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=

PROFESSIONAL
T Es TN D

Applicant: Naztec
Applicant’s Address: 522 Gillingham Dr.

Sugar Land, TX 77478

FCCID: MD5-SM01
Model: VDS-POD-S
Project Number: 13022-15

The VDS-POD-S by Naztec was tested utilizing the following documents and found to be in
compliance with the required criteria on the indicated test date.

47 CFR (USA)
Section Reference Parameter Date
Occupied Bandwidth, Hopping Frequency
15.247(a) Separation, Number of Hopping Channels, 2/25/2013
Channel Occupancy Time

15.247(b) Peak Output Power (conducted) 3/6/2013

15.209 + 15.205 Harmonic & Spurious Emissions + Band Edge 3/6/2013
15.203 Antenna Requirements 6/18/2013

2.1091 Maximum Permissible Exposure 6/19/2013

I, Eric Lifsey, for Professional Testing (EMI), Inc., being familiar with the FCC rules and test
procedures have reviewed the test setup, measured data, and this report. | believe them to be true
and accurate.

Eric Lifsey
EMC Engineer

This report has been reviewed and accepted by Naztec. The undersigned is responsible for ensuring
that this device will continue to comply with the FCC rules.

Representative of Naztec

13022-15 August 21, 2013 Page 5 of 33
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1.0 Introduction

1.1 Scope

This report describes the extent of the equipment under test (EUT) conformance to the intentional
radiator requirements of the United States.

Professional Testing (EMI), Inc., (PTI) follows the guidelines of National Institute of Standards and
Technology (NIST) for all uncertainty calculations, estimates, and expressions thereof for
electromagnetic compatibility testing. The procedure of ANSI C63.4: 2009 were utilized for making
all emissions measurements.

1.2 EUT Description

The VDS-POD-S by Naztec is a sensor module installed a few cm below the roadway to detect and
report traffic flow. It communicates wirelessly via network radio module(s) located on poles or
structures above the traffic. It operates on battery power for up to 10 years and uses an integral
antenna.

Table 1.3.1: Equipment Under Test

Manufacturer Naztec, INC
Model Name VDS-POD-S
Model Number VDS-POD-S
FCCID MD5-SM01
Frequency (MHz) 902-928 MHz

1.3 EUT Operation

EUT was operated in a manner consistent with normal operation. The EUT is designed to be buried
below the road surface. Measurements in this report were done entirely above ground.

1.4 Modifications
No modifications were made to the EUT during the performance of the test program.

1.5 TestSite

Measurements were made at the PTI semi-anechoic facility designated Site 45 (FCC 459644, IC
3036B-1) in Austin, Texas. This site is registered with the FCC under Section 2.948 and Industry
Canada per RS-212, and is subsequently confirmed by laboratory accreditation (NVLAP). The test
site is located at 11400 Burnet Road, Austin, Texas, 78758, while the main office is located at 1601
N. A.W. Grimes Blvd., Suite B, Round Rock, Texas, 78665.
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Naztec VDS-POD-S Wireless Certification Report

2.0 Applicable Documents and Clauses

Table 2.0.1: Applicable Documents

Document Title Release
ANSI C63.4 American National Standard for Methods of Measurement of 2009
Radio-Noise Emissions from Low Voltage Electrical and Electronic
Equipment
47 CFR Part 15 — Radio Frequency Devices Subpart C -Intentional Radiators

Table 2.0.2: Applicable Clauses

Clause Subject Section References Required? Result
Radiated Output Power 15.249, Yes Pass
Occupied Bandwidth, 20 dB 2.1049 Yes Pass

Field Strength of Radiated 15.205, 15.209

Spurious/Harmonic Emissions Yes Pass
(30 MHz to 25 GHz)
Antenna Construction 15.203 Yes Pass
2.1091, FCC 447498 DO1
Maximum Permissible Exposure* General RF Exposure Yes Pass

Guidance v05,
RSS-102

*Reported separately.
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3.0 Transmitter Duty Cycle

Measurements of transmitter on time and intervals between transmissions were made to determine
the duty cycle factor.

3.2 Test Procedure

The EUT was loaded with firmware that simulated the maximum possible real world transmission
rate and payload. Transmissions are triggered by vehicles passing over the sensor. The test
command for hopping transmission was modified to produce this effect.

3.3 Test Criteria

Measurement is based on intervals not to exceed 100 msec. Maximum transmitter on time is divided
by the lesser of 100 msec or the actual measured minimum transmitter interval time. The result is
converted to dB and applied as needed to peak measurements of transmitter artifacts to determine
average power. This is not a pass/fail measurement.

