in this section govern the spectral characteristics of emissions in the Cellular Radiotelephone
Service.

(b) Measurement procedure. Compliance with these provisions is based on the use of measurement
instrumentation employing a resolution bandwidth of 100 kHz or greater. In the 1 MHz bands immediately
outside and adjacent to the frequency block a resolution bandwidth of at least one percent of the emission
bandwidth of the fundamental emission of the transmitter may be employed. A narrower resolution
bandwidth is permitted in all cases to improve measurement accuracy provided the measured power is
integrated over the full required measurement bandwidth (i.e. 100 kHz of 1 percent of emission bandwidth,
as specified). The emission bandwidth is defined as the width of the signal between two points, one below
the carrier center frequency and one above the carrier center frequency, outside of which all emissions are
attenuated at least 26 dB below the transmitter power.

7.22 FCC 24.238 Emission limitations for Broadband PCS equipment.

The rules in this section govern the spectral characteristics of emissions in the Broadband Personal
Communications Service.

(b) Measurement procedure. Compliance with these provisions is based on the use of measurement
instrumentation employing a resolution bandwidth of 1 MHz or greater. However, in the 1 MHz bands
immediately outside and adjacent to the frequency block a resolution bandwidth of at least one percent of
the emission bandwidth of the fundamental emission of the transmitter may be employed. A narrower
resolution bandwidth is permitted in all cases to improve measurement accuracy provided the measured
power is integrated over the full required measurement bandwidth (i.e. 100 kHz of 1 percent of emission
bandwidth, as specified). The emission bandwidth is defined as the width of the signal between two points,
one below the carrier center frequency and one above the carrier center frequency, outside of which all
emissions are attenuated at least 26 dB below the transmitter power.

7.2.3 RSS-132 Section 5.5.1.1 and RSS-133 Section 6.5.1

In the first 1.0 MHz band immediately outside and adjacent to the licensee’s frequency block, the power of
emissions per any 1% of the emission bandwidth shall be attenuated below the transmitter output power P
(in watts) by at least 43 + 10 log1o(P), dB. After the first 1.0 MHz, the power of emissions shall be attenuated
below the transmitter output power by at least 43 + 10 log1o(P), dB, in any 100 kHz bandwidth.

After the first 1.5 MHz, the power of emissions shall be attenuated below the transmitter output power by at least 43 +
10 log10(P), dB, in any MHz of bandwidth.

Page 27 of 69



Test Report #: EMC_MOOGI-005-15001_FCC_22 24 FcCID: 2AGRz-ILc3000  CETECOM™
Date of Report : February 3, 2016 IC ID: 20942-1LC3000 »

7.3 Radiated out of band measurement procedure:
Ref: TIA-603C 2004- 2.2.12 Unwanted emissions: Radiated Spurious

Bilog or horn antenna

Signaling EUT

DRT/ ] l_

antenna
CMuU |
i Turntable
Spectrum i
Analyzer !

1. Connect the equipment as shown in the above diagram with the EUT’s antenna in a
horizontal orientation.

2. Adjust the settings of the Digital Radio Communication Tester (DRT) to set the EUT to its
maximum power at the required channel.

3. Set the spectrum analyzer to measure peak hold with the required settings.

4. Place the measurement antenna in a horizontal orientation. Rotate the EUT 360°. Raise
the measurement antenna up to 4 meters in 0.5 meters increments and rotate the EUT
360° at each height to maximize all emissions. Measure and record all spurious emissions
(LVL) up to the tenth harmonic of the carrier frequency.

5. Replace the EUT with a horizontally polarized half wave dipole or known gain antenna. The
center of the antenna should be at the same location as the center of the EUT’s antenna.

6. Connect the antenna to a signal generator with known output power and record the path
loss in dB (LOSS). LOSS = Generator Output Power (dBm) — Analyzer reading (dBm).

7. Determine the level of spurious emissions using the following equation:

Spurious (dBm) = LVL (dBm) + LOSS (dB):

Repeat steps 4, 5 and 6 with all antennas vertically polarized.

