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NCEE Labs
Test Report

Report Number: R20190919-20-01-E1A
Applicant: Communications Systems Solutions

1.0 Summary of test results

1.1 Test Results

The EUT has been tested according to the following specifications:

APPLIED STANDARDS: FCC Part 15, Subpart C

Industry Canada RSS-Gen Issue 4, RSS-247 Issue 1

Standard Section Test Type and Limit Result Remark

FCC Part 15.203 . . .

RSS-Gen Issue 5, Section 8.3 Unigue Antenna Requirement Pass Meets the requirement

FCC Part 15.207 . .

RSS-Gen Issue 5, Section 8.8 Conducted Emissions NA Meets the requirement

FCC Part 15.209

RSS-Gen Issue 5, Section 8.9 Radiated Emissions Pass Meets the requirement

ANSI C63.10, Section 6.5, 6.6

FCC Part 15.247(a)(1) - .

RSS-247 Issue 2 Section 5.2.1 Minimum Bandwidth, Pass Meets the requirement

ANSI C63.10, Section 11.8.1

FCC Part 15.247(b),

RSS-247 Issue 2 Section 5.4.2 Maximum Peak Output Power Pass Meets the requirement

ANSI C63.10, Section 11.12.2.4

FCC Part 15.247(c)

RSS-247 Issue 2 Section 5.5 Transmitter Radiated Emissions, Pass Meets the requirement

ANSI C63.10, Section 6.5, 6.6

FCC Part 15.247(c) . Band Edge Measurement, Limit:

RSS-247 Issue 2 Section 5.5 20dB less than the peak value of Pass Meets the requirement

ANSI C63.10, Section 6.10.6.2, findamental freqtone q

11.11,11.12, 11.13 quency

FCC Part 15.247(f),

RSS-247 Issue 2 Section 5.2.2 Power Spectral Density Pass Meets the requirement

ANSI C63.10, Section 11.10.2

FCC Part 15.247(0), Carrier frequency separation

ANSI C63.10, Section 7.7.2, 7.7.3, quency sep - .
number of hopping channels, Time | Pass Meets the requirement

7.7.4
RSS-247 Issue 2, Section 5.3

of Occupancy
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2.0 Description
2.1 Equipment under test
The Equipment Under Test (EUT) was a wireless ear tag which is intended
to communicate with gateway placed on a tower.

EUT Received Date: 20 September 2019

EUT Tested Dates:

20 September 2019 — 26 February 2020

10 August 2016 — 12 September 2016 (Section 4.7)

PRODUCT SenseTag

MODEL QAG

SERIAL NUMBER 09190002

POWER SUPPLY | 1.5 VDC (AAA Battery)
ANTENNA TYPE PCB

NOTE:
1. For more detailed features description, please refer to the manufacturer's specifications
or User's Manual.

2.2  Laboratory description
All testing was performed at the NCEE Lincoln facility. Laboratory
environmental conditions varied slightly throughout the tests:
Relative humidity of 52 + 4%
Temperature of 23 + 3° Celsius

2.3  Description of test modes
The EUT operates on, and was tested at the frequencies below:

Channel | Frequency
Lowest 902.3
Middle 908.6

High 914.9
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2.4  Applied standards and regulations

The EUT uses digital modulation and operates in the 902 MHz to 928 MHz
band. According to the specifications of the manufacturer, it must comply
with the requirements of the following standards and regulations:

ANSI C63.10:2013

FCC Part 15, Subpart C (15.247)

FCC Part 15, Subpart C (15.207 and 15.209)
Industry Canada RSS-Gen Issue 5
Industry Canada RSS-247 Issue 2

agrwnE

All test items have been performed and recorded as per the above.

2.5 Description of support units
None

2.6  Configuration of system under test

This EUT was set to transmit in a worse-case scenario with modulation on.
The manufacturer modified the unit to transmit continuously on Low, Mid
and High Channels.
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3.0 Test equipment used

LAST CALIBRATION
DESCRIPTION AND MODEL
MANUEACTURER NO. SERIAL NO. | CALIBRATION DUE DATE
DATE
Software Version 1.60 ESK-1 2575 N/A N/A
Rohde & Schwarz Test Receiver ES126 100037 30 Jan 2018 30 Jan 2020*****
Keysight MXE Signal Analyzer N9038A MY59050109 23 Apr 2019 23 Apr 2021
Keysight EXA Signal Analyzer N9010A MY56070862 14 Dec 2018 14 Dec 2020
SunAR RF Motion JB1 A082918-1 15 Oct 2018 15 Oct 2020
EMCO Horn Antenna 3115 6416 26 Jan 2018 26 Jan 2020
EMCO Horn Antenna 3116 2576 31 Jan 2018 31 Jan 2020
Rohde & Schwarz Preamplifier TS-PR18 3545700803 09 Mar 2018* 09 Mar 2020*
Trilithic High Pass Filter 6HC330 23042 09 Mar 2018* 09 Mar 2020*
Rohde & Schwarz LISN ESH3-75 836679/010 25 Jul 2019 25 Jul 2020
TDK Emissions Lab Software V11.25 700307 NA NA
RF Cable (preamplifier to antenna) | MFR-57500 01-07-002 09 Mar 2018* 09 Mar 2020
RF Cable (antenna to 10m ESCM 64639 | 01E3872 09 Mar 2018* 09 Mar 2020*
chamber bulkhead)
RF Cable (10m chamber bulkhead ESCM 64639 | 01E3874 09 Mar 2018* 09 Mar 2020*
to control room bulkhead)
RF CableT (Control room bulkhead ESCM 64639 | 01E3871 09 Mar 2018 09 Mar 2020*
to RF switch)
RF Qable (RF switch to test ESCM 64639 | 01F1206 09 Mar 2018 09 Mar 2020*
receiver)
RF switch — Rohde and Schwarz TS-RSP 1113.5503.14 09 Mar 2018* 09 Mar 2020*
N connector bulkhead (10m PE9128 NCEEBH1 09 Mar 2018* 09 Mar 2020*
chamber)
r'\(')grcr’]’;”ecmr bulkhead (control PE9128 NCEEBH2 09 Mar 2018+ 09 Mar 2020
Mini Circuits 1700 — 5000Mhz 15542 31618 09 Mar 2018 09 Mar 2020*
High Pass Filter***

*Internal Characterization

**Used for radiated measurements above 1GHz
***Jsed for measurements from 1 GHz - 6GHz
***xJsed for measurements above 3 GHz

*****No measurements were performed with this instrument after the calibration due date
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4.0 Detailed results

4.1

4.2

Unique antenna requirement

4.1.1 Standard applicable

For intentional device, according to FCC 47 CFR Section 15.203, an
intentional radiator shall be designed to ensure that no antenna other
than that furnished by the responsible party shall be used with the
device.

