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1. ATTESTATION OF TEST RESULTS

COMPANY NAME: ASTRO INC.
450 W 33RP ST,
NEW YORK, NEW YORK, 10001, USA

EUT DESCRIPTION: LED Light Bulb / Speaker with BLE and 802.11b/g/n
MODEL.: TWST-SPKR-001
SERIAL NUMBER: FCC #1, FCC #2, FCC #9
DATE TESTED: 2016-10-06 — 2016-10-20
APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C PASS
Industry Canada (ISED CANADA) RSS-247 Issue 1 PASS
Industry Canada (ISED CANADA) RSS-GEN Issue 4 PASS

UL LLC tested the above equipment in accordance with the requirements set forth in the above
standards. All indications of Pass/Fail in this report are opinions expressed by UL LLC based on
interpretations and/or observations of test results. Measurement Uncertainties were not taken
into account and are published for informational purposes only. The test results show that the
equipment tested is capable of demonstrating compliance with the requirements as documented
in this report.

Note: The results documented in this report apply only to the tested sample, under the
conditions and modes of operation as described herein. This document may not be altered or
revised in any way unless done so by UL LLC and all revisions are duly noted in the revisions
section. Any alteration of this document not carried out by UL LLC 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 any government.

Approved & Released Prepared By:
For UL LLC By:

%5 %W /gv/\—»};//«bww

Jeff Moser Richard ovics
EMC Program Manager WISE Engineer
UL — Consumer Technology Division UL — Consumer Technology Division
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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, RSS-GEN Issue 4, RSS-247 Issue 1.

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 12 Laboratory Dr.,
Research Triangle Park, NC 27709, USA and 2800 Suite B, Perimeter Park Drive, Morrisville,
NC 27560.

12 Laboratory Dr., RTP, NC 27709
[ ] Chamber A
[ ] Chamber C

2800 Suite B Perimeter Park Dr.,
Morrisville, NC 27560

Chamber NORTH

Chamber SOUTH

The onsite chambers are covered under Industry (ISED) Canada company address code 2180C
with site numbers 2180C -1 through 2180C-4, respectively.

UL LLC (RTP) is accredited by NVLAP, Laboratory Code 200246-0. The full scope of
accreditation can be viewed at http://www.nist.qov/nviap/

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

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
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4.3. MEASUREMENT UNCERTAINTY

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

PARAMETER UNCERTAINTY
Total RF power, conducted +0.45 dB
RF power density, conducted +1.5dB
Spurious emissions, conducted +2.94dB
All emissions, radiated up to 40 GHz +5.36 dB
Temperature +0.07°C
Humidity + 2.26% RH
DC and low frequency voltages +1.27%
Conducted Emissions (0.150-30MHz) + 3.65dB

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

5.1. DESCRIPTION OF EUT

The EUT is an LED Light Bulb / Speaker with BLE and 802.11b/g/n.

5.2. MAXIMUM OUTPUT POWER

The transmitter has a maximum conducted output power as follows:

Frequency Range Mode Output Power| Output Power
(MHz) (dBm) (mWwW)
2412 - 2462 802.11b 14.66 29.24
2412 - 2462 802.11g 12.6 18.20
2412 - 2462 802.11n HT20 12.46 17.62
5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes 2 trace antennas, with a maximum gain of -0.19 dBi for the Rx/Tx and 0.17 dBi
for Rx diversity. Only one antenna is used for Rx/Tx; the other is Rx diversity only.

5.4. SOFTWARE AND FIRMWARE

The firmware installed in the EUT during testing was FCC 1.0.

The test utility software used during testing was Ralink QA Test Program, version 1.0.1.0.
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5.5. WORST-CASE CONFIGURATION AND MODE

Radiated emission and power line conducted emission were performed with the EUT set to
transmit at the channel with highest output power as worst-case scenario.

The fundamental of the EUT was investigated in three orthogonal orientations X,Y,Z, it was
determined that X orientation was worst-case orientation; therefore, all final radiated testing was
performed with the EUT in X orientation.

Based on the baseline scan, the worst-case data rates were:

e 802.11b mode: 1 Mbps
e 802.11g mode: 54 Mbps
e 802.11n HT20 mode: MCS6 (58.5 Mbps)
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5.6. DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT

Support Equipment List
Description Manufacturer Model Serial Number FCCID
Laptop Lenowvo T440 NA NA
Power Brick Lenowvo ADLX65NLC2A NA NA

Note: Laptop and Power Brick are only used to configure sample and removed. Not present
during measurements.

/0 CABLES
1/0 Cable List
Cable (Port # of identical [Connector [Cable Type |Cable Remarks
No ports Type Length (m)
1 AC 1 Terminal AC Inlet 2.95 18AWG line cord.
NA NA 1 Ethernet | Ethernet 0.25 |configuration only. Not
present during meas.

NA Antenna 1 RF 0.3

TEST SETUP

Different bulbs were provided. One unit was provided for radiated-emissions and line-
conducted testing (an external Ethernet port allowed for configuring the device) and one unit
was provided for conducted-port testing. Units were modified with added Ethernet port to
facilitate programming the RF output for testing. Once the device was running the test mode,
the ethernet cable and laptop were removed for measurements. Ports not present on finished
product.
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SETUP DIAGRAM FOR TESTS

Radiated Setup
3 m chamber

N/

Leads attached to
WIiFi board ethernet
pins with ferrite and
ethernet port to

facilitate test setup.
Not included in final
product.

Ethernetcable
(removed for
measurements)

| Edison Base | La ptop
(removed for
1 measurements)

120VAC

Antenna Port Conducted Setup

RF port

EUT

Edison Base

1

120VAC
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Ethernet cable
(removed for
measurements)

Leads attached to
WIiFi board ethernet
pins with ferrite and
ethernet port to
facilitate test setup.
Not included in final
product.

Laptop

(removed for

measurements)
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Line Conducted Setup

Leads attached to
WIiFi board ethernet
pins with ferrite and
ethernet port to
facilitate test setup.
Not included in final
product.

EUT

Ethernet cable
(remowved for
measurements)

Laptop

(removed for

Edison Base

measurements)

O,

120VAC
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6. TEST AND MEASUREMENT EQUIPMENT

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

report:

Test Equipment Used - Radiated Disturbance Emissions Test Equipment (Morrisville - South Chamber)

Equip.

ID Description Manufacturer Model Number Last Cal. Next Cal.
AT0079 Active Loop Antenna ETS-Lindgren 6502 2015-12-08 | 2016-12-31
AT0074 Hybrid Broadband Sunol Sciences IB3 2016-06-07 | 2017-06-30

Antenna Corp.
Double-Ridged
AT0069 Waveguide Horn ETS Lindgren | 3117 2016-03-07 | 2017-03-31
Antenna, 1 to 18 GHz
AT0076 Horn Antenna, 18- ARA MWH-1826/B 2016-09-06 | 2017-09-30
26.5GHz
S-SACO1 ggl\'/lnl::gss string: 0.009- | \/arious Various 2016-10-04 | 2017-10-04
Gain-loss string: 30- . .
S-SAC02 LeOOMEL Various Various 2016-06-26 | 2017-06-30
S-SACO03 fg‘éné'gss string: 1- Various Various 2016-08-28 | 2017-08-28
S-SACO04 Gain-loss string: 18- Various Various 2016-02-29 | 2017-02-28
40GHz
SA0025 Spectrum Analyzer Agilent N9030A 2016-03-17 | 2017-03-31
SA0026 (18- )
40GHz RSE) Spectrum Analyzer Agilent N9030A 2016-02-24 | 2017-02-28
SOFTEMI EMI Software UL Version 9.5 NA NA
139843 Temp/Humid/Pressure | Control 14-650-118 2016-02-19 | 2017-02-19
Meter Co./Fisher
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Test Equipment Used - Wireless Conducted Measurement Equipment
Equpoent Description Manufacturer Model Number Last Cal. | Next Cal.
Conducted Room 2
SA0020 Spectrum Analyzer Agilent E4446A 2016-03-222017-03-31
Technologies
PWMO003 RF Power Meter Keysight N1911A 2016-06-21/2017-06-21
Technologies
Peak and Avg Power Sensor, Keysight
PWS001 50MHz to 6GHz Technologies N1921A 2016-04-07(2017-04-31
UL139843 Temp/Humid/Pressure Meter | Fisher Scientific 14-650-118 2016-02-19(2017-02-19
MMO0170 Multi-meter Fluke 83V 2016-03-152017-03-31
Test Equipment Used - Line-Conducted Emissions — Voltage (Morrisville — Conducted 1)
Equpoent Description Manufacturer Model Number Last Cal. | Next Cal.
cBLo77 [c0a3x cable, RG223, N-maleto | b o mack PE3476-240 2016-06-15[2017-06-30
BNC-male, 20-ft.
139843 | Temp/Humid/Pressure Meter ggr}tliri?slher 14-650-118 2016-02-192017-02-19
LISN, 50-ohm/50-uH, 2- Fischer Custom| FCC-LISN-50-25-2-
LISNOO3 conductor, 25A Com. 01550V 2016-08-24{2017-08-24
MMO170 | Multi-meter Fluke 83V 2016-03-15{2017-03-31
PRE0101521 EMI Test Receiver 9kHz-7GHz Rohde & ESCI 7 2016-08-23[2017-08-23
(75141) Schwarz
TLOO1 Transient Limiter, 0.009-30MHz | Com-Power LIT-930A 2016-06-09[2017-06-30
CW2501M
PS215 AC Power Source Elgar (s/n 1523A02397) NA NA
SOFTEMI | EMI Software UL Version 9.5 NA NA
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7. MEASUREMENT METHODS

Duty Cycle: KDB 558074 D01 v03r05 Section 6.0

6 dB BW: KDB 558074 D01 v03r05, Section 8.1.

99% Occupied Bandwidth: ANSI C63.10:2013, Section 6.9.3

Output Power: KDB 558074 D01 v03r05, Section 9.2.3.2.

Power Spectral Density: KDB 558074 D01 v03r05, Section 10.2.

Out-of-band emissions in non-restricted bands: KDB 558074 D01 vO3r05, Section 11.0.

Out-of-band emissions in restricted bands: KDB 558074 D01 v03r05, Section 12.1.

General Radiated Emissions: ANSI C63.10:2013 Sections 6.3-6.6

Line Conducted Emissions: ANSI C63.10:2013 Sections 6.2
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8. ANTENNA PORT TEST RESULTS

LIMITS

None; for reporting purposes only.

PROCEDURE

ON TIME AND DUTY CYCLE

KDB 558074 Zero-Span Spectrum Analyzer Method.

