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LS Research, LLC in Review

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

aa

lACCREDITEDI

TESTING CERT #1255.01

A2LA — American Association for Laboratory Accreditation
Accreditation based on ISO/IEC 17025: 2005 with Electrical (EMC) Scope of Accreditation
A2LA Certificate Number: 1255.01

C

Federal Communications Commission (FCC) — USA
Listing of two 3 Meter Semi-Anechoic Chambers based on Title 47 CFR — Part 2.948
FCC Registration Number: 90756

I * I Industrie  Industry
Canada Canada
I+l

Canada

Industry Canada
On file, 3 Meter Semi-Anechoic Chamber based on RSS-GEN — Issue 4
File Number: IC 3088A-2
On file, 3 Meter Semi-Anechoic Chamber based on RSS-GEN — Issue 4
File Number: IC 3088A-3
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Summary of Test Report

Between October 12, 2016 and October 19, 2016 the VS2000, provided by Vulture Systems LLC, was
tested and MEETS the following requirements:

. Compliance

FCC and IC Paragraph Test Requirements (Yes/No)
FCC: 15.247 (a)(2) - . :
IC: RSS-247 sect. 5.2 (1) Minimum 6 dgaigwi‘g’t'ﬁth / Occupied Yes
IC: RSS-Gen sect. 6.6
FCC: 15.247 (b)(3) & 1.1310 .
IC: RSS-247 sect. 5.4 (4) Maximum Output Power Yes
FCC: 15.247 (e) Power Spectral Density of a Digitally Yes
IC: RSS-247 sect. 5.2 (2) Modulated System
FCC: 15.247(d) RF Conducted Spurious Emissions at the Yes
IC: RSS-247 sect. 5.5 Transmitter Antenna Terminal
FCC: 15.209 & 15.205 . : .
IC: RSS-Gen sect 6.13 Transmitter Radiated Emissions Yes
FCC: 2.1055 (d) -
IC: RSS Gen sect. 6.11 Frequency Stability Yes
FCC: 15.207 AC Power Line Conducted Emissions N/A!

IC: RSS GEN sect. 8.8

1 — AC Line conducted emission testing not required for battery operated devices.

All testing was performed at:

Test Facilities

LS Research, LLC
W66 N220 Commerce Court
Cedarburg, Wisconsin, 53012 USA

LS Research, LLC is accredited by A2LA (American Association for Laboratory Accreditation) to the
requirements of ISO/IEC 17025, 2005 “General Requirements for the Competence of Calibration and

Testing Laboratories”.

LS Research, LLC’s scope of accreditation includes all test methods listed herein, unless otherwise

noted.
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1.0

11

1.2

1.3

14

Client Information

Manufacturer Name: | Vulture Systems, LLC

Address: 1764 Koshkonong Rd

Contact Person: Gregg Haensgen

Equipment Under Test (EUT) Information

Product Name: VS2000

Model Number: VS2000

Serial Number: 001/002

Product Information

The VS2000 is a base transceiver designed to report to handheld units (i.e., VS1000) in a
VultureNet system. The VS2000 is powered by two AA batteries in series that present a 3.0 V
nominal voltage to the board. The VS2000 includes a Semtech SX1272 LoRa radio configured
to transmit at a fixed 922 MHz and exhibits a 500 kHz channel bandwidth.

Modifications Incorporated In the EUT for Compliance Purposes

None.

Deviations & Exclusions from Test Specifications

None noted at time of test.
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1.5

1.6

1.7

Additional Information

It should be noted that conducted measurement testing was performed on EUT serial number
001, which includes an impedance matched SMA connector. Moreover, the radiated emission
testing was performed on EUT serial number 002.

Test operational modes (transmit, receive, continuous wave) were instantiated by selecting a
switch combination on a four position DIP switch onboard the EUT. Firmware version 7.0.0
was implemented on the VS2000.

Conditions of Test

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

Test Equipment

All test equipment is calibrated by a calibration laboratory accredited by A2LA to the
requirements of ISO 17025. For a complete list of test equipment and calibration dates, see
Appendix A. Unless otherwise noted, resolution bandwidth of measuring instrument used
during testing for given frequency range, see below.

Frequency Range Resolution Bandwidth
9 kHz — 150 kHz 200 Hz
150 kHz — 30 MHz 9 kHz
30 MHz — 1000 MHz 120 kHz
Above 1000 MHz 1 MHz
Prepared For: Vulture Systems, LLC Name: VS2000
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1.8 EUT Technical Specifications

LoRa:
EUT Frequency Range (in MHz) 922 MHz
EIRP (Conducted Measurement) 0.113W
Conducted Output Power, Average 18.542 dBm
DTS Occupied Bandwidth (-6 dB) 0.776 MHz
99% Bandwidth 0.620 MHz
Type of Modulation Chirp Spread Spectrum
Emission Designator 620KX1D

Frequency Tolerance %, Hz, ppm

Better than 100 ppm

Transmitter Spurious (worst case) at 3 meters

52.254 dBpV/m (at 2766 MHz)

Antenna Information

Detachable/non-detachable

Non-detachable

Type Chip

Gain 2 dBi
EUT will be operated under FCC Rule Part(s) 15.247
EUT will be operated under RSS Rule Part(s) 247
Modular Filing? No
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2.0

Conformance Summary

When tested on the specified dates, it was determined that the EUT was compliant with the
requirements of FCC Title 47, CFR Part 15.247, 15.205, 15.209, and Industry Canada RSS-
247, Issue 1 (2015), RSS-Gen Issue 4 (2014) using the methods of ANSI C63.10 (2013).