4.1.2 Antenna description
The antenna is internal to the EUT on a PCB.

Radiated emissions
4.2.1 Limits for radiated emissions measurements

Emissions radiated outside of the specified bands shall be applied to
the limits in 15.209 as followed:

FREQUENCIES STEEI\ITgTH MEASUREMENT
(MHz) (wvim) DISTANCE (m)
0.009-0.490 2400/F(kHz) 300
0.490-1.705 24000/F(kHz) 30
1.705-30.0 30 3
30-88 100 3
88-216 150 3
216-960 200 3
Above 960 500 3
NOTE:

1. The lower limit shall apply at the transition frequencies.

2. Emission level (dBuV/m) = 20 * log * Emission level (uV/m).

3. As shown in 15.35(b), for frequencies above 1000MHz, the field strength limits
are based on peak detector values with duty cycle correction, however, the peak
field strength of any emission shall not exceed the maximum permitted average
limits by more than 20dB under any condition of modulation.
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4.2.2 Test procedures

a. The EUT was placed on the top of a rotating table 0.8 meters
above the ground plane in a 10 meter semi-anechoic chamber. The
table was rotated 360 degrees to determine the position of the
highest radiation.

b. The EUT was set 3 meters away from the interference-receiving
antenna, which was mounted on the top of a variable-height antenna
tower.

c. The antenna was a broadband antenna, and its height is varied
from one meter to four meters above the ground to determine the
maximum value of the field strength. Both horizontal and vertical
polarizations of the antenna are used to make the measurement.

d. For each suspected emission, the EUT was arranged to maximize
its emissions and then the antenna height was varied from 1 meter to
4 meters and the rotating table was turned from 0 degrees to 360
degrees to find the maximum emission reading.

e. The test-receiver system was set to use a peak detector with a
specified resolution bandwidth. For spectrum analyzer
measurements, the composite maximum of several analyzer sweeps
was used for final measurements.

f. If the emission level of the EUT in peak mode was 10dB lower than
the limit specified, then testing could be stopped and the peak values
of the EUT would be reported. Otherwise the emissions that did not
have 10 dB margin would be re-tested one by one using peak, quasi-
peak or average method as specified and then reported in a data
sheet.

g. The EUT was measured in both the horizontal and vertical
orientation. It was found that the vertical position produced the
highest emissions, and this orientation was used for all testing. See
Annex A for test photos.
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NOTE:

1. The resolution bandwidth and video bandwidth of test
receiver/spectrum analyzer is 120kHz for Peak detection (PK) and
Quasi-peak detection (QP) at frequencies below 1GHz.

2. The resolution bandwidth 1 MHz for all measurements and at
frequencies above 1GHz, The video bandwidth was 1MHz for peak
measurements and 10Hz for average measurements. A peak
detector was used for all measurements above 1GHz.
Measurements were made with an EMI Receiver.

4.2.3 Deviations from test standard

No deviation.

4.2.4 Test setup

ANTEHHA

H 3 METERS

1- 4 METERS

A 4

AHTEHHA MAST

EUT

80 CENTIMETERS
TURHTAELE
GROUHD PLAHE

EMI RECEIVER/SPECTRUM AHALYZER

Figure 1 - Radiated Emissions Test Setup

For the actual test configuration, please refer to Appendix A for photographs of the
test configuration.
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4.2.5 EUT operating conditions

The EUT was powered by 1.5 VDC (1 x AAA battery) and set to
transmit continuously on the lowest frequency channel, highest
frequency channel and one in the middle of its operating range.

426 Testresults

EUT MODULE SenseTag MODE Receive
INPUT POWER | 1.5 VDC (AAA Battery) EFAQE%EENCY 30MHz — 10 GHz

ENVIRONMENTAL | 52 % = 5% RH

CONDITIONS 23 + 30C TECHNICIAN KVepuri

Graph12

[Flectic Field Strength (dBuv/m)

FCC Part 15 Radiated 30 MHz-100 GHz 3m (non-Class A)

it .
WWWMW WWMMMmeWW

3000 100.00 1000.0(
Freq (MH2)

(PEAK) EMI (H)
(PEAK) EMI (V.

Figure 2 - Radiated Emissions Plot, Receive
All the measurements were found to be at least 6dB below the limit.
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Table 1 - Radiated Emissions Quasi-peak Measurements, Channel 4

Frequency | Level Limit Margin | Height | Angle | Pol
MHz dBuVv/m | dBuV/m | dB cm. deg.
481.20 33.05 46.00 12.90 103.00 | 277.00 \
902.28 102.80 N/A N/A 200.00 322.00 H

Table 2 - Radiated Emissions Peak Measurements vs Average Limit, Channel 4

Frequency | Level Limit Margin | Height | Angle | Pol

MHz dBuVv/m | dBuV/m | dB cm. deg.
1803.73 36.55 53.98 17.43 169.00 | 358.00 H
2437.74 44.50 53.98 9.48 126.00 | 134.00 \
2705.50 36.73 53.98 17.25 160.00 | 196.00 H
7218.50 52.24 53.98 1.74 200.00 33.00 \
8121.00* 56.70 73.98 17.28 199.00 | 282.00 Vv
9023.00 50.68 53.98 3.30 399.00 | 359.00 \

*Peak limit is compared for this frequency. Average measurement shown in table below.

Table 3 - Radiated Emissions Average Measurements, Channel 4

Frequency | Level Limit Margin | Height | Angle | Pol
MHz dBuVv/m | dBuV/m | dB cm. deg.
8121.00 51.73 53.98 2.25 389 0 VERT
REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)
3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value.
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Table 4 - Radiated Emissions Quasi-peak Measurements, Channel 5

Frequency | Level Limit Margin | Height | Angle | Pol
MHz dBuV/m | dBpV/m | dB cm. deg.
480.90 26.57 46.00 19.40 101.00 2.00 \
908.64 102.98 NA NA 200.00 322.00 H

Table 5 - Radiated Emissions Peak Measurements, Channel 5

Frequency | Level Limit Margin | Height | Angle | Pol
MHz dBuVv/m | dBuV/m | dB cm. deg.
1880.00 48.84 73.98 25.14 98 299 VERT
2725.80 47.02 73.98 26.96 117 218 HORI
3634.40 49.85 73.98 24.13 190 226 VERT
4543.20 45.98 73.98 28.00 126 197 HORI
6359.80 50.73 73.98 23.25 224 263 VERT
7268.60 58.09 73.98 15.89 126 41 VERT
8177.60 59.16 73.98 14.82 100 330 VERT
9085.80 59.23 73.98 14.75 224 314 VERT
Table 6 - Radiated Emissions Average Measurements, Channel 5
Frequency | Level Limit Margin | Height | Angle | Pol
MHz dBuV/m | dBpV/m | dB cm. deg.
1880.00 41.58 53.98 12.40 98 299 VERT
2725.80 42.08 53.98 11.90 117 218 HORI
3634.40 44.84 53.98 9.14 190 226 VERT
4543.20 32.76 53.98 21.22 126 197 HORI
6359.80 43.49 53.98 10.49 224 263 VERT
7268.60 52.39 53.98 1.59 126 41 VERT
8177.00 50.39 53.98 3.59 278 290 VERT
9085.80 51.95 53.98 2.03 224 314 VERT

Note: Average measurements are calculated by taking the peak measurements
and applying the averaging factor based on the measured duty cycle in Figure 2.

REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)
3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value.

