RHEIN TECH

Engineering Solutions & Electromagnetic Compatibility Services

Certification Application Report for Full Modular Approval
FCC Part 15.247 & Industry Canada RSS-210

Test Lab:

Tel: 703-689-0368
Fax: 703-689-2056
www.rheintech.com

Rhein Tech Laboratories, Inc.
360 Herndon Parkway

Suite 1400

Herndon, VA 20170

E-Mail: atcbinfo@rheintech.com

Applicant:

Hunter Engineering Co. Tel: 314-731-3020
11250 Hunter Drive Fax: 314-731-9932
Bridgeton, MO 63044-2391
Contact: Jim McClenahan

FCC ID/ LS3-45-1443 .

IC 2038A-451443 Test Report Date April 12, 2013
Platform N/A RTL Work Order # 2013040
Model 45-1443 RTL Quote # QRTL13-040A

ANSI C63.4-2003: Methods of Measurement of Radio-Noise Emissions from
Low-Voltage Electrical and Electronic Equipment in the Range of 9 kHz to 40
GHz

American National
Standard Institute

FCC Classification DTS — Part 15 Digital Transmission System

FCC Rule
Part(s)/Guidance

FCC Rules Part 15.247: Operation within the bands 920-928 MHz, 2400-
2483.5 MHz and 5725-5850 MHz Direct Sequence System 2012

RSS-210 Issue 8: Low Power License-Exempt Communications Devices
Industry Canada

RSS-Gen Issue 5: General Requirements and Information for the Certification
of Radio Apparatus

Industry Canada

DIIEY TS FEEE Digital Interface was found to be compliant

Information
Emission
Frequency Range (MHz) Output Power (W)* Frequency Tolerance Designator
2405 — 2480 0.002 N/A 1M50FXD

* power is peak conducted

I, the undersigned, hereby declare that the equipment tested and referenced in this report conforms to the
identified standard(s) as described in this test report. No modifications were made to the equipment
during testing in order to achieve compliance with these standards. Furthermore, there was no deviation
from, additions to, or exclusions from, the applicable parts of FCC Part 2, FCC Part 15, Industry Canada
RSS-210, RSS-Gen, and ANSI C63.4.

W,\ e
Signature:

Typed/Printed Name: Desmond A. Fraser

Date: April 12, 2013

Position: President

This report may not be reproduced, except in full, without the written approval of Rhein Tech
Laboratories, Inc. and Hunter Engineering Company. The test results relate only to the item(s) tested.

These tests are accredited and meet the requirements of ISO/IEC 17025 as verified by ANSI-ASQ
National Accreditation Board/ACLASS. Refer to certificate and scope of accreditation AT-1445.

360 Herndon Pkwy | Suite 1400 | Herndon | Virginia 20170
Phone: 703.689.0368 | Fax: 703.689.2056 | www.rheintech.com



mailto:atcbinfo@rheintech.com

Rhein Tech Laboratories, Inc. Client: Hunter Engineering Company

360 Herndon Parkway Model: 45-1443
Suite 1400 Standards: FCC 15.247/IC RSS-210
Herndon, VA 20170 ID’s: LS3-45-1443/2938A-451443
http://www.rheintech.com Report #: 2013040

Table of Contents

1 General INFOMMALION ........ueiiiii ettt e e e e e e s ettt e e e e e e e e s bbb aeeeaeeesaannteneeeeaens 5
1.1 S To]o] o PP P PP PR RPR PP 5
1.2 [T g o] 1o o T ] LU RS 5
1.3 L= 0 = T 14/ SRR 5
1.4 Related SUDMIttAI(S)/GIAaNt(S) ...veeeeeiiiciiiieiie e e i s s s e e e e s e e e e e e e st e e e e e e s e s nnnrenneeeees 5
15 Y ToTo I} o= 110 ] £ PPO PP 5

A =2 ] o] 1 1 F= U1 o o I R P 6
2.1 DeSCriptioN Of TESE MOUES .....uvviiieeii ittt s e e e e e e e e e e e e e e aanb et e e e e e e s e snnnrrnaeeeaes 6
2.2 = (o 1Yo I 1= = O R 6
2.3 TSt RESUIL SUMMIAIY .....uetiiiiiiiiiieiiieeeieeseeteeeeeeeeeeeeereeeaeeeeeeesseeee e seeseesesssseesssssssssssssssssssnsnsnsnnnsnsnsnnns 6
2.4 LIS RS ) Y ] (o 1 T I L] = V]S 7
2.5 Configuration Of Tested SYSteM .....ccccii i 7

3 Peak Output Power - 15.247(D)(3); RSS-GeN ..cccc i i 8
3.1 Power OULPUL TESt PrOCEUUIE........uuuutuieiitiiiiiiiieieieierereeareraare e aeeererarerereresersrnssensnrnrsrnrnnnnnnes 8
3.2 POWET OULPUL TESE DAL ..uuuuiieiiiieiiiiie ettt e e e e et e et e e e aab e e e e e eeaeaeaans 8

