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1. ATTESTATION OF TEST RESULTS

COMPANY NAME: WARMBOARD INC
8035 SOQUEL DR
APTOS, CA 95003, U.S.A.

EUT DESCRIPTION: WARMBOARD RESET CONTROLLER WITH LORA
WIRELESS COMMUNICATION
MODEL.: WRC-01
SERIAL NUMBER: HPDTeK-2
DATE TESTED: MARCH 15, 2019 TO APRIL 15, 2019
APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C Complies
ISED RSS-247 Issue 2 Complies
ISED RSS-GEN Issue 5 Complies

UL Verification Services Inc. tested the above equipment in accordance with the requirements
set forth in the above standards. The test results show that the equipment tested is capable of
demonstrating compliance with the requirements as documented in this report.

The results documented in this report apply only to the tested sample, under the conditions and
modes of operation as described herein. It is the manufacturer's responsibility to assure that
additional production units of this model are manufactured with identical electrical and
mechanical components. All samples tested were in good operating condition throughout the
entire test program. Measurement Uncertainties are published for informational purposes only
and were not taken into account unless noted otherwise.

This document may not be altered or revised in any way unless done so by UL Verification
Services Inc. and all revisions are duly noted in the revisions section. Any alteration of this
document not carried out by UL Verification Services Inc. will constitute fraud and shall nullify
the document. This report must not be used by the client to claim product certification,
approval, or endorsement by NVLAP, NIST, any agency of the Federal Government, or any
agency of the U.S. government.
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2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with FCC CFR 47 Part 2,
FCC CFR 47 Part 15, ANSI C63.10-2013, KDB 558074 D01 15.247 Meas Guidance v05r02,
RSS-GEN Issue 5 Amendment 1, and RSS-247 Issue 2.

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 47173 and 47266
Benicia Street, and 47658 Kato Road, Fremont, California, USA. Line conducted emissions are
measured only at the 47173 address. The following table identifies which facilities were utilized
for radiated emission measurements documented in this report. Specific facilities are also

identified in the test results sections.

47173 Benicia Street

47266 Benicia Street

47658 Kato Rd.

0 Chamber A (ISED:2324B-1)

Chamber D (ISED:22541-1)

Chamber | (ISED: 2324A-5)

0 Chamber B (ISED:2324B-2)

Chamber E (ISED:22541-2)

Chamber J (ISED: 2324A-6)

[0 Chamber C (ISED:2324B-3)

Chamber F (ISED:22541-3)

Chamber K (ISED: 2324A-1)

OxO(d

Chamber G (ISED:22541-4)

Chamber L (ISED: 2324A-3)

oigo|igio

Chamber H (ISED:22541-5)

The above test sites and facilities are covered under FCC Test Firm Registration # 208313.
Chambers above are covered under Industry Canada company address and respective code

UL Verification Services Inc. is accredited by NVLAP, Laboratory Code 200065-0
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4. CALIBRATION AND UNCERTAINTY

4.1. MEASURING INSTRUMENT CALIBRATION
The measuring equipment utilized to perform the tests documented in this report has been

calibrated in accordance with the manufacturer's recommendations, and is traceable to
recognized national standards.

4.2. SAMPLE CALCULATION

RADIATED EMISSIONS

Where relevant, the following sample calculation is provided:

Field Strength (dBuV/m) = Measured Voltage (dBuV) + Antenna Factor (dB/m) + Cable
Loss (dB) — Preamp Gain (dB)

36.5dBuV + 18.7 dB/m + 0.6 dB — 26.9 dB = 28.9 dBuV/m

MAINS CONDUCTED EMISSIONS

Where relevant, the following sample calculation is provided:

Final Voltage (dBuV) = Measured Voltage (dBuV) + Cable Loss (dB) + Limiter Factor (dB) +
LISN Insertion Loss.

36.5dBuV + 0 dB +10.1 dB+ 0 dB =46.6 dBuV

4.3. MEASUREMENT UNCERTAINTY

Where relevant, the following measurement uncertainty levels have been estimated for tests
performed on the apparatus:

PARAMETER UNCERTAINTY
Worst Case Conducted Disturbance, 9KHz to 0.15 MHz 3.84 dB
Worst Case Conducted Disturbance, 0.15 to 30 MHz 3.65dB
Worst Case Radiated Disturbance, 9KHz to 30 MHz 2.52 dB
Worst Case Radiated Disturbance, 30 to 1000 MHz 4.88 dB
Worst Case Radiated Disturbance, 1000 to 18000 MHz 4.24 dB
Worst Case Radiated Disturbance, 18000 to 26000 MHz 4.37 dB
Worst Case Radiated Disturbance, 26000 to 40000 MHz 5.17 dB

Uncertainty figures are valid to a confidence level of 95%.
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5. EQUIPMENT UNDER TEST

5.1. EUT DESCRIPTION

The EUT is a Reset Controller with LoRa 915MHz wireless communication. It receives data
from the Manifold Controller(s) and helps distribute and modulate water temperatures based on
those needs. It is categorized as Digital Transmission System (DTS).

5.2. MAXIMUM OUTPUT POWER

The transmitter has a maximum peak conducted output power as follows:

Frequency Range Mode Output Power Output Power
(MHz) (dBm) (mW)
903-927 LoRa 16.99 50.00
5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes a Dipole Omni-directional antenna with a maximum gain of 2.2dBi.

5.4. SOFTWARE AND FIRMWARE

The test utility software used during testing was Version 030719
The firmware installed in the EUT during testing was Version 030719

5.5. WORST-CASE CONFIGURATION AND MODE

Band edge and radiated emissions were performed with the EUT set to transmit at the channel
with highest output power as worst-case scenario.

The dipole antenna can only be operated in two different orientations. Therefore, the
fundamental of the EUT was investigated in two orthogonal orientations X/Y, it was determined
that Y- orientation was worst-case orientation. Therefore, all final radiated testing was
performed with the EUT in Y- orientation.
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5.6. DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT

Description Manufacturer Model Serial Number FCC
ID/DoC
Laptop Sony PCG-31113L 54042658 0003472 DoC
Laptop AC/DC Sony VGP-AC19V32 148095531 0289840 DoC
adapter
Development Board Warmboard N/A N/A N/A
I/O CABLES (CONDUCTED TEST)
I/O CABLE LIST
Cable Port # of Connector Cable Cable Remarks
No. Identical Type Type Length
Ports m
1 AC 1 AC Unshielded 15 |ACMainsto AC/DC
adapter
2 DC 1 DC Unshielded 18 |AC/DC adapterto
laptop
3 USB 1 Serial ports Shielded 0.05 |Laptopto
development board
4 Antenna 1 SMA Unshielded 0.1 To spectrum analyzer
5 AC 1 3-prong Unshielded 1.5 To EUT
Ribbon . . development board to
6 Cable 1 8 pins Unshielded 0.15 EUT
I/O CABLES (RADIATED TEST AND AC POWER LINE TEST)
I/O CABLE LIST
Cable Port # of Connector Cable Cable Remarks
No. Identical Type Type Length
Ports m
1 S:cr)'r?l 1 3 pins Unshielded 0.3 Boiler controller
2 Specr)lr?l 4 3 pins Unshielded 1.0 Temperature sensors
3 Specr)lr?l 2 4 pins Unshielded N/A AC Fans controller
4 AC 1 3-prong Unshielded 15 To EUT
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TEST SETUP-CONDUCTED TEST

The EUT is AC powered. Test software exercised the EUT.
SETUP DIAGRAM

i
EUT |- 8
Development
Board
Spectrum
Analyzer taptop
2
> AC/DC Adapter
AC cord 1
AC MAINS
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TEST SETUP- RADIATED TEST AND AC POWER LINE TEST

The EUT is AC powered. Test software exercised the EUT. Laptop was removed after test script

was started.

SETUP DIAGRAM

Radiated Test

Antenna/Amp
Dl
= =
BT |—=2,
=3
a
AC Cord

AC MAINS/ LISN

Spectrum Analyzer

i

Conducted Test
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6. MEASUREMENT METHOD
6 dB BW: ANSI C63.10 Subclause -11.8.1

Occupied BW (99%): ANSI C63.10-2013 Section 6.9.3

Output Power: ANSI C63.10 Subclause -11.9.1.3 Method PKPM1 Peak-reading power meter

Average Output Power:ANSI C63.10 Subclause -11.9.2.3.2 Method AVGPM-G (Measurement
using a gated RF average-reading power meter)

PSD: ANSI C63.10 Subclause -11.10.2 Method PKPSD (peak PSD)

Radiated emissions non-restricted frequency bands: ANSI C63.10 Subclause -11.11

Radiated emissions restricted frequency bands: ANSI C63.10 Subclause -11.12.1

Conducted emissions in restricted frequency bands: ANSI C63.10 Subclause -11.12.2

Band-edge: ANSI C63.10 Subclause -11.13.3.4 Trace averaging across ON and OFF times
of the EUT transmissions followed by duty cycle correction

AC Power Line Conducted Emissions: ANSI C63.10-2013, Section 6.2.