3.4 Test Results
Measurements were performed on March 4, 2013 with the following results.

Plot 3.3.1 Transmit On Time

@ RBW 10 MH=z
VEW 10 MHz

Fef &0 d4dBpv Attt 10 dB SWT 2 m= 56,857
80 : —~—-—-~——--1
l[ ar
70 .
jt_ex
Vv
s0 #
Ak Al A ik d N
W Taaat o NSy
=20
-1
0
-10
20
Center %15 MH=z 200 ns/

Measured maximum transmit time: 1.268 msec
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Plot 3.3.2 Transmit Interval Time

® RBEW 10 MHz
VEW 10 MHz

Ref 77 4dBuv Att 10 dB SWT 1 =

10

Center 915 MH=z 100 ms/

Measured minimum transmit interval time: 880 msec (Allowed 100 msec.)

Table 3.3.1 Duty Cycle Factor Result

Duty
Meas!.xred Measured Time . Result G
On Time Duty Cycle Factor Calculation Factor
Interval (msec) (dB)
(msec) Allowed
(dB)
880 msec
1.268 (100 msec =20 * Logyo ( 1.268 msec / 100 msec) -37.9 -20
allowed)
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4.0 Occupied Bandwidth

Naztec VDS-POD-S Wireless Certification Report

Occupied bandwidth measurement was made on the EUT.

4.1 Test Procedure

The EUT is configured for best signal/power and the bandwidth then is measured. A recording of the

results is included.

4.2 Test Criteria

Section Reference

Parameter

Required?

2.1049

Bandwidth, 20 dB

Yes

4.3 Test Results

EUT was found to be in compliance with applicable requirements.

13022-15

Channel Measured BW
(kHz)
L 177.0
M 176.0
H 180.0

August 21, 2013
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® RBW 1 kH=z Marker 1 [T1 ]
VBW 3 kHz 58.51 dBuv
Ref 80 dBnpv Att 0 dB SWT 500 ms S90Z.319000000 MH=Z
80 CBW1Y7|.000000p00 kHz
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| 70 4 S dEp
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Center 902.31% MH=z 50 kHz/ Span 500 kH=z
Figure 4.1.1: Measured BW (Channel L)
® RBW 1 kHz Marker 1 [T1 ]
YVBEW 3 kH=z 65.89 dBpv
Ref 80 dBpv Att 0 dB SWT 500 ms 914.740000000 MH=Z
80 CBW176l. 000000000 kH=z
Temp 1| [T1 CBW]
| -0 . 4 1 dBpy
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Figure 4.1.2: Measured BW (Channel M)
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® REW 1 kH=z Marker 1 [T1 ]
WBW 3 kHz 60.03 dBuv
Ref 80 dBpv Attt 0 dB SWT 500 ms S927.696000000 MH=z
80 OBW120.000000000 kHz

Temp 1| [T1 OBW]
| 70 4 0 ABy
G27.600000000 MH=Z

Temp 2| [T1 OBW]

ZEW [ . N

T S BT
pm‘ 527780000000 MHZ

|50 ﬁé Ydr
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-0

-z0

Center S27.096 MH=zZ 50 kH=z/ Span 500 kHz

Figure 4.1.3: Measured BW (Channel H)
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5.0 Band Edge Spurious Emissions

Band edge spurious emissions measurements were performed on the EUT to determine compliance
to FCC 15.247(d) and RSS-210 A8.5.

5.2 Test Procedure

The EUT was placed on a non-conductive table 0.8 meters above the ground plane. The table
was centered on a motorized turntable, which allows 360-degree rotation. For measurements of
the fundamental signal, a measurement antenna was positioned at a distance of 1 meter as
measured from the closest point of the EUT. Rotating the EUT maximized the emissions.

The spectrum analyzer was set for peak detection using a 300 kHz resolution bandwidth. The
span is set wide enough to show the band edge and the edge of the emission of the screen.
Measurement is made at the band edge using the marker delta method while transmitting on the
channels nearest the band edge to determine if the EUT meets the test criteria. A diagram showing
the test setup is given as Figure 2.1.1.

5.3 Test Criteria

Clause Subject Section Number Required?

Field Strength of Radiated

Spurious/Harmonic Emissions 15.205,15.209 Yes

5.4 Test Results

EUT was found to be in compliance with applicable requirements.
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® *RBW 3 kHz Delta 1 [T1 ]
VBW 10 kHz -56.37 4B
Ref 80 dBpv *Att 0 dB SWT 225 ms 360.000000000 kHz
80 Marker| 1 [T1
69,15 dBuVv
|70 - 627l aa0000h00 uee|EN
j
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Figure 5.4.1: Band Edge, Channel H
® *RBW 3 kHz Delta 1 [T1 ]
VBW 10 kHz -33.00 dB
Ref 80 dBpV *Att 0 dB SWT 225 ms —-72.000000000 kH=z
80 Marker| 1 [T1
72.68 dBuv
|70 =Tl ] IAEANAT INaN MOz n

I
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Figure 5.4.2: Band Edge, Channel L
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6.0 Out of Band Spurious Emissions

Out of band spurious/harmonic emissions measurements were performed on the EUT to determine
compliance to 47 CFR, Part 15.

