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1. Customer Information

Company Name: Neeo AG

Address: Ritterquai 8
4500 Solothurn
Switzerland
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2. Summary of Testing

2.1. General Information

Specification Reference:

47CFR15.247

Specification Title:

Code of Federal Regulations Volume 47 (Telecommunications):
Part 15 Subpart C (Intentional Radiators) - Section 15.247

Specification Reference:

47CFR15.209

Specification Title:

Code of Federal Regulations Volume 47 (Telecommunications):
Part 15 Subpart C (Intentional Radiators) — Section 15.209

Site Registration:

FCC: 209735

Location of Testing:

UL VS LTD, Unit 3 Horizon, Wade Road, Kingsland Business Park,
Basingstoke, Hampshire, RG24 8AH, United Kingdom

Test Dates: 20 December 2016 to 22 February 2017

2.2. Summary of Test Results

FCC Reference (47CFR) Measurement Result
Part 15.247(a)(2) Transmitter Minimum 6 dB Bandwidth ]
Part 15.247(e) Transmitter Power Spectral Density ]
Part 15.247(b)(3) Transmitter Maximum (Average) Output Power ]
Part 15.247(d) & 15.209(a) | Transmitter Radiated Emissions ]
Part 15.247(d) & 15.209(a) | Transmitter Band Edge Radiated Emissions ]

Key to Results

@ - Complied

W= Did not comply

2.3. Methods and Procedures

Reference: ANSI C63.10-2013

Title: American National Standard of Procedures for Compliance Testing of
Unlicensed Wireless Devices

Reference: KDB 558074 D01 DTS Meas Guidance v03r05 April 8, 2016

2.4. Deviations from the Test Specification

For the measurements contained within this test report, there were no deviations from, additions to, or
exclusions from the test specification identified above.

UL VS LTD
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3. Equipment Under Test (EUT)

3.1. Identification of Equipment Under Test (EUT)

Brand Name:

Neeo

Model Name or Number:

6336-REMOTE

Test Sample Serial Number:

Not marked or stated (Radiated sample)

Hardware Version:

Hardware Rev. 10

Software Version:

0.18.5

FCC ID:

2AKK7-RM633601

Brand Name:

Neeo

Model Name or Number:

6336-REMOTE

Test Sample Serial Number:

Not marked or stated (Conducted sample with RF port)

Hardware Version:

Hardware Rev. 10

Software Version:

0.18.5

FCC ID:

2AKK7-RM633601

3.2. Description of EUT

The Equipment Under Test was a Thinking Remote for home automation. It contains IEEE 802.15.4 and
WLAN transceivers. It is powered from a 3.7 Volt rechargeable battery.

3.3. Maodifications Incorporated in the EUT

No modifications were applied to the EUT during testing.
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3.4. Additional Information Related to Testing

Technology Tested: IEEE 802.15.4 (Digital Transmission System)
Type of Unit: Transceiver
Modulation: 0O-QPSK
Data Rate: 250 kb/s
Power Supply Requirement(s): Nominal 3.7V
Maximum Conducted Output Power: 12.0dBm
Antenna Gain: -3.3 dBi
Transmit Frequency Range: 2405 MHz to 2480 MHz
Transmit Channels Tested: Channel
Channel ID ﬁ:ﬁ:}?:rl Frequency
(MHz)
Bottom 11 2405
Middle 18 2440
Top 26 2480

3.5. Support Equipment

The following support equipment was used to exercise the EUT during testing:

Description: Laptop PC
Brand Name: Dell
Model Name or Number: E5400
Serial Number: 01160

Description: USB to TTL Serial Cable (3.3V) 1.8m
Brand Name: FTDI Chip
Model Name or Number: TTL-232RG

Serial Number:

Not marked or stated

UL VS LTD
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4. Operation and Monitoring of the EUT during Testing

4.1. Operating Modes

The EUT was tested in the following operating mode(s):

e Continuously transmitting (100% duty cycle) at maximum power on the bottom, middle and top
channels as required.

4.2. Configuration and Peripherals

The EUT was tested in the following configuration(s):
e The EUT was powered by a fully charged 3.7 VDC internal battery.

* Alaptop PC with an open source terminal application Tera Term V4.83 was used to place the EUT
into test mode. The procedure to set up and control the EUT was supplied by the customer in a
document titled ‘userManual-Radio.pdf’ dated 12/12/2016.

¢ Radiated spurious emissions were performed with the EUT in the worst case orientation/position. All
ports were terminated with suitable terminations.

* The EUT radiated sample was used for radiated spurious emissions tests.

e The EUT conducted sample was used for all other tests.
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5. Measurements, Examinations and Derived Results

5.1. General Comments

Measurement uncertainties are evaluated in accordance with current best practice. Our reported expanded
uncertainties are based on standard uncertainties, which are multiplied by an appropriate coverage factor to
provide a statistical confidence level of approximately 95%. Please refer to Section 6. Measurement
Uncertainty for details.