Determine the level of spurious emissions using the following equation:

Spurious (dBm) = LVL (dBm) + LOSS (dB):

10. Measurements are to be performed with the EUT set to the low, middle and high channel of
each frequency band.

(Note: Steps 5 and 6 above are performed prior to testing and LOSS is recorded by test
software. Steps 3, 4 and 7 above are performed with test software.)

© >
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7.3.1

Power Measurements using Substitution Procedure:

Sample Calculations for Radiated Measurements:

The measurement on the Spectrum Analyzer is used as a basis for the Substitution procedure.
The EUT is replaced with a Signal Generator and an antenna. The setting on the Signal Generator is varied until the
Spectrum Analyzer displays the original reading. EIRP is calculated as-

EIRP (dBm)= Signal Generator setting (dBm)- Cable Loss (dB)+ Antenna Gain (dBi). Example below.

Frequency Measured SA Gesr:g::tlor Antenna Dipole Gain | Cable Loss EIRP
(MHz) (dBuV) setting (dBm) Gain (dBi) (dBd) (dB) (dBm)
1000 95.5 24.5 6.5 0 3.5 27.5
7.3.2  Spectrum Analyzer Settings
Settings for FCC 22
30MHz - 1 GHz 1-1.58 GHz 1.58 - 9 GHz
Resolution
Bandwidth 100 kHz 1 MHz 1 MHz
Video Bandwidth 100 kHz 1 MHz 1 MHz
Detector Peak Peak Peak
Trace Mode Max Hold Max Hold Max Hold
Sweep Time Auto Auto Auto
Settings for FCC 24
30MHz - 1 GHz 1-2.7GHz 2.7-18 GHz 18 - 19.1 GHz
Resolution Bandwidth 100 kHz 1 MHz 1 MHz 1 MHz
Video Bandwidth 100 kHz 1 MHz 1 MHz 1 MHz
Detector Peak Peak Peak Peak
Trace Mode Max Hold Max Hold Max Hold Max Hold
Sweep Time Auto Auto Auto Auto
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CETECOM™

74 Test Results

741  GSM 850
varmonic | TXCMF128 | Level | Txch190 Lovel | Txch2st || e '-'m':gc
(dBm) (dBm) (dBm)
Freq. (MHz) Freq. (MHz) Freq. (MHz)

2 1648.4 -41.23 1673.2 NF 1697.6 NF

3 2472.6 NF 2509.8 413 2546.4 -45.3

4 3296.8 NF 3346.4 NF 3395.2 NF

5 4121 NF 4183 NF 4244 NF

6 494522 NF 5019.6 NF 5092.8 NF -13
7 5769.4 NF 5856.2 NF 5941.6 NF

8 6593.6 NF 6692.8 NF 6790.4 NF

9 7417.8 NF 7529.4 NF 7639.2 NF

10 8242 NF 8366 NF 8488 NF

NF = Noise Floor
Measurement Uncertainty: +3dB
742 UMTS FDD BAND V
Harmonic | TXCM128 | Level | Txch-190 Level | Txch2st || o '-';“I:;':gc
(dBm) (dBm) (dBm)
Freq. (MHz) Freq. (MHz) Freq. (MHz)

2 1648.4 NF 1673.2 NF 1697.6 NF

3 24726 NF 2509.8 NF 2546.4 NF

4 3296.8 NF 3346.4 NF 3395.2 NF

5 4121 NF 4183 NF 4244 NF

6 49452 NF 5019.6 NF 5092.8 NF -13
7 5769.4 NF 5856.2 NF 5941.6 NF

8 6593.6 NF 6692.8 NF 6790.4 NF

9 7417.8 NF 7529.4 NF 7639.2 NF

10 8242 NF 8366 NF 8488 NF

NF = Noise Floor
Measurement Uncertainty: +3dB
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743 GSM 1900

Tx ch-512 Tx ch-661 Tx ch-810 Limit
Harmonic Level Level Level FCC and
Freq. (MHz) | (@BM) | Freq. (MHz) | (dBM) Freq. (MHz) (dBm) | o (dBm)