6.2 Test Procedure

The EUT was placed on a non-conductive table 0.8 meters above the ground plane. The table was
centered on a rotating turntable at a distance of 10 meters from the measurement antenna.

Emissions below 1 GHz were measured with peak detection with a resolution bandwidth of 120 kHz
and measured at a distance of 10 meters. Quasi-peak detection was used to determine compliance of
the EUT if the peak did not meet the peak limit.

Harmonic emissions above 1 GHz peak were measured with peak detection, a resolution bandwidth
of 1 MHz, and at a distance of 1 meter. If peak measurements exceeded average limits, the peak
limit was applicable and duty cycle factor was then applied for average level calculation. Emissions
were investigated up to the 10th harmonic of the transmitter fundamental.

Non-harmonic spurious emissions must satisfy the average limit and the peak limit (20 dB above
average). A diagram showing the test setup is given as Figure 5.1.1.

17O 4 METERS

Test Distance !!‘

\
Y

- COAXIAL CABLE
S ~&— NON-CONDUCTIVE TABLE

TURNTABLE GROUND PLANE

Figure 5.1.1: Field Strength of Spurious Emissions Test Setup

6.3 Test Criteria

Clause Subject Section Number Required?
Field Strength of Radiated 15.205, 15.209, Yes
Spurious/Harmonic Emissions RSS-210 A2.9(a) and (b)

6.4 Test Results
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Table 6.3.1: Radiated Spurious Emissions, Below 1 GHz, Vertical Polarity

Professional Testing, EMI, Inc.

Test Method:

AMNSI C63.4-2003: “"Methods of Measurement of Radio-Noise Emissions from Low-\Voltage Electrical and

Electronic Equipment in the Range of 3 kHz to 40 GHz" [incorporated by reference, see §15.38).

In accordance with:

FCC Part 15.2085 - Code of Federal Regulations Part 47, Subpart C - Intentional Radiators, Radiated Emissions

Limits
Section: 15.209
Test Date(s): '2/14/2013 EUT Serial #: ‘None
Customer: IIIrl«.laurtvaq: EUT Part #: IrNr:trne
Project Number: '13022-10 Test Technician: IIIi_,.-;|rr|,r Fuller/Eric Lifsey
Purchase Order #: 4 Supervisor: 'Rob McCollough
Equip. Under Test: 'Remote Unit Witness' Name: "Mone
Radiated Emissions Test Results Data Sheet Page: 1 of 1
EUT Line Voltage: 3.6 VDT EUT Power Frequency: M/Aa MNSA
Antenna Orientation: Vertical Fregquency Range: 30MHz to 1GHz

EUT Mode of Operation:

Channel 0 - 20dBm xmit - pny data

Frequen Test EUT Antenna Recorded |Corrected| Limit ,
- - i i i i Detector i Margin Test
Measured | Distance | Direction | Height ) Amplitude | Level Level
Function (dB) Results
(MHz) (Meters) |[Degrees) | (Meters) (dBpV) | (dBpv/m)|{dBpvfm)
902.394 10 Peak 29.60
r
Professional Testing, EMIL Inc — CumfgmiLiur L
Eadiamed Emmxxiont, 10m Dxiance W (Sl (G B LT S
FO0MH: - 1 5Hr Vet il P dority Meanmed Picicns —  Faak Lrunt L
1["]_ —— fCorrecind Pexl alm %f
LI
£0
E 0
E coi
E 504
40 F
2 30 ' :
204
IH-M P T TS e proiet
1] +
J0RI 10ORI 16
Opermtor | Loory Fullexr Fre EUT: Feanwte Uit
2012 Rod Prizcions_ (20613 Rund] sl EUT M ode: Chamsl0 - 208 Fm it - pry data Excject Fhombar: LI0Z2. 10
02:12:53 BN, Thurdloy, Febmmry 14, 2013 L0 L power: Battery oexated § b Clemt: Maztex

< 1GHz Vertical Antenna Polarity Measured Emissions

13022-15

August 21, 2013

Page 16 of 33
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Table 6.3.2: Radiated Spurious Emissions, Below 1 GHz, Horizontal Polarity

Professional Testing, EMI, Inc.

Test Method:

ANSI C63 4-2003: “Methods of Measurement of Radio-Moise Emissions from Low-
Yoltage Electrical and Electronic Equipment in the Range of 9 kHz to 40 GHz™
[incorporated by reference, see %15 38).