Page 14 of 57



Report Number: R20190919-20-01-E1A

Applicant: Communications Systems Solutions

NCEE Labs

Test Report

N
T
(O]
o

© —

- | =

Q N S

AEIR
>

e

o | 8| ¥

>
o |z
i O

w 36| £

Q mz| O

O x<<| W

S || -

>

g
<
m

T
3 |z

o < X

S|P

o | O |[H&

2 W S+

(] :

(7] —l &B
—
<

e =

Wilw |gow

5|22

al| 0o |Zz9

(@) O Ok

= E XA

E| R ISZ

) > Zz 0

w| Z |Wwo

Level [dBuV/m]

r
1
1
|
|
|
B e e e Rl o e e il
A Sy Uy SR NP

100 {-------

80 f-------
60 f-------

40
20 N N
10

600M

400M

300M

200M

Frequency [Hz]

100M

50M

30M 40M

-Quasi-peak Measurements
Peak Preview Measurements
Limit Line

+ 4+

Figure 5 - Radiated Emissions Plot, Highest Channel
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Table 7 - Radiated Emissions Quasi-peak Measurements, Channel 6

Frequency | Level Limit Margin | Height | Angle | Pol
MHz dBuV/m | dBpV/m | dB cm. deg.
479.76 34.84 46.00 11.20 99.00 88.00 \
914.94 102.48 NA NA 196.00 327.00 H

*Unrestricted band. Required to be 20dB below fundamental

Table 8 - Radiated Emissions Peak Measurements vs Average Limit, Channel 6

Frequency | Level Limit Margin | Height | Angle | Pol

MHz dBuVv/m | dBuV/m | dB cm. deg.
1830.00 42.47 53.98 11.51 135 359 H
2744.50 45.42 53.98 8.56 178 246 H
4574.50 44.50 53.98 9.48 134 299 \Y
6404.00 45.37 53.98 8.61 334 99 \
7319.00 47.99 53.98 5.99 104 399 \Y
8234.00 49.41 53.98 4.57 284 100 \
9149.50 50.72 53.98 3.26 196 200 \

REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)

3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value
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4.3

80 CENTIMETERS
TURNTABLE
GROUND PLAHE

Bandwidth
4.3.1 Limits of bandwidth measurements

The 6dB bandwidth and occupied bandwidth are reported for
reference only, as the system is categorized under hybrid system.

4.3.2 Test procedures
The method from ANSI C63.10, Section 11.8.1 was used.

All measurements were taken at a distance of 3m from the EUT. The
bandwidth of the fundamental frequency was measured by spectrum
analyzer with 100 kHz RBW and 1 MHz VBW.

The 6dB bandwidth is defined as the bandwidth of which is higher
than peak power minus 6dB.The 99% occupied is defined as the
bandwidth at which 99% of the signal power is found. This
corresponds to 20dB down from the maximum power level. The
maximum power was measured with the largest resolution bandwidth
possible (10MHz) and this value was recorded. The signal was then
captured with a 1 MHz resolution bandwidth and the frequencies
where the measurements were 20dB below the maximum power
were marked. The bandwidth between these frequencies was
recorded as the 99% occupied bandwidth.

4.3.3 Deviations from test standard

No deviation.

4.3.4 Test setup

AHTEHHA

H 3 METERS

>

1- 4METERS
AHTEHHA MAST

EUT

EMI RECEIVER/SPECTRUM AHALYZER

Page 17 of 57



NCEE Labs
Test Report

Report Number: R20190919-20-01-E1A
Applicant: Communications Systems Solutions

4.3.5 EUT operating conditions

The EUT was powered by 1.5 VDC (1 x AAA Battery) unless
specified and set to transmit continuously on the lowest frequency
channel, highest frequency channel and one in the middle of its
operating range.

4.3.6 Testresults
EUT MODULE SenseTag MODE Continuous Transmit
INPUT POWER 1.5 VDC (AAA Battery) Eiﬁ%"éENCY 902 MHz — 928 MHz
ENVIRONMENTAL | 52 % + 5% RH KVepuri, FLane,
CONDITIONS 23 £ 3°C LSS Alnamura
CHANNEL
CHANNEL | FREQUENCY | 6dB BW (kHz)
(MHz)
Lowest 902.3 260.7
Middle 908.6 262.4
Highest 914.9 258.2
REMARKS:
None
CHANNEL 20 dB and
CHANNEL | FREQUENCY | 99% Occupied
(kHz) BW (kHz)
Lowest 902.3 312.23
Middle 908.6 314.35
Highest 914.9 307.88
REMARKS:
None
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m Keysight Spectrum Analyzer - Occupied BW

=P
X TS | RF [s0e bC | [ | SENSE:INT] SOURCE OFF | ALIGN AUTD | 02:03:15 PMFeb 26, 2020
Eenter Freq 902.300000 MHz | Center Freq: 902.300000 MHz Radio Std: None
NFE o  Trig: Free Run Avg|Hold:>10/100
‘ PREAMP #IFGain:Low #Atten: 0 dB Radio Device: BTS

15 dBldiv Ref -30.00 dBm
ILog

-45.0

-60.0

-f50

-50.0 fesmanand

-105

-120

-135
-150

-165

Center 902.3000 MHz

Span 700.0 kHz
Res BW 100 kHz VBW 1 MHz Sweep 1ms
Occupied Bandwidth Total Power =-32.0 dBm
312.23 kHz
Transmit Freq Error -2.273 kHz % of OBW Power 99.00 %
x dB Bandwidth 260.7 kHz x dB -6.00 dB

MSG |STATUS|

Figure 6 - Bandwidth, Low Channel
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m Keysight Spectrum Analyzer - Occupied BW
7] TS | RF [50Q DC |

=R R

| SENSE:INT] SOURCE OFF | ALIGN AUTD | 02:23:36 PMFeb 26, 2020
Eenter Freq 908.600000 MHz | Center Freq: 908.600000 MHz Radio Std: None
NFE Trig: Free Run Avg|Hold:>10/100
‘ PREAMP #FGain:Low #Atten: 0 dB Radio Device: BTS
Mkr1 908.6308 MHz
15 dB/div Ref -30.00 dBm -35.132 dBm
ILog %
4510
-B0.0
750 T
0.0 fee
-108
120
135
-150
-1B5
Center 908.6000 VHz Span 700.0 kHz
Res BW 100 kHz VEW 1 MHz Sweep 1ms
Occupied Bandwidth Total Power -31.8 dBm
314.35 kHz
Transmit Freq Error -1.553 kHz % of OBW Power 99.00 %
x dB Bandwidth 262.4 kHz x dB -6.00 dB
MSG

|STJ1\TUS|

Figure 7 - Bandwidth, Middle Channel
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m Keysight Spectrum Analyzer - Occupied BW

=P
T ] RF [s0e bC | [ | SENSE:INT] SOURCE OFF | A\ALIGN OFF | 01:43:13 PMFeb 26, 2020
|EBW 100.00 kHz | Center Freq: 914.900000 MHz Radio Std: Nene
NFE o  Trig: Free Run Avg|Hold:>10/100
‘ PREAMP #IFGain:Low #Atten: 0 dB Radio Device: BTS
15 dBldiv Ref -30.00 dBm
ILog
-45.0
-B0.0
750
0.0 o -
-105
-120
-135
-150
-165
Center 914.9000 MHz Span 700.0 kHz
Res BW 100 kHz VBW 1 MHz Sweep 1ms
Occupied Bandwidth Total Power -31.8 dBm
307.88 kHz
Transmit Freq Error 0 Hz % of OBW Power 99.00 %
x dB Bandwidth 258.2 kHz x dB -6.00 dB
MSG |STATUS|

Figure 8 - Bandwidth, High Channel
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4.4  Maximum peak output power

4.4.1 Limits of power measurements

The maximum peak output power allowed is 30dBm

4.4.2 Test procedures

The method from ANSI C63.10 Section 7.8.5 was used.

All measurements were taken at a distance of 3m from the EUT. The
bandwidth of the fundamental frequency was measured by spectrum
analyzer with 3 MHz RBW and 3 MHz VBW.

4.4.3 Deviations from test standard

No deviation.