4 Compliance with the Band Edge — FCC 15.247(d); RSS-GEN ......coovvvvviiiiiiiieiieeeeeeeeeeeeeeeeeee e 9
4.1 (2T Lo I o [o T I =] A o Yo =T o [0S 9
4.2 oo T Lo o o T =Sy A TS U 10

4.2.1 Calculation of Lower Band EAQe..........coooviviiiiiiiiii ettt 10
4.2.2 Lower Band Edge — Conducted Delta POt ..........ccuiiiiiiiiiiiiiieie e 10
4.2.3 Calculation of Upper Band EAQE.........oocuuiiiiiiiiieiiiiiee ettt sbneee e 11
4.2.4 Upper Band Edge — Conducted Delta PIOt ...........cuiiiiiiiiiiiiiiie e 11

5 Antenna Conducted Spurious Emissions - 15.247(d); RSS-GeN.........cccce e, 13
5.1 Antenna Conducted Spurious Emissions Test ProCeAUIES ..........ccvvveeereeeiniiiiiieeeee e essiiieeeee s 13

6 6 dB Bandwidth - 15.247(a)(2); RSS-210 AB.2(8) ....uueeetiuieeeiiiiieeeiiieeeestieeeesieeeeessteeeessnteeaesssaeeesnnens 14
6.1 6 dB Bandwidth Test Procedure — Minimum 6 dB Bandwidth ...............cccoiiiiiic, 14
6.2 6 dB Bandwidth TeSt RESUILS .........coiiiiiiiiiieie et e e 14

7  Power Spectral Density - 15.247(€); RSS-210 A8.2(D) ...ccooeie i, 18
7.1 Power Spectral Density TeSt PrOCEUUIE .........uuuiuuiiiiiiiiiiiieiiieieiaiaiereisieinrernrerernrerererererernrarn—. 18
7.2 Power Spectral DeNnSity TESt DAl@l........uuuuuruiuiiiiiiiiiiiiiuiiiiieieieieiiieiarereieereereea—————. 18

8 Radiated EmMISSIONS - 15.209; RSS-210 6.2.1 ....uuuuiiiiiiieieeete e e e e e e e e e s e e e e e e eeeeaaaans 22
8.1 Limits of Radiated EMIiSSIONS MEASUIMEMENT..........uuiiiiiiiiiiiiiiiie e 22
8.2 Radiated Emissions Measurement TeSt ProCeAUIE...........ccuuuieiiiieiiiiiiiiiiit e 22
8.3 Radiated EMISSIONS TSt RESUILS ........eeiiiiiiiii i 24

8.3.1 Radiated EmIisSions Digital TESt DAtA.........uuteeiiuiieeiiiiie ettt 24
8.3.2 Radiated Emissions Harmonics/Spurious TeSt DAt ..........ccueeeiriiieeiiiiieeiriiiee e 24

9  Conducted Limits - 15.207, RSS-GEN ....coiiiiiiiiiiiiiie ettt e e s ee e e e e e e e aaes 26
9.1 Test Methodology for Conducted Line Emissions Measurements...........ccooveuveieeeeeeeiniiiiieeeeenn 26
9.2 Conducted Line EMISSIONS TeSt DESCIIPLON .....ccoiiiiiieiiiiie et 26
9.3 Conducted Line EMISSIONS TESE DALA.........uuueiiieeiiiiiiiiiiiieeessiiiiireeee e e e s sstnneeeeeeessssssnneeeeaeesssnnns 27
9.4 Conducted Line EMISSIONS TeSt EQUIPMENT ......ccoiiiiiiiiiiie ettt 28

O o] T 111 o] o H TP PRTPTR 28

Page 2 of 53



Rhein Tech Laboratories, Inc. Client: Hunter Engineering Company

360 Herndon Parkway Model: 45-1443
Suite 1400 Standards: FCC 15.247/IC RSS-210
Herndon, VA 20170 ID’s: LS3-45-1443/2938A-451443
http://www.rheintech.com Report #: 2013040