Inaccordance with:

FCC FPart 15209 - Code of Federal Regulations Part 47, Subpart C - Intentional
Radiators, Radiated Emissions Limits

Section: 15209

Test Datels): *2/14/2013 EUT Serial # "None

Customer: "Maztec EUT Part & "None

Praject Number: "3022-10 Test Technician: llr|,a|.rr5.- Fuller/Eric Lifsey
Purchase Order & r Supervisor: "Rob McCollough
Equip. Under Test: "Remate Unit Witness' Name: FNEE

Radiated Emissions Test Results Data Sheet

Page: 1 of 1

EUT Line WVoltage: 3.6 VD EUT Power Frequency: M A M A
Antenna Orientation: Haorizontal Frequency Range: 30MHz to 1GHz
EUT Made of Operation: Channel @ - 20dBm xmit - pny data
Frequency Test EUT Antenna - Recorded |Corrected Limit - ~
Measured | Distance | Direction | Height FE E:_ ar Amplitude| Level Level {Tjr:;n - ® -~
[MHz} [Meters) |[Desrees) | [Meters) Hnetan (dBpV]) |[dBp\/m] | [dBpWm]) s
902.273 10 Peak 94.6
= ==
Profeszional Testing, EMI, Inc — ok Ui
Radizied Emiscions, 10m Dictance = Covecod u-gak auﬁ
GBI Hr- lFHrHsrmencallcbhret M eatured Enkc inc — Isak Umic LeH
lm_ — Corrmodd Frak Fiue
m;
e m‘
£
4 oo
ii. 50
I L =
3o '
e, | B
10
CE]M 100 1
Dperacer: Larry Fuller ¥ ruquener HETT: Eemece Tni
T Z2E«d Erveciene 020815 Eunll cil HETTH -4s: Channel D - 2ME i srok - pnr daca I rejece Number: 1L3022-10
OB12STIM, Thu redar, Tebruary 14 2005 0 L +7# s Basce rr o perared 0 Cliene: Hamee
F
% 1GHz Horizontal Antenna Polarity Measured Emissions
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Table 6.3.3: Radiated Spurious Emissions, 1 to 25 GHz, Horizontal Polarity, Channel L

Professional Testing (EMI), Inc.

Radiated Emussions Measured Indoors, 1 Meters Distance, Antenna Polanized Honzontal

V21X
Client: Naztec Preamp: 1
Test Date: February 28, 2013 EUT: Sensor
WVoltage: Battery Powered Serial =1 611
Frequency: n'a Project# 13022
Technician: Eric Lifsey Test Tvpe: 15247 Class: B
Correcrad Level = Recorded Level - Amplifiar Gain + Antenna Factor + Cable Loss
lELTI ;—‘mtenlna Recorded Antenna Corrected Margin With
Frequency Prechon Elevation Lewvel Amplifier Factor | Cable Loss Level Limit Duty Cyele
(GHz) | (degrees) | Meters) | iy | Gain(dB) | (dBim) @) | @uvm) | (@Buvim) |Marsin @) Factor
1804638 90 1 6567 300 273 1.66 64 7 64 07 -19.3
2 706957 90 1 638 320 291 213 63.1 64 -09 -20 9
3.609276 120 1 60.9 314 326 2.70 647 64 0.7 -19.3
4511595 45 1 86.7 320 333 3.04 61.1 64 -2.9 -22.9
5413914 270 1 45.5 3.7 363 4.27 f6.4 64 -1.6 276
7218552 0 1 459 31.1 371 434 092 64 4.8 24 8

Table 6.3.4: Radiated Spurious Emissions, 1 to 25 GHz, Vertical Polarity, Channel L

Professional Testing (EMI), Ine.
Radiated Emissions Measured Indoors, 1 Meters Distance. Antenna Polarized Vertical
V21X
Client: Naztec Preamp: 1
Test Date: Februarv 28, 2013 EUT: Sensor
Voltage: Battery Powered Serial # 611
Frequency: n/a Project = 13022
Technician: Eric Lifsey Test Tvpe: 15247 Class: B
Corrected Level = Recorded Level - Amplifier Gain + Anrenna Factor + Cable Loss
DIELT ]::i‘;nt-enlna Recorded Antenna Corrected Margin With
Frequency derectlon ,\? ation Level Amplifier Factor Cable Loss Level Limit Duty Cvele
GHzy | (degrees) | Meters) | mivy | Gainar) | (@@m) (dB) | (dBuVim) | (dBuV/m) |Margin (dB)| Factor
1.604638 160 1 70.1 30.0 273 1.66 69.1 64 51 -14.9
2 706957 a0 1 694 320 291 213 G8.7 64 4.7 -15.3
3.609276 270 1 64.9 314 32.6 2.70 637 64 4.7 -15.3
4511595 200 1 613 320 333 3.04 65.7 64 1.7 -18.3
5413914 180 1 51.2 31.7 35.3 4.27 591 64 4.9 -24.9
6.316233 180 1 498 320 352 552 58.6 64 -54 -25.4
7218552 160 1 534 311 371 4.34 63.7 64 -0.3 -20.3
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Table 6.3.5: Radiated Spurious Emissions, 1 to 25 GHz, Horizontal Polarity, Channel M