Radiated Spurious Emissions Below 30MHz: ANSI C63.10-2013 Section 6.4
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7. TEST AND MEASUREMENT EQUIPMENT

The following test and measurement equipment was utilized for the tests documented in this

report:
TEST EQUIPMENT LIST
Description Manufacturer Model ID Num Cal Due Last Cal
Power Meter, P-series single Agilent (Keyglght) N1911A T1262 1/31/2020 | 1/31/2019
channel Technologies
Power Sensor, P - series, 50MHz Agilent (Keysight)
to 18GHz, Wideband Technologies N1921A T1223 2/25/2020 2/25/2019
Loop Antenna 30Hz-1MHz Electro Metrics EM-6871 PREQ0179465 5/22/2019 @ 5/22/2018
Loop Antenna 100KHz-30MHz Electro Metrics EM-6872 PREO0179467 | 5/22/2019 | 5/22/2018
Amplifier, 9KHz to 1GHz, 32dB Sonoma Instrument 310 PRE0186650 = 12/13/2019 @ 12/13/2018
Hybrid Antenna, 30MHz to 3GHz SunAR rf motion JB3 PRE0184052 10/24/2019 | 10/24/2018
Antenna, Horn 1-18GHz ETS-Lindgren 3117 T344 4/30/2019 | 4/30/2018
Amplifier, 1 to 18GHz, 35dB AMPLICAL AMP1G18-35 T1569 6/3/2019 6/3/2018
EMI TEST RECEIVER Rohde & Schwarz ESW44 PRE0179375 5/8/2019 5/8/2018
Spectrum Analyzer, PXA, 3Hz to Agilent (Keysight)
44GHz Technologies N9030A T917 1/24/2020 1/24/2019
Filter, BRF 902 to 928MHz MICRO-TRONICS BRC50722 T1846 8/16/2019 8/16/2018
Filter, Highpass 1.2GHz MICRO-TRONICS HPM50108 PRE0182423 9/4/2019 9/4/2018
AC Line Conducted
EMI Receiver Rohde & Schwarz ESR T1436 2/14/2020 @ 2/14/2019
LISN for Conducted Emissions FCC LISN
CISPR-16 FCC INC. 50/250 T1310 6/15/2019 | 6/15/2018
Test Software List
Radiated Software uL UL EMC Ver 9.5, Jan 11, 2019
Antenna Port Software UL UL RF Ver 9.4.1, Feb 19, 2019
AC Line Conducted Software UL UL EMC Ver 9.5, May 26, 2015
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8. ANTENNA PORT TEST RESULTS

8.1. ON TIME AND DUTY CYCLE

LIMITS

None; for reporting purposes only.
PROCEDURE

KDB 558074 Zero-Span Spectrum Analyzer Method.

RESULTS
Date: 3/15/2019
Test Engineer: 10649 JR
ON TIME AND DUTY CYCLE RESULTS
Mode ON Time| Period [Duty Cycle Duty Duty Cycle 1/B
B X Cycle |Correction Factor[Minimum VBW
(msec) | (msec)| (linear) (%) (dB) (kHz)
LoRa 15.400 | 16.800 0.917 91.67% 0.38 0.065

APv9.3.2(010719),452

MultiView | Spectrum

Ref Level 97.00 dBuv ® RBW 1 MHz

® Att 10dB ® SWT 50 ms ® VBW 50 MHz Frequency 903.0000000 MHz
Input iDC PSS Off  Notch Off

1 Zero Span e 1Pk Clrw

20 depy

30 dBpy

70 dBpy

60 dBpy

50 dBpy

40 dBpy

30 dBpy ——

20 dBpy

10 depy

0 By
CF 903.0 MH=z 1001 pts 5.0 ms/
2 Marker Table
Type | Ref | Trc | X-Value | Y-value | Function Function Result |
M1 1 5.15 ms 69.12 dBpVv
D2 M1 1 15.4 ms 0.42 dB
D3 M1 1 16.8 ms 0.28 dB

] [II’E deviation from self alignment. Gonsider 0.2 dB additional level ur '] Aborted LLLLLLLLL e 15123221053 Beflevel @

13:21:29 15.03.2019

DUTY CYCLE PLOTS
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8.2.

LIMITS

99% BANDWIDTH

None; for reporting purposes only.

RESULTS

Channel Frequency 99% Bandwidth
(MHZz) (MH2z)
Low 903 0.5732

Middle

915

0.5674

High

927

0.5703

[ Xeyeight Spectram hrlyzer - APu8 SUSETIS| 1064, Canducted & ola [ Feysight Speciram Amayzes - APA3 STZ15 1059, Candlacied & o
. i 12:21:44 P Max 28, 2015 T 122847 PhMar 2, 2018
Gentar Freq; 903.000000 MH Racio St Trace/etectar Gemar Freq; 918000000 Radio St e TraceDstectar
TR C— ) o Free Aun “AvalHold: 2020 o St Hone U N = T FresRun “AvalHole: 2020 il St Hone
HFGainiow  ®Atten: 40dB Radio Device: BTS HFGoinilow  #Atten: 40 d8 Radio Device: BTS
Ref Offset 1034 dB Ref Offset 10.34 dB.
0 dBidiv Ref 30.00 dBm 0 dBidiv Ref 30.00 dBm
Log Log
: Clear Write Clear Write|
| |
Average Average
Max Hold| Max Hold|
Center 903 MHz Span 3 MHz Center 915 MHz Span 3 MHz|
#Res BW 10 kHz #VBW 30 kHz Sweep 90.67 ms Min Hold| #Res BW 10 kHz #VBW 30 kHz Sweep 90.67 ms| Min Hold|
Occupied Bandwidth Total Power 24.2 dBm Occupied Bandwidth Total Power 24.1 dBm
573.20 kHz Detector| 567.40 kHz Detector,
Sample Sample ¥
Transmit Freq Error -17.136 kHz % of OBW Power 99.00 % Auto Man| Transmit Freq Error -14.750 kHz % of OBW Power 98.00 % jAuto Man|
x dB Bandwidth 742.6 kHz x dB -26.00 dB x dB Bandwidth 718.3 kHz x dB -26.00 dB
— raus
[ Feysight Speciram Amayzes - APA3 STZ15 1059, Candlacied & =D
12:32:44 PhMar 28,201
enter Freq 927.000000 MHz Center Freq: 927.000000 MHz Radio 5td: None Frequency
1 WFE == Trig: FreeRun ‘AvglHold: 20/20
AFGainiow  Atten: 408 Radio Device: BTS
Ref Offset 10.34 dB.
0 dB/div Ref 30.00 dBm
Log
Center Freq
527.000000 MHz|
Center 927 MHz Span 3 MHz| CF Step,
#Res BW 10 kHz #VBW 30 kHz Sweep 90.67 ms| 300 000 KHz|
auta. Man|
Occupied Bandwidth Total Power 24.1 dBm
570.34 kHz Freqofteet
Transmit Freq Error 14,923 kHz % of OBW Power  99.00 % o+
x dB Bandwidth 675.7 kHz x dB -26.00 dB
raus
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8.3.

LIMITS

FCC §15.247 (a) (2)
RSS-247 5.2 (a)

6 dB BANDWIDTH

The minimum 6 dB bandwidth shall be at least 500 kHz.