Any modifications made to the EUT after the specified test date(s) will invalidate the data

herein.

If some measurements are seen to be within the uncertainty value, as listed in Appendix C
there is a possibility that this unit may not meet the required limit specification if subsequently

tested.
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3.0 — RF Conducted Measurements

Manufacturer

Vulture Systems, LLC

Test Location

LS Research, LLC

Rule Part FCC Part 15.247 | RSS-247

General

Measurement | ANSI C63.10-2013

Procedure
A direct measurement of the transmitted signal was performed at the antenna port of the
EUT via a cable connection to a spectrum analyzer. A 10 dB attenuator was placed in
series with the cable to protect the spectrum analyzer. The attenuator was added on the
analyzer as gain offset settings thereby allowing direct measurements, without the need

General for any fu_rther_correctiops. The EU'!' was configured to run in a continuous tran_smit

Description of rr_lode while I_oemg supplied with typical c_iata as a modulation source and transmitting

Measurement either a continuous wave or modulated signal based on the test performed. Conducted

measurements were performed on EUT S/N 001, which included an SMA connector at
the antenna port.

Conducted measurements were performed with the EUT operating at a 3.0 VV hominal
voltage supplied by two AA batteries.
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3.1 — RF Conducted — Fundamental Bandwidth

Manufacturer | Vulture Systems, LLC
Date 10/12/2016
Operator John Johnston
Temp./R.H. 20 -25° C/ 30-60% R.H.
Rule Part FCC Part 15.247 (a)(2) / RSS-247 sect. 5.2 (1)
ﬁﬂpeegs“aﬁemem ANSI C63.10 Sections 6.9.3 and 11.8.1
RSS-GEN Section 6.6
Procedure
Additional
Description of | Peak detector used
Measurement
Additional 1. Continuous modulated transmit used for this test.
Notes
Table
DTS (6 dB) DTS (6 .dB) 99%
Frequency . Bandwidth . 20dB
Bandwidth .. Bandwidth .
(MHz) (MHz) Minimum (MHz) Bandwidth
Limit (MHz) (MHz)
922 0.776 0.500 0.620 0.696
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Plots

922 MHz - DTS (-6dB) BW

BN Agilent Spectrum Analyzer - Occupied BW.

BN

! RF 09
Span 2.0000 MH

Ly
#IFGain:Low

SENSE:INT|
Center Freq: 922.000000 MHz
i) Trig: FreeRun Avg|Hold:>10/10
#Atten: 34 dB Ext Gain: -10.00dB  Radio Device: BTS

ALIGN AUTO | 08:43:25 PM Ot 12,2016

Radio Std: None

Peak Search

Ref 45.00 dBm

Center 922 MHz
#Res BW 100 kHz

Occupied Bandwidth
806.1

Transmit Freq Error
x dB Bandwidth

-17.215 kHz
776.4 kHz

Mkr1 922.24 MHZ
19.012 dBm

#VBW 300 kHz

Total Power 27.4 dBm

8 kHz

OBW Power
x dB

922 MHz - 99% and 20 dB BW

[BE Agilent Spectrum Analyzer - Occupied BW.

=T

RF CORREC
x dB -20.00 dB

=
#FGain:Low

SENSE:INT] T
Center Freq: 922.000000 MHz
Trig: Free Run Avg|Hold:>10/10
#Atten: 34 dB Ext Gain: -10.00dB  Radio Device: BTS

ALIGN AUTO | 08:30:43 PMOct 12,2016

Radio Std: None

Peak Search

Ref 45.00 dBm

Center 922 MHz
#Res BW 15 kHz

Occupied Bandwidth

Mkr1 922.26648 MHz|
19.293 dBm

Span 1.5 MHz
#VBW 47 kHz Sweep 6.667 ms|

Total Power 35.1 dBm

619.59 kHz

Transmit Freq Error
x dB Bandwidth

-5.315 kHz
695.9 kHz

OBW Power
x dB

99.00 %
-20.00 dB
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3.2 — RF Conducted — Fundamental Power and Spectral Density

Manufacturer | Vulture Systems, LLC
Date 10/19/2016
Operator Kimberly Bay
Temp./R.H. 20 - 25° C / 30-60% R.H.
Rule Part FCC 15.247(b)(3)/ FCC 15.247(e) / RSS-247 Section 5.4(3)/ RSS-247 Section 5.2(2)
fﬂpsgs“::ﬁemem ANSI C63.10 Section 11.9.2.2.4 (Method AVGSA-2)
1 ANSI C63.10 Section 11.10.5 (Method AVGPSD-2)
Procedure
ggs(j(;::o?iiln of Average Output Power and Average PSD methods utilized for measurement
P 10 kHz resolution bandwidth used for Peak Power Spectral Density measurement
Measurement
Additional 1. Continuous tr§nsm|t modulated used for this test.
Notes Samp_le Calculatl_on_.
Margin (dB) = Limit — Measured Level
Table
Corrected