In accordance with UKAS requirements all the measurement equipment is on a calibration schedule. All
equipment was within the calibration period on the date of testing.
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5.2. Test Results

5.2.1. Transmitter Minimum 6 dB Bandwidth

Test Summary:

Test Engineer: David Doyle

Test Date:

20 December 2016

Test Sample Serial Number:

Not marked or stated (Conducted sample with RF port)

FCC Reference: Part 15.247(a)(2)

Test Method Used:

FCC KDB 558074 Section 8.2

Environmental Conditions:

Temperature (C): 23
Relative Humidity (%): 40
Note(s):

1. 6dB DTS bandwidth tests were performed using a signal analyser in accordance with FCC KDB 558074
Section 8.2 measurement procedure. The signal analyser resolution bandwidth was set to 100 kHz and
video bandwidth 300 kHz. A peak detector was used, sweep time was set to auto and the trace mode

was Max Hold. The DTS bandwidth was measured at 6 dB down from the peak of the signal.

2. The signal analyser was connected to the RF port on the EUT using suitable attenuation and RF cable.

Test setup:

Laptop PC EUT

Y

\ 4

RF Attenuator

Signal Analyser

Page 10 of 32
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Transmitter Minimum 6 dB Bandwidth (continued)

Results:
6 dB Bandwidth Limit Margin
Channel (kH2) (kHz2) (kH2) Result
Bottom 1461.600 =500 961.600 Complied

Middle

1555.700

2500

1055.700

Complied

Top

1557.400

2500

1057.400

Complied

Spectrum ] :%u Spectrum ] :%u
RefLevel 30.00 dBm  Offset 21.50 dB @ RBW 100 kHz Ref Level 30.00 deém  Offset 21.50 dB @ RBW 100 kHz
Att 2508 SWT 1ms @ VBW 300 kHz _Mode Sweep Att 25ds_ SWT 1ms @ VBW 300 kHz _Mode Sweep
@ 1Pk view @1Pk view
m1[1] 0.45 dBm| m1[1] 9.65 dBm|
2.40469610 CHz B 2.43971780 GHz
o d ndb 6.00 d| a ndb 6.00 4|
M'1 Bw 1.461600000 MHz| » M'1 Bw 1.555700000 MHz|
1od T W&@tmi 1645.2 o 1 actay 1568.2]
0 o 0
10 d 104
-20 -20 &
)a/of ‘30 df
40 df -40d
-50 -50 df
60 60 d
CF 2,405 GHz 691 pts Span 5.0 MHz CF 2.44 GHz 691 pts Span 5.0 MHz
Marker marker
Type | Ref | Tre | X-value | v-walue | Function | Function Result | Type | Ref | Tre | X-value | Y-value | Function | Function Result |
ML 1 24046961 GHz 9.45 dBm |___nd down 1.4816 MHz Ml 1 2,4307178 GHz 9.65dBm | ndb down 15557 MHz
T 1 24042764 GHz 3.53 dBm ndg 6.00 dB T1 1 2.4391968 GHz 3.59 dem ndg 6.00 di
T2 1 24057381 GHz 3.63 dém Q factor 1645.2 T2 1 2,4407525 GHz 3,53 dBm Q factor 1568.2
il ] WRRNRRAED 1 ] ()
11456307 11466307
DaDECD16112052 [DaDEC20161099
Spectrum :%u
RefLevel 30.00 dBm  Offset 21.50 dB @ RBW 100 kHz
Att 2508 SWT 1ms @ VBW 300 kHz _Mode Sweep
@ 1Pk view
m1[1] 0.03 dBm|
2.47971780 GHz
o d ndb 6.00 d|
M1 Bw 1.577400000 MHg|
1od ) F~—~—Qfactar 1572.0)
0
10 d \\
o
430 d
40 df
S0
60
CF 2.48 CHz 691 pts Span 5.0 MHz
Marker
Type | Ref | Tre | X-value | v-walue | Function | Function Result |
ML 1 2,4797178 GHz 9.03 dBm |___ndb down 1.5774 MHz
T 1 2.4791823 GHz 3.07 dBm ndg 6.00 dB
T2 1 24807598 GHz 3.03 dém Q factor 1572.0
11456307
[DaDEC1611226
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Transmitter Minimum 6 dB Bandwidth (continued)

Test Equipment Used:

Asset Date Cal.
Instrument Manufacturer Type No. Serial No. Calibration Interval
No.
Due (Months)
M1659 | Thermohygrometer JM Handelspunkt 30.5015.13 Not stated 02 Apr 2017 12
M1835 | Signal Analyser Rohde & Schwarz FSV30 103050 26 Feb 2017 12
A2526 | Attenuator AtlanTecRF AN18W5-20 | 832828#1 Calibrated -
before use
M260 Signal Generator Rohde & Schwarz SMP02 829076/008 09 May 2017 12
M199 Power Meter Rohde & Schwarz NRVS 827023/075 11 Apr 2018 24
M1267 | Power Sensor Rohde & Schwarz NRV-Z52 100155 15 Apr 2018 24
Page 12 of 32 UL VS LTD
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5.2.2. Transmitter Power Spectral Density

Test Summary:

Test Engineer: David Doyle

Test Date:

20 December 2016

Test Sample Serial Number:

Not marked or stated (Conducted sample with RF port)

FCC Reference: Part 15.247(e)

Test Method Used:

FCC KDB 558074 Section 10.2

Environmental Conditions:

Temperature (C): 23
Relative Humidity (%): 40
Noteg S):

1. Transmitter Power Spectral Density tests in all bands were performed using a signal analyser in

accordance with FCC KDB 558074 Section 10.2.

2. The signal analyser resolution bandwidth was set to 10 kHz and video bandwidth of 30 kHz. A peak
detector was used, sweep time was set to auto and trace mode was Max Hold. The span was set to 1.5
times the measured DTS bandwidth. A marker was placed at the peak of the signal and the results

recorded in the table below.

3. The signal analyser was connected to the RF port on the EUT using suitable attenuation and RF cable.
An RF level offset was entered on the signal analyser to compensate for the loss of the attenuator and

RF cable.

Test setup:

Laptop PC EUT

Y

\ 4

RF Attenuator

Signal Analyser

UL VS LTD

Page 13 of 32




TEST REPORT

VERSION 1.0

SERIAL NO: UL-RPT-RP11456397JD13C

ISSUE DATE: 23 MARCH 2017

Transmitter Power Spectral Density (continued)

Results:
Output Power Limit Margin
Channel (dBm / 10 kHz) (dBm / 3 kH2) (dB) Result
Bottom 3.7 8.0 4.3 Complied

Middle 35

8.0

4.5

Complied

2.8

Top

8.0

5.2

Complied

=]

Spectrum ] :%u Spectrum ]
RefLevel 30.00 dBm  Offset 21.50 db @ RBW 10 kHz Ref Level 30.00 dem  Offset 21,50 dB @ RBW 10 kHz
Att 25 dB  SWT 2.2ms @ VBW 30 kHz Mode Sweep Att 25dB  SWT 2.3ms @ VBW 30 kHz Mode Sweep
017k view @17k View

Mi[1] 3.68 dBm| Mm1[1] 3.46 dBm)|

2.40487630 GHz 2.43987505 GHz
20 d 20 d
10l 10d
M1 M1
va i il o4 [ )
sl VIR R A N0 R LG R

o ail Al il allul Inly

i T

Lo

1)

V

[y

I &l R 4] o)

=30 df -30d|

40 d 40 dl

50 d S0d

60 d 60d

GF 2.405 GHz 691 pts — Span 2.1924 MHz CF 2.44 GHz 691 pts Span 2.3335 MHz

il WRRNRRAED 1 [ ]
11456397 11456307
[DaDEC2016114808 [DaDEC0161551
Bottom Channel Middle Channel
Spectrum [%]

RefLevel 30.00dBm  Offset 21.50dB @ RBW 10 kHz

Att 26d8  SWT  24ms @ VBW 30kHz Mode Sweep
@ 1Pk view
M1[1] 2.81 dBm|
2.47987335 GHZ|
20 df
10 df

Ll

i,

T

-30d

-40 df

-50 d

-60 d

GF 2.48 GHz 691 pts

Span 2.3661 MHz

11456397
DasDECNA1S13L

i l-llllllll 4

Top Channel
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Transmitter Power Spectral Density (continued)

Test Equipment Used:

Asset Date Cal.
Instrument Manufacturer Type No. Serial No. Calibration Interval
No.
Due (Months)
M1659 | Thermohygrometer JM Handelspunkt 30.5015.13 Not stated 02 Apr 2017 12
M1835 | Signal Analyser Rohde & Schwarz FSV30 103050 26 Feb 2017 12
A2526 | Attenuator AtlanTecRF AN18W5-20 | 832828#1 Calibrated -
before use
M260 Signal Generator Rohde & Schwarz SMP02 829076/008 09 May 2017 12
M199 Power Meter Rohde & Schwarz NRVS 827023/075 11 Apr 2018 24
M1267 | Power Sensor Rohde & Schwarz NRV-Z52 100155 15 Apr 2018 24
UL VS LTD Page 15 of 32
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5.2.3. Transmitter Maximum Peak Output Power

Test Summary:

Test Engineer:

David Doyle

Test Date: 20 December 2016

Test Sample Serial Number:

Not marked or stated (Conducted sample with RF port)

FCC Reference:

Part 15.247(b)(3)

Test Method Used:

FCC KDB 558074 Section 9.1.1

Environmental Conditions:

Temperature (T):

23

Relative Humidity (%):

40

Note(s):

1. Conducted power tests were performed using a signal analyser in accordance with FCC KDB 558074
Section 9.1.1 with the RBW > DTS bandwidth procedure.