RESULTS

Channel Frequency | 6 dB Bandwidth | Minimum Limit
(MH2z) (MH2z) (MH2z)
Low 903 0.675 0.5

Middle

915

0.687

0.5

High

927

0.675

0.5

[ Xeyeight Spectram hrlyzer - APu8 SUSETIS| 1064, Canducted & ola [ Feysight Speciram Amayzes - APA3 STZ15 1059, Candlacied & e
W . 122
¥ Frequency . T Fraquency
#avg Type: RMS . Hhvg Type: RMS
PSR TN A VAN A . rue AvaHold: 1001100 R IS — ...‘ Trig: Free Run AveHolg: 160100
IFGaindow  #Atien: 40 dB [FGaindow  HAtien: 40 dB
Auto Tune| Auto Tune|
Ref Offset 10.34 dB Ref Offset 1034 dB
0 Ref 30.00 dBm 10dediv  Ref 30,00 dBm
Log Log
Center Freq CenterFreq|
903.000000 MHz| 816.000000 MHz|
$ * L)
StartFreq| ) StartFreq|
901600000 MHz| 813.600000 MHz|
Stop Freq| Stop Freq
904 500000 MHz| 816.5600000 MHz|
CF Step| CF Step|
300.000 kHz| 300.000 kHz|
Man)| Man|
Freq Offset Freq Offset|
0Hz OHz
Scale Type| Scale Type
" i .
Center 903.000 MHz Span 3.000 MHz|[-°2 Lin) iCenter 915.000 MHz Span 3.000 MHz|[-°8 Lin|
#Res BW 100 kHz #VBW 300 kHz Sweep 1.533 ms (1001 pts) #Res BW 100 kHz #VBW 300 kHz Sweep 1.533 ms (1001 pts)
o p— wsa aratus
[ Feysight Speciram Amayzes - APA3 STZ15 1059, Candlacied & e
123
% q #hvg Type: RMS Fraquency
PN 92?'“']0,"];?0 Mr,',:,,.wm, =+ Trig: Free Run Av;?no‘::. 1001100
(FGaindlow  HAtten: 40 B
Auto Tune|
Ref Offset 1034 dB
10dediv  Ref 30,00 dBm
Log
CenterFreq|
827.000000 MHz|
i StartFreq|
826600000 MHz|
Stop Freq
828 600000 MHz|
CF Step|
300.000 kHz|
Auto Man
Freq Offset|
OHz
Scale Type
a -
Center 927.000 MHz Span 3.000 MHz|[-°8 Lin|
#Res BW 100 kHz #VBW 300 kHz Sweep 1.533 ms (1001 pts)
. aratus
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REPORT NO: 127679-E4V3 DATE: APRIL 16, 2019

FCC ID: 2ASM7-WRC01 IC: 24839-WRCO01
8.4. OUTPUT POWER
LIMITS

FCC §15.247 (b) (3)
RSS-247 5.4 (d)

The maximum antenna gain is less than or equal to 6 dBi, therefore the limit is 30 dBm.

TEST PROCEDURE

The transmitter output is connected to a power meter.

The cable assembly insertion loss of 10.34 dB (including 10 dB pad and 0.34 dB cable) was
entered as an offset in the power meter to allow for a gated peak reading of power.

RESULTS
Tested By: (10649 JR
Date: 3/22/2019
Channel Frequency Peak Power Limit Margin
Reading
(MHz) (dBm) (dBm) (dB)
Low 903 16.99 30 -13.01
Middle 915 16.96 30 -13.04
High 927 16.91 30 -13.09
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REPORT NO: 127679-E4V3
FCC ID: 2ASM7-WRCO01

DATE: APRIL 16, 2019

IC: 24839-WRCO01

LIMITS

None; for reporting purposes only.

AVERAGE POWER

TEST PROCEDURE

The transmitter output is connected to a power meter.

The cable assembly insertion loss of 10.34dB (including 10 dB pad and 0.34 dB cable) was
entered as an offset in the power meter to allow for a gated average reading of power.

RESULTS
Tested By: [10649 JR
Date: 3/22/2019
Channel Frequency AV power

(MHz) (dBm)

Low 903 16.86

Middle 915 16.83

High 927 16.8
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8.6. POWER SPECTRAL DENSITY

LIMITS

FCC §15.247 (e)
RSS-247 (5.2) (b)

The power spectral density conducted from the transmitter to the antenna shall not be greater
than 8 dBm in any 3 kHz band during any time interval of continuous transmission.

RESULTS

Channel | Frequency PSD Limit Margin
(MHz) (dBm/3kHz) | (dBm/3kHz) (dB)
Low 903 4.47 8 -3.53

Middle

915

4.36 8

-3.64

High

927

4.53 8

-3.47

[ Xeyeight Spectram hrlyzer - APu8 SUSETIS| 1064, Canducted & ola [ Feysight Speciram Amayzes - APA3 STZ15 1059, Candlacied & e
2 22211 % 122
#Avg Type: RMS Freq #Avg Type: RMS Fraquency
AvaHold: 1001100 R IS — ...‘ Trig: Free Run AveHolg: 160100
IFGain:Low #Atten: 30 dB
Auto Tune| Auto Tune|
Ref Offset 10.34 dB Ref Offset 1034 dB
0gB/aiv  Ref 20,00 dBm 10deidiv  Ref 20,00 dBm
Log Log
Center Freq| Center Freq
s 903.000000 MHz| 'y 915000000 MHz|
StartFreq Start Freq|
902.000000 MHz| 914.000000 MHz|
Stop Freq| Stop Freq
904 000000 MHz| 816.000000 MHz|
CF Step| CF Step|
200.000 kHz| 200.000 kHz|
Man)| Ma
Freq Offset| Freq Offset
0 Hz| 0 Hz|
Scale Type Scale Type|
Center 903.000 MHz Span 2.000 MHz|[-°2 Lin) Center 915.000 MHz Span 2.000 MHz|[-°2 Lin|
H#Res BW 3.0 kHz #VBW 9.1 kHz Sweep 67.80 ms (1001 pts) #Res BW 3.0 kHz #VBW 9.1 kHz Sweep 67.80 ms (1001 pts)
wwwwwww aratus

[ Veysight Spectram ralyzer - APV 532715 10689, Conclucted A o
% 12
: Fraquency
1 #Avg Type: RMS
enter Freq 977 “"","1'3" Mr,',ﬁ,,.wm, == Trig: Free Run Avg|Hold: 1001100
IFGain:Low #Atten: 30 dB oeT|
Auto Tune|
Ref Offset 10,34 dB.
10dsidiv  Ref 20.00 dBm
Log
Center Freq
o - 27.000000 MHz|
Start Freq|
26.000000 MHz|
Stop Freq
§28.000000 MHz|
CF Step|
200.000 kHz|
JAuto Man|
Freq Offset
0 Hz|
Scale Type
Center 927.000 MHz Span 2.000 MHz|[-°9 Lin|
#Res BW 3.0 kHz #VBW 9.1 kHz Sweep 67.80 ms (1001 pts)

HIGH CHANNEL
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REPORT NO: 127679-E4V3 DATE: APRIL 16, 2019
FCC ID: 2ASM7-WRCO01 IC: 24839-WRCO01

8.7. CONDUCTED SPURIOUS EMISSIONS

LIMITS

FCC §15.247 (d)
RSS-247 5.5

Output power was measured based on the use of a peak measurement, therefore the required
attenuation is 20 dB.