4.4.4 Test setup

AHTEHHA

H 3 METERS

>

1- 4METERS
AHTEHHA MAST

EUT

80 CENTIMETERS
TURNTABLE
GROUND PLANE

EMI RECEIVER/SPECTRUM AHALYZER

4.4.5 EUT operating conditions
See Section 2.6

4.4.5 EUT operating conditions

The EUT was powered by 1.5 VDC (1 x AAA Battery) unless
specified and set to transmit continuously on the lowest frequency
channel, highest frequency channel and one in the middle of its
operating range.
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446 Testresults

EUT MODULE SenseTag MODE Continuous Transmit
INPUT POWER 1.5 VDC (AAA Battery) Eiﬁ(éLéENCY 902 MHz — 928 MHz
ENVIRONMENTAL | 52 % + 5% RH KVepuri,FLane,
CONDITIONS 23+ 3°C USS IS Alnamura

Maximum peak output power

CHANNEL EIRP PEAK PEAK EIRP PEAK
POWER POWER POWER
CriEL FRE((I\DAL;E;“CY OUTPUT LIMIT OUTPUT RESLLE
(dBm) (dBm) (MmW)
Lowest 902.3 8.80 30 7.59 PASS
Middle 908.6 8.03 30 6.35 PASS
Highest 914.9 8.05 30 6.38 PASS

Emeas = Maximized measurements from Figures 10 — 12. Measured at 3m and
indicated by marker 1 = raw value from plot + 107 (dBm to dBuV) + AF + CF

AF = Antenna factor = 26.30 dB
CF = Cable factor = 5.06 dB
From ANSI C63.10 Equation 9.5:

EIRP = Ewmeas + 20l0g(dmeas) — 104.7

REMARKS:
None
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= =
7] TS | RF [s0e DC | [ | SENSE:INT] SOURCE OFF | ALIGN AUTD | 02:06:40 PMFeb 26, 2020
[Marker 1 902.300000000 MHz | Tria: Free Run ﬁ’ﬁJﬁﬁ;ﬁS&,ﬂ‘;” TRACE 123056
NFE ;:Eg;)me::" & #Atgl-en: 0dB ¢ ’ DETINNNNNN
Mkr1 902.30 MHz
EggBldiv Ref -10.00 dBm -35.098 dBm
200
-30.0 1

-40.0

-50.0

Center 902.30 MHz Span 20.00 MHz
#Res BW 3.0 MHz #VBW 3.0 MHz #Sweep (#Swp) 10.00 ms (1001 pts)
‘MSG | |STATUS|

Figure 9 — Peak Output Power, Low Channel
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=0 =l =
1] TS | RF [s0Q bpC | | [ SENSE:INT] SOURCE OFF | ALIGN AUTO | 02:22:04 PMFeb 26, 2020
Marker 1 908.540000000 MHz | Tria: Free R :vcmvme;:ggﬂgr TRACE 123056
NFE #PNO: Fast rig: Free Run vg|Hold: AR
#IFGﬂin:Lﬂ;w & #Atten: 0 dB DET|NNNNNN
Mkr1 908.54 MHz
10 dBidiv Ref -10.00 dBm -35.170 dBm
og
200
300 1

Center 908.60 MHz Span 20.00 MHz

#Res BW 3.0 MHz #VBW 3.0 MHz #Sweep #Swp) 10.00 ms (1001 pts)
|MSG|

‘STATUS|

Figure 10 — Peak Output Power, Mid Channel
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7] T ] RF [s0e DC | [ | SENSE:INT] SOURCE OFF [ ANALIGN OFF [ 01:31:23 PMFeb 26, 2020
[Marker 1 914.880000000 MHz | Tria: Free R :VQIJVE&:’I‘;S&-“F;BH TRT?’(;EI%-'I: 3156
NFE #PNO: Fast rig: Free kun vg|Hold: AR

#IFGain:Low & #Atten: 0 dB DET|N NNNNN

Mkr1 914.88 MHz

EggBldiv Ref -10.00 dBm -35.148 dBm

-200

-30.0 1

-40.0

Center 914.90 MHz Span 20.00 MHz
#Res BW 3.0 MHz #VBW 3.0 MHz #Sweep (#Swp) 10.00 ms (1001 pts)
‘MSG | |STATUS|

Figure 11 — Peak Output Power, High Channel
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4.5

Bandedges

4.5.1 Limits of bandedge measurements

For emissions outside of the allowed band of operation (2400.0MHz —
2483.5MHz), the emission level needs to be 20dB under the
maximum fundamental field strength. However, if the emissions fall
within one of the restricted bands from 15.205 the field strength levels
need to be under that of the limits in 15.209.

4.5.2 Test procedures
The method from ANSI C63.10 Section 6.10.6.2 was used.

The EUT was tested in the same method as described in section 4.3
- Bandwidth. The EUT was oriented as to produce the maximum
emission levels. The resolution bandwidth was set to 30 kHz and the
EMI receiver was used to scan from the bandedge to the
fundamental frequency with a peak detector. The highest emissions
level beyond the bandedge was measured and recorded. If the out of
band emissions do not fall within a restricted band from 15.205, then
it is required that the out of band emission be 20dB below that of the
fundamental emission level. If the out of band emission falls with a
restricted band from 15.205, then it is required that the emission be
below the limits from 15.209.

4. 5.3 Deviations from test standard
No deviation.

4.5.4 Test setup
See Section 4.4

455 EUT operating conditions

The EUT was powered by 1.5 VDC (1 x AAA Battery) unless
specified and set to transmit continuously on the lowest frequency
channel, highest frequency channel and one in the middle of its
operating range.
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456 Testresults

EUT MODULE SenseTag MODE Continuous Transmit
INPUT POWER | 1.5 VDC (AAA Battery) EFAQE%EENCY 902 MHz — 928 MHz
ENVIRONMENTAL | 52 % + 5% RH .
oD IONS o e TECHNICIAN | KVepuri

Highest In-Band Emissions
100kHz RBW, Marker-Delta method from ANSI C63.10, Section 6.10.6

Band edge Highest in- Fundamental
CHANNEL /leasureme”t band level | F€Vel @BM) | a1 MIn o ecult
requency (dBm) (dBc)
(MH2z)
Low, Continuous 902.30 -87.142 -35.120 52.022 | 20.0 | PASS
(unrestricted)
High, Continuous 928.00 -94.013 -35.115 58.898 | 20.0 | PASS
(unrestricted)

*Minimum delta = [highest fundamental peak field strength from Section 4.2] —
[Part 15.209 radiated emissions limit.]

From Section 4.2

Fundamental peak field strength at Low /m Channel = 102.80 dBuV @ 3m
Fundamental peak field strength at High channel = 102.48 dBuV @ 3m

Low Channel minimum delta = 102.80 — 54.00 = 48.80
High Channel minimum delta = 102.48 — 54.00 = 48.48
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. Keysight Spectrum Analyzer - Swept SA (= R
X TS | RF [s0e bC | [ | SENSE:INT] SOURCE OFF | ALIGN AUTD | 02:14:20 PM Feb 26, 2020
Marker 1 610.100000000N!JgHz I Trig: Free Run ﬁgﬁ Type: Log-Pur TecelT s 15 G
oo ™ #atten: 0dB ’ DET|N NNNNN
Mkr1 610.100 MHZ
10 dBidiv  Ref -10.00 dBm -91.647 dBm
JLog
200
300
-40.0
-50.0
0.0
-70.0
-80.0
-50.0 ’
N | | | | ! | | | |
Start 608.000 MHz Stop 614.000 MHz
Res BW 100 kHz #VBW 3.0 MHz

#Sweep (#Swp) 10.00 ms (1001 pts)