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)
2.4GHz Band
802.11b 1TX 8.706 8.870 0.982 98.15% 0.00 0.010
802.11g 1TX 0.179 0.382 0.469 46.94% 3.28 5.574
802.11n HT20 1TX 0.172 0.375 0.459 45.90% 3.38 5.814

Test Performed: Niklas Haydon / Jeff Cabrera

Test Date: 2016-10-07
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DUTY CYCLE PLOTS

2.4 GHz BAND

DUTY CYCLE 802.11b 1TX MODE
W% Agilent 10:44:69 Oct 7, 2016 L  [Freq/Channel

APE.3(0916161,44389, Conducted 2 a Mkr3  8.87 ms Center Freq
Ref 30 dBn fAtten 19 6B : B.652 dB| 2.43700000 Gz
Log [+

18 StartFreq
dB/ 243700008 GHz
Offst

]d]B.? StopFreq

2.43700000 GHz

CF Step
3.00000000 MHz
#PAvg Auto Man

Center 2,437 006 GHz Span @ Hz
Fes BHW & MHz #UBH 58 MHz  Sweep 41.07 ms (1661 pts)

Markaer Trace Type H Axiz Amplituda
1R [&}] Time 12,94 me 16.14 dEn

1a (1 Time 8.786 ms -B.29 dB Signal Track
Off

Freq Offset
B.00006008 Hz

R 1) Time 12,84 ms 16.14 dBn 0
s 1) Tine 8.87 me .63 dE n

DUTY CYCLE 802.11g 1TX MODE
# Agilent 11:09:39 Oct 7, 2016 L [Freg/Channel

APvG.3(091616),44389, Conducted 2 a Mkrl  179.4 ps

Center Freq
EF?iai@ dBm | #Atten 40 dB I 3.7|98 dB| 5 43700000 Glx

o |

F
[ T4

StartFreq
2437000600 GHz

Stop Freq
243700008 GHz

CF Step
5.00000068 MHz
#PAvg Auto Man

Center 2.437 A0A GHz Span @ Hz
Res BH 8 MHz #BH 58 MHz Sweep 2.6 ms (1601 pts)

Marker Trace ® Axiz Amplitude
1R (6 D] 6349.6 ps 13.18 dBm
1a [& D] 179.4 ps 3.88 dB i
3R (6 D] 6349.6 ps 13.18 dBm 0 Slgnal Tragfkf
3a [¢ 5] 382.2 ps 8.78 dB n =

Freq Offset
B.A0EEEAEE Hz
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DUTY CYCLE 802.11n HT20 1TX MODE
s Agilent 12:06:10 Oct 7, 2016

L

|Freq/ChanneI

Ref 38 dBm

APw5.3(8916163,44383, Conducted 2

#Atten 48 dB

a Mkr3 3747 ps

-8.188 dB

#Peak'

| 243700809 GHz

Center Freq

Log |
10

dB/

Offst

StartFreq
2437000608 GHz

11.7
dB

Stop Freq
243700008 GHz

#PAvg

CF Step
3.00000068 MHz
Auto Ma

Center 2,437 088 GHz
Res BH 8 MHz

Span @ Hz

#UBH 58 MHz  Sweep 1.333 ms (1601 pts)

Marker
1R
la
3R
4

Trace
1
&)
1
(1

H Auiz
333.3 pe
172 p=
333.3 pe
I74.7 ps

Amplitude
13.7€ dBm

B.51 dB
13.7€ dBm
-6.11 dB

n
et
Hz

Freq Offs
B.A06BEAGE0

Signal Track
On Off
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8.2. 802.11b MODE IN THE 2.4 GHz BAND

8.2.1. 6 dB BANDWIDTH

LIMITS

FCC §15.247 (a) (2)
IC RSS-247 5.2 (1)

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

RESULTS
Channel | Frequency | 6 dB Bandwidth | Minimum Limit
(MHz) (MHz) (MHz)
Low 2412 12.160 0.5
Mid 2437 12.160 0.5
High 2462 12.120 0.5

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-07
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6 dB BANDWIDTH

6 dB BANDWIDTH LOW CH
s Agilent 10:46:11 Oct 7, 2016

L

| Measure

APv5.3(0916163,44389, Conducted 2
Ref 20 dBm #Atten 30 dB

a Mkrl 12.16 MHz

8.174 dB

#Peak

‘ Meas Off
Channel Power
‘ Occupied BH

ACP

Center 2.412 @@ GHz

#Res BH 188 kHz #WBH 300 kHz

Span 48 MHz

Sweep 3.867 ms (1081 pts)

Multi Carrier
Power
Power Stat
CCDF

More

1of 2

6 dB BANDWIDTH MID CH
s Agilent 10:38:03 Oct 7, 2016

L

| Measure

APv5.3(0916163,44389, Conducted 2
Ref 20 dBm #Atten 30 dB

a Mkrl 12.16 MHz

8.316 dB

#Peak

‘ Meas Off
Channel Power
‘ Occupied BH

‘ ACP

Multi Carrier
; Power

Center 2.437 @@ GHz

#Res BH 188 kHz #WBH 300 kHz

Span 48 MHz
Sweep 3.867 ms (1081 pts)

Power Stat
CCDF

More
1of?2
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

6 dB BANDWIDTH HIGH CH
s Agilent 10:52:04 Oct 7, 2016 L

APYE.3(091616),44389, Conducted 2 & Mkrl 1212 MHz

Ref 2@ dBm #Atten 30 4B 1.381 dB Meas Off
#Peak

Channel Power
‘ Occupied BH

ACP

Multi Carrier
Power

AA

Power Stat
FTun
Sup ‘ CCDF
Center 2.462 00 Ghz Span 40 MHz ‘ 1"‘0’{"2’
#Res BH 100 kHz WBH 300 kHz  Sweep 3.867 ms (1001 pts)
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23

IC: 20364-TWSTSPK1

8.2.2.99% BANDWIDTH

LIMITS

None; for reporting purposes only. Testing per RSS-Gen Clause 6.6.

RESULTS
Channel|Frequency|99% Bandwidth
(MHz) (MHz)
Low 2412 15.1012
Mid 2437 15.0574
High 2462 15.0533

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-11
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

99% BANDWIDTH

99% BANDWIDTH LOW CH
s Agilent 09:27:19 Oct 11, 2016

L | Measure

]

Ch Freq
Occupied Bandwidth

2.412 GHz

Trig Free Meas Off

[Averages: 180 | |

| Channel Power

APE.3(0916161,44389, Conducted 2
Ref 28 dBm #Atten 38 dB

#Peak

[
Log o

18

dB/

Offst

11.7

dB

Hultl Carrier

‘ Occupied BK

Center 2,412 08 GHz
#Res BH 270 kHz

#WBH 820 kHz

Span 40 Mz Power

Sweep 1 oms (1001 pts)

Occupied Bandwidth
15.1012 MHz

4,498 kHz
18.432 MHz

Transmit Freq Error
% dB Bandwidth

Power Stat
Occ BH % Pwr 99.00 ¥

® dB -26.00 dB

99% BANDWIDTH MID CH
s Agilent 09:28:23 Oct 11, 2016

Heasure

Ch Freq
Occupied Bandwidth

2.437 GHz

Trlg Free ‘ Meas Off
[Averages: 180

APE.3(0916161,44389, Conducted 2
Ref 20 dBm #Atten 30 dB

Channel Power

#Peak

Log R

‘ Occupied BH

19

dB/

Offst

11.7

‘ ACP

dB

Multi Carrier

Center 2,437 08 GHz
#Res BH 270 kHz

#WBH 820 kHz

Span 40 Mz Power

Sweep 1 ms (1001 pts)

Occupied Bandwidth
15.0574 MHz

6.196 kHz
18.398 MHz

Transmit Freq Error
% dB Bandwidth

Power Stat
Occ BH % Pwr 99.00 % CCDF

® dB -26.00 dB

More
1of?2
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

99% BANDWIDTH HIGH CH
# Agilent 89:29:38 Oct 11, 2016

L

Measure

Ch Freq 2.462 GHz

Trig Free

Occupied Bandwidth

|Huerages: 168

Meas Off

APw5.3(0916161,44383, Conducted 2
Ref 28 dBm #Htten 30 dB

| Channel Power

#Peak

~

| ‘ Occupied BH

| ACP

Multi Carrier

Center 2.462 @B GHz

#hes BH 278 kHz #WBH 820 kHz

Span 46 MHz

Sweep 1 ms (18001 pts)

Power

Occupied Bandwidth
15.8533 MHz

Transmit Freq Error  -11.165 kH=z
% dB Bandwidth 18.385 MHz

Occ BH % Pwr
x dB

99.00 ¥
-26.98 dB

Power Stat
CCDF

More
1of 2
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

8.2.3. OUTPUT POWER

LIMITS

FCC §15.247 (b) (3)

IC RSS-247 5.4 (4)

FCC - For systems using digital modulation in the 902-928 MHz, 2400-2483.5 MHz, and 5725—
5850 MHz bands: 1 Watt, based on the use of antennas with directional gains that do not
exceed 6 dBi. If transmitting antennas of directional gain greater than 6 dBi are used, the
conducted output power from the intentional radiator shall be reduced by the amount in dB that
the directional gain of the antenna exceeds 6 dBi.

RSS - For DTSs employing digital modulation techniques operating in the bands 902-928 MHz

and 2400-2483.5 MHz, the maximum peak conducted output power shall not exceed 1W.
Except as provided in Section 5.4(5), the e.i.r.p. shall not exceed 4 W.

DIRECTIONAL ANTENNA GAIN

There is only one transmitter output therefore the directional gain is equal to the antenna gain.

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-06
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

NOTE: Gated Measurements

Page 26 of 101

RESULTS
Limits
Channel |Frequency | Directional [ FCC IC IC Max
Gain Power | Power EIRP |Power
Limit Limit Limit
(MHz) (dBi) (dBm) | (dBm) | (dBm) [ (@Bm)
Low 2412 -3.00 30.00 30 36 30.00
Mid 2437 -3.00 30.00 30 36 30.00
High 2462 -3.00 30.00 30 36 30.00
Duty Cycle CF (dB)l 0.00 Included in Calculations of Corr'd Power
Results
Channel |Frequency | Chain O Total Power [ Margin
Meas Corr'd Limit
Power Power
(MHz) (dBm) (dBm) | (dBm) (dB)
Low 2412 14.66 14.66 30.00 -15.34
Mid 2437 14.47 14.47 30.00 -15.53
High 2462 14.30 14.30 30.00 -15.70

UL LLC

12 Laboratory Dr., RTP, NC 27709
This report shall not be reproduced except in full, without the written approval of UL LLC.