RESULTS
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= o e = o Conducted A = e
% L B [sa i SE 1N 122 2
#hvg Type: RMS Frequency 4hvg Type: RMS . = Frequency
Fast -+~ Trig: Free Run AvgiHold: 1001100 BRI 13'0150,&?000 ?,Ezhn o= Trig: Free Run ‘AvaiHow 1010 1o
IFGainlow  #Auen: 30 d8 IFGainiow  BAtten: 40dB oe
MKr1 9 Auto Tune| MKkra Auto Tune|
Ref Offset 10.34 4B i Ref Offset 10.34 dB R o
10deidv_Ref 20,00 dBm 1 10 desdv__Ref 30,00 dBm
Log s d Loa = T
Center Freq| & Center Freq
902.000000 MHz| 13016000000 GHz|
StartFreq)| StartFreq|
A T T T §77.000000 MHz| 30.000000 MHz|
2 o
o
! A5 )
Stop Freq Stop Freq|
927.000000 MHz| 26.000000000 GHz|
Center 902.00 MHz Span 50,00 MHz CF Step Start 30 MHz Stop 26.00 GHz, CF Step
#Res BW 100 kHz #VBW 300 kHz Sweep 1.867 ms (1001 pts) 5.000000 MHz| #Res BW 100 kHz #VBW 300 kHz Sweep 956.0 ms (30000 pts) | 2597000000 GHz|
Auto Man lAuto Man|
Ilim-—_——u-m I — [rlwosirrclsol x L L ruscnon ] FUNCTIoN wiDTH L Fuscron vaLUE TR
N [ 903.20 MHz 17163 dBm 1N 1 903.0 MHz 17115 dBm
2 N t 90200 MHz 42211 dBm z N f 18060GHz  43.412 dBm
3N f 501,90 MHz 40092 dBm Freq Offset| 3N f 27090 GHz -42.093 dBm FreqOffset
4 0Hz] -s N f 225770GHz 33864 dBm O Hz|
H s |
7 7
g Scale Type, g Scale Type
10 10
1 Log Lin| b lLog Lin|
usc sTaTuS wsc smatus
[ Keysaht Spectrum Andyzer - APVESIGZTISLLOGNS, Conducted A = ] = ror Conducted A = e
. [T 123005 P Mar 28,2019 Frequaney L LI Stk L Frequency
R, . v
SR R ““"EE" “’Em_ Fast -+~ Trig: Free Run Aug|Held: 1001100 endadt gkl °"5°.'.’F'§°"° ?ulgzp.n o= Trig: Free Run ‘AvaiHow 1010 g
IFGainlow  #Auen: 30 d8 IFGainiow  BAtten: 40dB
Mkri Auto Tune| MKkra Auto Tune|
Ref Offset 10.34 dB e Ref Offset 10.34 dB B
10 dB/div Ref 20.00 dBm 10 de/div_ Ref 30.00 dBm
Log v Loa = T
Center Freq g Center Freq|
915.000000 MHz| 13016000000 GHz|
StartFreq)| StartFreq|
890,000000 MHz| \ 30.000000 MHz|
A2 0y I
pr= .
StopFreq| i Stop Freg|
940.000000 MHz| 26.000000000 GHz|
CF Step Start 30 MHz Stop 26.00 GHz, CF Step
5.000000 MHz| #Res BW 100 kHz #VBW 300 kHz Sweep 956.0 ms (30000 pts) | 2597000000 GHz|
Auto Man lauto Man|
(wrlwosdrrclsol L L rucnon L UscrionwioTi L Fuscron v IR
R IS e
1 Hz  44.836 dBm
Freq Offset| 3N f 27450 GHz -42.300 dBm FreqOffset
0 Hl -s N f 256226GHz 33188 dBm 0 Hz|
: .
Scale Type| i Scale Type
9
A
Center 915,00 MHz Span 50.00 MHz||-°0 Lin| o Loa Lin|
#Res BW 100 kHz #VBW 300 kHz Sweep 1.867 ms (1001 pts) 7
usc sTaTuS wsc smatus
[ Keysaht Spectrum Andyzer - APVESIGZTISLLOGNS, Conducted A = ] = ror Conducted A = e
L AT L B [sa i SE 1N
Frequency Frequency
.
SREh R ““"EE" “’Em_ Fast -+~ Trig: Free Run Aug|Held: 1001100 enter Freq 13 0150'&2000 ?5';.,1 o= Trig: Free Run ‘AvaiHow 1010
IFGainlow  #Auen: 30 d8 IFGainiow  BAtten: 40dB
Auto Tune| Auto Tune|
Ref Offset 10.34 4B Ref Offset 10.34 dB
10 deidiy_ Ref 20,00 dBm 10 de/div_ Ref 30.00 dBm
Log v Loa — v
CenterFreq 4 CenterFreq
928.000000 MHz| 13016000000 GHz|
I StartFreq)| StartFreq|
& 903000000 MHz| P 30.000000 MHz|
Stop Freq () ¥ b ) ) Stop Freq|
953.000000 MHz| 26.000000000 GHz|
Center 928.00 MHz Span 50,00 MHz CF Step Start 30 MHz Stop 26.00 GHz, CF Step
#Res BW 100 kHz #VBW 300 kHz Sweep 1.867 ms (1001 pts) 5.000000 MHz| #Res BW 100 kHz #VBW 300 kHz Sweep 956.0 ms (30000 pts) | 2597000000 GHz|
Auto Man lAuto Man|
Ilim-—_——u-m I — |Poefuosedinelsal T v T uscion [ Fuscrion o] Fuscrion viuc [l et
N [ 927.25 MHz 17.011 dBm 1N 1 927.0 MHz 16,985 dBm
2 N t 92000 MHz 34613 dBm z N f 18640GHz 46819 dBm
3N f 928,00 MHz 34513 dBm Freq Offset| 3N f 27810 GHz 43192 dBm FreqOffset
4 0 Hl -s N f 255031GHz 33475 dBm 0 Hz|
H s |
7 7
B Scale Type| i Scale Type
9 9
# N N B oo
usc sTaTuS wsc smatus

HIGH CHANNEL BANDEDGE OUT-OF-BAND HIGH CHANNEL
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9. RADIATED TEST RESULTS

9.1. LIMITS AND PROCEDURE

LIMITS

FCC 815.205 and §15.209
RSS-GEN, Section 8.9 and 8.10.

Frequency Range Field Strength Limit Field Strength Limit
(MH2) (uvV/m)at 3 m (dBuV/m) at 3 m
0.009-0.490 2400/F(kHz) @ 300 m -
0.490-1.705 24000/F(kHz) @ 30 m -
1.705 - 30 30 @ 30m -
30 - 88 100 40
88 - 216 150 43.5
216 - 960 200 46
Above 960 500 54

TEST PROCEDURE

The EUT is placed on a non-conducting table 80 cm above the ground plane for measurement

below 1GHz; 1.5 m above the ground plane for measurement above 1GHz. The antenna to EUT
distance is 3 meters. The EUT is configured in accordance with ANSI C63.10. The EUT is set to
transmit in a continuous mode.

For measurements below 1 GHz the resolution bandwidth is set to 100 kHz for peak detection
measurements or 120 kHz for quasi-peak detection measurements. Peak detection is used
unless otherwise noted as quasi-peak.

For pre-scans above 1 GHz the resolution bandwidth is set to 1 MHz; the video bandwidth is set
to 30 KHz for peak measurements.

For final measurements above 1 GHz the resolution bandwidth is set to 1 MHz; the video
bandwidth is set to 3 MHz for peak measurements and as applicable for average

measurements.

The spectrum from 1 GHz to 18 GHz is investigated with the transmitter set to the lowest,
middle, and highest channels in each applicable band. Below 1GHz and above 18GHz
emissions, the channel with the highest output power was tested.

The frequency range of interest is monitored at a fixed antenna height and EUT azimuth. The

EUT is rotated through 360 degrees to maximize emissions received. The antenna is scanned

from 1 to 4 meters above the ground plane to further maximize the emission. Measurements are
made with the antenna polarized in both the vertical and the horizontal positions.

For below 30MHz testing, investigation was done on three antenna orientations (parallel,
perpendicular, and ground-parallel), parallel and perpendicular are the worst orientations,
therefore testing was performed on these two orientations only.
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KDB 414788 Open Field Site(OFS) and Chamber Correlation Justification

Base on FCC 15.31 (f) (2): measurements may be performed at a distance closer than that
specified in the regulations; however, an attempt should be made to avoid making
measurements in the near field.

OFS and chamber correlation testing had been performed and chamber measured test result is
the worst case test result.
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9.2. TRANSMITTER BELOW 1 GHz

-20 dBc BANDEDGE WITHOUT NOTCH FILTER AND PRE-AMPLIFIER (LOW
CHANNEL)

HORIZONTAL RESULT

MultiView | Spectrum [3
Ref Level 0.00 dBm ® RBW 100 kHz
Att 10dB ® SWT 100 ms ® VBW 300 kHz Mode Auto Sweep Frequency 900.0000000 MHz
Input 1AC PSS Off  Notch Off
1 Frequency Sweep o 1Pk Maxw 8 2Pk Max
M1[1] -29.48 dBm
903.000 MHz
-10 dBm M2[1] -79.33 dBm|
902.000 MHz
-20 dEm
M1
-30 dBm I
-40 dBm
=SB 11 -49.480 dem
60 dEm
70 dEm
M4 5
M2
26 B b/ r b
-0 dEm
1
CF 900.0 MH=z 1001 pts 20.0 MHz/ Span 200.0 MHz
2 Marker Table
Type | Ref | Trc | X-Value | Y-Value | Function Function Result |
M1 1 903.0 MHz -29.48 dBm
M2 1 902.0 MHz -79.33 dBm
M3 1 928.0 MHz -80.22 dBm
M4 1 883.22 MHz -77.91 dBm
M5 1 930.77 MHz -78.52 dBm
1 Moasuring... @AMMNMALD W 1T CRERT LRetiedel ] REW

19:52:28 15.04.2019
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VERTICAL RESULT

MultiView | Spectrum E]

Ref Level 0.00 dBm @ RBW 100 kHz
Att 10dB ® SWT 100 ms @ VBW 300 kHz Mode Auto Sweep Frequency 900.0000000 MHz
Input 1AC  PS Off  Notch Off

DefaultT Frequency Sweep

M1[1] -25.39 dBm

903.200 MHz
10 dem M2[1] -79.57 dBm
902,000 MHz

-20 dBm

-30 dBm

-40 dBm

H1 -45.390 dBm

-50 dBm:

-60 dBm

=70 dBm

M5
a0 e w3 v
90 dp
CF 900.0 MHz 1001 pts 20.0 MHz/ Span 200,0 MHz
1 Marker Table
Type | Ref | Trc | X-Value | Y-Value | Function Function Result |

M1 1 903.2 MHz -25.39 dBm

M2 1 902.0 MHz -79.57 dBm

M3 1 928.0 MHz -80.40 dBm

M4 1 9500.6 MHz -78.95 dBm

M5 1 965.33 MHz -78.39 dBm

ﬂ Measuring... EUANRNNNR e 152%4223032 HRBfLEVEI REBW

20:28:06 15.04.2019
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-20 dBc BANDEDGE WITHOUT NOTCH FILTER AND PRE-AMPLIFIER (HIGH
CHANNEL)

HORIZONTAL RESULT

MultiView 2| Spectrum E]