2 3700.4 NF 3760 NF 3819.6 NF

3 5550.6 NF 5640 NF 5729.4 NF

4 7400.8 NF 7520 NF 7639.2 NF

5 9251 NF 9400 NF 9549 NF

6 11101.2 NF 11280 NF 11458.8 NF -13

7 12951.4 NF 13160 NF 13368.6 NF

8 14801.6 NF 15040 NF 15278.4 NF

9 16651.8 NF 16920 NF 17188.2 NF

10 18502 NF 18800 NF 19098 NF

NF = Noise Floor
Measurement Uncertainty: +3dB
744 UMTS FDD BAND II
Tx ch-512 Tx ch-661 Tx ch-810 Limit
Harmonic Level Level Level FCC and
Freq.(MHz) | (9BM) | Freq. (MHz) | (9BM) | Freq. (MH2) (dBm) | |c (dBm)

2 3700.4 NF 3760 NF 3819.6 NF

3 5550.6 NF 5640 NF 5729.4 NF

4 7400.8 NF 7520 NF 7639.2 NF

5 9251 NF 9400 NF 9549 NF

6 11101.2 NF 11280 NF 11458.8 NF -13

7 12951.4 NF 13160 NF 13368.6 NF

8 14801.6 NF 15040 NF 15278 4 NF

9 16651.8 NF 16920 NF 17188.2 NF

10 18502 NF 18800 NF 19098 NF

NF = Noise Floor

Measurement Uncertainty: +3dB
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Measurement Plots:

745 GSM 850, Tx: Ch. Low, 30 MHz - 1 GHz
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746 GSM 850, Tx: Ch. Low, 1 GHz -9 GHz
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747 GSM 850, Tx: Ch. Mid, 9 KHz — 30 MHz
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748 GSM 850, Tx: Ch. Mid, 30 MHz - 1 GHz
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749 GSM 850, Tx: Ch. Mid, 1 GHz -9 GHz
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7.4.10 GSM 850, Tx: Ch. High, 30 MHz - 1 GHz

Level indBm

-10

-15

-20

-25

-30

-35

-40

-45

-50

-55

-60

-65

-70

=

-75

L

-80

-85

-901

-95

-100

30M

50

60

80

100M

200

Frequency in Hz

400

500

800 1G

Page 37 of 69



Test Report #: EMC_MOOGI-005-15001_FCC_22 24 FcCID: 2AGRz-ILc3000  CETECOM™
Date of Report : February 3, 2016 IC ID: 20942-1L.C3000 w

7.4.11 GSM 850, Tx: Ch. High, 1 GHz - 9 GHz
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7.4.12 UMTS FDD Band V, Tx: Ch. Low, 30 MHz - 1 GHz
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7.4.13 UMTS FDD Band V, Tx: Ch. Low, 1 GHz - 9 GHz
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7.4.14 UMTS FDD Band V, Tx: Ch. Mid, 9 KHz - 30 MHz

10

-10
=1.3dBn

-15

-20

251"

30+

-35 [ L ' :
AR T VWBW\

-40

Level indBm
=

-45 t ! |

-50

-55 I

-60 .

-65

-70

-75

-80
9k 20 30 50 100k 200 300 500 iMm 2M  3M 5M 10M

Frequency in Hz

Page 41 of 69



Test Report #: EMC_MOOGI-005-15001_FCC_22 24 FcCID: 2AGRz-ILc3000  CETECOM™
Date of Report : February 3, 2016 IC ID: 20942-1L.C3000 w

7.4.15 UMTS FDD Band V, Tx: Ch. Mid, 30 MHz - 1 GHz
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7.4.16 UMTS FDD Band V, Tx: Ch. Mid, 1 GHz - 9 GHz
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7.4.17 UMTS FDD Band V, Tx: Ch. High, 30 MHz - 1 GHz
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7.4.18 UMTS FDD Band V, Tx: Ch. High, 1 GHz - 9 GHz
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7.4.19 GSM 1900, Tx: Ch. Low, 30 MHz - 1 GHz
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7.4.20 GSM 1900, Tx: Ch. Low, 1 GHz - 18 GHz
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7.4.21 GSM 1900, Tx: Ch. Low, 18 GHz - 22 GHz