Max Max

Average Average

Conducted Conducted Output

Output Duty Cycle | Output Power | Power EIRP EIRP
Frequency | Power Correction? | Power Limit Margin | EIRP Limit Margin
(MHz) (dBm) (dB) (dBm) (dBm) | (dB) (dBm)® | (dBm) | (dB)

922 16.924 1.618 18.542 30 11.458 | 20.542 36 15.458

Corrected Average Output Power = Average conducted output power + Duty Cycle Correction

Corrected
Max Duty Cycle | Max PSD Limit in
Frequency | Average Correction® | Average 3 kHz RBW
(MHz) PSD (dBm) | (dB) PSD (dBm) | (dBm) Margin (dB)
922 3.815 1.618 5.433 8 2.567

Corrected Average PSD = Average PSD + Duty Cycle Correction

! The test methods used were based on duty cycle measurements provided in section 3.5 of this report
2 The duty cycle correction factor is derived using an equation provided in section 3.5 of this report
3 EIRP = Output Power (dBm) + Antenna Gain (dBi)

Prepared For: Vulture Systems, LLC Name: VS2000

Report: TR 316243 Model: VS2000

LSR: C-2558 Serial: 001/002

Page 12 of 32




Plots

922 MHz — Average Output Power

[BE Agilent Spectrum Analyzer - Swept SA

DC CORREC SENSE:INT|

| ALIGN AUTO

4 RF

Band Right 922.310000000 MHz )
PNO: Wide () Trig: Free Run
IFGain:Low Atten: 34 dB

Ref 33.00 dBm

Center 922.0000 MHz
#Res BW 20 kHz

MsG

#VBW 62 kHz*

Avg Type: RMS
Avg|Hold:>100/100
Ext Gain: -10.00 dB
Mkr1 922.000 00 MHz
Band Power 16.924 dBm

Span 929.4 kHz
Sweep 4.000 ms (30000 pts)

STATUS

922 MHz — Average PSD

[BE Agilent Spectrum Analyzer - Swept SA

DC CORREC SENSE:INT|

BN
| ALIGN AUTO | 09:45:41 PMNov 14, 2016

! RF Q
Marker 1 921.917389076 MHz )
PNO: Wide C, 1rig: Free Run
IFGain:Low Atten: 34 dB

Ref 33.00 dBm

Center 922.0000 MHz
#Res BW 10 kHz

MsG

#VBW 30 kHz*

Avg Type: RMS Peak Search

Avg[Hold:>100/100 N
Ext Gain: -10.00 dB

Mkr1 921.917 39 MHz DEXEpE K

3.815 dBm

Next Pk Right

Next Pk Left

Marker Delta

Span 929.4 kHz

Sweep 12.00 ms (30000 pts) |
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3.3 — RF Conducted — Spurious Emissions/ Band Edges

Manufacturer | Vulture Systems, LLC
Date 10/12/2016
Operator John Johnston
Temp./R.H. 20 - 25° C / 30-60% R.H.
Rule Part FCC 15.247 (d) / RSS-247 sect. 5.5
Specific
Measurement | ANSI C63.10 Sections 11.11
Procedure
Additional Peak output power measured in any 100 kHz band outside the authorized frequency band
Description of | shall be attenuated by at least 30 dB relative to the in-band peak PSD level in 100 kHz
Measurement | (i.e., 30 dBc) if maximum conducted (average) output power was measured.
1. Continuous modulated transmission used for this test.
Additional 2. Reference Level Plots were taken at the transmitted frequency and used to determine the 30
Notes dBc limit line.

Reference Level Plot

922 MHz

BN

SENSELINT] [ AGNAUTO | L0:26:44PM
Avg Type: Log-Pwr Peak Search

[F] Trig: Free Run Avg|Hold:>100/100
IFGain:Low Atten: 34 dB Ext Gain: -10.00 dB
Mkr1 922.065 98 MH REXUER Bk

19.084 dBm

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

IM SG STATUS |
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Plots

30 MHz - 900 MHz

[BE Agilent Spectrum Analyzer - Swept SA

500 DC CORREC

RF
Marker 1 884.049468316 MHz

BRO: Fast Ly Trig: Free Run Avg|Hold:>100/100
IFGain:Low Atten: 34 dB Ext Gain: -10.00 dB

SENSE:INT] ALTGN AUTO | 00:37:00 PMOct 12,2016
Avg Type: Log-Pwr

Mkr1 884.049 MHZ NextPeak
-45.075 dBm |

Next Pk Right
e ——
Next Pk Left
R
Marker Delta
[——

Mkr—CF

Stop 900.0

#VBW 300 kHz Sweep 84.00 ms (30000 pts;