Figure Index

Figure 2-1: Configuration of SYStemM UNAEr TESt......ccciiiiiiiiiiei e e e 7

Table Index

Table 2-1: ChannElS TESIEU ....oivieeiiie it r e s e 6
Table 2-2: Test Result Summary — FCC Part 15 Subpart C (Section 15.247).......ccccccveeeeevicennnen, 6
Table 2-3: EQUIPMENT UNAET TEST ...ttt 7
Table 3-1: Power Output TESt EQUIPMENT ....ccciiiiiiiiiiie et 8
Table 3-2: POWEr OULPUL TESE DALA.....eeiiiiiiiieiiiiie ettt e e e 8
Table 4-1: Band Edge TeSt EQUIPMENT ........oiiiiiiiieiiiie ettt 9
Table 5-1: Antenna Conducted Spurious Emissions Test EQUIPMENt ...........ccccveiriieeeiniieeeenenn 13
Table 6-1: 6 dB Bandwidth Test EQUIPIMENT..........eiiiiiiiie ittt 14
Table 6-2: 6 dB Bandwidth TESt DALA ..........ceeeiririeeeiiiiiee it e e rree e 14
Table 7-1: Power Spectral Density Test EQUIPMENL..........coooieiiiiii e, 18
Table 7-2: Power Spectral Density TesSt Data ........cccooeeieieii e 18
Table 8-1: Radiated EmIissions Test EQUIPMENT .........ccooiiiiii e 23
Table 8-2: Digital Radiated Emissions Test Data............ccccoe oo 24
Table 8-3: Radiated Emissions Harmonics/Spurious - 2405 MHZ ...........ccccciviiiiiiniie e 24
Table 8-4: Radiated Emissions Harmonics/Spurious - 2440 MHZ ...........ccccciviieiiniiie e 24
Table 8-5: Radiated Emissions Harmonics/Spurious - 2480 MHZ ...........cccccoiiiiiniie e 25
Table 9-1: Conducted Line EmIsSions TeSt EQUIPMENT ........coooiiiiiiiiiiiieeiiieee et 28
Plot Index
Plot 4-1: LOWET BANG EAQE......eiiiiiiiie ettt ettt ettt e e e e 10
Plot 4-2: UPPEr BaNd EAQE.......oiiiiiiieei ettt 11
Plot 6-1: 6 dB Bandwidth — 2405 MHZ..........ooiiiiiioiiieie et e e e 15
Plot 6-2: 6 dB Bandwidth — 2440 MHZ........coooiiiiiiiiie e 16
Plot 6-3: 6 dB Bandwidth — 2480 MHZ.........cocuiiiiiiiiie e 17
Plot 7-1: Power Spectral Density — 2405 MHZ ..., 19
Plot 7-2: Power Spectral Density — 2440 MHZ ..., 20
Plot 7-3: Power Spectral Density — 2480 MHZ ..., 21
Plot 9-1: Conducted Emissions (Phase Side); Mode: TransSmit ..........coooieeeriiiieniiiieeeeiiieeeens 27
Plot 9-2: Conducted Emissions (Neutral Side); Mode: TransSmit...........cocceeeeiiieeeiiiieeeeniieeeens 27

Page 3 of 53



Rhein Tech Laboratories, Inc. Client: Hunter Engineering Company
360 Herndon Parkway Model: 45-1443

Suite 1400

Herndon, VA 20170

Standards: FCC 15.247/IC RSS-210
ID’s: LS3-45-1443/2938A-451443

http://www.rheintech.com Report #: 2013040

Appendix Index

Appendix A:
Appendix B:
Appendix C:
Appendix D:
Appendix E:
Appendix F:
Appendix G:
Appendix H:
Appendix I:

Appendix J:
Appendix K:
Appendix L:
Appendix M:
Appendix N:
Appendix O:
Appendix P:

FCC Part 1.1307, 1.1310, 2.1091, 2.1093; IC RSS-Gen: RF EXposure..............c..... 29
ACB Agency AUthOrization LEtter...........uviiiiie e 30
FCC Confidentiality REQUESE LETIET ......c.ouiieiiiiiiee et 31
FCC Modular APProval CrEEIIA .........ueeeiiiiieeiiie ettt 32
L LBl S e 33
IC Confidentiality REQUEST..........cooiiiiiee et 34
Canadian-Based Representative AtteStation ............cccceeiiiieeiiiiieee e 35
IC Modular APProval CHEEIIA . ........oiueieiiiiiie et 36
Label and Label LOCALION .........c.coiriiiiiieiiee e 37
Technical Operational DeSCIIPLION .......cciiiiieeicece e 39
SCNEIMALICS ...ttt ettt e e et e e e e e 40
BIOCK DIagram ... ————— 41
IMTBINMUAL ... et e e e e e e e 42
TSt PROtOGrapNS .....ceieieiie ettt 43
External Photographs.........cooiiiiiiiiii e a7
INternal PhOtOgrapiS ........veiiei it 51

Photograph 1:
Photograph 2:
Photograph 3:
Photograph 4:
Photograph 5:
Photograph 6:
Photograph 7:
Photograph 8:
Photograph 9:

Photograph 10:
Photograph 11:
Photograph 12:
Photograph 13:
Photograph 14:

ID Label & LOCALION .....uviiiiieeeiiiiiiiiie ettt e ettt e e e e e st e e e e e e s e snnnbnneeeeeeeenannns 37
“Contains FCC ID:....." Label SamPIe ........cccuviiiiiiiiiiiice e 38
“Contains FCC ID:...."” Label Location on Back of Sample HOSt..........cccccooiiiiiennnneen. 38
Radiated Emissions Testing — FrONt VIEW .........ccooiiiiiiiiiieeiieeeie e 43
Radiated Emissions Testing — Back VIEW ..., 44
AC Conducted Emissions Testing — Front VIEW .......cccoooiiiiiiiiiiiii e, 45
AC Conducted Emissions Testing — Back VIEW........ccoooveiiiiiiiiiiii e, 46
PCB Front With Shi€ld .........ooo i a7
PCB Front Without SHIEIA ..........cuiiiiiiieie e 48
01 S T Vo PSP 49
SAMPIE HOSE ...ttt 50
PCB Front With ShIi€ld ........ccoi i e e e e e 51
PCB Front WithOut SHIEId ..........euiiiiiieee e e e 52
O 2 3 2 - Tod SO PRERR 53