FORM NO: 03-EM-F00858
TEL: (919) 549-1400



REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

8.2.4. POWER SPECTRAL DENSITY

LIMITS

FCC §15.247 (e)

IC RSS-247 5.2 (2)

RESULTS

Duty Cycle CF (dB)| 0.00 [Included in Calculations of Corr'd PSD

PSD Results
Channel | Frequency | Chain 0 | Total Limit | Margin
Meas Corr'd
(MHz) (dBm) PSD
(dBm) | (dBm) | (dB)
Low 2412 -15.11 -15.11 8.0 -23.1
Mid 2437 -15.11 -15.11 8.0 -23.1
High 2462 -15.82 -15.82 8.0 -23.8

NOTE: Peak Measurements

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-07
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

PSD, Chain 0

PSD, Chain 0 LOW CH
s Agilent 10:47:57 Oct 7, 2016 L

| Measure

Ref 38 dBm

APv5.3(0916163,44389, Conducted 2
#Atten 48 dB

Mikrl 2.413 887 GHz
-15.112 dBm

#Peak

‘ Meas Off
Channel Power
‘ Occupied BH

ACP

Center 2,412 @88 GHz
#Res BH 3 kHz

Span 19 MHz

#YBH 9.1 kHz Sweep 2016 5 (1001 pts)

Multi Carrier
Power
Power Stat
CCDF

More

1of 2

PSD, Chain 0 MID CH

- Agilent 10:46:22 Oct 7, 2016 L

| Measure

Ref 38 dBm

APv5.3(0916163,44389, Conducted 2
#Atten 48 dB

Mikrl 2.439 814 GHz
-15.186 dBm

#Peak

‘ Meas Off
Channel Power
‘ Occupied BH

‘ ACP

Center 2,437 @88 GHz
#Res BH 3 kHz

Span 19 MHz

#YBH 9.1 kHz Sweep 2016 5 (1001 pts)

Multi Carrier
Power
Power Stat
CCDF

More

1of 2

Page 28 of 101

UL LLC
12 Laboratory Dr., RTP, NC 27709

FORM NO: 03-EM-F00858
TEL: (919) 549-1400

This report shall not be reproduced except in full, without the written approval of UL LLC.



REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

PSD, Chain 0 HIGH CH
#- Agilent 19:53:35 Oct 7, 2016 L [ Measure

APvG.3(B91616),44389, Conducted 2 Mkrl 2.460 824 GHz
Ref 30 dBm #Atten 40 dB -15.823 dBm Meas Off
#Peak
Channel Power
‘ Occupied BH
ACP
Multi Carrier
Power
Power Stat
CCDF
Center 2.462 B0 GHz Span 19 MHz ‘ 1”‘0’{‘3
#Res BH 3 kHz #YBH 9.1 kHz Sweep 2,016 5 (1001 pts)
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

8.2.5. OUT-OF-BAND EMISSIONS

LIMITS

FCC §15.247 (d)
IC RSS-247 5.5

FCC - In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or
digitally modulated intentional radiator is operating, the radio frequency power that is produced
by the intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the
band that contains the highest level of the desired power, based on either an RF conducted or a
radiated measurement, provided the transmitter demonstrates compliance with the peak
conducted power limits. If the transmitter complies with the conducted power limits based on the
use of RMS averaging over a time interval, as permitted under paragraph (b)(3) of this section,
the attenuation required under this paragraph shall be 30 dB instead of 20 dB. Attenuation
below the general limits specified in §15.209(a) is not required.

RSS - In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or
digitally modulated device is operating, the RF power that is produced shall be at least 20 dB
below that in the 100 kHz bandwidth within the band that contains the highest level of the
desired power, based on either an RF conducted or a radiated measurement, provided that the
transmitter demonstrates compliance with the peak conducted power limits. If the transmitter
complies with the conducted power limits based on the use of root-mean-square averaging over
a time interval, as permitted under Section 5.4(4), the attenuation required shall be 30 dB
instead of 20 dB. Attenuation below the general field strength limits specified in RSS-Gen is not
required.

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-07
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

RESULTS

IN-BAND REFERENCE LEVEL

LOW CHANNEL BANDEDGE

REFERENCE LEVEL MID CH
s Agilent 10:41:09 Oct 7, 2016

L

| Measure

Ref 20 dBm

APE.3(0916161,44389, Conducted 2
#Atten 38 dB

Mkrl 2.437 48 GHz
§.32 dBm

Peak
Log

18
dB/

Offst
11.7

‘ Meas Off
Channel Power
‘ Occupied BH

‘ ACP

Center 2,437 @8 GHz
#Res BH 100 kHz

#YBH 300 kHz

Span 68 MHz
Sweep 5.8 ms (1001 pts)

Multi Carrier
Power

Power Stat
CCDF
More
1of 2

AUTHORIZED BAND EDGE LOW CH
W@ Agilent 18:453:37 Oct 7, 2016

L

Measure

Ref 28 dBm

APvG.3(091616),44389, Conducted 2
#Atten 30 dB

Mkrz2 2.400 B8 GHz
-46.93 dBm

Feak

Meas Off

Channel Power

‘ Occupied BH

‘ ACP

Center 2,400 08 GHz
#Res BH 100 kHz

#YBH 300 kHz

Span 6@ MHz
Sweep 5.8 ms (1001 pts)

Marker Trace

1 1
2 L

X Auiz
2.397 BA GHz
2,486 BA GHz

Amplitude
-36.59 dEm
-46.99 dBm

Multi Carrier
Power

Power Stat
CCDF
More
1of 2
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

HIGH CHANNEL BANDEDGE

AUTHORIZED BAND EDGE HIGH CH
W@ Agilent 18:54:83 Oct 7, 2016

L

Measure

Ref 28 dBm

APw5.3(0916161,44383, Conducted 2

#Atten 30 dB

Mkr2 2.491 B8 GHz
-47.81 dBm

Feak

Meas Off

Channel Power

‘ Occupied BH

ACP

Center 2,483 58 GHz
#Res BH 100 kHz

#YBH 300 kHz

Span 6@ MHz

Sweep 5.8 ms (1601 pts)

Marker
1
2

Trace
(6 D]
[&}]

X Auiz

2.483 58 GHz
2.491 BA GHz

Amplitude
-49.83 dEm
-47.81 dBm

Multi Carrier
Power

Power Stat
CCDF
More
1of?2

OUT-OF-BAND EMISSIONS

OuUT OF

BAND LOW CH

W Agilent 10:49:52 Oct 7, 2016

L

| Measure

Ref 18 dBm

APw5.3(9916161,44383, Conducted 2

#Atten 20 dB

Mkrd 2.398 GHz
-39.748 dBm

#Peak

1
<

Meas Off

Log

18
dB/

Offst

Channel Power

Occupied BH

ACP

Center 13.815 GHz
#Res BW 100 kHz

#YBH 300 kHz

Span 25.97 GHz

Sweep 2,482 5 (8192 pts)

Marker
1

2
3
4

Trace
(&5
1
1)
1

X Auiz
2,412 GHz
4.824 GHz
7.23E GHz
2.398 GH=z

Amplituda
-8.88 dEn
-43.36 dBEm
-52.76 dEm
-39.74 dBn

Multi Carrier
Power

Power Stat
CCDF

More
1of 2
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

OUT OF BAND MID CH
s Agilent 10:42:04 Oct 7, 2016

L

| Measure

APw5.3(9916161,44383, Conducted 2
Ref 18 dBm

#Atten 20 dB

Mkrd 2.681 GHz
-41.292 dBm

#Peak

1
L+,

Meas Off

Log

18
dB/

Offst

Channel Power

Occupied BH

ACP

Center 13.815 GHz
#Res BH 100 kHz

#WBH 300 kHz

Span 25.97 GHz
Sweep 2,482 5 (8192 pts)

Marker Trace
1 [&}]
2 (6 D]
3 [¢ 5]
4 1

Type
Freq
Freg
Freq
Freg

R Axiz
2,437 GHz
4.874 GHz
7.311 GHz
2.681 GHz

Amplituda
-B.58 dEn
-46.12 dBEm
-53.84 dBm
-41.29 dBEm

Multi Carrier
Power

Power Stat
CCDF

More
1of 2

OUT OF BAND HIGH CH
s Agilent 10:56:56 Oct 7, 2016

L

| Measure

APw5.3(8916163,44383, Conducted 2
Ref 18 dBm #Atten 20 dB

Mkrd 2.709 GHz
-43.377 dBm

#Peak é

Meas Off

Channel Power

Occupied BH

ACP

Center 13.015 GHz
#Res BH 100 kHz

#YBH 300 kHz

Span 25.97 GHz
Sweep 2.482 5 (8192 pts)

Marker Trace
1 (6 D]

2 [¢ 5]
3 1
4 (1

H Auiz
2,462 GHz
4.924 GHz
7.386 GHz
2,789 GHz

Amplitude
-6.15 dBm
-49.66 dBm
-56.29 dEm
-43.38 dEm

Multi Carrier
Power

Power Stat
CCDF

More
1of?2
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

8.3. 802.11g MODE IN THE 2.4 GHz BAND

8.3.1. 6 dB BANDWIDTH

LIMITS

FCC §15.247 (a) (2)
IC RSS-247 5.2 (1)

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

RESULTS
Channel| Frequency | 6 dB Bandwidth | Minimum Limit
(MHz) (MHz) (MHz)
Low 2412 16.480 0.5
Mid 2437 16.480 0.5
High 2462 16.480 0.5

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-07
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23

IC: 20364-TWSTSPK1

6 dB BANDWIDTH

6 dB BANDWIDTH LOW CH
s Agilent 11:11:02 Oct 7, 2016

L

| Measure

APv5.3(0916163,44389, Conducted 2
Ref 20 dBm #Atten 30 dB

a Mkrl 16.48 MHz

1.868 dB

#Peak

‘ Meas Off
Channel Power
‘ Occupied BH

ACP

Center 2.412 @@ GHz

#Res BH 188 kHz #WBH 300 kHz

Span 48 MHz

Sweep 3.867 ms (1081 pts)

Multi Carrier
Power
Power Stat
CCDF

More

1of 2

6 dB BANDWIDTH MID CH
s Agilent 11:02:39 Oct 7, 2016

L

| Measure

APv5.3(0916163,44389, Conducted 2
Ref 20 dBm #Atten 30 dB

a Mkrl 16.48 MHz

-8.674 dB

#Peak

‘ Meas Off
Channel Power
‘ Occupied BH

‘ ACP

Center 2.437 @@ GHz

#Res BH 188 kHz #WBH 300 kHz

Span 48 MHz
Sweep 3.867 ms (1081 pts)

Multi Carrier
Power
Power Stat
CCDF

More
1of?2
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

6 dB BANDWIDTH HIGH CH
W% Agilent 11:54:59 Oct 7, 2016

L

Measure

Ref 28 dBm

APw5.3(0916161,44383, Conducted 2

#Atten 30 4B

a Mkrl 16.48 MHz
-1.271 dB

#Peak

‘ Meas Off
Channel Power
‘ Occupied BH

ACP

AA

FTun

Swp

+Res BH 188 kHz

Center 2,462 @6 GHz

+VEW 388 kHz

Span 48 MHz
Sweep 3867 ms (1901 pts)

Multi Carrier
Power

Power Stat
CCDF
More
1of 2
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23

IC: 20364-TWSTSPK1

8.3.2. 99% BANDWIDTH

LIMITS

None; for reporting purposes only. Testing per RSS-Gen Clause 6.6.