2. The signal analyser resolution bandwidth was set to 3 MHz and video bandwidth of 10 MHz. A peak
detector was used, sweep time was set to auto and trace mode was Max Hold. The span was set to
10 MHz. A marker was placed at the peak of the signal and the results recorded in the table below.

3. The signal analyser was connected to the RF port on the EUT using suitable attenuation and RF cable.
An RF level offset was entered on the spectrum analyser to compensate for the loss of the attenuator

and RF cable.

4. The conducted power was added to the declared antenna gain to obtain the EIRP.

Test setup:

Laptop PC

Y

EUT

\ 4

RF Attenuator

Signal Analyser

Page 16 of 32
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Transmitter Maximum Peak Output Power (continued)

Results:
Conducted Conducted Peak Marain
Channel Peak Power Power Limit (dlg) Result
(dBm) (dBm)
Bottom 11.9 30.0 18.1 Complied
Middle 12.0 30.0 18.0 Complied
Top 11.7 30.0 18.3 Complied
Conducted Declared o .
Channel Peak Power | Antenna Gain (ElBRn’T) EI?dPBh;;mt M(ng)m Result
(dBm) (dBi)
Bottom 11.9 -3.3 8.6 36.0 27.4 Complied
Middle 12.0 -3.3 8.7 36.0 27.3 Complied
Top 11.7 -3.3 8.4 36.0 27.6 Complied
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Transmitter Maximum Peak Output Power (continued)

Spectrum

Spectrum :%n
RefLevel 30.00 dém  Offset 21,50 dB @ RBW 3 MHz
Att 25dB  SWT 1ms @ VBW 10 MHz  Mode Sweep

Att

=]

25de  SWT

RefLevel 30.00 derm  Offset 21.50 dB @ RBW 3 MHz
1ms @ VBW 10 MHz  Mode Sweep

@ 1Pk view

@ 1Pk view

Mm1[1] 11.91 dBm|

2.4045370 GHz|

M1

Mm1[1]

12.01 dBm|
2.4394500 GHzZ|

CF 2.405 GHz 691 pts

Span 10.0 MHz

CF 2.44 GHz

691 pts

Span 10.0 MHz

Il

Il

11456307 11456307
Bottom Channel Middle Channel
Spectrum ] [%]
RefLevel 30.00 dem Offset 21.50 dB @ RBW 3 MHz
Att 25de  SWT 1ms @ VBW 10 MHz  Mode Sweep
S M1[1] 11.66 dBm)|
20 d o
o L——"] I
od
-50d
40
CF 2.48 GHz 691 pts Span 10.0 MHz
) | CECREEE ]
11456307
Top Channel
Test Equipment Used:
Asset Date Cal.
Instrument Manufacturer Type No. Serial No. Calibration Interval
No.
Due (Months)
M1659 | Thermohygrometer JM Handelspunkt 30.5015.13 Not stated 02 Apr 2017 12
M1835 | Signal Analyser Rohde & Schwarz FSV30 103050 26 Feb 2017 12
A2526 | Attenuator AtlanTecRF AN18W5-20 | 832828#1 Calibrated -
before use
M260 Signal Generator Rohde & Schwarz SMP02 829076/008 09 May 2017 12
M199 Power Meter Rohde & Schwarz NRVS 827023/075 11 Apr 2018 24
M1267 | Power Sensor Rohde & Schwarz NRV-Z52 100155 15 Apr 2018 24
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5.2.4. Transmitter Radiated Emissions

Test Summary:

Test Engineer: David Doyle Test Date: 18 January 2017
Test Sample Serial Number: Not marked or stated (Radiated sample)

FCC Reference: Parts 15.247(d) & 15.209(a)

Test Method Used: ANSI C63.10 Sections 6.3 and 6.5

Frequency Range 30 MHz to 1000 MHz

Environmental Conditions:

Temperature (C): 22

Relative Humidity (%): 30

Note(s):

1. The final measured value, for the given emission, in the table below incorporates the calibrated antenna
factor and cable loss.

2. The preliminary scans showed similar emission levels below 1 GHz, for each channel of operation.
Therefore final radiated emissions measurements were performed with the EUT set to the middle
channel only.