Page 4 of 53



Rhein Tech Laboratories, Inc. Client: Hunter Engineering Company

360 Herndon Parkway Model: 45-1443
Suite 1400 Standards: FCC 15.247/IC RSS-210
Herndon, VA 20170 ID’s: LS3-45-1443/2938A-451443
http://www.rheintech.com Report #: 2013040

1 General Information

1.1 Scope

This is an original FCC and Industry Canada certification application request.
Applicable Standards:

» FCC Rules Part 15.247: Frequency Hopping, Direct Spread Spectrum and Hybrid Systems that
are in operation within the bands of 902-928 MHz, 2400-2483.5 MHz and 5725-5850 MHz.

»= Industry Canada RSS-210: Low Power License-Exempt Communications Devices
Industry Canada RSS-Gen: General Requirements and Information for the Certification of Radio
Apparatus

1.2 Description of EUT

Equipment Under Test Transceiver

Model 45-1443

Power Supply 2 AA batteries (1.5V each)
Modulation Type DSSS

Frequency Range 2405 — 2480 MHz
Antenna Type & Gain PCB inverted F 3.3 dBi

1.3 Test Facility

The open area test site and conducted measurement facility used to collect the radiated data is located at
360 Herndon Parkway, Suite 1400, Herndon, Virginia 20170. This site has been fully described in a
report and approved by the Federal Communications Commission to perform AC line conducted and
radiated emissions testing (ANSI C63.4-2003).

1.4 Related Submittal(s)/Grant(s)

This is an original application for full modular approval for Hunter Engineering Company Model 45-1443,
FCC ID: LS3-45-1443, IC: 2938A-451443.

1.5 Modifications

No modifications were made to the equipment during testing in order to achieve compliance with these
standards.
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2 Test Information
2.1 Description of Test Modes

In accordance with FCC 15.31(m), and because the EUT utilizes an operating band greater than 10 MHz,
the following frequencies were tested:

Table 2-1: Channels Tested
Channel Frequency
Low 2405
Middle 2440
High 2480

2.2 Exercising the EUT

The EUT was supplied with test firmware programmed with a high, mid, and low channel for testing. The
EUT was tested in all three orthogonal planes in order to determine worst-case emissions. The EUT was
provided with software to continuously transmit during testing. The carrier was also checked to verify that
information was being transmitted. There were no deviations from the test standard(s) and/or methods.
The test results reported relate only to the item tested.

2.3 Test Result Summary

Table 2-2: Test Result Summary — FCC Part 15 Subpart C (Section 15.247)
Pass/Fail

Standard Test or N/A
FCC 15.207 AC Power Conducted Emissions Pass
FCC 15.209 Radiated Emissions Pass
FCC 15.247(a)(2) 6 dB Bandwidth Pass
FCC 15.247(b) Maximum Peak Power Output Pass
FCC 15.247(d) Antenna Conducted Spurious Emissions Pass
FCC 15.247(e) Power Spectral Density Pass
FCC 15.247(d) Band Edge Measurement Pass
RSS-Gen 99% Bandwidth N/A
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2.4  Test System Details

The test samples were received on March 14, 2013. The FCC identifiers for all applicable equipment, plus
descriptions of all cables used in the tested system, are identified in the following table.

Table 2-3: Equipment under Test
. RTL
Part Manufacturer Model e FCC ID Cak_)Ie. Bar
Number Description
Code
Hunter
Transceiver Engineering 45-1443 01612CXA LS3-45-1443 N/A 20877
Company
Hunter
Transceiver Engineering 45-1443 01617CX LS3-45-1443 N/A 20878
Company

2.5 Configuration of Tested System

Figure 2-1: Configuration of System under Test
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3 Peak Output Power - 15.247(b)(3); RSS-Gen

3.1 Power Output Test Procedure

A conducted power measurement of the EUT was taken.

Client: Hunter Engineering Company
Model: 45-1443

Standards: FCC 15.247/IC RSS-210
ID’s: LS3-45-1443/2938A-451443
Report #: 2013040

Table 3-1: Power Output Test Equipment
RTL Asset # | Manufacturer Model Part Type Serial Number CalllEnror
Due Date
901581 SOhde & 1166.1660.50 | Spectrum Analyzer 2001006 6/3/13
chwarz
3.2 Power Output Test Data
Table 3-2: Power Output Test Data
Peak Power
Channel Frequency (MHz) Conducted Output (dBm)
Low 2405 -6.9
Middle 2440 3.0
High 2480 -8.2
Test Personnel:
(.l Bboct”
Dan Baltzell April 5, 2013

Test Engineer

Signature

Date of Test
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Client: Hunter Engineering Company

Model: 45-1443

Standards: FCC 15.247/IC RSS-210

4 Compliance with the Band Edge — FCC 15.247(d); RSS-Gen

4.1 Band Edge Test Procedure

ID’s: LS3-45-1443/2938A-451443

Report #: 2013040

The transmitter output was connected to its appropriate antenna. A conducted antenna port delta
measurement was performed from the highest peak in the restricted band to the peak of the fundamental,
and subtracted from the radiated field strength; the result was compared to the limit.