900 MHz -1 GHz

BE Agilent Spectrum Analyzer - Swept SA

DC CORREC

PNO: Fast ta Trig: Free Run Avg|Hold:>100/100
IFGain:Low Atten: 34 dB Ext Gain: -10.00 dB

10 dBidiv - Ref 33.00 dBm
Log

“nmw'wmwwrmnwmmwmwm'mwwmmmlmw b dh o A

SENSE:INT| ALIGN AUTO [ 40:38:16 PMOct 12, 2016
Avg Type: Log-Pwr

Mkr1 938.755 MHZ REXURE oK
-45.364 dBm

Next PK Right

Next Pk Left

Marker Delta

#V/BW 300 kHz Sweep 10.00 ms (30000 pts;
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1-10 GHz

BE Agilent Spectrum Analyzer - Swept SA

RF 502 DC | CORREC
Marker 1 7.375512517084 GHz

SENSE:INT| ALIGN AUTO
Avg Type: Log-Pwr

oNO: Fast La Trig: Free Run Avg|Hold:>100/100
IFGain:Low Atten: 34 dB Ext Gain: -10.00 dB

10 dBidiv - Ref 33.00 dBm
Log

Stop 10.000 GHz

#VBW 300 kHz Sweep 862.0 ms (30000 pts;

NextPeak

Next PK Right

Next Pk Left

Marker Delta

10-25 GHz

[BE Agilent Spectrum Analyzer - Swept SA

RF Q
Marker 1 23.973965798860 GHz

SENSE:INT] ALTGN AUTO | 00:46:22 PMOct 12,2016
Avg Type: Log-Pwr

Pro:Tast Lyy Trig: Free Run Avg|Hold:>100/100
IFGain:Low Atten: 34 dB Ext Gain: -10.00 dB

Mkr1 23.974 0 GHz
-34.443 dBm

Stop 25.000 GHz
#VBW 300 kHz Sweep 1.434 s (30000 pts

NextPeak

Next Pk Right

Next Pk Left

Marker Delta
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922 MHz - Lower Band Edge

BE Agilent Spectrum Analyzer - Swept SA

RF 502 DC | CORREC
Marker 1 A 23.426514217 MHz

PHO: Fast La Trig: Free Run Avg|Hold:>100/100
IFGain:Low Atten: 34 dB Ext Gain: -10.00 dB

10 dBidiv - Ref 33.00 dBm
Log

¥ P FSF PRy T (T YT N TR T VI T Nr"'vwv-'-. o

SENSE:INT| ALIGN AUTO [ £0:19:35 PMOct 12, 2016
Avg Type: Log-Pwr

HZ NextPeak

Next PK Right

Next Pk Left

Marker Delta

#VBW 300 kHz Sweep 4.000 ms (30000 pts;

922 MHz — Upper Band Edge

[BE Agilent Spectrum Analyzer - Swept SA

=

500 DC CORREC

RF
Marker 1 A -7.005633521 MHz

PNO: Fast (y Trig: FreeRun Avg|Hold:>100/100
IFGain:Low Atten: 34 dB Ext Gain: -10.00 dB

SENSE:INT] ALTGN AUTO | 00:15:37 PMOct 12,2016
Avg Type: Log-Pwr

Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

Stop 940.00 MHz
#VBW 300 kHz Sweep 4.000 ms (30000 pts;
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3.4 — RF Conducted — Frequency Stability

Manufacturer | Vulture Systems, LLC
Date 10/12/2016
Operator John Johnston
Temp./R.H. 20 - 25° C / 30-60% R.H.
Rule Part FCC 15.247 and 2.1055 / RSS-247
Specific
Measurement | ANSI C63.10 Section 6.8
Procedure ANSI C63.10 Section 5.13
Additional RF Conducted Measurement
Description of
Measurement
Additional 1. Continuous unmodulated transmission used for this test (i.e., continuous wave
Notes mode).
2. EUT Voltage Ratings — Nominal: 3.0 V; Minimum: 2.4 V; Maximum 3.5 V
3. To perform testing, a variable DC supply was connected to the battery terminals
of the VS2000

The equations below illustrate how the limits and margin were calculated.

Limit (Hz) = Channel Frequency (Hz)/10,000

Margin (Hz) = Limit (Hz) - | (Channel Frequency (Hz) — Measured Frequency (Hz) |

Tables

Frequency Stability

f =922 MHz
Supply Deviation
Voltage | Frequency Hz Limit Margin
(VDC) (Hz) (Hz) (Hz)

2.55 922000000 | 921997893 | 92200 90093
3.00 922000000 | 921997049 | 92200 89249
3.45 922000000 | 921997201 | 92200 89401
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3.5 - RF Conducted — Duty Cycle

Manufacturer | Vulture Systems, LLC
Date 10/12/2016
Operator John Johnston
Temp./R.H. 20 - 25° C / 30-60% R.H.
Rule Part 15.247 | RSS-247
Specific ANSI C63.10 Section 11.6
Measurement
Procedure
Additional RF Conducted Measurement
Description of
Measurement
Additional 1. Continuous transmit modulated used for this test.
Notes