Professional Testing (EMI), Inc.
Radiated Emissions Measured Indoors. 1 Meters Distance, Antenna Polarized Horizontal
V2X
Client: Nartec Preamp: 1
Test Date: February 28, 2013 EUT: Sensor
Voltage: Batterv Powered Serial# 611
Frequencyv: n'a Project#: 13022
Technician: Eric Lifsey Test Tvpe: 15247 Class: B
Correcred Level = Recorded Level - Amplifier Gain + Antenna Factor + Cable Loss
.ELT ;—‘mtenlna Recorded Antenna Corrected Margin With
Frequency PH’ECHDH ]ilxe‘ ation Level Amplifier Factor Cable Loss Lewvel Limit Dutv Cyele
(GHy) | degrees) | Meters) | povy | Gain(dB) | (dBim) @) | @Buvim) | (@Buvim) [Margin @B)|  Factor
1.82598 90 1 56.1 30.0 274 1.67 65.2 54 1.2 -18.8
2.7447 270 1 62.3 32.0 29.3 215 61.7 64 -2.3 -22.3
3.6596 275 1 63.2 316 327 2N 66.9 64 249 171
46745 30 1 556 32.0 335 3.18 60.3 64 -3.7 -23.7
545894 278 1 45.6 32.0 358.5 4.39 53.5 64 -10.5 -30.5
5.4043 90 1 45 32.0 353 514 534 64 -10.6 -30.6
7.3192 45 1 50.7 313 372 4.49 51.1 64 -2.9 -22.9
5.2341 180 1 443 31.9 364 5.00 56.8 54 -7.2 -27.2
9.149 275 1 452 32.3 38.0 618 57.0 64 -7.0 -27.0

Table 6.3.6: Radiated Spurious Emissions, 1 to 25 GHz, Vertical Polarity, Channel M

Professional Testing (EMI), Inc.
Radiated Emissions Measured Indoors, 1 Meters Distance, Antenna Polarized Vertical
V22X
Client: Naztec Preamp: 1
Test Date: February 28 2013 EUT: Sensor
Voltage: Batterv Powered Seral = 611
Frequencv: n'a Project# 13022
Technician: Eric Lifsey Test Tvpe: 15247 Class: B
Corrected Level = Recorded Level - Amplifier Gain + Antenna Factor + Cable Loss
IELT .'—‘mtenlna Recorded Antenna Corrected Margin With
Frequency PIIECUDII ]ie‘ ation Level Amplifier Factor Cable Loss Level Limit Duty Cycle
(GHz) | (degrees) | Meters) | pvy | Gain(@B) | (dBm) @) | (@®uvim) | (@Buvim) |Margin @) Factor
1.8298 120 1 694 30.0 274 1.67 63.5 64 45 -15.5
2.7447 275 1 67 32.0 29.3 215 66.4 64 24 -17.6
3.6596 90 1 64.3 316 32.7 27 63.0 64 4.0 -16.0
45745 235 1 60.5 32.0 335 3.18 G55 64 1.5 -158.5
54594 180 1 497 32.0 358.5 4.39 876 64 -6.4 -26.4
5.4043 120 1 478 32.0 353 514 56.2 64 -7.8 -27.8
7.3192 220 1 55 313 3.2 4.49 654 64 14 -15.6
8.2311 270 1 46 31.9 5.4 5.00 88.5 64 -5.5 -25.8
9.149 180 1 46.9 323 38.0 6.18 53.7 64 -5.3 =253
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Table 6.3.7: Radiated Spurious Emissions, 1 to 25 GHz, Horizontal Polarity, Channel H

Professional Testing (EMI), Inc.

Radiated Emissions Measured Indoors, 1 Meters Distance, Antenna Polarized Horizontal