Table 4-1: Band Edge Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
900772 EMCO 3161-02 Horn Antenna 2 - 4 GHz 9804-1044 4/19/14
900878 Rhein Tech AM3-1197- 3 meter Antenna Mast, Outdoor Not
Laboratories 0005 polarizing Range 1 Required
Insulated Wire KPS-1503- »
901594 Inc. 360-KPR SMK RF Cables 36 NA 8/16/13
Rhein Tech WRT-000- . Not
901242 Laboratories 0003 Wood Rotating Table N/A Required
Rohde &
901581 1166.1660.50 Spectrum Analyzer 2001006 6/3/13
Schwarz
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4.2 Band Edge Test Results

4.2.1 Calculation of Lower Band Edge

86.8 dBuV/m is the field strength measurement, from which the delta measurement of 48.3 dB is
subtracted, resulting in a level of 38.5 dB. This level has a margin of 15.5 dB below the limit of 54
dBuVv/m.

Calculation: 86.8 dBuV/m —48.3 dB — 54 dBuV/m =-15.5 dB

Peak Field Strength of Lower Band Edge (1 MHz RBW/8 MHz VBW) = 87.7 dBuV/m
Average Field Strength of Lower Band Edge (1 MHz RBW/10 Hz VBW) = 86.8 dBuV/m
Delta measurement = 48.3 dB

4.2.2 Lower Band Edge — Conducted Delta Plot

Plot 4-1: Lower Band Edge
@ RBW 1 MHz Delta 1 [T1 1]
VBW 3 MH=z 48.33 dB
Ref -6 dBm *Att 0 dB SWT 2.5 ms £3.173076923 MH=z
M 1 T1
--10 arf\ 1 [T1]]

~-54.99 dBm
2.881410256 cuz|IEM
¢
n x|
--30 / \
40

/ \M\
S A 1

_fa ”“m,|hmﬂﬂﬁﬂ' ik o 3DB

70

-—-80

-—-20

[-—-100

Center 2.39 GHz 5 MHz/ Span 50 MHz

Date: 5.APR.2013 22:00:03
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4.2.3 Calculation of Upper Band Edge

84.2 dBuV/m is the field strength measurement, from which the delta measurement of 40 dB is
subtracted, resulting in a level of 44.2 dB. This level has a margin of 9.8 dB below the limit of 54 dBuV/m.
Calculation: 84.2 dBuV/m — 40 dB — 54 dBuV/m =-9.8 dB

Peak Field Strength of Lower Band Edge (1 MHz RBW/8 MHz VBW) = 84.9 dBuV/m
Average Field Strength of Lower Band Edge (1 MHz RBW/10 Hz VBW) = 84.2 dBuV/m
Delta measurement = 40 dB

4.2.4 Upper Band Edge — Conducted Delta Plot

Plot 4-2: Upper Band Edge
® RBW 200 kHz Delta 1 [T1 ]
VBW 500 kHz 40.03 dB
Ref -6 dBm *Att O dB SWT 2.5 ms ~4.182692308 MHz
1 Markdr 1 [T1|]

j‘"\\f —5(.64 dbm
2.484621795 cHz |[IEM

\\

i

[-—-40

i BV A

70

S
W

-—-80

--20

——100

Center 2.4835 GHz 1 MHz/ Span 10 MHz

Date: 5.APR.2013 22:02:05
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Test Personnel:

Dan Baltzell

Client: Hunter Engineering Company
Model: 45-1443

Standards: FCC 15.247/IC RSS-210
ID’s: LS3-45-1443/2938A-451443
Report #: 2013040

April 5, 2013

Test Engineer

Signature

Date of Test
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5 Antenna Conducted Spurious Emissions - 15.247(d); RSS-Gen

5.1 Antenna Conducted Spurious Emissions Test Procedures

Client: Hunter Engineering Company
Model: 45-1443

Standards: FCC 15.247/IC RSS-210
ID’s: LS3-45-1443/2938A-451443
Report #: 2013040

Antenna spurious emissions per FCC 15.247(c) was measured from the EUT antenna port using a

50 ohm spectrum analyzer with the resolution bandwidth set at 100 kHz, and the video bandwidth set at
1 MHz. The modulated carrier was identified at the following frequencies: 2405 MHz, 2440 MHz and
2480 MHz.

No harmonics or spurs were found within 20 dB (note that we are reporting power as peak) of the limit
from the carrier to the 10™ harmonic of the carrier frequency. Per FCC 15.31(0), no data is being

reported.
Table 5-1: Antenna Conducted Spurious Emissions Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
Rohde &
901581 1166.1660.50 Spectrum Analyzer 2001006 6/3/13
Schwarz

Test Personnel:

Dan Baltzell

March 17, 2013

Test Engineer

Signature

Date of Test
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Client: Hunter Engineering Company

Model: 45-1443

Standards: FCC 15.247/IC RSS-210
ID’s: LS3-45-1443/2938A-451443
Report #: 2013040

6 6dB Bandwidth - 15.247(a)(2); RSS-210 A8.2(a)

6.1

6 dB Bandwidth Test Procedure — Minimum 6 dB Bandwidth

The minimum 6 dB bandwidths per FCC 15.247(a)(2) were measured using a 50 ohm spectrum analyzer
with the resolution bandwidth set at 100 kHz, and the video bandwidth set at 1 MHz. The device was
modulated. The minimum 6 dB bandwidths are presented below.