Ref Level 0.00 dBm @ RBW 100 kHz
Att 10dB ® SWT 100 ms @ VBW 300 kHz Mode Auto Sweep Frequency 900.0000000 MHz
Input 1AC  PS Off  Notch Off

DefaultT Frequency Sweep

M1[1] -32.52 dBm

926,770 MHz
10 dem M2[1] -79.01 dBm
902,000 MHz

-20 dBm

-30 dBm L

-40 dBm

-50 dBm:

H1 -52.520 dBm

-60 dBm

=70 dBm

oz M3 M5
-80-aEn Lid ¥ ¥
90 dam
CF 900.0 MHz 1001 pts 20.0 MHz/ Span 200,0 MHz
1 Marker Table
Type | Ref | Trc | X-Value | Y-Value | Function Function Result |
M1 1 926.77 MHz -32.52 dBm
M2 1 902.0 MHz -79.01 dBm
M3 1 928.0 MHz -77.95 dBm
Md 1 900.8 MHz -79.25 dBm
M5 1 945.55 MHz -78.24 dBm
ﬂ Measuring... EUANRNNNR e 152%41250;3 W REUS

20:15:23 15.04.2019
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VERTICAL RESULT

MultiView | Spectrum 1
Ref Level 0.00 dBm ® RBW 100 kHz
Att 10 dB ® SWT 100 ms & VBW 300 kHz Mode Auto Sweep Frequency 900.0000000 MH=z
Input 1AC  PS Off  Notch Off
M1[1] -27.55 dBm
926.770 MHz
10 dBm M2[1] -79.78 dBm|
902.000 MHz
-20 dBm
M1
Y
-0 dBm
40 dBm
H1 -47.550 dBm
50 dBm
&0 dBm
70 dBm
e ME
2 A
20 AR et e sl bbb b santiss Y T
30 dem
CF 900.0 MHz 1001 pts 20.0 MHz/ Span 200.0 MHz
1 Marker Table
Type | Ref | Trc | X-Value | ¥-Value | Function Function Result |
M1 1 926.77 MHz -27.55 dBm
M2 1 902.0 MHz -79.78 dBm
M3 1 928.0 MHz -77.37 dBm
M4 1 900.4 MHz -79.18 dBm
MS 1 9532.15 MHz -78.11 dBm

e —
]-[ Measuring... WEERERNND g6 15-2%‘_‘-220"_;3 Ref Level RBW

20:20:36 15.04.2019
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HARMONICS AND SPURIOUS EMISSIONS WITH A NOTCH FILTER

LOW CHANNEL RESULTS

g:LIL Fremont — Chamber K 2819 Apr 15 181626
Radioted Emissions - 3 Meters
- Project Number: 12727679
8 Client:Uarnboard TNC
Config:EUT + Support Equipment
Made :Below 1GHz_Low
75 Tested by: 18643
65
L O OO0 FEEOOOOO0O DO OO OO OOOsUO0.FO00000 00000000000 OUsooPsPUUUOOos SOP00000000HHE OSSN SOUUOOUOOsPUOPUUOOsoos OUSORSSPOONE SOOIt USSR SOSSPOOOS SIS SOSRONN
E ’7
=
= 45 OPE TR TE  TaBGl 7w A S
@ =
o
- R S NN N MU N W N
3
1
23], 4
™ (K
15 M‘iv\ Wﬂ i
Y . . SO S SN S
Jd 1686 Tygg
Frequency (MHz)
Ronge (Hiz) REU/VBU Ref/ittn  Det/fvg Mode Sweep Fts  #Sups/Mode  Fosition | Range (MHz) REL/UBM Fef/ittn  Det/fvg Hade Suzep Pte  #Sups/Mode  Foeition
1:39-260 12Bk(6B)/ M SI/18 PERK/Logfur-Vides dmsec(huta) 4980 AW B-36Pdgy  3:20- 1008 120k-6BI/IN TR PER/LogPar-Video  |imcew(futc) BEB MW B-3oRdogs H
FCC Port15C 38-108BMHz TST Rev 9.5 11 Jun 2819
95LIL Fremont - Chamber K 28159 Apr 15 18:16: 26
i i | {|Radioted Emissions - 3 Meters
Fro ject Number:12727679
85 Client:Wornboard INC
Config:EUT + Support Equipment
Made :Below 16Hz_Low
75 Tested by: 18649
65
o T e T S T e S S
E ’7
>
3 A5 Pk TR TE CEBGY ) s e e S R S
@
a
35 . 4 é
? 6
7 | ¢
| H
25 \ o | o
b f A
b, b s L LA U "‘ﬁ . MW" W
[ E— oMbl Ul _.r;v..‘-;,%\t..... } .ii,:.'\,.u-ﬁ.... e VY . "
% i
el :
5 |
38 1868 1BEa
Frequency C(MHz)
Renge (FHz) REWABU Ref/fitin  Det/fvg Mode Sweep Fte t5ups/Made Fosition| Ronge (Miiz) REW UG Ref/fttn  Det/fvg Hode Sueep Fts #oups/Mode  Fosition
FCC Port!5C 38-1B8GHHz  TST Rev 9.5 11 Jun 2819

VERTICAL
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RADIATED EMISSIONS

Marker Frequency Meter Det AF PRE0184052 Amp/Cbl Filter T1846 Corrected QPk Limit Margin Azimuth Height Polarity
(MHz) Reading (dB/m) (dB) (dB) Reading (dBuv/m) (dB) (Degs) (cm)
(dBuVv) (dBuV/m)

1 47.1744 44.04 Pk 14.8 -314 0.5 27.94 40 12.06 0-360 399 H
2 159.9986 52.72 Pk 18.1 -30.4 0.5 40.92 43.52 -2.6 0-360 199 H

159.9985 52.91 Qp 18.1 -30.4 0.5 41.11 43.52 -2.41 204 173 H
4 47.302 48.02 Pk 14.8 -31.4 0.5 31.92 40 -8.08 0-360 100 \4
5 159.9986 47.01 Pk 18.1 -30.4 0.5 35.21 43.52 -8.31 0-360 100 Vv
3 415.9281 36.13 Pk 22.1 -29.4 0.5 29.33 46.02 -16.69 0-360 99 H
6 415.9281 36.55 Pk 22.1 -29.4 0.5 29.75 46.02 -16.27 0-360 99 \4

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band

Pk - Peak detector
Qp - Quasi-Peak detector

Note:

1.

Marker 4 and 8 are fundamental signal of EUT.
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MID CHANNEL RESULTS

95LIL Fremont - Chamber K 28159 Apr 15 B9:57.: 89
i i | | | i | {|Radioted Emissions - 3 Meters
Fro ject Number:12727679
85 Client:Wornboard INC
Config:EUT + Support Equipment
Made :Below 1GHz_Hid
75 -| Tested by: 18649
65
55—
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3 4A5rmERT i TE TG W
@ : :
2
B
25 i
WWMN f
15 . "1 1 |
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Konge (MHz) RBU/VBU Ref/fttn  Det/Avg Mode Sweep Ptz #9upa/Mode  Fozition | Range (MHz) REW/UBM Fef/Attn  Det/Avg Mode Sussp Ptz #Swps/Mode  Fosition
1:34-200 \2Bk(-EE)/IM G178 PERK/LogFur-Videe msec(Aute) 4000 MAWH B-3ebdegy  3:200- 1068 \BRC-BEI/N TIIE FER/LagPurVideo  |insec(futc) BOGE MR B-3Ebdegs H
FCC Port!5C 38-1088MHz  TST Rev 9.5 11 Jen 2619
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S Client:Uarnboard TNC
Config:EUT + Support Equipment
Made :Below 1GHz Mid
i) E— | Tested by: 18549
65
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O OO . SO JOOOO S SO0 OO PO OO OO PSS FOPSS OB SOOPPPSSSOUO: SRS SSSTOOS SO SN SOOI
38 1686 Tygg
Frequency C(MHz)
Fonge (HHz) REU/VBU Ref/attn  Det/fvg Hode Sweep Pts t_inps.f?‘ade Fozition | Ronge !Hﬂzl .ﬁBNJUBH . Fef/Attn  Det/Avg Hode Sussp Ptz  #3wps/Mode Fosition
FCC Port!5C 38-1088MHz  TST Rev 9.5 11 Jon 2619

VERTICAL
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REPORT NO: 127679-E4V3
FCC ID: 2ASM7-WRCO01

DATE: APRIL 16, 2019
IC: 24839-WRCO01

RADIATED EMISSIONS

Marker Frequency Meter Det AF PRE0184052 Amp/Cbl Filter Corrected QPk Limit Margin Azimuth Height Polarity
(MHz) Reading (dB/m) (dB) T1846 (dB) Reading (dBuv/m) (dB) (Degs) (cm)
(dBuVv) (dBuV/m)