Plots

B Agilent tSpctumA alyzer SwsptSA

=0
! Q SENSE:INT] [ ALIGN AUTO T
Marker 7 A 178 378 ms Avg Type: Log-Pwr :

PNO: Fast —»— 11ig: Free Run

IFGain:Low Atten: 34 dB Ext Gain: -10.00 dB Marker Table

on Off|

EO dBidiv__ Ref 33.00 dBm -  emm——

og

- Marker Count
[Off]

e ———

Couple

Markers

On Off

MKR| MODE TRC| SCL| FUNCTION FUNCTION WIDTH FUNCTION VALUE =
m-nm_m——
2--“_1-313!5 1874dBm| [ T ]
[ t [(A 181.3 ms ____

*Note: Duty cycle is constant with variations less than +/- 2%

Tx on Tx off Duty Cycle
time time Duty Cycle Correction Factor
(ms) (ms) (%) (dB)

395.3 178.4 68.904 1.618

Duty Cycle Correction Factor = 10*LOG(1/Duty Cycle)
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4.0 — Radiated Emissions

Rule Part(s)

FCC: 15.247 / 15.205 / 15.209
IC: RSS-247 | RSS-Gen

Measurement
Procedure

ANSI C63.10

Test Location

LS Research, LLC - FCC Listed 3 meter Semi-Anechoic Chamber

Test Distance | 3 meters
EUT Transmitter Mode:
Placement Below 1 GHz: 80 cm height
Above 1 GHz: 150 cm height
E;enqguee:fcy Biconical: Log Pe'ral\?rd;;_Dlpole Double-Ridged Waveguide Horn:
Measurement 30-200 MHz 200-1000 MHz 1-10GHz
1-10 GHz:
Measurement 30-800 MHz and 960-1000 MHz RBW : 1 MHz
Detectors RBW: 120 kHz VBW: 3 MHz (Transmitter Peak
VBW: > 300 kHz Measurements); 3 Hz (Transmitter
Average Measurements)*
The antenna, cable, pre-amp, and other necessary measurement system correction factors
are loaded onto the EMI receiver / spectrum analyzer before the measurements are
performed. Data is gathered and reported as corrected values.
The EUT is placed on a non-conductive pedestal made of expanded polyethylene foam
centered on a turn-table in the test location with the antenna at a 3 meter separation
Measurement | distance from the EUT.
Description
Maximum radiated RF emissions are determined by rotation of azimuth and scanning the
sense antenna between 1 and 4 meters in height using both horizontal and vertical
antenna polarities. Maximized levels are manually noted at degree values of azimuth and
at sense antenna height.
The EUT was tested in each of three orthogonal axis positions.
Example Reported Measurement data = Raw receiver measurement + Antenna Correction Factor
Calchations + Cable factor (dB) - amplification factor (when applicable) + Additional factor(s) (when

applicable)

4 Per ANSI C63.10 Section 4.1.4.2.3(f), the video bandwidth should be greater than [1/(minimum transmitter on time)]
and no less than 1 Hz. {1/(395.3ms) = 2.529 Hz}
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FCC Part 15.209 / IC RSS-GEN sect 8.9 limits:

Frequency 3 m Limit 3 m Limit Detector Type
(MHz) (uV/m) (dBuV/m)
30-88 100 40.0 Quasi-Peak
88-216 150 43.5 Quasi-Peak
216-960 200 46.0 Quasi-Peak
Above 960 500 54.0 Quasi-Peak
Above 1 GHz 500 54.0 Average
Above 1 GHz - 74.0 Peak

Sample conversion of field strength (uV/m to dBuV/m):
dBuV/m = 20 log 10 (100) = 40 dBuV/m (from 30-88 MHz)

Reported data is the raw data corrected for all applicable factors such as antenna factors,
cable loss, etc.

Sample reported data for 200MHz:

Raw Data + Antenna Factor + Cable Factor = Reported Data

18.2 dBuV/m + 15.8 dB + 1.45 dB = 35.45 dBuV/m
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4.1 — Transmitter Radiated Spurious Emissions in Restricted Bands

Manufacturer Vulture Systems LLC

Date 10/13/2016, 10/14/2016, 10/17/2016, and 10/19/2016
Operator John Johnston

Temp. / R.H. 20 - 25° C / 30-60% R.H.

Rule Part 15.247/ 15.205 / 15.209/ RSS-247 | RSS-Gen
Measurement ANSI C63.10 - 2013 Sections 6.3, 6.5, 6.6, and 11.12.1
Procedure

Test Distance

3 meters

EUT Placement

Below 1 GHz: EUT situated on 80 cm table
Above 1 GHz: EUT situated on 150 cm table

Detectors Above 1
GHz

Average:
RBW =1 MHz
VBW =3 Hz

Quasi-Peak: Peak:
RBW: 120 kHz RBW =1 MHz
VBW: > 300 kHz VBW >3 MHz

1) Tested in continuous transmit modulated mode in three orientations.

2) EUT maximized in azimuth and antenna height with maximum results reported.