3. All emissions shown on the pre-scan plots were investigated and found to be ambient, or >20 dB below
the applicable limit or below the measurement system noise floor. Therefore the highest peak noise floor
reading of the measuring receiver was recorded in the table below

4. Measurements below 1 GHz were performed in a semi-anechoic chamber (Asset Number KO001) at a
distance of 3 metres. The EUT was placed at a height of 80 cm above the reference ground plane in the
centre of the chamber turntable. Maximum emission levels were determined by height searching the
measurement antenna over the range 1 metre to 4 metres.

5. Pre-scans were performed and markers placed on the highest measured levels. The test receiver

resolution bandwidth was set to 100 kHz and video bandwidth 300 kHz. A peak detector was used,
sweep time was set to auto and trace mode was Max Hold.
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Transmitter Radiated Emissions (continued)

Test setup for radiated measurements:

Semi-anechoic chamber

EUT Me:ﬁgﬁrgem » RF Attenuator » Amplifier Test Receiver
Semi-anechoic Chamber
Anechoic chamber
Measurement RF Attenuator
EUT Antenna g and/or » Amplifier Test Receiver
RF Filter

Anechoic Chamber

Page 20 of 32
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Transmitter Radiated Emissions (continued)

Results: Middle Channel

Frequency Antenna Level Limit Margin Result
(MHz) Polarity (dBpVv/m) (dB uVv/m) (dB)
967.595 Vertical 30.6 54.0 23.4 Complied
190
o
8
K
§ ° FCC P 5 Class Bl Field
g,
% 44,—‘ 967.595190 M|
30.601 dBpVA
3 f Y
2 Hiiws
1 o
30M 50 60 80 100M 200 300 400 500 800 1G
Frequency in Hz
Test Equipment Used:
Asset Date Cal.
Instrument Manufacturer Type No. Serial No. Calibration Interval
No.
Due (Months)
M2014 | Thermohygrometer Testo 608-H1 45046246 10 Jun 2017 12
K0001 | 5m RSE Chamber Rainford EMC N/A N/A 07 Dec 2017 12
M1273 | Test Receiver Rohde & Schwarz ESIB26 100275 11 Apr 2017 12
A2959 | Antenna Schwarzbeck VULB 9163 9163-967 08 Sep 2017 12
G0543 | Amplifier Sonoma 310N 230801 09 Jun 2017 6
A1834 | Attenuator Hewlett Packard 8491B 10444 30 Mar 2017 12
UL VS LTD Page 21 of 32
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Transmitter Radiated Emissions (continued)

Test Summary:

. . . . 12 January 2017 &
Test Engineer: David Doyle Test Dates: 16 January 2017
Test Sample Serial Number: Not marked or stated (Radiated sample)
FCC Reference: Parts 15.247(d) & 15.209(a)

Test Method Used:

FCC KDB 558074 Sections 11 & 12 referencing ANSI C63.10
Sections 6.3 and 6.6

Frequency Range 1 GHz to 25 GHz

Environmental Conditions:

Temperature (C): 22 t0 23

Relative Humidity (%): 33to 34

Note(s):

1.

The final measured value, for the given emission, in the table below incorporates the calibrated antenna
factor and cable loss.

All other emissions shown on the pre-scan plot were investigated and found to be ambient or >20 dB
below the applicable limit or below the measurement system noise floor.

The emission shown on the 1 GHz to 3 GHz plot is the EUT fundamental.

Measurements above 1 GHz were performed in a fully anechoic chamber (Asset Number KO002) at a
distance of 3 metres. The EUT was placed at a height of 1.5 metres above the test chamber floor in the
centre of the chamber turntable. All measurement antennas were placed at a fixed height of 1.5 metres
above the test chamber floor, in line with the EUT. The EUT was positioned in the X, Y and Z planes to
maximise the emission levels.

Pre-scans were performed and markers placed on the highest measured levels the test receiver was set
up as followed: a RBW set to 1 MHz, the VBW set to 3, with the sweep time set to auto couple. Peak and
average measurements were performed with appropriate detectors during the pre-scan measurements.

*Emissions in restricted bands: In accordance with C63.10 Section 6.6.4.3, Note 1, where the peak
detected amplitude was shown to comply with the average limit, an average measurement was not
performed.

** .20 dBc limit applies in non-restricted bands as the conducted output power measurements were
performed using a peak detector.