V22X
Client: Naztec Preamp: 1
Test Date: February 282013 EUT: Sensor
Voltage: Batterv Powered Serial # 611
Frequency: n'a Project 2 13022
Technician: Eric Lifsey Test Type: 15247 Class: B
Corrected Level = Recorded Level - Amplifier Gain + Antenna Factor + Cable Loss
.EL_]I— .'—‘mten.na Recorded Antenna Corrected Margin With
Frequency Plrectlon Elevation Level Amplifier Factor Cable Loss Level Limit Duty Cycle
(GHz) | (degrees) | QMeters) | qpivy | Gama®) | (@B/m) @) | @Buwvm | @Buvim) |Marein (@B)]  Factor
1.855392 90 1 67 30.0 276 1.69 66.3 64 2.3 ATT
2783085 45 1 65.4 32.0 29.5 217 65.0 64 1.0 -19.0
3.710784 30 1 60.6 318 32.8 27 64.3 64 0.3 -19.7
4 63848 120 1 52.7 32.0 33.7 33 57.7 64 -6.3 -26.3
5.666176 0 1 471 7 354 4.50 553 64 -8.7 -28.7
5.493572 270 1 453 32.0 353 4.76 56.4 64 7.6 =276
7421568 120 1 52 37 3r.2 4.72 62.3 64 1.7 -21.7
5349264 270 1 448 316 38.3 595 57.5 64 6.5 -26.5
9.27696 0 1 46 326 379 6.33 57.7 64 -6.3 -26.3
Table 6.3.8: Radiated Spurious Emissions, 1 to 25 GHz, Horizontal Polarity, Channel H
Professional Testing (EMI), Inc.
Radiated Emissions Measured Indoors, 1 Meters Distance, Antenna Polarized Vertical
V22X
Client: Naztec Preamp: 1
Test Date: February 28, 2013 EUT: Sensor
Voltage: Battery Powered Serial = 611
Frequency: n'a Project #: 13022
Technician: Eric Lifsey Test Tvpe: 15247 Class: B
Corrected Level = Recorded Level - Amplifier Gain + Antenna Facror + Cable Loss
EUT Ant [
Directi El -er;.na Recorded Antenna Corrected Margin With
Frequencv | d].t'e-: Dr; ,\T? Dr)l Level Amplifier Factor Cable Loss Level Limnit Duty Cwcle
{ 5 (v E L - - . r . r s
(GH2) Wcegree e (dBuV) | Gain(dB) | (dBim) (dB) (dBuV/im) | (dBuV/im) |Margin (dB)| Factor
0.927696 30.6 5.9 1.07
1.856392 120 1 58.3 30.0 27.6 1.69 B7.6 64 3.6 -16.4
2.783088 270 1 B7.6 32.0 29.5 217 B7.2 B4 3.2 -16.8
3.710784 220 1 61.9 315 325 27 65.6 64 1.6 -15.4
4.63848 1580 1 57.2 32.0 33.7 33 62.2 64 -1.8 -21.8
5666176 120 1 50 31.7 354 4.50 58.2 54 -5.8 -25.8
5.493872 a 1 46.7 32.0 35.3 4.76 54.8 64 -9.2 -29.2
7.421568 270 1 a4 3.7 37.2 4.72 64.3 B4 0.3 -19.7
5.349264 120 1 46.5 31.6 38.3 585 59.5 64 -4.5 -24.5
9.27696 120 1 473 32.6 379 6.33 59.0 64 -5.0 -25.0
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7.0 Frequency Hopping Parameter Measurements

Frequency Hopping measurements were performed on the EUT to determine compliance to FCC
15.247(a). FCC Public Notice DA 00-705 is referenced for this procedure.

7.1 Test Procedure
The EUT is configured for best signal/power then the frequency hopping parameters are measured.

Carrier Frequency Separation. This is measured with EUT in hopping mode. The spectrum analyzer
is set to a span wide enough to observe at least 2 channels. Resolution bandwidth is set to at least
1% of span. The EUT is then set to hopping mode and max hold acquisition continues until a stable
curve is obtained. Markers are used to measure center to center frequency separation.

Number of Hopping Frequencies. This is determined by allowing the EUT to operate in hopping
mode while the spectrum analyzer collects the entire band, with some margin, in max-hold mode
until a stable result was obtained with clearly discernible channels. The peaks for each hopping
channel are then counted. The channel count will be used to determine other criteria.

Time of Occupancy (Dwell Time). This is measured with the spectrum analyzer centered on a
hopping channel. The spectrum analyzer is set to 1 MHz resolution bandwidth and put in time
domain (zero-span) mode. The transmit events are then observed in max-hold mode and the dwell
time measured by placing markers. In addition, a video trigger is employed with a small negative
offset to guarantee capture of the leading edge and thus the entire transmit signal.

7.2 Test Criteria

Section Reference Parameter Required?
Hopping Frequency Separation, Number of
15.247 Y
(a) Hopping Channels*, Channel Occupancy Time e

*For 902-928 MHz band: Minimum 25 hopping channels. Under 50 channels limits power to 0.25
W, over 50 channels limits power to 1 W.
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Measured Measured Measured
Carrier Frequency Number of Hopping Time of Occupancy
Separation Frequencies (Dwell Time)
428 kHz 60 channels 1.496 msec

Measured time of occupancy (dwell time) for one total transmission = | 1496 us

Time Frame = 0.4 s * 60 hopping channels = | 24000 ms

Measured time to return to one channel = | 3763 ms

Total transmit events for one channel in the Time Frame, 24000 ms / 3763 ms =

6.378
events

Total time that one channel transmits within the 24 s Time Frame = 6.378 * 1496 us = | 9.542 ms

EUT was found to be in compliance with applicable requirements with 60 hopping channels in use.