RESULTS

Channel|Frequency

99% Bandwidth

(MHz) (MHz)
Low 2412 16.7058
Mid 2437 16.6825
High 2462 16.5018

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-07
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

99% BANDWIDTH

99% BANDWIDTH LOW CH
s Agilent 11:11:35 Oct 7, 2016

L

Measure

Ch Freq
Occupied Bandwidth

2.412 GHz

Trig Free

[Averages: 180

APE.3(0916161,44389, Conducted 2
Ref 28 dBm #Atten 38 dB

#Peak

Teasire |
"‘ Meas Off
|

| Channel Power

‘ Occupied BH

18

dB/

Offst |

11.7

dB

Center 2,412 08 GHz

#Res BH 338 kHz #YEH 1 MHz

Span 48 MHz

Sweep 1 oms (1001 pts)

‘ ACP

Multi Carrier
Power

Occupied Bandwidth
16.7058 MHz

55.456 kHz
19.734 MHz

Transmit Freq Error
% dB Bandwidth

Occ BH % Pwr
% dB

99.00 %
-26.00 dB

Power Stat
CCDF

More
1of 2

99% BANDWIDTH MID CH
s Agilent 11:04:48 Oct 7, 2016

L

| Measure

]

Ch Freq
Occupied Bandwidth

2.437 GHz

Trig Free

[Averages: 180

Meas Off

| Channel Power

APE.3(0916161,44389, Conducted 2
Ref 20 dBm #Atten 30 dB

#Peak

Occupied BH

Log A .

19

dB/

Offst |

11.7

ACP

dB

=
|

Multi Carrier

Center 2,437 08 GHz

#Res BH 338 kHz #YEH 1 MHz

Span 48 MHz

Sweep 1 ms (1001 pts)

Power

Occupied Bandwidth
16.6825 MHz

13.575 kHz
19.567 MHz

Transmit Freq Error
% dB Bandwidth

Occ BH % Pwr
% dB

99.00 %
-26.00 dB

Power Stat
CCDF

More
1of?2
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

99% BANDWIDTH HIGH CH
W% Agilent 11:55:53 Oct 7, 2016

L

Measure

Ch Freq
Occupied Bandwidth

2.462 GHz

Trig Free

|Huerages: 168

Meas Off

APw5.3(0916161,44383,
Ref 28 dBm

Conducted 2

#Atten 30 dB

#Peak

<

| Channel Power
| ‘ Occupied BH

=

Center 2.462 @B GHz
#Res BH 330 kHz

#WBH 1 MHz

Span 46 MHz

Sweep 1 ms (18001 pts)

ACP

Multi Carrier
Power

16

Transmit Freq Error
% dB Bandwuidth

Occupied Bandwidth

Occ BH % Pwr

5018 MHz % dB

51.823 kHz
19.741 MHz

99.00 ¥
-26.98 dB

Power Stat
CCDF

More
1of 2
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

8.3.3. OUTPUT POWER

LIMITS

FCC §15.247 (b) (3)
IC RSS-247 5.4 (4)

FCC - For systems using digital modulation in the 902-928 MHz, 2400-2483.5 MHz, and 5725—
5850 MHz bands: 1 Watt, based on the use of antennas with directional gains that do not
exceed 6 dBi. If transmitting antennas of directional gain greater than 6 dBi are used, the
conducted output power from the intentional radiator shall be reduced by the amount in dB that
the directional gain of the antenna exceeds 6 dBi.

RSS - For DTSs employing digital modulation techniques operating in the bands 902-928 MHz

and 2400-2483.5 MHz, the maximum peak conducted output power shall not exceed 1W.
Except as provided in Section 5.4(5), the e.i.r.p. shall not exceed 4 W.

DIRECTIONAL ANTENNA GAIN

There is only one transmitter output therefore the directional gain is equal to the antenna gain.
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

NOTE: Gated Measurements

Test Performed: Niklas Haydon / Jeff Cabrera

Test Date: 2016-10-06

Page 41 of 101

RESULTS
Limits
Channel |Frequency | Directional [ FCC IC IC Max
Gain Power | Power EIRP |Power
Limit Limit Limit
(MHz) (dBi) (dBm) | (dBm) | (dBm) [ (@Bm)
Low 2412 -3.00 30.00 30 36 30.00
Mid 2437 -3.00 30.00 30 36 30.00
High 2462 -3.00 30.00 30 36 30.00
Duty Cycle CF (dB)l 0.00 Included in Calculations of Corr'd Power
Results
Channel |Frequency | Chain O Total Power [ Margin
Meas Corr'd Limit
Power Power
(MHz) (dBm) (dBm) | (dBm) (dB)
Low 2412 11.96 11.96 30.00 -18.04
Mid 2437 12.60 12.60 30.00 -17.40
High 2462 12.43 12.43 30.00 -17.57

UL LLC

12 Laboratory Dr., RTP, NC 27709
This report shall not be reproduced except in full, without the written approval of UL LLC.

FORM NO: 03-EM-F00858
TEL: (919) 549-1400



REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

8.3.4. POWER SPECTRAL DENSITY

LIMITS

FCC §15.247 (e)

IC RSS-247 5.2 (2)

RESULTS

Duty Cycle CF (dB)l 0.00 |Included in Calculations of Corr'd PSD

PSD Results
Channel | Frequency | Chain O Total Limit [ Margin
Meas Corr'd
(MHz) (dBm) PSD
(dBm) |(dBm)| (dB)
Low 2412 -16.70 -16.70 8.0 -24.7
Mid 2437 -16.80 -16.80 8.0 -24.8
High 2462 -16.16 -16.16 8.0 -24.2

NOTE: Peak Measurements

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-07
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

PSD, Chain 0

PSD, Chain 0 LOW CH
s Agilent 11:51:23 Oct 7, 2016 L

| Measure

Ref 38 dBm

APv5.3(0916163,44389, Conducted 2
#Atten 48 dB

Mikrl 2.413 258 GHz
-16.783 dBm

#Peak

‘ Meas Off
Channel Power
‘ Occupied BH

ACP

Center 2,412 @88 GHz
#Res BH 3 kHz

Span 25 MHz

#YBH 9.1 kHz Sweep 2,653 5 (1001 pts)

| More
1of 2

Multi Carrier
Power
Power Stat
CCDF

PSD, Chain 0 MID CH

# Agilent 11:05:13 Oct 7, 2016 L

| Measure

Ref 38 dBm

APv5.3(0916163,44389, Conducted 2
#Atten 48 dB

Mkrl 2.444 475 GHz
-16.798 dBm

#Peak

‘ Meas Off
Channel Power

Occupied BH

ACP

Center 2,437 @88 GHz
#Res BH 3 kHz

Span 25 MHz

#YBH 9.1 kHz Sweep 2,653 5 (1001 pts)

| More
1of?2

Multi Carrier
Power
Power Stat
CCDF
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

IC:

DATE: 2016-11-23
20364-TWSTSPK1

PSD, Chain 0 HIGH CH
s Agilent 11:56:40 Oct 7, 2016

L

| Measure

Ref 38 dBm

APw5.3(8916163,44383, Conducted 2

#Atten 48 dB

2.469 588 GHz
-16.158 dBm

#Peak

‘ Meas Off
Channel Power

‘ Occupied BH

ACP

#Res BH 3 kHz

Center 2.462 B00 GHz

Span 25 MHz
#VBW 9.1 kHz Sweep 2.653 5 (1001 pts)

Multi Carrier
Power

Power Stat

| CCDF

More
1of?2
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

8.3.5. OUT-OF-BAND EMISSIONS

LIMITS

FCC §15.247 (d)
IC RSS-247 5.5

FCC - In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or
digitally modulated intentional radiator is operating, the radio frequency power that is produced
by the intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the
band that contains the highest level of the desired power, based on either an RF conducted or a
radiated measurement, provided the transmitter demonstrates compliance with the peak
conducted power limits. If the transmitter complies with the conducted power limits based on the
use of RMS averaging over a time interval, as permitted under paragraph (b)(3) of this section,
the attenuation required under this paragraph shall be 30 dB instead of 20 dB. Attenuation
below the general limits specified in §15.209(a) is not required.

RSS - In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or
digitally modulated device is operating, the RF power that is produced shall be at least 20 dB
below that in the 100 kHz bandwidth within the band that contains the highest level of the
desired power, based on either an RF conducted or a radiated measurement, provided that the
transmitter demonstrates compliance with the peak conducted power limits. If the transmitter
complies with the conducted power limits based on the use of root-mean-square averaging over
a time interval, as permitted under Section 5.4(4), the attenuation required shall be 30 dB
instead of 20 dB. Attenuation below the general field strength limits specified in RSS-Gen is not
required.

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-07
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

RESULTS

IN-BAND REFERENCE LEVEL

LOW CHANNEL BANDEDGE

REFERENCE LEVEL MID CH
s Agilent 11:05:40 Oct 7, 2016

L

| Measure

Ref 20 dBm

APE.3(0916161,44389, Conducted 2
#Atten 38 dB

Mkrl 2.441 38 GHz
—8.23 dBm

Peak
Log

18
dB/

Offst
11.7

‘ Meas Off
Channel Power
‘ Occupied BH

‘ ACP

Center 2,437 @8 GHz
#Res BH 100 kHz

#YBH 300 kHz

Span 68 MHz
Sweep 5.8 ms (1001 pts)

Multi Carrier
Power

Power Stat
CCDF
More
1of 2

AUTHORIZED BAND EDGE LOW CH
# Agilent 11:52:85 Oct 7, 2016

L

Measure

Ref 28 dBm

APvG.3(091616),44389, Conducted 2
#Atten 30 dB

Mkrz2 2.400 B8 GHz
-36.18 dBm

Feak

Meas Off

Channel Power

‘ Occupied BH

E

‘ ACP

Center 2,400 08 GHz
#Res BH 100 kHz

#YBH 300 kHz

Span 6@ MHz
Sweep 5.8 ms (1001 pts)

Marker Trace

1 1
2 L

X Auiz
2.4686 BA GHz
2,486 BA GHz

Amplitude
-36.18 dEm
-36.18 dBm

Multi Carrier
Power

Power Stat
CCDF
More
1of 2
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

HIGH CHANNEL BANDEDGE

AUTHORIZED BAND EDGE HIGH CH
s Agient 11:57:28 Oct 7, 2016 L

APvG.3(091616),44389, Conducted 2 Mkr2 2.512 73 GHz
Ref 28 dBm #Atten 30 dB -47.59 dBEm Meas Off
Feak

Channel Power

(2)| ‘ Occupied BH

ACP

Center 2.433 50 GHz Span 6@ MHz . .
#Res BH 100 kHz WBH 300 kHz  Sweep 5.8 ms (1001 prey || T cg;ﬂg?
Markaer Trace ¥ Axiz Amplitude

1 (1 2.483 58 GHz -51.39 dBEm

2 (1) 2.512 78 GHz -47.59 dBn Power Stat
CCDF
More
1of?2

OUT-OF-BAND EMISSIONS

OUT OF BAND LOW CH
# Agilent 11:53:14 Oct 7, 2016 L [ Measure

APv5.3(8316163,44383, Conducted 2 Mkrd  2.398 GHz
Ref 18 dBm #Atten 20 dB -358.428 dBm Meas Off
#Peak 4

Log <
ig/ Channel Power
Offst 1

Occupied BH

‘ ‘ ACP

Center 13.815 GHz Span 25.97 GHz . .
#Res BH 100 kHz WEH 300 ki Sweep 2.482 5 (8192 pro) || Ul c;;::zp
Marker Trace ¥ Axiz Amplituda
1 (& )] 2.412 GHz -3.18 dBm
2 (1 4.824 GH -52.5E dB ‘
3 1y 7.236 BHE -58.44 dBm Powerc%ﬁ]al_!
4 (1 2.3498 GH=z -38.43 dBm
More
1of 2
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