The reference level for the emission in the non-restricted band was established by following KDB 558074
Section 11.2 procedure.
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Transmitter Radiated Emissions (continued)

Results: Peak / Bottom Channel

Frequency Antenna Level Limit Margin Result
(MHz) Polarity (dB uVv/m) (dBpV/m) (dB)
1050.565 Horizontal 53.2 54.0* 0.8 Complied
4810.671 Horizontal 42.5 54.0* 11.5 Complied
9621.871 Horizontal 55.5 74.8** 19.3 Complied
12027.343 Horizontal 56.6 74.0 17.4 Complied
19243.742 Vertical 58.2 74.0 15.8 Complied
Results: Average / Bottom Channel
Frequency Antenna Level Limit Margin Result
(MHz) Polarity (dB uVv/m) (dBpV/m) (dB)
12027.129 Horizontal 50.9 54.0 3.1 Complied
19243.600 Vertical 49.9 54.0 4.1 Complied
Results: Peak / Middle Channel
Frequency Antenna Level Limit Margin Result
(MHz) Polarity (dB uVv/m) (dBpV/m) (dB)
1034.335 Horizontal 53.5 54.0* 0.5 Complied
4880.757 Horizontal 42.9 54.0* 111 Complied
9761.886 Horizontal 56.0 74.8** 18.8 Complied
12197.371 Horizontal 56.6 74.0 17.4 Complied
19516.171 Vertical 55.0 74.0 19.0 Complied
Results: Average / Middle Channel
Frequency Antenna Level Limit Margin Result
(MHz) Polarity (dB uVv/m) (dBpV/m) (dB)
12197.429 Horizontal 50.9 54.0 3.1 Complied
19515.943 Vertical 46.9 54.0 7.1 Complied
Results: Peak / Top Channel
Frequency Antenna Level Limit Margin Result
(MHz) Polarity (dBpuv/m) (dB uv/m) (dB)
1050.550 Horizontal 53.7 54.0* 0.3 Complied
4960.900 Horizontal 45.8 54.0* 8.2 Complied
9917.857 Horizontal 52.2 74.8** 22.6 Complied
12402.314 Horizontal 53.0 54.0* 1.0 Complied
19836.028 Vertical 53.1 54.0* 0.9 Complied
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Transmitter Radiated Emissions (continued)

RBW 1 MHz Marker 3 [T1] v@) RBW 1 MHz Marker 1[T1]
VBW 3 MHz 52.64 dBuV VBW 3 MHz 49.55 dBuvV
Ref 110 4BV At 1048 SWT 20ms 1.051000000 GHz Ref 80 dBLV At 1048 SWT 20ms 3737500000 GHz
110 Offsgt 10.1dB Markey 1[T1] 80 Offsgt 0.7 {iB Markef 2 [T2]
b5.12 dBy 174 dBjv 007 d
2.997500000 |[GHz 3.802 000 [GHz
Varke 2 (12]
U3.16 dBy
2 2 2 54 dBv :
vew vew H
L alabd L annl . bl I )
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H
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3 52 54 dBuv e
“n " sl
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W
| atmtdeaien: ST
BTN A— e e
10 20
Start 1 GHz 200 MHz/ Stop 3 GHz Start 3 GHz 100 MHz/ Stop 4 GHz.
11456397 11456397
Date: 16.JAN.2017 09:54:01 Date: 12.JAN.2017 12:52:14
RBW 1 MHz Marker 1[T1] v@) RBW 1 MHz Marker 1[T1]
VBW 3 MHz 40.98 dBuV VBW 3 MHz 45.33 dBuV
Ref 80dBuV At 1048 SWT 20ms 4875000000 GHz Ref 80 dBuV At 1048 SWT 20ms 7.723500000 GHz
80 Offsgt 0.8¢B Marker 2 [T2 ] 80 Offsgt 0.6 (B Markef 2 [T2]
D174 dBjV 5.52 08y 5174 dBuv 54.d8y
4.879000000 GHz. 7.378500000 GHz
2 2 54 By 2av oo sadsly
vew vew
T
1 " W — A .
kL, L L 4 bt v s
R - " ..1 L .
il y I i
" [T T —— el
20 20
Start 4 GHz 200 MHz/ Stop 6 GHz. Start 6 GHz 200 MHz/ Stop 8 GHz
11456397 11456397
Date: 12.JAN.2017 12:36:11 Date: 12.JAN.2017 12:15:05
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Transmitter Radiated Emissions (continued)

RBW 1 MHz Marker 1[T1] v@) RBW 1 MHz Marker 1[T1]
VBW 3 MHz 59.08 dBuV VBW 3 MHz 47.88 dBuV
Ret B0dByY At 1008 Swr 4oms 4762000000 GHz Ret B0dByY At ods S asms 17.077000000 GHz
80 Offspt  0.4¢B Marke] 2 [T1] 80 Marke] 2 [T1]
D1 74 dBJV £S04 48y D1 74 dBjv 5,51 dBy
VI EV 1 VEV
s
:
'
L ‘
Start 8 GHz 475 MHz/ Stop 12.75 GHz Start 12.75 GHz 525 MHz/ Stop 18 GHz.
11456397 11456397

Date: 12.0AN.2017 10:16:21

Date: 12.AN.2017 09:46:21

REW 1MHz Marker 1 [T1]
VBW 3 MHz 52.97 dBuV
Ref 80 dBuv At 0dB SWT 60 ms 19.523500000 GHz
80 Markey 2 [T2]
01 74 dBfy s
B
1
2w b2 54 qBuv
ew
kgt
b
L
20
Start 18 GHz 700 MHz/ Stop 25 GHz
11456397