Level indBm

-10

-15

-20

-25

-30

-35

-40

-45

-50

19.346153846 GHz
-21.640.dBm

Y

ZARRGE0-CH
UGt

40D

413 dBm

N
[=]
L @
w

N
al

H AR Y

MWW i

.u HWHJK MJ\WMWW

18 18.5 19 19.5 20 20.5 21 21.5

Frequency in GHz

22

Page 48 of 69



Test Report # EMC_MOOGI-005-15001_FCC 22 24
Date of Report : February 3, 2016

FCC ID: 2AGRZ-ILC3000
IC ID: 20942-1LC3000

CETECOM"

7.4.22 GSM 1900, Tx: Ch. Mid, 9 KHz — 30 MHz
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7.4.23 GSM 1900, Tx: Ch. Mid, 30 MHz - 1 GHz
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7.4.24 GSM 1900, Tx: Ch. Mid, 1 GHz - 18 GHz
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7.4.25 GSM 1900, Tx: Ch. Mid, 18 GHz - 22 GHz
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7.4.26 GSM 1900, Tx: Ch. High, 30 MHz — 1 GHz
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7.4.27 GSM 1900, Tx: Ch. High, 1 GHz - 18 GHz
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7.4.28 GSM 1900, Tx: Ch. High, 18 GHz - 22 GHz

Level indBm

-10

-15

-20

-25

-30

-35

-40

-45

-50

19.33974359
-23.410 dBm

0 GHz

1
/|

/

lh..A

TWY

18

18.5

19

19.5

20

Frequency in GHz

20.5

21

22

Page 55 of 69



Test Report # EMC_MOOGI-005-15001_FCC 22 24
Date of Report : February 3, 2016

FCC ID: 2AGRZ-ILC3000
IC ID: 20942-1LC3000

CETECOM"

7.4.29 UMTS FDD Band II, Tx: Ch. Low, 30 MHz - 1 GHz
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7.4.30 UMTS FDD Band II, Tx: Ch. Low, 1 GHz — 18 GHz
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7.4.31 UMTS FDD Band II, Tx: Ch. Low, 18 GHz — 22 GHz
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7.4.32 UMTS FDD Band II, Tx: Ch. Mid, 9 KHz - 30 MHz
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7.4.33 UMTS FDD Band II, Tx: Ch. Mid, 30 MHz - 1 GHz
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7.4.34 UMTS FDD Band II, Tx: Ch. Mid, 1 GHz - 18 GHz
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7.4.35 UMTS FDD Band II, Tx: Ch. Mid, 18 GHz — 22 GHz
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7.4.36 UMTS FDD Band II, Tx: Ch. High, 30 MHz - 1 GHz
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7.4.37 UMTS FDD Band II, Tx: Ch. High, 1 GHz — 18 GHz
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7.4.38 UMTS FDD Band II, Tx: Ch. High, 18 GHz - 22 GHz
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8 Test Equipment and Ancillaries used for tests.

Item Name Equipment Type Manufacturer Model Serial # Calibration Cycle L c;;'tl;ra“

Antenna Biconilog 3142E Biconlog Antenna EMCO 3142E 166067 3 years 6/14/2014
Antenna Horn 3115 SN 35111 Horn Antenna EMCO 3115 35111 3 years 712412015
Antenna Horn 3116 Hom Antenna ETS Lindgren 3116 70497 3 years 712212015
Antenna Loop 6512 Loop Antenna ETS Lindgren 6512 49838 3 years 3/13/2014
Digital Barometer Cogpad Digtal Control Company 35519-055 91119547 2 Years 41712015

arometer

Receiver ESU40 EMI Receiver R&S ESU40 100251 3 years 6/29/2015

Spectrum Analyzer FSU26 #2 Spectrum Analyzer R&S FSU26 200065 3 years 71412015

Equipment used meets the measurement uncertainty requirements as required per applicable standards for 95% confidence levels.
Calibration due dates, unless defined specifically, falls on the last day of the month.
Items indicated “N/A” for cal status either do not specifically require calibration or is internally characterized before use.
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10 Revision History

Date Report Name Changes to Report prepared
Report by
February 3, 2016 EMC_MOOGI-005-15001_FCC_22_24 Initial Version Yu-Chien Ho
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