3) Video bandwidth greater than [1/(minimum transmitter on time)]. Thus, a 3 Hz
video bandwidth was used for average measurements.

Additional Notes

Example Calculation:

FCC 15.209 Quasi-Peak Limit @ 3 meter (dBuV/m) — Quasi-Peak Reading (dBuV/m) = Margin
FCC 15.209 Average Limit @ 3 meter (dBpV/m) — Average Reading (dBpV/m) = Margin
FCC 15.209 Peak Limit @ 3 meter (dBuV/m) — Peak Reading (dBuV/m) = Margin

Name: VS2000
Model: VS2000
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Tables

Below 1 GHz
Quasi Peak | Quasi Peak
Frequency | Height | Azimuth Reading Limit Margin | Antenna EUT
(MHz) (m) (degree) | (dBuV/m) (dBuV/m) (dB) Polarity | Orientation
198.00 1.00 0 24.80 43.50 18.70 H F
199.40 1.00 0 24.70 43.50 18.80 \Y F
776.81 1.00 0 27.80 46.00 18.20 \Y F
790.15 1.00 0 28.10 46.00 17.90 H F
987.63 1.00 0 29.10 54.00 24.90 H F
963.09 1.00 0 29.20 54.00 24.80 \Y F

Note: No emissions were detected between 30-1000 MHz. The measurements provided above are noise
floor measurements.
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Above 1 GHz

Peak Average | Average
Frequency | Height | Azimuth | Reading Reading Limit Margin | Antenna EUT
(MHz) (m) (degree) | (dBuV/m) | (dBuV/m) | (dBuV/m) | (dB) Polarization | Orientation
2766 1.00 211 53.386 49.055 54 4.945 H v
3688 3.00 167 56.048 49.917 54 4.083 H v
4610 2.11 155 50.959 43.549 54 10.451 H Y
7376 1.68 115 55.403 44.214 54 9.786 H Y
8298 1.85 150 54.519 42.768 54 11.232 H Y
2766 1.99 232 52.68 48.262 54 5.738 \Y Y
3688 1.40 255 49.164 41.935 54 12.065 \Y Y
4610 2.00 200 46.629 38.195 54 15.805 \Y V
7376 1.87 170 56.871 45.75 54 8.25 \Y v
8298 2.00 175 55.293 43.624 54 10.376 Vv v
2766 1.40 221 52.423 47.884 54 6.116 H H
3688 1.00 121 50.013 42.663 54 11.337 H H
4610 2.07 300 47.635 39.56 54 14.44 H H
7376 2.40 168 56.937 45.85 54 8.15 H H
8298 2.50 150 56.672 44.844 54 9.156 H H
2766 1.37 301 56.152 52.187 54 1.813 \Y H
3688 1.00 145 56.062 49.907 54 4.093 \ H
4610 1.00 181 50.508 42.876 54 11.124 \Y H
7376 4.00 147.5 55.394 44.39 54 9.61 \Y H
8298 1.00 134 50.048 37.938 54 16.062 Vv H
2766 1.68 174 56.246 52.254 54 1.746 H F
3688 3.35 112 54.498 48.057 54 5.943 H F
4610 2.55 60.5 48.972 40.686 54 13.314 H F
7376 2.93 88.5 52.249 40.972 54 13.028 H F
8298 1.00 315 49,235 36.967 54 17.033 H F
2766 1.73 48 51.493 47.042 54 6.958 \Y F
3688 1.00 199 51.904 44.924 54 9.076 \ F
4610 2.33 6.5 49.109 41.388 54 12.612 \ F
7376 3.01 95 55.972 44.737 54 9.263 \ F
8298 2.48 100 53.495 41.809 54 12.191 \ F

Note: Radiated emissions at 1844 MHz, 5532 MHz, 6454 MHz, and 9220 MHz shown in the screen
captures below are located within unrestricted bands and were not measured.

Prepared For: Vulture Systems, LLC

Name: VS2000

Report: TR 316243

Model: VS2000

LSR: C-2558

Serial: 001/002

Page 24 of 32




Plots®

30 MHz — 200 MHz, Horizontal Polarization

lent EMI Receiver - Frequency Scan
| RePRESEL [S0@ ac | comRec [ | : ALIGNAUTO
FREQUENCY SCAN ~ Sean Peak Search

TISPR Smooth (s ExtGain: 600dE  >1H
PREAMP Scan Atten: 0 dE Free Run

Mkr1 193.6415 MHz NextPeak
Ref 60.00 dBuVim 31.360 dBl.IVIm

Next Pk Right

Next Pk Left

Min Search

Peak Criteria»

Start 30 MHz Stop 200 MHz
Res BW 120 kHz VBW 1.2 MHz Dwell Time 6.733 ps(59.99 kHz)

MSG STATUS

30 MHz — 200 MHz, Vertical Polarization

eceiver - Frequency Scan
| REPRESEL [S0Q ac | CORREC [ | T ALIGN AUTO!
FREQUENCY SCAN  Scan Peak Search