OUT OF BAND MID CH
s Agilent 11:06:32 Oct 7, 2016

L

| Measure

APw5.3(9916161,44383, Conducted 2
Ref 18 dBm #Htten 20 dB

Mkrd 2.681 GHz
-48.584 dBm

#Peak Iy

Meas Off

Log ¢
18

dB/

Offst

Channel Power

Occupied BH

Center 13.815 GHz
#Res BH 100 kHz

#WBH 300 kHz

Span 25.
Sweep 2,482 5 (8192 pts)

Trace
[&}]

Marker Type
Freq
Freg
Freq

Freg

R Axiz
2,437 GHz
4.874 GHz
7.311 GHz
2.681 GHz

Amplituda
-3.49 dBn
-52.38 dEm
-5E.63 dBm
-48.58 dBEm

Power Stat
CCDF

o

1of 2

OUT OF BAND HIGH CH
s Agilent 11:58:38 Oct 7, 2016

L

| Measure

APw5.3(8916163,44383, Conducted 2
Ref 18 dBm #Atten 20 dB

Mkrd 2.706 GHz
-43.395 dBm

#Feak 4

Meas Off

<

Channel Power

Occupied BH

ACP

Center 13.015 GHz
#Res BH 100 kHz

#YBH 300 kHz

Span 25.97 GHz
Sweep 2.482 5 (8192 pts)

Marker Trace
1 (6 D]
2 [¢ 5]
3 1
4 (1

H Auiz
2,462 GHz
4.924 GHz
7.386 GHz
2.78E GHz

Amplitude
-3.31 dBm
-58.98 dBm
-57.83 dEm
-43.48 dEm

Multi Carrier
Power
Power Stat
CCDF

More
1of?2
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

8.4. 802.11n HT20 MODE IN THE 2.4 GHz BAND

8.4.1. 6 dB BANDWIDTH

LIMITS

FCC §15.247 (a) (2)
IC RSS-247 5.2 (1)

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

RESULTS
Channel| Frequency | 6 dB Bandwidth | Minimum Limit
(MHz) (MHz) (MHz)
Low 2412 17.400 0.5
Mid 2437 17.560 0.5
High 2462 17.520 0.5

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-07
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

IC:

6 dB BANDWIDTH

6 dB BANDWIDTH LOW CH
s Agilent 12:07:02 Oct 7, 2016

L

| Measure

Ref 28 dBm

APv5.3(0916163,44389, Conducted 2
#Atten 38 dB

a Mkrl 17.48 MHz

-8.638 dB

#Peak

‘ Meas Off
Channel Power
‘ Occupied BH

ACP

Center 2.412 @@ GHz
#Res BW 100 kHz

#WBH 300 kHz

Span 48 MHz

Sweep 3.867 ms (1081 pts)

Multi Carrier
Power
Power Stat
CCDF

More

1of 2

6 dB BANDWIDTH MID CH
s Agilent 12:00:36 Oct 7, 2016

L

| Measure

Ref 28 dBm

APv5.3(0916163,44389, Conducted 2
#Atten 38 dB

a Mkrl 17.56 MHz

-8.157 dB

#Peak

‘ Meas Off
Channel Power
‘ Occupied BH

‘ ACP

Center 2.437 @@ GHz
#Res BW 100 kHz

#WBH 300 kHz

Span 48 MHz
Sweep 3.867 ms (1081 pts)

Multi Carrier
Power
Power Stat
CCDF

More
1of?2
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

6 dB BANDWIDTH HIGH CH
s Agilent 12:11:56 Oct 7, 2016 L

APYE.3(091616),44389, Conducted 2 & Mkrl 17.52 MHz

Ref 2@ dBm #Atten 30 4B @8.879 dB Meas Off
#Peak

Channel Power
‘ Occupied BH

ACP

Multi Carrier
Power

AA

Power Stat
FTun
Sup ‘ CCDF
Center 2.462 00 Ghz Span 40 MHz ‘ 1"‘0’{"2’
#Res BH 100 kHz WBH 300 kHz  Sweep 3.867 ms (1001 pts)
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23

IC: 20364-TWSTSPK1

8.4.2.99% BANDWIDTH

LIMITS

None; for reporting purposes only. Testing per RSS-Gen Clause 6.6.

RESULTS
Channel|Frequency|99% Bandwidth
(MHz) (MHz)
Low 2412 17.4401
Mid 2437 17.6517
High 2462 17.5605

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-07
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

99% BANDWIDTH

99% BANDWIDTH LOW CH
s Agilent 12:07:35 Oct 7, 2016

L | Measure

]

Ch Freq 2.412 GHz

Occupied Bandwidth

Trig Free
[Averages: 180 | |

APE.3(0916161,44389, Conducted 2
Ref 28 dBm #Atten 38 dB

#Peak

Log DN SR P

| Channel Power

Meas Off

Occupied BH

18

dB/

Offst

11.7

dB

B
=

Center 2,412 08 GHz
#Res BH 360 kHz

#YBH 1.1 MHz

Span 48 MHz

Multi Carrier
Power

Sweep 1 oms (1001 pts)

Occupied Bandwidth
17.4481 MHz

-11.671 kHz
19.991 MHz

Transmit Freq Error
% dB Bandwidth

Occ BH % Pwr 99.60 ¥
% dB -26.08 dB

Power Stat

99% BANDWIDTH MID CH
s Agilent 12:01:09 Oct 7, 2016

L | Measure

Ch Freq 2.437 GHz

Occupied Bandwidth

Trig Free
[Averages: 180 | |

APE.3(0916161,44389, Conducted 2
Ref 20 dBm #Atten 30 dB

#Peak [ |

4

]

Meas Off
| Channel Power
‘ Occupied BH

19

dB/

Offst |

11.7

ACP

dB

Center 2,437 08 GHz
#Res BH 360 kHz

#YBH 1.1 MHz

Span 48 MHz

Multi Carrier

Power

Sweep 1 ms (1001 pts)

Occupied Bandwidth
17.6517 MHz

13.944 kHz
28.238 MHz

Transmit Freq Error
% dB Bandwidth

Occ BH % Pwr 99.60 ¥
% dB -26.08 dB

Power Stat
CCDF

More
1of?2
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

99% BANDWIDTH HIGH CH
s Agilent 12:12:43 Oct 7, 2016 L

Ch Freq ©2.462 GHz Trig Free Meas Off
Occupied Bandwidth [Averages: 169 | |

| Channel Power
APv5.3(091616),44389, Conducted 2

Ref 28 dBm #Atten 30 dB
#Peak | Occupied BH
=

Multi Carrier

Center 2.462 B8 GHz Span 40 MHz Power
#Res BH 366 kHz #BH 1.1 MHz Sweep 1 ms (18001 pts)
Power Stat

Occupied Bandvidth Occ BH Z Pur 9.0 7 CCDF
17.5605 MHz x dB -26.60 dB
More

Transmit Freq Error  30.423 kHz 1 of >
% dB Bandwidth 20,363 MHz v
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

8.4.3. OUTPUT POWER

LIMITS

FCC §15.247 (b) (3)
IC RSS-247 5.4 (4)

FCC - For systems using digital modulation in the 902-928 MHz, 2400-2483.5 MHz, and 5725—
5850 MHz bands: 1 Watt, based on the use of antennas with directional gains that do not
exceed 6 dBi. If transmitting antennas of directional gain greater than 6 dBi are used, the
conducted output power from the intentional radiator shall be reduced by the amount in dB that
the directional gain of the antenna exceeds 6 dBi.

RSS - For DTSs employing digital modulation techniques operating in the bands 902-928 MHz

and 2400-2483.5 MHz, the maximum peak conducted output power shall not exceed 1W.
Except as provided in Section 5.4(5), the e.i.r.p. shall not exceed 4 W.

DIRECTIONAL ANTENNA GAIN

There is only one transmitter output therefore the directional gain is equal to the antenna gain.
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

NOTE: Gated Measurements

Test Performed: Niklas Haydon / Jeff Cabrera

Test Date: 2016-10-06

Page 56 of 101

RESULTS
Limits
Channel |Frequency | Directional [ FCC IC IC Max
Gain Power | Power EIRP |Power
Limit Limit Limit
(MHz) (dBi) (dBm) | (dBm) | (dBm) [ (@Bm)
Low 2412 -3.00 30.00 30 36 30.00
Mid 2437 -3.00 30.00 30 36 30.00
High 2462 -3.00 30.00 30 36 30.00
Duty Cycle CF (dB)l 0.00 Included in Calculations of Corr'd Power
Results
Channel |Frequency | Chain O Total Power [ Margin
Meas Corr'd Limit
Power Power
(MHz) (dBm) (dBm) | (dBm) (dB)
Low 2412 12.43 12.43 30.00 -17.57
Mid 2437 12.40 12.40 30.00 -17.60
High 2462 12.46 12.46 30.00 -17.54

UL LLC

12 Laboratory Dr., RTP, NC 27709
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

8.4.4. POWER SPECTRAL DENSITY

LIMITS

FCC §15.247 (e)

IC RSS-247 5.2 (2)

RESULTS

Duty Cycle CF (dB)l 0.00 |Included in Calculations of Corr'd PSD

PSD Results

Channel | Frequency | Chain O Total Limit
Meas Corr'd
(MHz) (dBm) PSD

Margin

@Bm) | (dBm)| (dB)
Low 2412 -15.20 -15.20 8.0 -23.2
Mid 2437 -15.05 -15.05 8.0 -23.0
High 2462 -16.06 -16.06 8.0 -24.1

NOTE Peak Measurements

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-07
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

PSD, Chain 0

PSD, Chain 0 LOW CH
s Agilent 12:07:59 Oct 7, 2016

L

| Measure

APw5.3(9916161,44383, Conducted 2
Ref 38 dBm #Htten 40 dB

Mkrl 2.487 323 GHz
-15.197 dBm

#Peak
Log

19
dB/

Offst

‘ Meas Off
Channel Power
‘ Occupied BH

‘ ACP

Center 2,412 088 GHz

#hes BH 3 kHz #YBH 9.1 kHz

Span 27 MHz
Sweep 2.865 5 (10681 pts)

| More
1of 2

Multi Carrier
Power

Power Stat
CCDF

PSD, Chain 0 MID CH
s Agilent 12:02:58 Oct 7, 2016

L

| Measure

APw5.3(9916161,44383, Conducted 2
Ref 38 dBm #Htten 40 dB

Mkrl 2.432 923 GHz
-15.848 dBm

#Peak
Log

18
dB/

Offst

‘ Meas Off
Channel Power

Occupied BH

‘ ACP

Center 2,437 088 GHz

#hes BH 3 kHz #YBH 9.1 kHz

Span 27 MHz
Sweep 2.865 5 (1081 pts)

Power Stat
CCDF

Multi Carrier
Power

More
1of 2
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

PSD, Chain 0 HIGH CH
#- Agilent 12:13:33 Oct 7, 2016 L [ Measure

APvG.3(B91616),44389, Conducted 2 Mkrl 2.468 758 GHz
Ref 30 dBm #Atten 40 dB -16.855 dBm Meas Off
#Peak
Channel Power
‘ Occupied BH
ACP
Multi Carrier
Power
Power Stat
CCDF
Center 2.462 B0 GHz Span 27 MHz ‘ 1”‘0’{‘3
#Res BH 3 kHz #YBH 9.1 kHz Sweep 2,865 5 (1001 pts)
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

8.4.5. OUT-OF-BAND EMISSIONS

LIMITS

FCC §15.247 (d)
IC RSS-247 5.5

FCC - In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or
digitally modulated intentional radiator is operating, the radio frequency power that is produced
by the intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the
band that contains the highest level of the desired power, based on either an RF conducted or a
radiated measurement, provided the transmitter demonstrates compliance with the peak
conducted power limits. If the transmitter complies with the conducted power limits based on the
use of RMS averaging over a time interval, as permitted under paragraph (b)(3) of this section,
the attenuation required under this paragraph shall be 30 dB instead of 20 dB. Attenuation
below the general limits specified in §15.209(a) is not required.