Table 6-1: 6 dB Bandwidth Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
Rohde &
901581 1166.1660.50 Spectrum Analyzer 2001006 6/3/13
Schwarz
6.2 6 dB Bandwidth Test Results
Table 6-2: 6 dB Bandwidth Test Data
Frequency (MHz) 6 dB Bandwidth (MHz) | Minimum Limit (MHZz) Pass/Fail
2405 15 0.5 Pass
2440 1.5 0.5 Pass
2480 15 0.5 Pass
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Client: Hunter Engineering Company
Model: 45-1443
Standards: FCC 15.247/IC RSS-210

ID’s: LS3-45-1443/2938A-451443
Report #: 2013040

Plot 6-1: 6 dB Bandwidth — 2405 MHz
@ RBW 100 kHz Marker 1 [T1 ]
VBW 1 MH=z —2.25 dBm
Ref 8 dBm *Att 30 dB SWT 2.5 ms 2.404903846 GHz
OBW [1.490384615 MHz
1 Temp (1 [T1 OBW]
e v —3.20 dBm
2.40419§718 GHz
T1 ﬂﬂjrhr\ TE2
1 ol » 7 /\/\/\7 Temp |2 [T1 OBW]
a2 b7 —4.01 dBm
/ﬂ\H\ 2.40568%103 GHz
-—20
L/ \r\ kw[ S
-—40
50
-0
70
30
-—30
Center 2.405 GH=z 500 kHz/ Span 5 MH=z

Date: 18.MAR.2013 00:19:55

3DB
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Plot 6-2: 6 dB Bandwidth — 2440 MHz

Client: Hunter Engineering Company
Model: 45-1443
Standards: FCC 15.247/IC RSS-210

ID’s: LS3-45-1443/2938A-451443
Report #: 2013040
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Plot 6-3:

6 dB Bandwidth — 2480 MHz

Client: Hunter Engineering Company

Model: 45-1443

Standards: FCC 15.247/IC RSS-210
ID’s: LS3-45-1443/2938A-451443
Report #: 2013040
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7 Power Spectral Density - 15.247(e); RSS-210 A8.2(b)
7.1 Power Spectral Density Test Procedure

The power spectral density per FCC 15.247(e) was measured using a 50 ohm spectrum analyzer with the
resolution bandwidth set at 3 kHz, the video bandwidth set at 10 kHz, and the sweep time set at 100
seconds. The spectral lines were resolved for the modulated carriers at 2405, 2440 and 2480 MHz.
These levels are below the +8 dBm limit. See the power spectral density table and plots.

Table 7-1: Power Spectral Density Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
Rohde &
901581 1166.1660.50 Spectrum Analyzer 2001006 6/3/13
Schwarz
7.2 Power Spectral Density Test Data
Table 7-2: Power Spectral Density Test Data
Frequency (MHz) RF Power Level (dBm) Maximum Limit +8dBm Pass/Fail
2405 -6.9 8 Pass
2440 -7.5 8 Pass
2480 -8.1 8 Pass
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Plot 7-1: Power Spectral Density — 2405 MHz
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Plot 7-2: Power Spectral Density — 2440 MHz

Client: Hunter Engineering Company
Model: 45-1443

Standards: FCC 15.247/IC RSS-210
ID’s: LS3-45-1443/2938A-451443
Report #: 2013040
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Plot 7-3: Power Spectral Density — 2480 MHz

Client: Hunter Engineering Company
Model: 45-1443

Standards: FCC 15.247/IC RSS-210
ID’s: LS3-45-1443/2938A-451443
Report #: 2013040
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8 Radiated Emissions - 15.209; RSS-210 6.2.1

8.1 Limits of Radiated Emissions Measurement

Frequency (MHz) Field Strength (uv/m) Measurement Distance (m)
0.009-0.490 2400/f (kHz) 300
0.490-1.705 2400/f (kHz) 30

1.705-30.0 30 30
30-88 100 3
88-216 150 3

216-960 200 3
Above 960 500 3

As shown in 15.35(b), for frequencies above 1000 MHz, the field strength limits are based on average
detector, however, the peak field strength of any emission shall not exceed the maximum permitted
average limits, specified above by more than 20 dB under any circumstances of modulation.

8.2 Radiated Emissions Measurement Test Procedure

Before final measurements of radiated emissions were made on the open-field three/ten meter range, the
EUT was scanned indoors at one and three meter distances. This was done in order to determine its
emissions spectrum signature. The physical arrangement of the test system and associated cabling was
varied in order to determine the effect on the EUT's emissions in amplitude, direction and frequency. This
process was repeated during final radiated emissions measurements on the open-field range, at each
frequency, in order to ensure that maximum emission amplitudes were attained.