'
N f

-
= oW~ aWN

-

610.100 MHz

-91.647 dBm

FUNCTION WIDTH

MSG

|STATUS|

Figure 12 - Band-edge Measurement, Restricted, Low Channel
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w Keysight Spectrum Analyzer - Swept 5A = b=
X TS | RF [s0e bC | [ | SENSE:INT] SOURCE OFF | ALIGN AUTD | 02:10:26 PMFeb 26, 2020
[Marker 1 902.254545432 MHz Avg Type: Log-Pwr TRACE|L| 2 34 5 6

Avg|Hold:>100/100 TYPE| M¥AAAAY

NE NG e, O aten 0dB ez e
Mkr1 902.254 5 MHz
10 dBidiv  Ref -10.00 dBm -35.120 dBm
JLog
-20.0
00 .
-40.0
500
-B0.0 H-tH _ 1§ Im o,
70.0 1 _ 1]
a0 P _|
800 L -
-100
Start 902.0000 MHz Stop 902.7051 MHz
Res BW 100 kHz #VBW 3.0 MHz #Sweep (#Swp) 10.00 ms (1001 pts)

902.254 5 MHz
902.000 0 MHz

-
= oW~ aWN

-

-264.5 kHz (A)

-35.120 dBm
-52.022 dB
-87.142 dBm

MSG

|STATUS|

Figure 13 - Band-edge Measurement, Unrestricted, Low Channel
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= Keysight Spectrum Analyzer - Swept SA =N =
X T ] RF [s0e bC | [ | SENSE:INT] SOURCE OFF | A\ALIGN OFF | 01:38:38 PMFeb 26, 2020
Il\—ﬂarker Lot Trig: Free Run ﬁfg{iggﬁe_;hggffovgr TRT‘:’(;E M AR AN
PREAMP NFE #’:Eggan;\tm -~ #Atten: 0 dB . DETINNNNNN
Mkr1 982.72 MHz
|10 giciv__Ref 45.00 dBm -102.392 dBm
£5.0
5.0
750
-55.0
G50 ’
105 pkate
-115
-125
-135
Start 0.96000 GHz Stop 1.00000 GHz
Res BW 100 kHz #VBW 3.0 MHz

#Sweep (#Swp) 10.00 ms (1001 pts)

-
= oW~ aWN

-

FVODETRC[SC] X ]
N f 982.72 MHz

-102.392 dBm

FUNCTION Wi

MSG

|STATUS|

Figure 14 - Band-edge Measurement, Restricted, High Channel
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= Keysight Spectrum Analyzer - Swept SA =N =
X T ] RF [s0e bC | [ | SENSE:INT] SOURCE OFF | A\ALIGN OFF | 01:36:47 PMFeb 26, 2020
Marker 3 928.000000000 MHz | T FresR o100, e R

NFE #’:EggnFE;\tu o #:tgt.en:rTJEdElun vamee DET[NNNNNN
Mkr3 928.000 0 MHz
10 dBidiv  Ref -10.00 dBm -94.013 dBm
JLog
-20.0
-30.0
-40.0
-50.0
-B0.0
700 H—
aop—L—f
900 F—t———
—
| | | | I | | | |
Start 914.500 MHz Stop 928.000 MHz
Res BW 100 kHz #VBW 3.0 MHz #Sweep (#Swp) 10.00 ms (1001 pts)
1 N i 914.851 0 MHz -35.115 dBm
2 M f (A} 13.149 0 MHz (A}  -58.898 dB
N f 928.000 0 MHz -94.013 dBm
4
5
6
7
8
9
10
11 v
< >
MSG |STATUS|

Figure 15 - Band-edge Measurement, Unrestricted, High Channel
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4.6

Power Spectral Density

4.6.1 Power spectral density measurements

For digitally modulated systems, the power spectral density
conducted from the intentional radiator to the antenna shall not be
greater than 8 dBm in any 3 kHz band during any time interval of
continuous transmission.

4.6.2 Test procedures
The method from ANSI C63.10 Section 11.10.3 was used.

All measurements were taken at a distance of 3m from the EUT. The
spectrum analyzer was set to 3 kHz RBW and 30 kHz VBW. The
power spectral density was measured and recorded at the frequency
with the highest emission. The trace averaging over 100 traces was
carried out. Number of measurement points are 500 which matches
the requirement. The sweep was set to auto couple, as per C63.10-
2013, Section 11.10.3

See Annex B for an example of how the EIRP is calculated in order to
report maximum power output.

4.6.3 Deviations from test standard
No deviation.

4.6.4 Test setup
See section 4.3

4.6.5 EUT operating conditions

The EUT was powered by 1.5 VDC (1 x AAA Battery) unless
specified and set to transmit continuously on the lowest frequency
channel, highest frequency channel and one in the middle of its
operating range.
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EUT MODULE SenseTag MODE Continuous Transmit
INPUT POWER | 1.5 VDC (AAA Battery) EFAQE%EENCY 902 MHz — 928 MHz
ENVIRONMENTAL | 52 % + 5% RH .
CONDITIONS >3+ 30 TECHNICIAN KVepuri
Power Spectral Density
CHANNEL | EIRP RF POWER MAXIMUM
CHANNEL | FREQUENCY | LEVELIN#KHz | POWER LIMIT | RESULT
(MHz) BW (dBm) (dBm)

1 902.34 0.397 8.00 PASS

2 908.64 1.28 8.00 PASS

3 914.82 1.16 8.00 PASS

All measurements were taken from Figures 15 — 17 of this section.

Emeas = Maximized measurements from Figures 10 — 12. Measured at 3m and
indicated by marker 1 = raw value from plot + 107 (dBm to dBuV) + AF + CF

AF = Antenna factor = 26.30 dB

CF = Cable factor = 5.06 dB

From ANSI C63.10 Equation 9.5:

EIRP = Ewmeas + 20l0g(dmeas) — 104.7
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7] TS | RFPRESEL [50Q DC | [ | SENSE:INT] SOURCE OFF | ALIGN AUTD | 02:05:24 PMFeb 26, 2020

[Marker 1 902.267800000 MHz | Tria: Free R :VﬁJvlze:’rg&t?g; TRT‘:’(;EI%-'I 23456

NFE PNO: Wid rig: Free kun vg|Hold: AR

IFGain:leeu & Atten: 6 dB DET|P NNNNN

Mkr1 902.267 8 MHz

10 dBidiv Ref -30.00 dBm -43.599 dBm

og

-40.0 1

-50.0 /'wlﬂ ”"“ 'j

-B0.0

# m
Al i

-90.0 i

=]

—
—_—

ﬂ | WNIM 11
it T TR i

-120

Center 902.3000 MHz
#Res BW (-6dB) 3 kHz VBW 20 kHz

‘MSG|

Span 700.0 kHz
Sweep 161.5 ms (1001 pts)

|STATUS |

Figure 16 - Power Spectral Density Measurement, Low Channel
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TS [ RFPRESEL [50Q@ DC | | | SENSE:INT] SOURCE OFF | ALIGN AUTO | 02:20:27 PMFeb 26, 2020
Ref Level -31.00 dBm | Tric: Free R :"”"P,':e: :’;{;ﬁg; e IEERE;
NEE PNO: Wid rig: Free Run vg|Hold:> AR
IFGain:leeu = Atten: 6 dB DET|P NNNNN
Mkr1 908.651 8 MHz
jodBiciv__Ref -31.00 dBm -41.962 dBm
og
1
-41.0

510 ]

| \

| ——
é
=

pu——
=]
= |

910

TR T WL g
NN iz \JWWULA

-1

-121

Center 908.6000 MHz Span 700.0 kHz
#Res BW (-6dB) 3.0 kHz VBW 20 kHz Sweep 161.5 ms (1001 pts)
‘MSG | |STATUS|