RSS - In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or
digitally modulated device is operating, the RF power that is produced shall be at least 20 dB
below that in the 100 kHz bandwidth within the band that contains the highest level of the
desired power, based on either an RF conducted or a radiated measurement, provided that the
transmitter demonstrates compliance with the peak conducted power limits. If the transmitter
complies with the conducted power limits based on the use of root-mean-square averaging over
a time interval, as permitted under Section 5.4(4), the attenuation required shall be 30 dB
instead of 20 dB. Attenuation below the general field strength limits specified in RSS-Gen is not
required.

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-07
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

RESULTS

IN-BAND REFERENCE LEVEL

REFERENCE LEVEL MID CH
W Agilent 12:93:53 Oct 7, 2016 L | Measure

APv5.3(691616),44389, Conducted 2 Mkrl 2.438 26 GHz
Ref 20 dBm #Atten 30 dB 8.0 dBm Meas Off
Peaak
Channel Power
‘ Occupied BH
ACP
Multi Carrier
etz Power
Power Stat
CCDF
Center 2.437 0 GHz Span 60 MHz ‘ 1”‘;{3
#Res B 108 kHz #BH 300 kHz Sweep 5.8 ms (1681 pts)
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

LOW CHANNEL BANDEDGE

AUTHORIZED BAND EDGE LOW CH
s Agilent 12:98:54 Oct 7, 2016

L | Measure

APv5.3(0916163,44389, Conducted 2
Ref 20 dBm #Atten 30 dB

Mkr2 2.408 89 GHz

-35,36 dBm Meas Off

Peak

Channel Power

Occupied BH

ACP

#PAvg

Center 2,400 08 GHz
#Res BH 100 kHz #\BH 368 kHz

Sweep 5.8 ms (1601 pts)

Span 66 MHz

Marker Trace B Axis
1 1 2,468 B8 GHz
2 (1 2,488 88 GHz

Multi Carrier
Power
Power Stat
CCDF

Amplituda
-35.36 dBn
-35.36 dEm

More
1of 2

HIGH CHANNEL BANDEDGE

AUTHORIZED BAND EDGE HIGH CH
W@ Agilent 12:19:86 Oct 7, 2016

L Measure

APw5.3(0916161,44383, Conducted 2

Mkr2 2.483 56 GHz

Ref 28 dBm

#Atten 30 dB

-47.12 dBm

Meas Off

Feak

Channel Power

| ‘ Occupied BH

ACP

#PAvg

Center 2,483 58 GHz
#Res BH 100 kHz

#YBH 300 kHz

Span 6@ MHz
Sweep 5.8 ms (1001 pts)

Multi Carrier
Power

Marker Trace
1 (6 D]
2 [&}]

X Auiz
2.483 5A GHz
2,483 5B GHz

Amplitude
-48.48 dBEm
-47.12 dBm

Power Stat
CCDF
More
1of 2
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

OUT-OF-BAND EMISSIONS

OUT OF BAND LOW CH
s Agilent 12:10:41 Oct 7, 2016

L

| Measure

Ref 18 dBm

APv5.3(0916163,44389, Conducted 2

#Atten 20 dB

Mkrd 2.398 GHz

#Peak

-36.167 dBmI

Meas Off

Channel Power

‘ Occupied BH

#PAvg

‘ ACP

Center 13.015 GHz
#Res BH 100 kHz

+VEW 388 kHz

Span 25.97 GHz
Sweep 2,482 5 (8192 pts)

Marker Trace
1 1
2 1)
3 1
4 (1

B Axis
2,412 GHz
4,824 GHz
7.236 GH=z
2,398 GHz

Amplituda
-5.24 dBn
54,65 dEm
-5E.53 dBm
-36.17 dEm

Multi Carrier
Power
Power Stat
CCDF

More

1of 2

OUT OF BAND MID CH
s Agilent 12:04:47 Oct 7, 2016

L

| Measure

Ref 18 dBm

APv5.3(0916163,44389, Conducted 2

#Atten 20 dB

Mkrd 2.684 GHz

#Peak P

-44.387 dBmI

Meas Off

Channel Power

‘ Occupied BH

#PAvg

‘ ACP

Center 13.015 GHz
#Res BH 100 kHz

+VEW 388 kHz

Span 25.97 GHz
Sweep 2,482 5 (8192 pts)

Marker Trace
1 1
2 1)
3 1
4 (1

B Axis
2,437 GHz
4,874 GHz
7.311 GH=z
2.684 GHz

Amplituda
-1.14 dBn
-58.46 dEm
-5E.32 dBm
-44,39 dEm

Multi Carrier
Power
Power Stat
CCDF

More

1of 2
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

OUT OF BAND HIGH CH
s Agilent 12:23:53 Oct 7, 2016

L

| Measure

Ref 18 dBm

APw5.3(8916163,44383, Conducted 2

#Atten 28 dB

Mkrd 2.706 GHz
-39.871 dBm

#Peak .
?

Meas Off

Channel Power

Occupied BH

ACP

Center 13.015 GHz
#Res BH 100 kHz

#YBH 300 kHz

Span 25.97 GHz
Sweep 2.482 5 (8192 pts)

Marker Trace
1 1
2 &)
3 1
4 (1

H Auiz
2,462 GHz
4,924 GHz
7.386 GHz
2.78E GHz

Amplitude
-4.33 dBn
-59.92 dBm
-E5.81 dEm
-39.87 dEm

Multi Carrier
Power

Power Stat
CCDF

More
1of?2
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

9. RADIATED TEST RESULTS

9.1. LIMITS AND PROCEDURE

LIMITS

FCC §15.205, §15.209, §15.247 (d)

IC RSS-GEN Clause 8.9 (Transmitter)

Frequency Range Field Strength Limit Field Strength Limit
(MHz) (uV/m) at 3m (dBuV/m) at 3 m

0.009-0.490 2400/f(kHz) (at 300 m) -
0.490-1.705 24000/f(kHz) (at 30 m) -
1.705-30.0 30 (at 30 m) -

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 below 1GHz
measurements and 1.5 m above the ground plane for above 1GHz measurements. The antenna
to EUT distance is 3 meters.

For measurements below 1 GHz the resolution bandwidth is set to 120 kHz for peak detection
measurements or 120 kHz for quasi-peak detection measurements for the 30-1000 MHz range,
9 kHz for peak detection measurements or 9 kHz for quasi-peak detection measurements for
the 0.15-30 MHz range and 200 Hz for peak detection measurements or 200 Hz for quasi-peak
detection measurements for the 9 to 150 kHz range. Peak detection is used unless otherwise

noted as quasi-peak.

For peak measurements above 1 GHz, the resolution bandwidth is set to 1 MHz and the video
bandwidth is set to 3 MHz. For average measurements above 1GHz, the resolution bandwidth
and video bandwidth are set as described in ANSI C63.10:2013 for the applicable
measurement. For this evaluation, RMS Power Averaging was used and the resolution/video
bandwidth settings were 1MHz/3MHz.

The spectrum from 9 kHz to 26 GHz is investigated with the transmitter set to the lowest,
middle, and highest channels in each applicable band.

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.
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

9.2. TRANSMITTER ABOVE 1 GHz

9.2.1. TX ABOVE 1 GHz 802.11b MODE IN THE 2.4 GHz BAND

RESTRICTED BANDEDGE (LOW CHANNEL)

I_":UL Morrisville South Chamber 17 Oct 2816 14:32:89
Restricted Bmmdcdgc
= Project Mumber: 11839922-E3
1 : - - - : “Client: Astro
Config: EUT-Sonple 49
Mode: 11k CHI
185/ : : } ; Tested hy: John Maonser O eadeneed
/’,.,-— -
El /A
1
{f
}_‘
85 i ,
7 ) /
/
3 75 - :\3 {
; Y
o f '\J
65 / V
- / N
s {
55k Averags Eimit . P 14
P 0 ] |
R MWMW A
45 b . E . . A J\MA f ‘\J} .
A ; bt
Pl ¥ )
Mwﬂ
3:M bl i )
2.31 ' ' 18, 5MHz/ 2. 45
Fregquency (GHz)
Range (61z) FOR/V0N Tal/Altn Det/Avg Tups S Fle  Fomo/fods  Label Rongs (Gllz) TEU/UBS Ref/Aln DeldAvg Tume ) Pla  Fome/Muds  Label
1:2.31-2.415 INCGB)/IN (87718 PEAK/Par Avg(RIS)  Zbusec(hutu SB91  HAXH Hor i zentil ] HCGdB)/ON 187718 AUER/Per Avg (RIS jrsec(Auto) 001 1901 rizonta
Low CH Bordedge ~ H.TST

Rev 9.5 28 Sep 2816

Marker|Frequency| Meter | Det AF Amp/Cbl/Fltrl DC [Corrected| Average |Margin|PeakLimit| PK |Azimuth(Height|Polarity
(GHz) |[Reading AT0069 | /Pad(dB) | Corr | Reading Limit (dB) | (dBuv/m) |Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) |(dBuV/m)| (dBuV/m) (dB)

1 *2.39 45.13 | Pk 32.2 -24.1 0 53.23 - 74 -20.77 71 206 H

2 *2.386 | 49.85 | Pk 32.2 -24.1 0 57.95 - - 74 -16.05 71 206 H

3 *2.39 35.76 |RMS 32.2 -24.1 0 43.86 54 -10.14 - - 71 206 H

4 *2.386 | 43.34 |RMS 32.2 -24.1 0 51.44 54 -2.56 - - 71 206 H
* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