Final radiated emissions measurements were made on the three/ten-meter, open-field test site. The EUT
was placed on a nonconductive turntable 0.8 meters above the ground plane. The spectrum was
examined from 9 kHz to the 10" harmonic of the highest fundamental transmitter frequency (24.8 GHz).

At each frequency, the EUT was rotated 360°, and the antenna was raised and lowered from 1 to 4
meters in order to determine the emission’s maximum level. Measurements were taken using both
horizontal and vertical antenna polarizations. For frequencies between 30 and 1000 MHz, the spectrum
analyzer's 6 dB bandwidth was set to 120 kHz, and the analyzer was operated in the CISPR quasi-peak
detection mode. For emissions above 1000 MHz, emissions are measured using the average detector
function with a minimum resolution bandwidth of 1 MHz. No video filter less than 10 times the resolution
bandwidth was used. The highest emission amplitudes relative to the appropriate limit were measured
and recorded in this report.
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Table 8-1: Radiated Emissions Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
Rohde and Loop Antenna
900151 Schwarz HFH2-Z2 (9 KHz - 30 MH2) 827525/019 10/1/13
Hewlett 8449B OPT .
900932 Packard HO2 Preamplifier (1 - 26.5 GHz) 3008A00505 8/10/13
Rhein Tech OATS 1 Preamplifier 40dB
900905 Laboratories PR-1040 (30 MHz — 2 GHz) 1006 8/20/13
900878 Rhein Tech AM3-1197- 3 meter antenna mast, Outdoor Not
Laboratories 0005 polarizing Range 1 Required
Insulated Wire KPS-1503- ,
901592 Inc. 3600-KPR SMK RF Cables 20 NA 8/16/13
Insulated Wire KPS-1503- ”
901593 Inc. 360-KPR SMK RF Cables 36 NA 8/16/13
Rhein Tech WRT-000- . Not
901242 Laboratories 0003 Wood rotating table N/A Required
Rohde &
901581 1166.1660.50 Spectrum Analyzer 2001006 6/3/13
Schwarz
900772 EMCO 3161-02 Horn Antenna (2 - 4 GHz) 9804-1044 4/19/14
Horn Antenna
900321 EMCO 3161-03 (4.0 - 8.2 GH2) 9508-1020 4/19/14
Horn Antenna
900323 EMCO 3160-07 (8.2 - 12.4 GH2) 9605-1054 4/19/14
Horn Antenna
900356 EMCO 3160-08 (12.4 - 18 GH2) 9607-1044 4/19/14
Horn Antennas
900325 EMCO 3160-9 (18 - 26.5 GH2) 9605-1051 4/19/14
Hewlett EMI Receiver RF Section
900913 Packard 85462A (9 KHz — 6.5 GHz) 3325A00159 9/20/13
Hewlett RF Filter Section
900914 Packard 85460A (100 kHz - 6.5 GHz) 3330A00107 9/20/13
900791 Chase CBL6111B Bilog Antenna N/A 2/2/14

(30 MHz — 2000 MH?Z)
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8.3 Radiated Emissions Test Results
8.3.1 Radiated Emissions Digital Test Data
Table 8-2: Digital Radiated Emissions Test Data
Temperature: 67°F Humidity: 65%
L Site .
FEm|SS|on Test Anten_na Tur_ntable Ant(_enna Analy_zer Correction Emission Limit Margin | Pass/
requency | noiector Polarity | Azimuth Height Reading Factor Level (dBuVv/m) (dB) Fail
(MHz) (HIV) (deg) (m) (dBuV) (dB/m) (dBuV/m)
192.020 Qp H 0 1.0 34.4 -22.0 12.4 43.5 -31.1 | Pass
240.020 Qp H 30 1.2 33.7 -19.5 14.2 46.0 -31.8 | Pass
288.020 Qp H 45 1.0 31.2 -17.4 13.8 46.0 -32.2 | Pass
336.020 Qp H 225 1.2 31.0 -16.5 14.5 46.0 -31.5 | Pass
384.020 Qp \% 0 1.0 31.0 -14.8 16.2 46.0 -29.8 | Pass
624.020 Qp \% 0 1.0 31.1 -9.8 21.3 46.0 -24.7 | Pass
672.020 Qp \% 90 1.2 31.6 -9.4 22.2 46.0 -23.8 | Pass
696.000 Qp \Y 45 1.0 30.8 -9.0 21.8 46.0 -24.2 | Pass
720.000 Qp H 135 1.3 31.4 -9.0 22.4 46.0 -23.6 | Pass
8.3.2 Radiated Emissions Harmonics/Spurious Test Data
Table 8-3: Radiated Emissions Harmonics/Spurious - 2405 MHz
o R An_alyzer Average Site Average
Emission Reading - .. Average Average
Analyzer Correction Emission e :
Frequency (dBuV) . Limit Margin
(MH2) (1 MHz Reading Factor Level (dBuV/m) (dB)
RBW/VBW) (dBuV) (dB/m) (dBuV/m)
4810 32.7 27.9 -11 26.8 54 -27.2
12025 31.9 26.5 9.9 36.4 54 -17.6
19240 30.7 24.8 20.6 454 54 -8.6
Table 8-4: Radiated Emissions Harmonics/Spurious - 2440 MHz
. L An_alyzer Average Site Average
Emission Reading . e Average Average
Analyzer Correction Emission S :
Frequency (dBuVv) Reading Factor Level Limit Margin
(MHz) (1 MHz (dBuV/m) (dB)
RBW/VBW) (dBuV) (dB/m) (dBuV/m)
4880 32.6 26.8 -1.0 25.8 54 -28.2
7320 31.7 26.8 0.9 27.7 54 -26.3
12200 315 25.8 11.2 37.0 54 -17.0
19520 30.9 25.0 20.2 45.2 54 -8.8
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Table 8-5: Radiated Emissions Harmonics/Spurious - 2480 MHz
- Peak An_alyzer Average Site Average
Emission Reading . S Average Average
Analyzer Correction Emission S h
Frequency (dBuVv) . Limit Margin
(MH2) (1 MHz Reading Factor Level (dBuV/m) (dB)
RBW/VBW) (dBuV) (dB/m) (dBuV/m)
4960 34.2 28.3 -1.0 27.3 54.0 -26.7
7440 32.8 27.5 1.1 28.6 54.0 -25.4
12400 32.5 27.8 12.6 40.4 54.0 -13.6
19840 32.0 26.5 20.6 47.1 54.0 -6.9
22320 30.4 25.1 21.8 46.9 54.0 -7.1
Test Personnel:
f'/_
Daniel W. Baltzell April 10, 2013