Figure 17 - Power Spectral Density Measurement, Mid Channel
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' Keysight Spectrum Analyzer - Swept SA = ]
7] TS [ RFPRESEL [50Q DC | | | SENSE:INT] SOURCE OFF | ALIGN AUTO | 01:55:17 PMFeb 26, 2020
Marker 1 914.865000000 MHz | o FreeR [vg Type: veltage TCElT33 35 ¢

NEE PNO: Wid rig: Free Run vg|Hold: AR

IFGain:LIo:v o Atten: 10 dB DET|P NNNNN

Mkr1 914.865 0 MHz

jodeidiv_ Ref 0.00 dBm -42.044 dBm
og
-10.0
200
-30.0

-0 01

|
J

. o
bl Mmm | |

[—

r.mlum\.a i

Center 914.9000 MHz Span 700.0 kHz
[#Res BW (-6dB) 3 kHz VBW 20 kHz Sweep 161.5 ms (1001 pts)
‘MSG | |STATUS|

Figure 18 - Power Spectral Density Measurement, High Channel

Page 37 of 57



NCEE Labs
Test Report

Report Number: R20190919-20-01-E1A
Applicant: Communications Systems Solutions

4.7  Carrier frequency separation, Number of hopping channels, Time of

Occupancy

4.7.1 Limits for Time of Occupancy

Average time of occupancy on any frequency not to exceed 0.4
seconds

4.7.2 Test procedures
The data in this section were taken from a previous version of the
transmitter. No changes were made to the software that would affect

these parameters

The method from ANSI C63.10 Section 7.7.2, 7.7.3 and 7.7.4 were
used.

All measurements were taken at a distance of 3m from the EUT. The
bandwidth of the fundamental frequency was measured by spectrum
analyzer with 10 kHz RBW and 30 kHz VBW.

4.7.3 Deviations from test standard

No deviation.

4.7.4 Test setup

CABLE

1- 4 METERS

ﬂ ANTENHA
3 METERS

[ >

Isn CEHTIMETERS

GROUHD PLAHE

ANTEHHA MAST
EUT

TURNTABLE

EMI RECEIVER/SPECTRUM AHALYZER

4.7.5 EUT operating conditions

The EUT was powered by 1.5 VDC (1 x AAA Battery) unless
specified and set to transmit continuously on the lowest frequency
channel, highest frequency channel and one in the middle of its
operating range. Note that these measurements were done on
previous version of the same product and manufacturer declared that
this section won’t be affected by the changes made to the EUT.
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4.7.6 Test results
EUT MODULE SenseTag MODE Continuous Hop
INPUT POWER 1.5 VDC (AAA Battery) Eiﬁ%LéENCY 902 MHz — 928 MHz
ENVIRONMENTAL | 52 % + 5% RH .
CONDITIONS 23 + 30C TECHNICIAN KVepuri
@ Delta 3 [T1] RBW 200 kH=z RF Att 20 dB
T e
A3 [T1] 4.10 dB
Al [T1] '—12.48 dB
_a0 A2 [T1] A 14.10 d;
1VIEW 1_‘ [_‘ iMa
n" l
1
ol sl ke bt led st bkl L
790Center 903.2984088 MH=z 540 ms/
Figure 19 — Time of Occupancy (109.98 ms per Hop - Pass)
Max = 0.4 sec
Frequency Separation
Block FREQ Hop 1 -2 Hop 2-3 Hop 3-4 Hop 4-5 Hop 5-6 Hop 6-7 Hop 7-8
Block (MH2) Seperation Seperation Seperation | Seperation | Seperation | Seperation | Seperation
(kHz) (kHz) (kHz) (kHz) (kHz) (kHz) (kHz)
A 902.3-903.7 200.40 200.40 200.40 204.40 200.40 200.40 200.40
B 903.9-905.3 200.40 200.40 200.40 196.40 200.40 200.40 200.40
C 905.5-906.9 200.40 200.40 200.40 205.41 200.40 200.40 200.40
D 907.1-908.5 200.40 200.40 200.40 195.40 200.40 200.40 200.40
E 908.7-910.1 202.80 198.40 202.80 193.98 202.80 198.40 202.80
F 910.3-911.7 200.40 200.40 200.40 200.40 200.40 200.40 200.40
G 911.9-913.3 202.80 201.20 200.40 197.60 202.80 201.20 200.40
H 913.5-914.9 202.80 198.40 202.80 198.40 202.80 198.40 202.80
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Frequency Block | Channel | Frequency in MHz Frequency Block | Channel | Frequency in MHz

0 9023 32 908.7

1 902.5 33 908.9

2 902.7 34 909.1

3 902.9 35 9093

pocka 4 903.1 Block £ 36 909.5
5 903.3 37 909.7

6 903.5 38 909.9

7 903.7 39 910.1

8 903.9 40 9103

9 904.1 41 910.5

10 904.3 42 910.7

11 904.5 43 910.9

Sk P 12 904.7 BlockF 4 911.1
13 904.9 45 9113

14 905.1 46 9115

15 905.3 47 911.7

16 905.5 48 911.9

17 905.7 49 912.1

18 905.9 50 9123

Block C 19 906.1 Block E 51 9125
20 906.3 52 912.7

21 906.5 53 9129

22 906.7 54 913.1

23 906.9 55 9133

24 907.1 56 9135

25 907.3 57 913.7

26 907.5 58 913.9

Block D 27 907.7 Block F 59 914.1
28 907.9 60 9143

29 908.1 61 914.5

30 908.3 62 914.7

31 908.5 63 914.9

Figure 20 — Frequency Blocks Used

Page 40 of 57



NCEE Labs Report Number: R20190919-20-01-E1A

Test Report Applicant: Communications Systems Solutions
Delta 1 [T1] RBW 10 kHz RF Att 20 dB
<§%>Ref Lv1l 0.65 dB VBW 30 kHz
—20 dBm 200.40080160 kH=z SWT 50 ms Unit dBm
-20
V1i|[T1] —-4d.41 4as

9(02.23647295 MH=z
=30

Al [[TT] .65 dB
2(dJ0.40080160 kH=z

—40 V2lrri) —449.76 dB
1 2 9(J2.43687375 MHz

il |

—80] £ \

-90
-100
-110
-120
Start 902 MHz 200 kHz/ Stop 904 MH=z
Figure 21 — Number of Hops Block A(8 Hops)
Delta 3 [T1] RBW 10 kHz REF Att 20 dB
Ref Lvl 0.31 dB VBW 30 kHz
-20 dBm 601.20240481 kHz SWT 50 ms Unit dBm
-20
*
Vi|[(T1] -49.71 dB -
-
9d2.28857715 MHz
a3 Tl d.31 dB
-30 ST TS OO ST RIT
Al Tl d.07 4B
2do0.40080160 kHz
21Tl d.28 dB
_40 A2l T1]

4J0.80160321 kHz|IN1
1VIEW 1 1 2 3 1MA

B A T T

-60]|

|
|

S \
N Loy

Start 902 MHz 200 kHz/ Stop 904 MH=z

=90

Figure 22 — Hop Separation Block A (1-4)
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Delta 1 [T1] RBW 10 kHz RF Att 20 dB
@Ref Lv1l 0.06 dB VBW 30 kHz
—-20 dBm 400.80160321 kH=z SWT 50 ms Unit dBm
-20

Vi|[T1] —44.27 dB

9(03.09418838 MHz

all Tl d.o6 aB
=30 a0 U o T I
A2l T -d.03 aB
2do.40080160 kHz
3]rT1 d.11 aB
-40 A3 T1]