1 *119.9958 42.49 Pk 19.6 -30.8 0.5 31.79 43.52 -11.73 0-360 199 H
2 159.9986 52.2 Pk 18.1 -30.4 0.5 40.4 43.52 -3.12 0-360 199 H

160.0024 52.74 Qp 18.1 -30.4 0.5 40.94 43.52 -2.58 185 165 H
4 *119.9958 38.57 Pk 19.6 -30.8 0.5 27.87 43.52 -15.65 0-360 100 \4
5 159.9986 46.82 Pk 18.1 -30.4 0.5 35.02 43.52 -8.5 0-360 100 Vv
3 415.9281 34.63 Pk 22.1 -29.4 0.5 27.83 46.02 -18.19 0-360 99 H
6 415.9281 36.04 Pk 22.1 -29.4 0.5 29.24 46.02 -16.78 0-360 100 \4

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band

Pk - Peak detector
Qp - Quasi-Peak detector

Note:

1. Marker 7 and 8 are fundamental signal of EUT.
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REPORT NO: 127679-E4V3
FCC ID: 2ASM7-WRCO01

DATE: APRIL 16, 2019

IC: 24839-WRCO01

HIGH CHANNEL RESULTS

9,‘_LIL Fremont — Chomber K 2819 Apr 15 B9 2849
i i | i |Radioted Emissions — 3 Meters
_ | |Project Number: 12727679
8 Hlclient Wornboard INC
i|CanfigiEUT + Support Equipnent
i |[Made:Below 1GHz_High
75 [Tasted by: 18543
65
5|:

CdBul)/m)

Y PO SO OO T OO DO SO SO OO ST SO UOE OO S OO DU O PO OO UP OO SOTUPUPOE ST SOSOOOE SOV
4 E[E] 1888
Frequency C(MHz)

Ronge (Az) B Ul Fef/dtin  Det/fvg Mode ) Fiz  #5ups/fode Fosition| Range (MHz) REM/UBH Ref/Attn  Det/Avg Hade Susep Ptz #5ups/fode  Fosition
|:38-200 12Bk(-EdB)/IM - 97/18 PEAK/ALogPur-lideo  dnsec(futo) 4008 MAXH B-3t8degd 3. 2HO-1008 128ki-BdB) /1 97/18 PEf/LogPurUidea  ITmaec(huto) 8380 MAMH B-36Bdegs H

FCC Port15C 38-1088MHz TST

Rev 9.5 11 Jon 2819

HORIZONTAL

95LIL Fremont — Chamber K 2819 Apr 15 B3:28.:49
Radioted Emissions - 3 Meters
Project Number: 12727679
S Client:Uarnboard TNC
Config:EUT + Support Equipment
Made :Below 1GHz_High
i) E— | Tested by: 18549
65
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=
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=]
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Fﬂw}%v
O OO . SO JOOOO S SO0 OO PO OO OO PSS FOPSS OB SOOPPPSSSOUO: SRS SSSTOOS SO SN SOOI
38 1868 1BEa
Frequency C(MHz)
Fonge (WHz) REWSVEY Ref/éttn  Det/fvg Mode Sweep Pts  #Supsa/Mode Fosition | Range (MHz) REW/UBW Fef/dttn  Det/fvg Mode Suesp Pts  #5ups/Mode  Fosition
FCC Port!5C 38-1B8GHHz  TST Rev 9.5 11 Jun 2819

VERTICAL
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REPORT NO: 127679-E4V3
FCC ID: 2ASM7-WRCO01

DATE: APRIL 16, 2019
IC: 24839-WRCO01

RADIATED EMISSIONS

Marker Frequency Meter Det AF PRE0184052 Amp/Cbl Filter T1846 Corrected QPk Limit Margin Azimuth Height Polarity
(MHz) Reading (dB/m) (dB) (dB) Reading (dBuv/m) (dB) (Degs) (cm)
(dBuVv) (dBuV/m)

1 *119.9958 38.35 Pk 19.6 -30.8 0.5 27.65 43.52 -15.87 0-360 199 H
2 159.9986 47.04 Pk 18.1 -30.4 0.5 35.24 43.52 -8.28 0-360 199 H

159.9957 47.25 Qp 18.1 -30.4 0.5 35.45 43.52 -8.07 211 173 H
4 *110.4096 38.9 Pk 18.5 -30.9 0.5 27 43.52 -16.52 0-360 100 \4
5 159.9986 40.72 Pk 18.1 -30.4 0.5 28.92 43.52 -14.6 0-360 100 Vv
3 415.9281 35.95 Pk 22.1 -29.4 0.5 29.15 46.02 -16.87 0-360 100 H
6 415.9281 37.71 Pk 22.1 -29.4 0.5 30.91 46.02 -15.11 0-360 99 \4

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector
Qp - Quasi-Peak detector

Note:
1. Marker 7 and 8 are fundamental signal of EUT.
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REPORT NO: 127679-E4V3
FCC ID: 2ASM7-WRCO01

DATE: APRIL 16, 2019

IC: 24839-WRCO01

9.3.

TRANSMITTER ABOVE 1 GHz

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL RESULTS

'\I'D“I Fremont - Chamber K 28159 Apr 15 11:45:59
Radioted Emisszions 3-Meters
Project Number: 12727679
L Client:lormboord INC
Config:EUT + Support Equipment
Made :Above 1GHz_Low
g5 Tested by: 18649
85
Pealk + Bull/ma
L TS OOOOOOOO OO OOOsOUUOOOe OSSO OOuuuuvvvvuus TSP SSSOOOUususs WUUMOTTPPPIes SOSOUOvOvUUoN SOVTTSPPOOss MOUUUUOONS STOTOS HOOOsuss
T
3 -
_i LI5 .....................
@
o
~ Avg Limit (dBulU/m
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o OO SO OOs SO OsOOoO SO OOOs oD PO F OO SO DTSN SOOOOO SO SO OO SO OO OO SOOOTOPO. FOTS OSSOSO
1 18 138
Frequency C(GHz)
Fonge (BHz) REU/VBU Ref/attn  Det/Avg Hode Sweep Ptz #Sups/Mode  Fozition | Range (GHz) REL/UBH Fef/Attn  Det/Avg Hode Sussp Ptz #3wps/Mode Fosition
13 MC-GE)/k  187/10  PERK/Pir fvg(RMS)  18%sccChute) 9881 WAXH B-360deg] 3:3-18 INC-BAE1/3h  E1/B FERK /Far fvg(RMS facc(hte) 18k MAH B-36Bdegs H
FCC Port15C 2.46Hz RSE.TST Rev 9.5 11 Jen 2619
) Ibl“ Fremont — Chamber K 2819 Apr 15 I1:45,59
Radioted Emissions 3-Meters
Project Number: 12727679
L Client:lormboord INC
ConfigEUT + Support Equipment
Made :Above 1GHz_Low
g5 Tested by: 18649
85
Pealk + Bul
TSt b b b B b b
e
>
B T 1
@
M Limit CdBul/mg 5
- Avg Limit C(dBuls/m 2
(oo P [} 2. e
55
a
45
35
o PO SO OO SO sOOoO OO OOOs oD PO F OO SO DTSN SOSOOO SO SO OO SO OO OO SOUOTO PO FOTS OSSOSO
1 18 18
Frequency C(GHz)
Ronge (Bz) REU/VG Ref/Atin  Det/fvg Mode Sweep Fis  tSups/Mode Fosition| Rorge (Ghiz) (e Rel/Aitn  Det/Aug Made Sueep Pts  #oups/Mode Fosition
FCC Portl5C 2.46Hz RSE.TST Rev 9.5 11 Jon 2819

VERTICAL
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REPORT NO: 127679-E4V3

FCC ID: 2ASM7-WRCO01

DATE: APRIL 16, 2019
IC: 24839-WRCO01

RADIATED EMISSIONS

Marker Frequency Meter Det AF Amp/Cbl/Fltr/Pad DC Filter Corrected Avg Margin Peak PK Azimuth Height Polarity
(GHz) Reading T344 Corr PRE0182423 Reading Limit (dB) Limit Margin (Degs) (cm)
(@Buv) (dB/m) d8) d8) (@Buvim) | (dBuvim) (dBuvim) (d8)
1 1.806 37.87 PK2 30.2 -15.9 0 1 53.17 - - - 299 176 H
4 1.806 43.25 PK2 30.2 -15.9 0 1 58.55 - - 237 101 \
2 *8.128 433 PK2 35.6 -25.4 0 1 54.5 - - 74 -19.5 315 203 H
*8.125 30.38 MAv1 35.6 -25.4 .38 1 41.96 54 -12.04 - - 315 203 H
3 *9.031 36.52 PK2 36.1 -24 0 1 49.62 - - 74 -24.38 340 103 H
*9.031 25.34 MAv1 36.1 -24 .38 1 38.82 54 -15.18 - - 340 103 H
5 *8.128 50.63 PK2 35.6 -25.4 0 1 61.83 - - 74 -12.17 44 265 \4
*8.126 37.23 MAv1 35.6 -25.4 .38 1 48.81 54 -5.19 - - 44 265 \4
6 *11.738 36.09 PK2 38.3 -20.1 0 1 55.29 - - 74 -18.71 70 102 \
*11.74 234 MAv1 38.3 -20.1 .38 1 42.98 54 -11.02 - - 70 102 \4