OB\ ExtGain: 6.00dB  »1H
PREAMP Scan Atten: 0 dB Free Run

Mkr1 188.00282 MHz EEXTEERE
Ref 60.00 dBpVim 31.096 dBpV/m

Next Pk Right

Next Pk Left

Min Search

Peak Criteria»

Start 30 MHz Stop 200 MHz
Res BW 120 kHz VBEW 1.2 MHz Dwell Time 6.733 Js(59.99 kHz)

MSG STATUS,

5> The worst case traces across all EUT orientations are provided in the screen captures below
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200 MHz — 800 MHz, Horizontal Polarization

lent EMI Receiver - Frequency Scan

Bo | RFPRESEL TS0 AC | CORREC | |
FREQUENCY SCAN

PREAMP

Ref 60.00 dBpuV/m

Start 200 MHz
Res BW 120 kHz

MSG

Atten: 0 dB

VBW 1.2 MHz

ALIGN AUTO 08:48:55PM Oct

Secan
>
Free Run

Mkr1 793.76 MHz
34.927 dBuVIim

Stop 800 MHz
Dwell Time 6.733 ps(60 kHz)

STATUS.

Next Peak

Next PK Right

Next Pk Left

Min Search

Peak Criteria>

200 MHz — 800 MHz, Vertical Polarization

Receiver - Frequency Scan

Atten: 0 dB

Ref 60.00 dBuV/m

Start 200 MHz
Res BW 120 kHz

MSG

| REPRESEL IS0 ac | CORREC | |
FREQUENCY SCAN

VBW 1.2 MHz

ALIGN AUTO

Scan
>11
Free Run

Mkr1 712.46 MHz
34.932 dBuVIm

Stop 800 MHz
Dwell Time 6.733 us(60 kHz)

STATUS

Peak Search

NextPeak

Next Pk Right

Next Pk Left

Min Search

Peak Criteria»
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960 MHz — 1000 MHz, Horizontal Polarization

lent EMI Receiver - Frequency Scan
B [ RFPRESEL |50 AC | CORREC | | ; ALIGNAUTO | 08:33:12PM Oct 19, 2016
FREQUENCY SCAN ~ Secan
>
PREAMP Atten: 0 dB Free Run

Mkr1 977.53754 MHz MLk
Ref 60.00 dBuVim 36.222 dBuV/m

Next PK Right

Next Pk Left

Min Search

Peak Criteria>

Start 960 MHz Stop 1 GHz
Res BW 120 kHz VBW 1.2 MHz Dwell Time 6.733 ps(60.06 kHz)

MSG STATUS.

960 MHz — 1000 MHz, Vertical Polarization

Receiver - Frequency Scan
| REPRESEL 509 ac [ CoRREC_| | : ALIGNAUTO:

FREQUENCY SCAN ~ Secan Peak Search
>1H
Free Run

Atten: 0 dB

Mkr1 963.12312 MHz HECEEEK
Ref 60.00 dBpPV/m 36.840 dBuV/m

Next Pk Right

Next Pk Left

1
WWWWWWMWMWWNMMM S

Peak Criteria»

Start 960 MHz Stop 1 GHz
s BW 120 kHz VBW 1.2 MHz Dwell Time 6.733 ps(60.06 kHz)
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1000 MHz — 1100 MHz, Horizontal Polarization

nt Spectrum Analyzer - Swept SA
s09 AC | CoRREC [ |

Ref 66.99 dBpVim

Start 1.00000 GHz

Trig: Free Run Avg|Hold:>10/M0
PREAMP #Atten: 0 dB

ALIGNAUTO
Avg Type: Voltage

026 278 GHZ MLk

Mkr1 1
12.165 dBuVIm

Next PK Right

Next Pk Left

Marker Delta

Mkr—RefLvl

Stop 1.10000 GHz
Res BW (CISPR) 1 MHz #VBW 3.0 MHz Sweep 2.000 ms (30000 pts

STATUS.

1000 MHz — 1100 MHz, Vertical Polarization

nt Spectrum Analyzer - Swept SA
S0 AC | CoRREC [ |

o) Trig:
PREAMP h #Atten: 0 dB

Ref 66.99 dBpVim

Start 1.00000 GHz

ALIGNAUTO 48 AMOct 18, 2016
Avg Type: Voltage
Free Run Avg[Hold:>10/10

Mkr1 1.043 485 GHz NextPeak
11.694 dBuVIm

Next PK Right

Next Pk Left

Marker Delta

Mkr—RefLvi

Stop 1.10000 GHz

Res BW (CISPR) 1 MHz #VBW 3.0 MHz Sweep 2.000 ms (30000 pts

STATUS
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1100 MHz — 10000 MHz, Horizontal Polarization

nt Spectrum Analyzer - Swept SA
509 AC | CORREC | | ; ALIGNAUTO
Avg Type: Voltage
Trig: Free Run Avg|Hold:>10/M0
PREAMP #Atten: 0 dB

Mkr1 6.452 94 GHZ] NextPeak
Ref 76.99 dBpuVim 68.340 dBpVIm

Next PK Right

Next Pk Left

Marker Delta

Mkr—RefLvl

Start 1.100 GHz Stop 10.000 GHz
Res BW (CISPR) 1 MHz #VBW 3.0 MHz Sweep 20.00 ms (30000 pts

MSG STATUS.