601.20240481 kHz| IN1
1VIEW 1 2 1 3 1Ma

Nl e

Il |
|

=70

S \
o ey

-90
Start 902 MHz 200 kHz/ Stop 904 MH=z
Figure 23 — Hop Separation Block A (4-8)

Marker 2 [T1] RBW 10 kHz RF Att 20 dB
<2%>Ref Lvl -45.39 dBm VBW 100 kHz
-20 dBm 905.35571142 MHz SWT 50 ms Unit dBm
-20
w2 rT1] -49.39 dB
9d5.35571|142 MHz
vVilir1i] —-49.60 dBnj
-30 =] - T O I
-40
IN1

M

-60 / l
—70] /f )
| ERERER RN
-80
%)
-90|
Start 903.5 MHz 200 kHz/ Stop 905.5 MHz

Figure 24 — Number of Hops Block B(8 Hops)
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Delta 3 [T1] RBW 10 kHz RF Att 20 dB
@Ref Lvl 0.05 dB VBW 100 kHz
—-20 dBm 601.20240481 kHz SWT 50 ms Unit dBm
-20
Vi|[(T1] —44.29 dB

9(03.89679359 MH=z

PEIREES d.o5 aB
=30 oqT - (o) 3 K3 T KIT
aAlftr1d .03 dB
2do.40080160 kHz
2|2 d.10 aB
—a0 N [ 1

ado.so0160321 xnz|INi
1MAX 1 ] 1 3 1mMa

mmmmm}rwww
|

-60

]
]

=70

C_h__'\

sl W

=90
Start 903.5 MH=z 200 kHz/ Stop 905.5 MHz
Figure 25 — Hop Separation Block B (1-4)
Marker 1 [T1] RBW 10 kHz RF Att 20 dB
@Ref Lv1l —-45.19 dBm VBW 100 kHz
—-20 dBm 904.69438878 MHz SWT 50 ms Unit dBm
-20,
Vi|[T1] —-49.19 dB
9(4.69438878 MHz
Al [T1] -d.04 dae
-30 Jqo =200 TOU KIT
A2 [T1] -J.09 dB
4d0.80160321 kH=z
3 T1 -J.10 dB
-40) A3 T

6(01.20240481 kHz| IN1
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Start 903.5 MH=z 200 kHz/ Stop 905.5 MHz

Figure 26 — Hop Separation Block B (4-8)
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Marker 2 [T1] RBW 10 kHz RF Att 20 dB
@Ref Lvl —47 .62 dBm VBW 100 kHz
—-20 dBm 906.95891784 MHz SWT 64 ms Unit dBm
-20
V2| [T1] —471.62 dB

9(06.95891]784 MH=z

vVi|rr1i] —-44d.99 dBnj
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Figure 27 — Number of Hops Block C (8 Hops)
Delta 3 [T1] RBW 10 kHz RF Att 20 dB
Ref Lvl 0.14 dB VBW 100 kHz
-20 dBm 601.20240481 kHz SWT 64 ms Unit dBm
-20
Vi|[rT1] —-49.50 dBnj
9d5.49599198 MHz
a3t .14 dB
-30 © T \v) k3 K3 T KIT
Al lT1] d.21 aB
2do.40080160 kHz
2| rT1 -i.80 am
-40 a2|IT1]

4J0.80160321 kHz|IN1
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i
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-90|

Start 905 MHz 250 kHz/ Stop 907.5 MHz

Figure 28 — Hop Separation Block C (1-4)
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Delta 1 [T1] RBW 10 kHz RF Att 20 dB
@Ref Lv1l 0.00 dB VBW 100 kHz
—20 dBm 200.40080160 kH=z SWT 64 ms Unit dBm
-20
vi|[T1] —44.39 dB

9(06.30260521 MHz

Al [TL] d.00 dB
=39 Jqu 3200 TOU KT
A2 [T1] -d.03 dB
4J0.80160321 kH=z
. A3 [T1] d.02 dB
6d1.20240481 kHz|IN1
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Figure 29 — Hop Separation Block C (4-8)
Marker 1 [T1] RBW 10 kHz RE Att 20 dB
Ref Lv1l -45.87 dBm VBW 100 kHz
—20 dBm 907.03607214 MHz SWT 64 ms Unit dBm
-20
Vi|[(T1] —-49.87 dB
9(q7.03607214 MH=z
va|lrr1] —471.71 dB
-30 S T T 7 ITTT
-40
IN1
1MAX 1 iMa
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L
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Start 906.5 MH=z 250 kHz/ Stop 909 MH=z

Figure 30 — Number of Hops Block D (8 Hops)
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Delta 1 [T1] RBW 10 kHz RF Att 20 dB
@Ref Lv1l 0.12 dB VBW 100 kHz
—-20 dBm 200.40080160 kH=z SWT 64 ms Unit dBm
-20
Vi|[(T1] —44.72 dB

9(07.09619238 MHz

all Tl d.12 aB
=30 qUo =200 TOU I
A2l T .06 dB
4d0.80160[321 kHz
3|rT1 d.03 aB
-40 A3 T1]

601.20240481 kHz| IN1
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-90
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Figure 31 — Hop Separation Block D (1-4)

Delta 3 [T1] RBW 10 kHz RF Att 20 dB
@Ref Lv1l -0.15 dB VBW 100 kHz
—-20 dBm 601.20240481 kH=z SWT 64 ms Unit dBm
-20,
V1i|[T1] —-49.77 dB
9(7.89278557 MHz
A3 [T1] -d.15 dB
—30) oqT - \v) 3 K3 T KIT
Al [T1] -J.01 dB
2(J0.40080160 kH=z
2 T1 -4.43 dB
-40) a2 T1]
4d0.80160321 kHz|IN1
1MAX 1 1 iMAa
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=90

Start 906.5 MH=z 250 kHz/ Stop 909 MH=z

Figure 32 — Hop Separation Block D (4-8)
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Marker 2 [T1] RBW 10 kHz RF Att 20 dB
@Ref Lvl —37.50 dBm VBW 100 kHz
—-20 dBm 910.15170341 MH=z SWT 56 ms Unit dBm
-20
V2| [T1] —37-50 dB

910.15170341 MH=z

vVi|rr1i] -349.84 dBnj
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Figure 33 — Number of Hops Block E (8 Hops)
Delta 3 [T1] RBW 10 kHz RF Att 20 dB
Ref Lv1l 0.27 dB VBW 100 kH=z
-20 dBm 604.00801603 kHz SWT 56 ms Unit dBm
-20
Vi|[rT1] -34.25 dBnj
9d8.70120240 MHz
a3 T1) .27 dB
-30 oqaE . 00 U1 (v KIT
Al lT1] 1.03 aB
1 1 > 3 2d2.80561122 kHz
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Figure 34 — Hop Separation Block E (1-4)
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Marker 1 [T1] RBW 10 kHz RF Att 20 dB
@Ref Lvl —37.49 dBm VBW 100 kHz
—-20 dBm 909.49919840 MHz SWT 56 ms Unit dBm
-20
vi|[T1] -371.49 4B