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAv1 - KDB558074 Option 1 Maximum RMS Average
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REPORT NO: 127679-E4V3
FCC ID: 2ASM7-WRCO01

DATE: APRIL 16, 2019
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MID CHANNEL RESULTS

UL Fremont - Chamber K

28159 Apr 15 13:58: 39

Fro ject Number:12727679

Radioted Emisszions 3-Meters

185 Clignt:Wormboard INC
Config EUT + Support Equipment
Made : Above 1GHz_Hid
g5 Tested by: 18649
85
Feak Limit (dBul/ml
£ S WO WO S S S S N R —
s
s
_g 65 4
5
o Avg Limit CdBul/m)

"
-
25
1 18 13
Frequency C(GHz)
Renge (Biz) eI/ UEU Fef/Attn  Det/fvg Mods Susep s #5upa/fide FPosition| Rergs (6M) AEN/UBH Fef/Ritn  Det/Avg Mads Susep Fte #upsificds  Fosition
11173 Ni-6oB)/k  167/18  PERK/Fur Avg(RME)  18%eectAuta) 9081  MAXH B-30degd 3318 IM-BdE)/3Bk  Bi/B FER/Far fvgCRNS lscc(futa) 18k MANH B-JoBdegs H|
FLC Port15C 2.46Hz RSE.TST Rev 9.5 11 Jen 2619
11,‘_UL Fremont — Chomber K 2819 Apr 15 13:58: 39
Radioted Emisszions 3-Meters
- Fro ject Number:12727679
e Client:Wornboard INC
CanfigiEUT + Support Equipment
Made :Abave 1GHz_Hid
o5 Tested by: 18649
85
Peak Limit (dBull/mJ
L OO OSSOt OSSOSO SUOUUOTORNt SO SO SUUOON SN OO
e
~
3 o S SO SO HOOUNOO SUNOOSS- SOOI SOR SO S SOONOOOOY
g 6
5 o 4
~ Avg Limit (dBull/m® 5
55 =
5]
a
45
35 hetschisciag I e eeeeeeeesseefmmmmenssssssssssssnassesessseesssssessfressssseesssssmmmmipesssssafunsansnsseeefoemeesssbecserecneeceeeeodecc e it L g T
25
1 18 13
Frequency C(GHz)
Range (6iz) REUAUBU Ref/fitin  Det/fvg Mode Sweep Fte tSups/Made Fosition| Ronge (6ifz) REW UG Fef/Attn  Det/fvg Hade Sueepn fts #oups/Mode  Fosition
FCC Part15C 2 46Hz RSE.TST Rev 9.5 11 Jun 2819

VERTICAL
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REPORT NO: 127679-E4V3 DATE: APRIL 16, 2019
FCC ID: 2ASM7-WRCO01 IC: 24839-WRCO01

RADIATED EMISSIONS

Marker Frequency Meter Det AF T344 Amp/Cbl/Fltr/Pad DC Filter Corrected Avg Margin Peak PK Azimuth Height Polarity
(GHz) Reading (dB/m) (dB) Corr PRE0182423 Reading Limit (dB) Limit Margin (Degs) (cm)
(dBuv) (dB) (dB) (dBuvim) | (dBuv/ (dBuV/m) (dB)
m)

1 1.83 39.04 PK2 30.3 -15.6 0 1 54.74 - - - - 296 183 H
4 1.83 46.9 PK2 30.3 -15.6 0 1 62.6 - - 245 393 \4
2 *8.237 43.58 PK2 35.7 -24.8 0 1 55.48 - - 74 -18.52 338 103 H
*8.235 29.54 MAv1 35.7 -24.8 .38 1 41.82 54 -12.18 - - 338 103 H
3 *9.149 34.05 PK2 36.2 -23.3 0 1 47.95 - - 74 -26.05 318 135 H
*9.15 24.2 MAv1 36.2 -23.3 .38 1 38.48 54 -15.52 - - 318 135 H
5 *8.235 49.01 PK2 35.7 -24.8 0 1 60.91 - - 74 -13.09 37 276 \4
*8.235 35.97 MAv1 35.7 -24.8 .38 1 48.25 54 -5.75 - - 37 276 \
6 *11.895 34.34 PK2 384 -20.1 0 1 53.64 - - 74 -20.36 27 202 \4
*11.893 23.26 MAv1 38.4 -20.1 .38 1 42.94 54 -11.06 - - 27 202 \

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAv1 - KDB558074 Option 1 Maximum RMS Average
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REPORT NO: 127679-E4V3
FCC ID: 2ASM7-WRCO01

DATE: APRIL 16, 2019
IC: 24839-WRCO01

HIGH CHANNEL RESULTS

; 15LIL Fremont - Chamber K 28159 Apr 15 BE: 24808
Radioted Emisszions 3-Meters
Fro ject Number:12727679
185 Client:Wornboard INC
Config EUT + Support Equipment
Made : Above 1GHz_High
g5 Tested by: 18649
85
Feaok Limit C(dBull/m)
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1 18 13
Frequency C(GHz)
Konge (BHz) RBU/VBU Ref/attn  Det/Avg Mode Sweeg Ptz #Supa/Mode Fozition| Range (GHz) REW/UBW Fef/dttn  Det/Avwg Mode Sussp Ptz #Sups/Mode  Fosition
11173 MC-60E)/28k  187/18  PEAK/Pur AvoRME)  19%neecthutal 9081 MAXH B-3thoegd 3:3°18 IM-BdE)/3Bk  Bi/B FER/Far fvgCRNS lscc(futa) 18k MANH B-JoBdegs H|
Blave 1GHz_High_w cobles OAT Rev 9.5 11 Jen 2619
) 15UL Fremont — Chamber K 2819 Apr 15 B8:24 .68
Radioted Emissions 3-Meters
Project Number: 12727679
L Client:lormboord INC
Config:EUT + Support Equipment
Made :Above 1GHz High
(=] S| ME— Tested by: 18549
85
Li t dBull/m2
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5L OO0 SO0 OO DO DO SOOUOoO TS DO PP OSSO P OOTO PP HOTOOTOPOS SOTOOTOOS SRS
1 18 18
Frequency (GHz)
Fonge (BHz) REU/VBU Ref/attn  Det/fvg Hode Sweep Ptz #Sups/Mode Fozition| Range (GHz) REL/UBH Fef/dttn  Det/Avg Hode Sussp Ptz #3wps/Mode Fosition
Blsve 1GHz_High_w cobles .OAT Rev 9.5 11 Jon 2619

VERTICAL
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REPORT NO: 127679-E4V3

FCC ID: 2ASM7-WRCO01

DATE: APRIL 16, 2019
IC: 24839-WRCO01

RADIATED EMISSIONS

Marker Frequency Meter Det AF Amp/Cbl/Fltr/Pad DC Filter Corrected Avg Margin Peak PK Azimuth Height Polarity
(GHz) Reading T344 (dB) Corr PRE0182423 Reading Limit (dB) Limit Margin (Degs) (cm)
(dBuv) (dB/m) (dB) (dB) (dBuV/m) (dBuv/ (dBuv/ (dB)
m) m)
5 1.854 414 PK2 304 -15.8 0 1 57 - - 59 205 \
2 *3.708 42.46 PK2 33.2 -31.9 0 1 44.76 - - 74 -29.24 25 346 H
*3.708 33.71 MAv1 33.2 -31.9 .38 1 36.39 54 -17.61 - - 25 346 H
3 *8.343 43.67 PK2 35.7 -24.4 0 1 55.97 - - 74 -18.03 269 347 H
*8.343 29.94 MAv1 35.7 -24.4 .38 1 42.62 54 -11.38 - - 269 347 H
4 *12.052 318 PK2 38.6 -20.2 0 1 51.2 - - 74 -22.8 290 263 H
*12.053 21.29 MAv1 38.6 -20.1 .38 1 41.17 54 -12.83 - - 290 263 H
1 *8.344 50.66 PK2 35.7 -24.4 0 1 62.96 - - 74 -11.04 0 282 \
*8.343 39.64 MAv1 35.7 -24.4 .38 1 52.32 54 -1.68 - - 0 282 \4
6 *12.051 34.38 PK2 38.6 -20.2 0 1 53.78 - - 74 -20.22 136 114 \
*12.052 23.18 MAv1 38.6 -20.2 .38 1 42.96 54 -11.04 - - 136 114 \4