VERTICAL
| 55UL Morrisville - South Chomeer 17 Oct 20816  15:08:14
- Restricted Bondedge
115 BT anet Ry 1S
Config: EUT-Sample 43
Hode: 11k CHI
185/ Tested hby: John Maonser
gs
8’:
3 75
65
2>
’;’: H JE:I' age b 1 ( ] {] )
4 e
| [l
45 3
=)
26
2.31 18, 5MHz/ 2,415
Freguency (GHz)
Range (6Hz) FENAVBY Raf/Atin  Det/fvg Type Sneap Ple  #owpe/Mode  Lobel Runge (GHz) REW/VEY Ref/Atin  Deb/fvg Tups Swzep Pla  ¥owpe/Mode  Laobel
Low CH Bundedge - V.TST Rev 9.5 28 Sep 2816
Marker|Frequency| Meter | Det AF Amp/Cbl/Fltrl DC |Corrected| Average |Margin|Peak Limit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | /Pad(dB) | Corr | Reading Limit (dB) | (dBuV/m) |Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) |(dBuV/m)| (dBuV/m) (dB)
1 *2.39 42.78 | Pk 32.2 -24.1 0 50.88 - - 74 -23.12 | 129 357 \Y
2 *2.386 | 47.76 | Pk 32.2 -24 0 55.96 - - 74 -18.04 | 129 357 \Y
3 *2.39 34.4 |RMS 32.2 -24.1 0 42.5 54 -11.5 - - 129 357 Vv
4 *2.386 | 41.32 |RMS 32.2 -24 0 49.52 54 -4.48 - - 129 357 \Y

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

Pk - Peak detector
RMS - RMS detection
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

AUTHORIZED BANDEDGE (HIGH CHANNEL)

HORIZONTAL
125Uk Morrisville - South Chember 17 Oct 2816 16:52:25
Restricted Bondedge
Project Number: [1839922-E£3
115} 1crient: Astro
Config: EUT-Sample 49
Mode: 11b CHII
185 Tested by: Mark Learner
gska ey ;
\
T i
- N ‘
85 \ R S
3 75 A ;
65 :
45 L T J\: "
35; oty
2.48 18, 3MHz/ 2.563
Frequency (GHz)
Range (6llz) FOW/VGH Rel/Alin  Del/fvg Tupe Susep Pts dompa/Mode  Label Ranga (Gilz) FEW/U0E Ref/Alin  Del/fv Tupa Swmep Pla  ®npe/Mode  Lobel
1:2.46-2.563 IM{~68) /M 187/18 K/Pur Avg(RES)  ZBnsec(Auto) 0881 HAXH Hor izontal 2.3 Ll B 1 AVER/Tur Avg! L i) ATAVG
ligh CH Dendedge - H.TST Rev 9.5 28 Sep 2010
Marker|Frequency| Meter | Det | AF AT0069 [Amp/Cbl/Fltr/|DC Corr|Corrected| Average |Margin| Peak Limit PK  |Azimuth|Height|Polarity
(GHz) |[Reading (dB/m) Pad (dB) (dB) | Reading Limit (dB) | (dBuV/m) | Margin | (Degs) | (cm)
(dBuv) (dBuV/m)| (dBuV/m) (dB)
1 *2.484 | 41.82 | Pk 324 -24.6 0 49.62 - 74 -24.38 85 200 H
2 *2.484 | 42.53 | Pk 324 -24.6 0 50.33 - - 74 -23.67 85 200 H
3 *2.484 | 32.04 | RMS 324 -24.6 0 39.84 54 -14.16 85 200 H
4 *2.484 | 32.63 | RMS 32.4 -24.6 0 40.43 54 -13.57 85 200 H

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

VERTICAL
125Uk Morrisville - South Chember 17 Oct 2816  17:11:17
- Restricted Bondedge
115 BT anet Ry 1S
Config: EUT-Sample 49
Mode: 11k CHII
185 Tested by: Mork Learner
gsl
8’:
2 75
65
eroge Lin dBul/m
. i .
2.496 18, 3MHz/ 2.563
Freguency (GHz)
Range (6Hz) FENAVBY Raf/Atin  Det/fvg Type Swenp Ple  #owpe/Mode  Lobel Runge (GHz) REW/VEY Ref/Atin  Deb/fvg Tups Swzep Pla  ¥owpe/Mode  Laobel
figh CH Bandedge - V. TST Rev 9.5 28 Sep 2816
Marker|Frequency| Meter | Det AF Amp/Cbl/Fitr/| DC |Corrected| Average |Margin|PeakLimit| PK [Azimuth|Height|Polarity
(GHz) ([Reading AT0069 Pad (dB) Corr | Reading Limit (dB) |(dBuV/m) [Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) |(dBuV/m)| (dBuV/m) (dB)
1 *2.484 | 39.24 | Pk 32.4 -24.6 0 47.04 - - 74 -26.96 | 125 355 \Y
3 *2.484 | 28.75 |RMS 32.4 -24.6 0 36.55 54 -17.45 - - 125 355 \Y
4 *2.484 | 29.68 |RMS 32.4 -24.6 0 37.48 54 -16.52 - - 125 355 Vv
2 2.514 40.59 | Pk 32.5 -24.8 0 48.29 - 74 -25.71| 125 355 \Y

Pk - Peak detector

RMS - RMS detection

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL (CH1)

[ 15Ut Merrisville - South Chomber 17 Oct 2816  18:58:08
Radiated Emissions 3-Meters
195 . Er‘wlni:;l :!‘.H:: : 11A39922-E3
Config: FUT-Sample #9
Mode: 11k CHI
g5 | Tested by: Mark Learmer
ae \
7!:
% 65|
z ( Limit CdBu |
55 |
] - \
- g ! Tt
| Lr | ORR P Al ||""(‘-'-J.‘,,'. #‘ " IR R e
_;5;.“‘;3” X W s R} i, Pratiss: i
1 5] 18
Frequency (GH=z)
Range (BHz) REA/VBY Ref/ALtn Dr:fﬂvq Type " Sueey . F‘l.a lzjn‘.)tr'ﬁu\k: Lobel Ru«wJCG\L-) FI]IINEU i Rufﬁﬂllvw Det/fvg Tuptf ) .‘.Jueuu ) Pl:u I:}wa/Mulu Label
FCC PartiSC 2.4GHz RSC.TST Rev 9.5 28 Sep 20816
Marker|Frequency| Meter | Det AF  |Amp/Cbl/Fltr/|DC Corr|Corrected| AvgLimit |Margin| Peak Limit PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 Pad (dB) (dB) | Reading | (dBuV/m) | (dB) | (dBuV/m) [Margin| (Degs) | (cm)
(dBuv) (dB/m) (dBuVv/m) (dB)
1 *1.08 48.49 PK2 27.5 -24.4 0 51.59 - - 74 -22.41 13 302 H
*1.08 459 | MAvl 27.5 -24.4 0 49 54 -5 - - 13 302 H
3 *1.32 42.7 PK2 28.8 -23.1 0 48.4 - - 74 -25.6 17 166 H
*1.32 37.56 | MAvl 28.8 -23.1 0 43.26 54 -10.74 - - 17 166 H
4 *1.44 43.03 PK2 28.4 -22.7 0 48.73 - - 74 -25.27 2 102 H
*1.44 37.55 | MAvl 28.4 -22.7 0 43.25 54 -10.75 - - 2 102 H
7 *2.66 49.1 PK2 32.5 -25.6 0 56 - - 74 -18 80 152 H
*2.657 | 38.19 | MAvl 32.5 -25.6 0 45.09 54 -8.91 - - 80 152 H
2 *1.08 449 PK2 27.5 -24.4 0 48 - - 74 -26 18 202 \Y
*1.08 41.43 | MAvl 27.5 -24.4 0 44.53 54 -9.47 - - 18 202 \Y
8 *2.656 | 51.33 PK2 32.5 -25.6 0 58.23 - - 74 -15.77 | 141 274 \Y
*2.655 | 40.57 | MAvl 32.5 -25.6 0 47.47 54 -6.53 - - 141 274 Vv
5 2.16 37.63 Pk 31.7 -23.1 0 46.23 - - - - 0-360 | 199 H
6 2.171 37.36 Pk 31.8 -23.1 0 46.06 - - - - 0-360 | 199 \Y

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

Pk - Peak detector
PK2 - Maximum Peak
MAv1 - Maximum RMS Average

Note: Plot above represents a prescan. All final measurements were made at RBW/VBW = 1MHz/3MHz.
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

MID CHANNEL (CH6)

| 15Ut Morrisville - South Chomber 17 Oct 2816 20:85:18
Radiated Emissions 3-Meters
105 . EF“|I2:;I g!w: : 11A35922-FE3
Config: FUT-Sample #9
Mode: 11b CHE
g5 | Tested by: Mark Learner
73 i
% 65|
z ( it Bu
55 i
4 ;
- P ‘,.}f:
151 o Al i
g e
| 18 18
Frequency (GHz)
Range (llz) FEM/URU Fel/ALtn Det/fivg Tupe Gy Pls  Hawe/lode  Lobel Ronge CGli) RO el /Al Debfvg Type — Swem  Plo  Fows/Mode Label
FCC Part15C 2.4GHz RSE.TST Rev 9.5 28 Sep 2816
Marker|Frequency| Meter | Det AF IAmp/Cbl/Fltr/|DC Corr|Corrected| AvgLimit (Margin| Peak Limit | PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 Pad (dB) (dB) | Reading | (dBuV/m) | (dB) | (dBuV/m) [Margin| (Degs) | (cm)
(dBuv) (dB/m) (dBuVv/m) (dB)
1 *1.08 48.99 | PK2 27.5 -24.4 0 52.09 - - 74 -21.91 20 301 H
*1.08 45.94 |MAv1 27.5 -24.4 0 49.04 54 -4.96 - - 20 301 H
3 *1.44 42.26 | PK2 28.4 -22.7 0 47.96 - - 74 -26.04 16 283 H
*1.44 37.05 |MAv1l 28.4 -22.7 0 42.75 54 -11.25 - - 16 283 H
4 *1.68 40.98 | PK2 28.9 -22.1 0 47.78 - - 74 -26.22 10 143 H
*1.68 34.72 |MAv1 28.9 -22.1 0 41.52 54 -12.48 - - 10 143 H
6 *2.681 | 48.24 | PK2 32.4 -25.7 0 54.94 - - 74 -19.06 | 311 165 H
*2.681 | 38.21 |MAvl 32.4 -25.7 0 4491 54 -9.09 - - 311 165 H
2 *1.08 44.88 | PK2 27.5 -24.4 0 47.98 - - 74 -26.02 | 311 312 \Y
*1.08 41.3 [MAvl 27.5 -24.4 0 44.4 54 -9.6 - - 311 312 \Y
7 *2.684 | 46.09 | PK2 32.4 -25.7 0 52.79 - - 74 -21.21| 144 391 \Y
*2.683 | 35.77 |MAvl 32.4 -25.7 0 42.47 54 -11.53 - - 144 391 Vv
5 2.19 35.31 Pk 31.9 -23.3 0 4391 - - - - 0-360 | 199 H

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Ban
Pk - Peak detector
PK2 - Maximum Peak
MAv1 - Maximum RMS Average

Note: Plot above represents a prescan. All final measurements were made at RBW/VBW = 1MHz/3MHz.
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