Date: 12.0AN.2017 09:22:21

Note: These plots are pre-scans and for indication purposes only. For final measurements, see accompanying tables.
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Transmitter Radiated Emissions (continued)

Test Equipment Used:

Asset 1 _ Datg _ Cal.
No. Instrument Manufacturer ype No. erial No. Calibration Interval
Due (Months)

M1656 | Thermohygrometer JM Handelspunkt 30.5015.13 Not stated 02 Apr 2017 12
K0002 | 3m RSE Chamber Rainford EMC N/A N/A 16 Nov 2017 12
M1886 | Test Receiver Rohde & Schwarz ESU26 100554 21 Mar 2017 12
A1534 | Pre Amplifier Hewlett Packard 8449B 3008A00405 09 Nov 2017 12
A1818 Antenna EMCO 3115 00075692 08 Nov 2017 12
A253 Antenna Flann Microwave 12240-20 128 08 Nov 2017 12
A254 Antenna Flann Microwave 14240-20 139 08 Nov 2017 12
A255 Antenna Flann Microwave 16240-20 519 08 Nov 2017 12
A256 Antenna Flann Microwave 18240-20 400 08 Nov 2017 12
A436 Antenna Flann Microwave 20240-20 330 07 Nov 2017 12
A1396 | Attenuator Huber & Suhner 6810.17.B 757987 26 Apr 2017 12
A1975 High Pass Filter AtlanTecRF AFH-03000 | 090424010 26 Apr 2017 12
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5.2.5. Transmitter Band Edge Radiated Emissions

Test Summary:

Test Engineer: David Doyle Test Dates: 16 January 2017 &
22 February 2017

Test Sample Serial Number: Not marked or stated (Radiated sample)

FCC Reference: Parts 15.247(d) & 15.209(a)

Test Method Used: ANSI C63.10 Section 6.10.4, 6.10.5 / KDB 558074 Section 11.1 and

Section 12.2.5.1

Environmental Conditions:

Temperature (T): 22to0 23

Relative Humidity (%): 34 to 36

Note(s):

1.

The final measured value, for the given emission, in the table below incorporates the calibrated antenna
factor and cable loss.

The maximum peak conducted output power was previously measured. In accordance with FCC KDB
558074 Section 11.1(a), the lower band edge measurement was performed with a peak detector and the
-20 dBc limit applied.

As the lower band edge is adjacent to a non-restricted band, only peak measurements are required. In
accordance with FCC KDB 558074 Section 11.1, the test method in Section 11.3 was followed. The test
receiver resolution bandwidth was set to 100 kHz and video bandwidth 300 kHz. A peak detector was
used, sweep time was set to auto and trace mode was Max Hold. The test receiver was left to sweep for
a sufficient length of time in order to maximise the carrier level and out-of-band emissions. A marker was
placed on the band edge spot frequencies and a second marker placed on the highest emission level in
the adjacent non-restricted band of operation (where a higher level emission was present). Marker
frequencies and levels were recorded.

As the upper band edge is adjacent to a restricted band, both peak and average measurements were
recorded by placing a marker at the edge of the band. The test receiver resolution bandwidth was set to
1 MHz and the video bandwidth 3 MHz. Peak and average measurements were performed with
appropriate detectors. A marker was placed on the band edge spot frequencies and a second marker
placed on the highest emission level in the adjacent restricted band of operation (where a higher level
emission was present). Marker frequencies and levels were recorded.

There is a restricted band 10 MHz below the lower band edge. The test receiver was set up as follows:
the RBW set to 1 MHz, the VBW set to 3 MHz, with the sweep time set to auto couple. Peak and
average measurements were performed with appropriate detectors. Markers were placed on the highest
point on each trace.

*In accordance with ANSI C63.10 Section 6.6.4.3, Note 1, if the peak measured value complies with the
average limit, it is unnecessary to perform an average measurement.
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Transmitter Band Edge Radiated Emissions (continued

Results: Lower Band Edge

Frequency Level -20 dBc Limit Margin Result
(MHz) (dB uv/m) (dBuv/im) (dB)
2400.000 50.0 73.2 23.2 Complied
Results: Upper Band Edge / Peak
Frequency Level Limit Margin Result
(MHz) (dB uVv/m) (dB uVv/m) (dB)
2483.500 63.2 74.0 10.8 Complied
Results: Upper Band Edge / Average
Frequency Level Limit Margin Result
(MHz) (dB uVv/m) (dBuVv/m) (dB)
2483.500 51.8 54.0 2.2 Complied
Results: 2310 to 2390 MHz Restricted Band
Frequency (MHz) Peak Level Average Limit Margin Result
(dBpV/m) (dBpV/m) (dB)
2372.821 52.8 54.0* 1.2 Complied
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Transmitter Band Edge Radiated Emissions (continued )