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAv1 - KDB558074 Option 1 Maximum RMS Average
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REPORT NO: 127679-E4V3 DATE: APRIL 16, 2019
FCC ID: 2ASM7-WRCO01 IC: 24839-WRCO01

9.4. WORST CASE BELOW 30MHz

SPURIOUS EMISSIONS BELOW 30 MHz (WORST-CASE CONFIGURATION)

! 'H_IL Fremont — Chamber K 2819 Apr 15 I6:@9: 37
3 T N S H H H i
RF Emissiaons
Project Number:12727679
e : : Client Wormboord INC
Co EUT + Suppart Equipment
Mode :Below 3BMHz_llorst Cose
ap il Tested by: 18649
70 Peak Limit CaBullim)
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o
JEC )| N0 SUNRRURURRNN: SNSOUIRS SOUIO: SUSUOE NUOUN S OO S NURUUUNOURROUE ROV SUURO SR AU o Ut S i S~ OO SO
-3
" !
. i -ur\r"\-'\.vl,n-vfh-:-"m]
-5 H
([T B 1 1d 38
Frequency (MHz
Fargz (M) FELI/VEW Ptz #sups/fade Fasition farge (Hiz) FEM/UB Ref/fttn Det/ivg Hode Sucep Ptz ¥swgaMode Fosition
1:.849-.15 188~ HAKH B-Joddens.
201549 1 HkH [ Ti1-1.78 16k(-3E)/ I B7/B PEAK/Fur iglRMS)  Asta 16k K 0-Zoidegs
30401 Wi 8- e B:1.785-38 16(-38)/ 18 BI/B PERK/Fur fvg(RMS)  futo WA B- Bdegs
FCC 15.289 Bslow 38MHz.TST Rev 9.5 11 Jon 2819

ANTENNA- TWO ORIENTATIONS FACE ON/FACE OFF

Below 30MHz Data

Marker Frequency Meter Det Loop Cables w/ Dist Corr Corrected Peak Limit Margin Avg Limit Margin Azimuth
(MHz) Reading Antenna PRE0186650 300m Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs)
(dBuV) (ACF) (dBuVolts)
1 .01213 25.18 Pk 60 -31.8 -80 -26.62 65.91 -92.53 45.91 -72.53 0-360
3 .01193 15.42 Pk 60 -31.8 -80 -36.38 66.05 -102.43 46.05 -82.43 0-360
Marker Frequency Meter Det Loop Antenna Cables w/ Dist Corr 30m (dB) Corrected QP Limit Margin Azimuth
(MHz) Reading (ACF) PRE0186650 40Log Reading (dBuVv/m) (dB) (Degs)
(dBuVv) (dBuVolts)
2 .81317 20.84 Pk 56.3 -32.1 -40 5.04 29.41 -24.37 0-360
4 .81035 21.75 Pk 56.3 -32.1 -40 5.95 29.44 -23.49 0-360
5 11.07622 17.56 Pk 34.2 -31.8 -40 -20.04 29.5 -49.54 0-360
6 1.17395 17.05 Pk 45.5 -32.1 -40 -9.55 26.23 -35.78 0-360

Pk - Peak detector
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REPORT NO: 127679-E4V3 DATE: APRIL 16, 2019
FCC ID: 2ASM7-WRCO01 IC: 24839-WRCO01

10. AC POWER LINE CONDUCTED EMISSIONS

LIMITS

FCC §15.207 (a)

RSS-Gen 8.8
o Conducted Limit (dBuV)
Frequency of Emission (MHz) Quasi-peak Average
0.15-0.5 66 to 56 * 56 t0 46 *
0.5-5 56 46
5-30 60 50

*Decreases with the logarithm of the frequency.
TEST PROCEDURE

The EUT is placed on a non-conducting table 40 cm from the vertical ground plane and 80 cm
above the horizontal ground plane. The EUT is configured in accordance with ANSI C63.10.

The receiver is set to a resolution bandwidth of 9 kHz. Peak detection is used unless otherwise
noted as quasi-peak or average.

Line conducted data is recorded for both NEUTRAL and HOT lines.
RESULTS
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LINE 1 RESULTS

I?HU_ Fremant, CA CE Room 15 Apr 2819 15:41:51
o Conducted RFI Uoltoge
185 1 ame e Ut mhaard INC
EUT Config:EUT + Support Equipment
i i [ T T R Test Uolt/Freq: 128/68
gz i i OIS R Test By: 18649
51| SUUSPRURUN: HUUPUUSSRSPRIPRURN UEUPUPRIRHI SRUVPUUPH SUPRIPRE SRS NIPHIS PR SUUOE NOPIPRIORORINY
- BaAF T —e —
: — -
a 58
B 361 : ;3
2 ML
‘ - 1\t.
av T )
8 B U A O o omes kv
-5
15 1 J4
Freguency (MHz2
T O R ey o Ba o o T P FEUAEL i/t Datifvg Fode Sy Fir Sapetod Ll
FCC15 CF Closs B 158kHz-3AMHz Stepping . TST 38915 24 Feb 26816 Rev 9.5 26 Moy 2815
Range 1: Line-L1 .15 - 30MHz
Marker Frequenc Meter Det LISN L1 LC Limiter Corrected CFR 47 QP CFR 47 Av(CISPR
y Reading Cables (dB) Reading Part 15 Margin Part 15 )Margin
(MHz) (dBuV) C1&C3 dBuv Class B (dB) Class B (dB)
QP Avg
1 .44025 23.49 Qp 0 0 10.1 33.59 57.06 -23.47 = =
2 438 14.48 Ca 0 0 10.1 24.58 - - 47.1 -22.52
3 447 21.07 Qp 0 0 10.1 31.17 56.93 -25.76 = =
4 447 12.04 Ca 0 0 10.1 22.14 - - 46.93 -24.79
5 3.1965 3.12 Qp 0 1 10.1 13.32 56 -42.68 = =
6 3.19425 -.01 Ca 0 1 10.1 10.19 — - 46 -35.81
7 13.56 4.48 Qp 1 2 10.2 14.98 60 -45.02 - -
8 13.56 2.47 Ca 1 2 10.2 12.97 — - 50 -37.03
9 26.6145 5.12 Qp 1 .3 10.5 16.02 60 -43.98 = =
10 26.6145 1.45 Ca 1 .3 10.5 12.35 — - 50 -37.65
11 27.1635 5.55 Qp 1 4 10.5 16.55 60 -43.45 = =
12 27.1635 1.47 Ca 1 4 10.5 12.47 - - 50 -37.53

Qp - Quasi-Peak detector
Ca - CISPR average detection
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LINE 2 RESULTS

I?HU_ Fremant, CA CE Room 15 Apr 2819 15:41:51
o Conducted RFI Uoltoge
185 1 ame e Ut mhaard INC
EUT Config:EUT + Support Equipment
i i [ T T R Test Uolt/Freq: 128/68
gz i i OIS R Test By: 18649
51| SUUSPRURUN: HUUPUUSSRSPRIPRURN UEUPUPRIRHI SRUVPUUPH SUPRIPRE SRS NIPHIS PR SUUOE NOPIPRIORORINY
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Range 2: Line-L2 .15 - 30MHz
Marker Frequency Meter Det LISN L2 LC Limiter Corrected CFR 47 QP CFR 47 Av(CISPR
(MHz) Readin Cables (dB) Reading Part 15 Margin Part 15 )Margin
g C2&C3 dBuv Class B (dB) Class B (dB)
(dBuV) QP Avg
13 .44025 22.54 Qp 0 0 10.1 32.64 57.06 -24.42 - -
14 .438 12.1 Ca 0 0 10.1 22.2 - - 47.1 -24.9
15 .80475 6.44 Qp 0 0 10.1 16.54 56 -39.46 - -
16 .80475 -.32 Ca 0 0 10.1 9.78 — - 46 -36.22
17 2.724 1.69 Qp 0 1 10.1 11.89 56 -44.11 - -
18 2.724 -1.39 Ca 0 1 10.1 8.81 - - 46 -37.19
19 9.22875 .26 Qp 0 2 10.2 10.66 60 -49.34 = =
20 8.7585 -2.1 Ca 0 2 10.2 8.3 - - 50 -41.7
21 13.56 3.69 Qp 1 2 10.2 14.19 60 -45.81 - -
22 13.56 2.03 Ca 1 2 10.2 12.53 - - 50 -37.47
23 27.16125 7.3 Qp 1 4 10.5 18.3 60 -41.7 - -
24 27.1635 3.03 Ca 1 4 10.5 14.03 — - 50 -35.97

Qp - Quasi-Peak detector
Ca - CISPR average detection
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