9(09.49919840 MH=z

all Tl d.22 am
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. PCIREES! -d.13 aB
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Figure 35 — Hop Separation Block E (4-8)
Marker 2 [T1] RBW 10 kHz RE Att 20 dB
@Ref Lvl -42.71 dBm VBW 100 kHz
-20 dBm 911.75551102 MHz SWT 50 ms Unit dBm
-20,
v2|[T1] -44.71 dB
911.75551102 MHz =
-30 VITTTT] —Z -39 dBn
910.23647295 MHz
—40 1

wmmqumwmm .
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-100
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=120
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Figure 36 — Number of Hops Block F (8 Hops)
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Delta 3 [T1] RBW 10 kHz RF Att 20 dB
@Ref Lv1l -0.19 dB VBW 100 kH=z
-20 dBm 601.20240481 kH=z SWT 50 ms Unit dBm
-20
Vi|[(T1] —41.67 dB

91J0.30060/120 MHz

a3| Tl -d.19 aB
=30 oqT - \v) 3 K3 T I
aAlftrid -d.14 aB
2do.40080160 kHz
_40 1 1 a2 [T1] -d.12 aB
ado o321 kHz|IN
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-90
Start 910 MH=z 200 kHz/ Stop 912 MHz
Figure 37 — Hop Separation Block F (1-4)

Delta 1 [T1] RBW 10 kHz REF Att 20 dB
Ref Lv1l —4.02 dB VBW 100 kHz
—20 dBm 200.40080160 kH=z SWT 50 ms Unit dBm
-20
vifrri] —41.77 dB “
971.10220441 MH=z
A1 [T1] —4.02 dB
=30 qo - 200 T O IT
A2 [T1] -d.12 de
4dJ0.80160321 kH=z
_40 1 A3 [Tl; -J.10 dB
r 6d1 0481 kHz] IN1
1MAX } imMa
h
=50
-60 I \ ‘
—70] \ \¥ \ x \ \
80kb\l‘m \W
-90

Start 910 MH=z 200 kH=z/ Stop 912 MH=z

Figure 38 — Hop Separation Block F (4-8)
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Marker 2 [T1] RBW 10 kHz RF Att 20 dB
@Ref Lv1l —42.22 dBm VBW 100 kHz
—-20 dBm 913.35290581 MHz SWT 58 ms Unit dBm
-20
V2| [T1] —-44.22 dB
913.35290/581 MH=z “
vVi|rr1] —-41.66 dBnj
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Figure 39 — Number of Hops Block G (8 Hops)
Delta 3 [T1] RBW 10 kHz RF Att 20 dB
@Ref Lv1l -0.21 dB VBW 100 kHz
-20 dBm 604.40881764 kHz SWT 58 ms Unit dBm
-20
Vi|[T1] —-41.69 dB
971.90100200 MH=z
A3 [T1] -d.21 4de
—30) oA - 320 T} \ok=3 I
Al [T1] -Jd.21 dB
2(d2.80561]122 kH=z
_40 1 B A2 [T1] -J.20 dB
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_sol{ [ [ d
-90

Start 911.5 MHz 230 kHz/ Stop 913.8 MHz

Figure 40 — Hop Separation Block G (1-4)
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Delta 1 [T1] RBW 10 kHz RF Att 20 dB
@Ref Lvl —-0.03 dB VBW 100 kHz
—-20 dBm 202.80561122 kHz SWT 58 ms Unit dBm
-20
Vi|[(T1] —41.92 dB
912.70300601 MH=z
A1 [T1] -J.03 dB
-30 g B U O 1T R
A2 [T1] -d.18 dB
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Figure 41 — Hop Separation Block G (4-8)
Marker 2 [T1] RBW 10 kHz RF Att 20 dB
@Ref Lv1l —-37.99 dBm VBW 100 kHz
—-20 dBm 914.95170341 MH=z SWT 56 ms Unit dBm
-20,
V2| [T1] —-37.99 4dB “
914 .95170|1341 MH=z
vVi|iT1] —-37.26 dBnj
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Figure 42 — Number of Hops Block H (8 Hops)
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Delta 1 [T1] RBW 10 kHz RF Att 20 dB
Ref Lv1l —-0.04 dB VBW 100 kHz
-20 dBm 202.80561122 kHz SWT 56 ms Unit dBm
-20
vi|rT1g -37.80 dB =
913.501200240 MH=z
all Tl -d.04 ame
=30 q (o) © 1T I
a2l Tl .13 dB
1 1 2 5 4d1.20240481 kHz
AT"E 3 ﬁ"‘ﬁ r' -1f.07 am
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-60 \ \
-70) ‘
-80 \4
-90|
Start 913.1 MHz 220 kHz/ Stop 915.3 MHz
Figure 43 — Hop Separation Block H (1-4)
Delta 3 [T1] RBW 10 kHz RF Att 20 dB
Ref Lvl ~0.64 dB VBW 100 kHz
-20 dBm 604.00801603 kHz SWT 56 ms Unit dBm
-20
vi|rr1) -37.62 aB
914.30360721 MHz
ac| Tl -d.64 dB
=30 ASA® = Jrmvav) U1 U= IT
AllrT1] d.09 as
1 1 2 202380561122 kHz
AT": r"‘[‘ﬂ [‘!“1“1 f ‘ml{ 2 i‘@f‘[ r' H"[ -d.07 ae
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-80) \L
-90|

Start 913.1 MH=z

220 kHz/ Stop 915.3 MH=z

Figure 44 — Hop Separation Block H (4-8)
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Appendix A: Test Photos

x“““\‘\‘

Figure 45 — Radiated Emissions Test Setup, 30MHz — 1GHz
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Figure 46 - Radiated Emissions Test Setup, Vertical, 1GHz — 25GHz
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Appendix B: Sample Calculation

Field Strength Calculation
The field strength is calculated by adding the Antenna Factor and Cable Factor,
and subtracting the Amplifier Gain (if any) from the measured reading. The basic
equation with a sample calculation is as follows:
FS =RA + AF - (-CF + AG) + AV
where FS = Field Strength

RA = Receiver Amplitude

AF = Antenna Factor

CF = Cable Attenuation Factor

AG = Amplifier Gain

AV = Averaging Factor (if applicable)
Assume a receiver reading of 55 dBuV is obtained. The Antenna Factor of 12 and
a Cable Factor of 1.1 is added. The Amplifier Gain of 20 dB is subtracted, giving a
field strength of 48.1 dBuV/m.
FS=55+12-(-1.1 +20) + 0 =48.1 dBuV/m

The 48.1 dBuV/m value can be mathematically converted to its corresponding level
in uV/m.

Level in uV/m = Common Antilogarithm [(48.1 dBuV/m)/20]= 254.1 uV/m

AV is calculated by the taking the 20*log(Ton/100) where Ton is the maximum
transmission time in any 100ms window.
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EIRP Calculations

In cases where direct antenna port measurement is not possible or would be
inaccurate, output power is measured in EIRP. The maximum field strength is
measured at a specified distance and the EIRP is calculated using the following
equation;

EIRP (Watts) = [Field Stregnth (V/m) x antenna distance (m)]2/ [30 x Gain
(numeric)]

Power (watts) = 10~[Power (dBm)/10] x 1000

Field Strength (dBuV/m) = Field Stregth (dBm) = 107 (for 50Q measurement
systems)

Field Stregnth (V/m) = 10/[Field Stregnth (dBuVv/m) / 20] / 106

Gain = 1 (numeric gain for isotropic radiator
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Annex C — Measurement Uncertainty

Where relevant, the following measurement uncertainty levels have been for tests
performed in this test report:

Test Frequency Range Uncertainty Value (dB)
Radiated Emissions, 3m 30MHz - 1GHz 3.82
Radiated Emissions, 3m 1GHz - 18GHz 4.44
Emissions limits, conducted 30MHz — 18GHz +3.30dB

Expanded uncertainty values are calculated to a confidence level of 95%.
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