® RBW 100 kHz Marker 1[T1] @ RBW 1 MHz Marker 1[T1]
VBW 300 kHz 50.04 dBuV VBW 3 MHz 63.23 dBpV
Ref 110dBpv At 10dB SWT 15 ms 2.400000000 GHz Ref 110dBpv At 10dB SWT 5ms. 2.483500000 GHz
110 Offset 10.1dB 110 Offsét 10.1dB
[ P4 [ P4
|= orosdpy 1
T / \
0274 | | orrealy f
] ‘\ / \
’ \““w
| | PRI e Py ad frin TR AT I
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e —— J‘M M\Mu ot
MU A P
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10 10
Center 2.4 GHz 5 MHz/ Span 50 MHz Center 2.4835 GHz 5 MHz/ Span 50 MHz
11456307 11456307
ate: 16.3aN2017 103119 ate: 16.3aN2017 102618

Lower Band Edge Peak Measurement Upper Band Edge Peak Measurement

® RBW 1 MHz Marker 1 [T1] Q;} RBW 1 MHz Marker 1 [T1]
VBW 3 MHz 52.78 dBuV VBW 3 MHz 51.81 dBuvV
Ref 110 dBuY At 10d8 SWT 25ms 2.372820513 GHz Ref 110 dBuV At 10d8 SWT 25ms 2.483500000 GHz
110 Offspt 10.4dB Mark 2 [12] 0 ofisft  104dB
fi1.02 day
2373076923 bz
[ P4 [L R
"en /‘\
viEw \
T

[———{p174 aejv

82548 | SWity 387 3P
N v . iy A . ]
2|
F

10 10

Start 2.31 GHz 8 MHz/ Stop 2.39 GHz Center 2.4835 GHz 5 MHz/ Span 50 MHz
11456397 11456397
Date: 22.FEB.2017 07:47:58 [Date: 22.FEB.2017 07:43:12

2310 MHz to 2390 MHz Restricted Band Upper Band Edge Average Measurement
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Transmitter Band Edge Radiated Emissions (continued )

Test Equipment Used:

Asset 1 . Datg . Cal.

No. Instrument Manufacturer ype No. Serial No. Calibration Interval
Due (Months)

M1656 | Thermohygrometer JM Handelspunkt 30.5015.13 Not stated 02 Apr 2017 12

K0002 | 3m RSE Chamber Rainford EMC N/A N/A 16 Nov 2017 12

M1886 | Test Receiver Rohde & Schwarz ESU26 100554 21 Mar 2017 12

A1534 Pre Amplifier Hewlett Packard 8449B 3008A00405 09 Nov 2017 12

A1818 Antenna EMCO 3115 00075692 08 Nov 2017 12

A1396 Attenuator Huber & Suhner 6810.17.B 757987 26 Apr 2017 12

Page 30 of 32 UL VS LTD




TEST REPORT SERIAL NO: UL-RPT-RP11456397JD13C

VERSION 1.0 ISSUE DATE: 23 MARCH 2017

6. Measurement Uncertainty

No measurement or test can ever be perfect and the imperfections give rise to error of measurement in the
results. Consequently the result of a measurement is only an approximation to the value of the measurand
(the specific quantity subject to measurement) and is only complete when accompanied by a statement of
the uncertainty of the approximation.

The expression of uncertainty of a measurement result allows realistic comparison of results with reference
values and limits given in specifications and standards.

The uncertainty of the result may need to be taken into account when interpreting the measurement results.

The reported expanded uncertainties below are based on a standard uncertainty multiplied by an appropriate
coverage factor such that a confidence level of approximately 95% is maintained. For the purposes of this
document “approximately” is interpreted as meaning “effectively” or “for most practical purposes”.

Measurement Type Range Confidence Calculajted
Level (%) Uncertainty
Minimum 6 dB Bandwidth 2.4 GHz to 2.4835 GHz 95% +4.59 %
Spectral Power Density 2.4 GHz to 2.4835 GHz 95% +1.13 dB
Conducted Maximum Output Power 2.4 GHz to 2.4835 GHz 95% +1.13 dB
Radiated Spurious Emissions 30 MHz to 1 GHz 95% +5.65 dB
Radiated Spurious Emissions 1 GHz to 25 GHz 95% +2.94 dB

The methods used to calculate the above uncertainties are in line with those recommended within the
various measurement specifications. Where measurement specifications do not include guidelines for the
evaluation of measurement uncertainty the published guidance of the appropriate accreditation body is
followed.
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7. Report Revision History

Revision Details

Version
Number Page No(s) | Clause Details
1.0 - - Initial Version

--- END OF REPORT ---
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