Recorded data is presented below.

13022-15
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® *RBW 30 kHz Delta 1 [T1 ]
VBW 100 kHz 0.07 dB
Ref 80 dBpv Att 10 dB SWT 10 ms 428.000000000 kHz
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Figure 7.4.1: Carrier Frequency Separation
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Figure 7.4.2: Number of Hopping Frequencies
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® RBW 1 MH=z Marker 1 [T1 ]
VBW 3 MHz 34.15 dBuv

Ref 80 dBpv Att 10 dB SWT 2 ms -4.000000 ps

80 Delta I [T1 ]
-2L99 am

| 70 1.496000 m [ 2 |
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Figure 7.4.3: Time of Occupancy (Dwell Time)
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Figure 7.4.4: Hop Timing (Intervals)
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8.0 Peak Output Power
Output power measurements were made on the EUT.

8.1 Test Procedure

The EUT was placed on a non-conductive table 0.8 meters above the ground plane. The table was
centered on a rotating turntable at a distance of 10 meters from the measurement antenna.

Emissions were measured with peak detection in a resolution bandwidth of 120 kHz.

Three operating channels were measured, the lowest, middle, and highest. The maximum recorded
power for each channel is reported.

8.2 Test Criteria

The maximum output power is 1 W for devices operating in the frequency range 902-928 MHz
MHz according to FCC 15.247 and when using at least 50 hopping channels*.

8.3 Test Results

EUT was found to be in compliance with applicable requirements. The highest recorded power was
on the lowest channel or 902.3 MHz. The relevant peak output power criteria were selected based
on measured channel count of 60. Field strength is adjusted by applying the maximum bandwidth
factor to correct for measurement of a 180 kHz bandwidth signal in 120 kHz resolution bandwidth.

Measured Restated in Corrected Restated
Field Bandwidth Factor Calculation | Power in Log | in Linear
Channel Log Terms .
Strength (dBuV/m) dB Terms Terms in
(V/m) (dBuv/m) (V/m)
Low 0.0537 94.60 =10*(Log10(180/120))=1.761 96.36 0.06577
Mid 0.0375 91.48 =10*(Log10(180/120))=1.761 93.24 0.04592
High 0.0520 94.32 =10*(Log10(180/120))=1.761 96.08 0.06369
Corrected Peak Output
Field Distance EIRP Power
Channel EIRP Calculation Result
Strength (m) (W) Allowed
(V/m) (W)
Low 0.06577 10 =(1/30) (0.06577 V/m * 10 m)2 0.01442 1
Mid 0.04592 10 =(1/30) (0.04592 V/m * 10 m)*| 0.00703 1
High 0.06369 10 =(1/30) (0.06369 V/m * 10 m)*| 0.01352 1
Antenna polarity horizontal in each case.
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9.0 Antenna Construction Requirements

The design was investigated for meeting the antenna construction requirements of the applicable
rules.

9.2 Test Procedure

A direct examination of the antenna construction is performed and compared to a criterion that
prevents wireless device antennas from being modified by end users in ways that would void their
authorization to use the device.

9.3 Test Criteria

Clause Subject Section Number Required?

Antenna Construction 15.203 Yes

9.4 Test Results
The antenna is internal only to the device.

The antenna is a metal loop antenna designed by the manufacturer.
The antenna is connected via soldering only.
There is no antenna connector.

The design meets the requirements of the rules.
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10.0 Equipment Lists

The design was investigated for meeting the antenna construction requirements of the applicable
rules.