1100 MHz — 10000 MHz, Vertical Polarization

nt Spectrum Analyzer - Swept SA
509 AC | CORREC | | i ALIGNAUTO: 21PM Oct 17, 2016
K 48 GHz At

Avg Type: Voltage
PERL Trig: Free Run Avg[Hold:>10/10
PREAMP w #Atten: 0 dB

Mkr1 6.453 53 GHZ] NextPeak
Ref 76.99 dBpuVim 66.974 dByVIm

Next PK Right

Next Pk Left

Marker Delta

Mkr—RefLvi

Start 1.100 GHz Stop 10.000 GHz
Res BW (CISPR) 1 MHz #VBW 3.0 MHz Sweep 20.00 ms (30000 pts]
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Appendix A — Test Equipment

«iLSR

d Laind Busingss
Date : 13-Oet-206 Tupe Test: Tx Radiated Emissions Job B - C-2558
Prepared By John Johnstan Custorner . Vulture Systems Oucte # 316243
[, Jassetn [Description [Marufacturer  [Model & [Serial # Cal Date [Cal Due Date |Equipment Staius
1 AAIENES 900k4Hz High Pass Filter Faaihd HPF-L- 115 F27203 29206 29207 Active Calibration
2 A& 36017 Cable - low lozz Tm AH Systerns, Inc. SAC-26G-6 36 F3V20%8 A0 Active Calibration
3 A4 960007 Duuible Ridge Hom Antenna EMCO 315 S3T-4138 TzAZ0E AT fuctive Calibration
4 EE 360160 08-21GHz LNA ini-Circaits ZWA-213K-5+ 777030 hza20e eE2017 Active Calibration
5  EE 960085 MAO3RA MAE 265GHz Receiver Agilerk MA03EA BYEIZI048 F1x20% ST Achve Calibration
B A4 96NSE 900k4Hz High Pass Filter Faaihd HPF-L- 115 unknown N6 fiss g Active Calibration
7 A& 360150 Biconical Artenna ETS 3noe 0003-3346 206 anzow Active Calibration
8 &4 960163 Log Periodic Anterina A H Systernz, Inc. SAS-512-2 500 FE206 I fuctive Calibration
Project Engineer: Quality Assurance:
/ !
< LSR
Y
o Lairdd Busingss
Diale : 12-0ect-20% Tupe Test: Conducted Measurements Job B C-2558
Prepared By John Johnston Custorrer - Vulture Systems Cucte # 316243
[Mo. [azzern | Dezcription [Marufachurer  |Model i [Serial [cai Date [Cal Due Date  |Equipment Status
1 EE 3G00a7 44GHz EXA Spectrum Analyzer Agilert Na0I0A RI400295 1TARA0E 12Na2ME Achve Calibration
2 A 360744 Phasaflax Gora EKDOIDOND720 5800373 Verification Verification Sirztarn

Project Engineer:

Quality Assurance:

Prepared For: Vulture Systems, LLC

Name: VS2000

Report: TR 316243

Model: VS2000

LSR: C-2558

Serial: 001/002

Page 30 of 32




Appendix B - Uncertainty Summary

This uncertainty represents an expanded uncertainty expressed at approximately the 95 % confidence level, using a
coverage factor of k = 2.

Measurement Type Configuration Uncertainty Values
Radiated Emissions Biconical Antenna 5.0dB
Radiated Emissions Log Periodic Antenna 5.3dB
Radiated Emissions Horn Antenna 4.7 dB
AC Line Conducted Emissions AMN 3.4dB
Telecom Conducted Emissions AAN 4.9 dB
Disturbance Power (Emissions) Absorbing Clamp 4.1dB
Radiated Immunity 3 Volts/Meter 2.2dB
Conducted Immunity CDN/EM/BCI 2.4/3.5/3.4 dB
EFT Burst / Surge Peak pulse voltage 164 volts
ESD Immunity 15 kV level 1377 Volts
Parameter ETSI U.C.+/- U.C.+/-
Radio Frequency, from FO 1x10”7 0.55x10”7
Occupied Channel Bandwidth 5% 2%
RF conducted Power (PM) 1.5dB 1.2dB
RF conducted emissions (SA) 3.0dB 1.7dB
All emissions, radiated 6.0 dB 5.3dB
Temperature 1° C 0.65° C
Humidity 5% 2.9 %
Supply voltages 3% 1%
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Appendix C - References

Publication Year Title
FCC CFR Parts 0-15 2016 | Code of Federal Regulations — Telecommunications
ANSI C63.10 2013 | American National Standard for Testing
Unlicensed Wireless Devices
RSS-247 Issue 1 2015 | Digital Transmission System (DTSs), Frequency
Hopping System (FHSs) and License-Exempt
Local Area Network (LE-LAN) Devices
RSS-Gen Issue 4 2014 | General Requirements and Information for the

Certification of Radio Apparatus
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