Test Engineer

Signature

Date of Test
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9 Conducted Limits - 15.207, RSS-Gen
9.1 Test Methodology for Conducted Line Emissions Measurements

The power line conducted emission measurements were performed in a Series 81 type shielded
enclosure manufactured by Rayproof. The EUT was assembled on a wooden table 80 centimeters high.
Power was fed to the EUT through a 50 ohm / 50 microhenry Line Impedance Stabilization Network (EUT
LISN). The EUT LISN was fed power through an A.C. filter box on the outside of the shielded enclosure.
The filter box and EUT LISN housing are bonded to the ground plane of the shielded enclosure. A
second LISN, the peripheral LISN, provides isolation for the EUT test peripherals. This peripheral LISN
was also fed A.C. power. A metal power outlet box, which is bonded to the ground plane and electrically
connected to the peripheral LISN, powers the EUT host peripherals.

The spectrum analyzer was connected to the AC line through an isolation transformer. The 50 ohm
output of the EUT LISN was connected to the spectrum analyzer input through a Solar high-pass filter.
The filter is used to prevent overload of the spectrum analyzer from noise below 100 kHz. Conducted
emission levels were measured on each current-carrying line with the spectrum analyzer operating in the
CISPR quasi-peak mode (or peak mode if applicable). The analyzer's 6 dB bandwidth was set to 9 kHz.
No video filter less than 10 times the resolution bandwidth was used. Average measurements are
performed in linear mode using a 10 kHz resolution bandwidth, a 1 Hz video bandwidth, and by
increasing the sweep time in order to obtain a calibrated measurement. The emission spectrum was
scanned from 150 kHz to 30 MHz. The highest emission amplitudes relative to the appropriate limit were
measured and have been recorded in this report.

9.2 Conducted Line Emissions Test Description

The conducted test was performed with the EUT exercise program loaded, and the emissions were
scanned between 150 kHz to 30 MHz on the NEUTRAL SIDE and PHASE SIDE.
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9.3 Conducted Line Emissions Test Data

Plot 9-1: Conducted Emissions (Phase Side); Mode: Transmit
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Plot 9-2: Conducted Emissions (Neutral Side); Mode: Transmit
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9.4 Conducted Line Emissions Test Equipment

Client: Hunter Engineering Company
Model: 45-1443

Standards: FCC 15.247/IC RSS-210
ID’s: LS3-45-1443/2938A-451443

Report #: 2013040

Table 9-1: Conducted Line Emissions Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
901083 AFJ international LS16 16A LISN 16010020080 4/18/13
Spectrum Analyzer
900968 Hewlett Packard 8567A (10 KHz - 1.5 GHz) 2602A00160 2/7/14
Quasi-Peak Adapter
900339 Hewlett Packard 85650A (30 Hz - 1 GH2) 2521A00743 2/7/14
900970 | Hewlett Packard 85662A Spedg‘g‘pg‘;""'yzer 2542A11239 27114
Test Personnel:
w&/%{/
Dan Baltzell April 12, 2013

Test Engineer Signature

10 Conclusion

Date of Test

The data in this measurement report shows that the EUT as tested, Hunter Engineering Company Model
45-1443, FCC ID: LS3-45-1443, IC: 2938A-451443, complies with all the applicable requirements of
Parts 2 and 15 of the FCC Rules and Regulations and Industry Canada RSS-210 and RSS-Gen for full

modular approval.
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