10.1 Equipment for Spurious Radiated Emissions Below 1 GHz

Professional Testing, EMI, Inc.
Test Method: 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” (incorporated by reference,
FCC Part 15.209 - Code of Federal Regulations Part 47, Subpart C - Intentional Radiators,
In accordance with: Radiated Emissions Limits
Section: 15.209
Test Date(s): 2/15/2013 EUT Serial #: 0
Customer: Universal Repeater EUT Part #: 0
Project Number: 14426-10 Test Technician: Eric Lifsey
Purchase Order #: 0 Supervisor: Rob McCollough
Equip. Under Test: SatMAX Witness' Name: Charlie Thompson
Radiated Emissions Test Equipment List
Tile! Software Version: 4.2.A, May 23, 2010, 08:38:52 AM
Test Profile: Radiated Emissions_Profile Version October 12, 2011
Asset # Manufacturer Model Equipment Nomenclature Serial Number UL
Due Date
1509A Narda 3022 Coupler, Bi-Directional 1-4GHz 40063 N/A
1780 ETS-Lindgren 3117 Antenna, Double Ridged Guide 00110313 2/4/2014
Horn, 1-18 GHz
1930 Agilent E4440A-239 Spectrum Analyzer, 3 Hz - 26.5 GHz | MY45304903 6/19/2013
1325 EMCO 1050 Controller, Antenna Mast 9003-1461 N/A
Cco27 N/A LMR-400 Cable Coax, N-N, 0.6m none 11/1/2013
1327 EMCO 1050 Controller, Antenna Mast none N/A
0942 EMCO 11968D Turntable, 4ft. 9510-1835 N/A
1969 HP 11713A Attenuator/Switch Driver 3748A04113 N/A
15098 HP 8491B-003 Attenuator, N, 3dB 21897 N/A
1594 Miteq AFS44-00102650 Amplifier, 1-26.5GHz, 42dB none 10/15/2013
2004 Miteq AF544-00101800- Amplifier, 40dB, .1-18GHz 0 11/26/2013
25-10P-44
C030 N/A LMR-400 Cable Coax, N-N, 2.5m none N/A
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10.2 Equipment for Fundamental and Radiated Spurious Emissions Above 1 GHz

The following equipment was used to measure radiated output power, timings, bandwidth, and
radiated spurious emissions.

Asset # Manufacturer Model # Description il iDblrJztion
0582 EMCO 3115 Ridge Guide Antenna 2014-02-14
1594 Agilent 83017A Microwave Preamplifier (preamp 1) 2014-09-24
1342 Rohde & Schwarz | FSP-30 Spectrum Analyzer 2015-01-29
C059 Pasternack Cable 2014-02-06
C249 Pasternack Cable 2014-02-06
C250 Pasternack Cable 2014-02-06
1542 AH Systems SAS-572 Horn Antenna, Standard Gain, 20 dB Not Required
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Radiated Tests Below 1 GH
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Radiated Tests Above 1 GHz

And Other Tests: Timings, Bandwidth, Hopping Measurements
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Appendix: Policy, Rationale, and Evaluation of EMC Measurement Uncertainty

All uncertainty calculations, estimates and expressions thereof shall be in accordance with NIST
policy. Since PTI operates in accordance with NIST (NVLAP) Handbook 150-11: 2007, all
instrumentation having an effect on the accuracy or validity of tests shall be periodically calibrated
or verified traceable to national standards by a competent calibration laboratory. The certificates of
calibration or verification on this instrumentation shall include estimates of uncertainty as required
by NIST Handbook 150-11.

1. Rationale and Summary of Expanded Uncertainty.

Each piece of instrumentation at PTI that is used in making measurements for determining
conformance to a standard (or limit), shall be assessed to evaluate its contribution to the overall
uncertainty of the measurement in which it is used. The assessment of each item will be based on
either a type A evaluation or a type B evaluation. Most of the evaluations will be type B, since they
will be based on the manufacturer’s statements or specifications of the calibration tolerances, or
uncertainty will be stated along with a brief rationale for the type of evaluation and the resulting
stated uncertainties.

The individual uncertainties included in the combined standard uncertainty for a specific test result
will depend on the configuration in which the item of instrumentation is used. The combination will
always be based on the law of propagation of uncertainty. Any systematic effects will be
accommodated by including their uncertainties, in the calculation of the combined standard
uncertainty; except that if the direction and amount of the systematic effect cannot be determined
and separated from its uncertainty, the whole effect will be treated as uncertainty and combined
along with the other elements of the test setup.

Type A evaluations of standard uncertainty will usually be based on calculating the standard
deviation of the mean of a series of independent observations, but may be based on a least-squares
curve fit or the analysis of variance for unusual situations. Type B evaluations of standard
uncertainty will usually be based on manufacturer’s specifications, data provided in calibration
reports, and experience. The type of probability distribution used (normal, rectangular, a priori, or u-
shaped) will be stated for each Type B evaluation.

In the evaluation of the uncertainty of each type of measurement, the uncertainty caused by the
operator will be estimated. One notable operator contribution to measurement uncertainty is the
manipulation of cables to maximize the measured values of radiated emissions. The operator
contribution to measurement uncertainty is evaluated by having several operators independently
repeat the same test. This results in a Type A evaluation of operator-contributed measurement
uncertainty.

A summary of the expanded uncertainties of PTI measurements is shown as Table 1. These are the
worst-case uncertainties considering all operative influence factors.
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Table 1: Summary of Measurement Uncertainties for Site 45

Meas. Expanded
Type of Measurement Frequency Range Dist. Uncertainty
U, dB (k=2)
Mains Conducted Emissions 150 kHz to 30 MHz N/A 2.9
Telecom Conducted Emissions 150 kHz to 30 MHz N/A 2.8
. o 30 to 1,000 MHz 10m 4.8
Radiated Emissions 1o 18 GHz 3 m 7
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End of Report
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