HIGH CHANNEL (CH11)

| 15Ut Morrisville - South Chomber 17 Oct 2816  21:16:04
Radiated Emissions 3-Meters
105 . EF“|I2:;I gl!\’utj;r : 11A35922-FE3
Config: FUT-Sample #9
Mode: 11k CHII
g5 : Tested by: Mork Learner
7’:
% 65|
% ( Limit CdBu
55
o
35|y i
| &) 18
Frequency (GHz)
Range (llz) FEM/URU Fel/ALtn Det/fivg Tupe usﬂ.m r"L_D Fofode Label Ronge CGli) !mw.uuu . Ref7Alin DebPvg we: e Pls Fwsiliode  Label .
Marker|Frequency| Meter | Det |AF AT0069|Amp/Cbl/Fltr/| DC Corr |Corrected| Avg Limit |Margin| Peak Limit PK |Azimuth|Height|Polari
(GHz) |[Reading (dB/m) Pad (dB) (dB) | Reading | (dBuV/m) | (dB) | (dBuV/m) |Margin| (Degs) | (cm)
(dBuv) (dBuVv/m) (dB)
1 *1.08 48.51 | PK2 27.5 -24.4 0 51.61 - - 74 -22.39 26 302 H
*1.08 45.81 | MAv1l 27.5 -24.4 0 48.91 54 -5.09 - - 26 302 H
3 *1.44 43.2 PK2 28.4 -22.7 0 48.9 - - 74 -25.1 2 103 H
*1.44 37.56 | MAvl 28.4 -22.7 0 43.26 54 -10.74 - - 2 103 H
4 *1.68 40.86 | PK2 28.9 -22.1 0 47.66 - - 74 -26.34 32 106 H
*1.68 34.36 | MAvl 28.9 -22.1 0 41.16 54 -12.84 - - 32 106 H
6 *2.702 | 50.96 | PK2 323 -25.8 0 57.46 - - 74 -16.54 | 118 182 H
*2.705 | 40.12 | MAvl 32.3 -25.8 0 46.62 54 -7.38 - - 118 182 H
7 *2.822 | 47.74 | PK2 32.7 -26 0 54.44 - - 74 -19.56 | 101 223 H
*2.821 | 35.55 | MAvl 32.6 -26 0 42.15 54 -11.85 - - 101 223 H
2 *1.08 45.21 | PK2 27.5 -24.4 0 48.31 - - 74 -25.69 | 282 106 \Y
*1.08 41.7 |MAvl 27.5 -24.4 0 44.8 54 -9.2 - - 282 106 Vv
5 *2.701 | 49.09 | PK2 323 -25.8 0 55.59 - - 74 -18.41| 146 210 \Y
*2.705 | 38.69 | MAvl 323 -25.8 0 45.19 54 -8.81 - - 146 210 \Y

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

PK2 - Maximum Peak

MAv1 - Maximum RMS Average

Note: Plot above represents a prescan. All final measurements were made at RBW/VBW = 1MHz/3MHz.
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

9.2.2. TX ABOVE 1 GHz 802.11g MODE IN THE 2.4 GHz BAND

RESTRICTED BANDEDGE (LOW CHANNEL)

HORIZONTAL
1ozl Morrisville - South Chomker 17 Qct 2B16  17:54:19
Restricted Bondedge
Project Number: 11839922-E3
115 “[Cliant: Astro
Config: EUT-Sample 49
Mede: 11g CHI
185/ Tested by: Mark Learner
e T
a5 A v
4{ ‘» “».,—h,,-"‘-r-_/"‘*
8!: l'l
37 e
o
S /
65 /
j— Average E t (dBull¥m) _ﬂ’ !
51 8 - e - 8 W eeh
o \\;J
A il MM%WMMWWW\%M&W%’*“‘”MM
i 4 d}/r’
mmmwwwww
35 - T .
2.31 10, 5MHz/ 2,415
Freguency (GHz)
Range (6llz) FEN/VR Ral/flin  Det/fvg Tupe Susap Ple  #owps/fode  Labal Runge (6lz) REN/VE Ref/Alln  Detsfvy Tupe Cnzep Pla  #ups/Mode  Lokel
1:2.31-2.415 IM(-6dB)/IM 187/1@ PEAK/Pur Avg(RMS)  2Bmsec(Ruto) 8291 MAXH Horizontal 413 (-Gl U : i R g (R1: 2Onae 1 i Al a [
Low CH Bondedge - H.TST Rev 9 28 Sep 2016
Marker|Frequency| Meter | Det AF Amp/Cbl/ |DC Corr|Corrected| Average |Margin|PeakLimit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad (dB) | Reading Limit (dB) | (dBuV/m) |Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dBuV/m)| (dBuV/m) (dB)
1 *2.39 40.96 | Pk 32.2 -24.1 0 49.06 - 74 -24.94 74 186 H
2 *2.39 43.92 | Pk 32.2 -24.1 0 52.02 - - 74 -21.98 74 186 H
3 *2.39 28.58 |RMS 32.2 -24.1 3.28 39.96 54 -14.04 - 74 186 H
4 *2.36 29.08 |RMS 31.9 -23.8 3.28 40.46 54 -13.54 74 186 H

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

Pk - Peak detector
RMS - RMS detection
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

VERTICAL
125Ut Morrisville - South Chomber 17 Oct 2816  18:82:56
- Restricted Bondedge
15 .|Progeet Nunber: 11039922-€3
Config: EUT-Sample 43
Mode: 11g CHI
1@5| Tested by: Mork Learner
95
g5
3 75
fis}
2
65
55 pverage E t
55 ! -
2
2
4:| . _ ju)
4 3
=, @
3!7\
2.31 18.5MHz/ 2.415
Freguency (GHz)
Range (B1) FOM/UEN Rel/fttn  Dot/Avg Tupe Gctp Pls  #5wo/Mads  Labal Ronge (6Hz) [T Ref /ALl Det/fvg Tupe Crmsem Pla  #oupe/Mode  Label
Low CH Bordedge - U.TST R S 8 Sep 2616
Marker|Frequency| Meter | Det AF Amp/Cbl/ |DC Corr|Corrected| Average |Margin|PeakLimit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad (dB) | Reading Limit (dB) | (dBuV/m) |Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dBuVv/m)| (dBuV/m) (dB)
1 *2.39 38.02 | Pk 32.2 -24.1 0 46.12 - 74 -27.88 | 119 358 \Y
2 *2.39 41.13 | Pk 32.2 -24.1 0 49.23 - - 74 -24.77 | 119 358 Vv
3 *2.39 27.06 |RMS 32.2 -24.1 3.28 38.44 54 -15.56 - - 119 358 \Y
4 *2.36 27.72 |RMS 31.9 -23.8 3.28 39.1 54 -14.9 119 358 \Y

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

Pk - Peak detector
RMS - RMS detection
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

AUTHORIZED BANDEDGE (HIGH CHANNEL)

I_":UL Morrisville South Chamber 17 Oct 2816 17:38:29
Restricted Bondedge
= Project Mumber: 11839922-E3
1 “Client: Astro
Config: EUT-Somple 49
Mode: I1g CHII
185! H Tested by: Mark Learner
nhwﬂhﬁmm,.\
o
.H‘WW_\
85 !
5 "\
75 LA
3 i
S

1

U, 3MHz/

Freguency (GHz)

2.563

Range (6i1z)
1:2.46-2.563

ligh CH Dandedge - H.TST

RER/VEY
1MC-68) /31

Ref/AtAn
187418

Dot /Avg Type
PCAK/Pur AvgCRHS )

g

eo) Ple
Z0nsec(Auto? BEAI

Hompe/tode  Lobe
HAXH Hori

|
zontal

Ranga (Gl
e

) [

Rof/Alin Dob/fvg Tupm

Snoop

Rev

Pla  ¥npe/tde  Label

9.5 28 Sep 2016

Det

AF

Marker|Frequency| Meter Amp/Cbl/ |DC Corr|Corrected| Average |Margin|PeakLimit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad (dB) | Reading Limit (dB) | (dBuV/m) |Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dBuV/m)| (dBuV/m) (dB)
1 *2.484 | 40.11 | Pk 32.4 -24.6 0 47.91 - - 74 -26.09 | 102 248 H
3 *2.484 | 28.64 |RMS 32.4 -24.6 3.28 39.72 54 -14.28 - 102 248 H
4 2.514 31.51 |RMS 32.5 -24.8 3.28 42.49 54 -11.51 - - 102 248 H
2 2.515 43.68 | Pk 32.5 -24.8 0 51.38 - - 74 -22.62| 102 248 H

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

| _”:UL Morrisville South Chomber 17 Oct 2816 17:26:53
Restricted Bondedge
= Project Mumber: 11839922-E3
i “|criant: Astro
Config: EUT-Sample #3
Made: 11g CHII
185/ Tested hy: Mork Learner
‘J"l
85
A
~
3 75
@
-
65
erage Lin dBul/m
55 e .
=
)
%
45 g
3 .
©
a5
2.46 18. 3MHz/ 2,563
Freguency (GHz)
Range (GHiz) FENAVBY Raf/Atin  Det/fvg Type Swenp Ple  #mpn/Mode  Lobel Runge (GHz) REW/VEY Ref/Atin  Detdfvg Tups Swzep Pla  #wpe/Mode  Lobel
ligh CH Dandedge - U.TST

Rev 9.5 28 Sep 2016

Marker|Frequency| Meter | Det AF Amp/Cbl/ |DC Corr|Corrected| Average |Margin|PeakLimit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad (dB) | Reading Limit (dB) | (dBuV/m) |Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dBuVv/m)| (dBuV/m) (dB)
1 *2.484 | 38.63 | Pk 324 -24.6 0 46.43 - - 74 -27.57 | 135 346 \Y
3 *2.484 | 27.42 |RMS 324 -24.6 3.28 38.5 54 -15.5 - - 135 346 \Y
2 2.515 43.13 | Pk 32.5 -24.8 0 50.83 - - 74 -23.17 | 135 346 \Y
4 2.515 30.5 |RMS 32.5 -24.8 3.28 41.48 54 -12.52 - - 135 346 \Y

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL (CH1)

[ 15Ut Merrisville - South Chomber 17 Oct 2816  22:22:11
Radiated Emissions 3-Meters
195 . EF\‘,I‘EJ:;I gl;w'u:;r : 11A39922-E3
Config: FUT-Sample #9
Made: 11g CHI
g5 Tested by: Merk Learmer
]
7!:
3 65l |
s fivg Limit CdBu ‘
55
4 | @
5.8 3.3 . .4 ;
B 5
| i | )i ‘I‘ f" ; © ‘
Jb;t.‘hi' hatdl e 7 iy "
1 5] 18
Frequency (GH=z)
Range (llz) RO/ Fel/ALtn Det/fivg Tupe Gy Ple  awe/ode  Lobel Ronge_CGli) ROV Ref/Alln Debfbvg Tupe  Swem  Plo  Fows/Mode Lobel
FCC PartiSC 2.4GHz RSC.TST Rev 9.5 28 Sep 20816
Marker|Frequency| Meter | Det AF Amp/Cbl/ |DC Corr|Corrected| AvgLimit |[Margin| Peak Limit | PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad (dB) | Reading | (dBuv/m) | (dB) | (dBuV/m) |Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dBuVv/m) (dB)
1 *1.08 48.73 | PK2 27.5 -24.4 0 51.83 - - 74 -22.17 10 190 H
*1.08 4551 | MAvl 27.5 -24.4 3.28 51.89 54 -2.11 - - 10 190 H
3 *1.32 43.05 | PK2 28.8 -23.1 0 48.75 - - 74 -25.25 14 170 H
*1.32 38.23 | MAvl 28.8 -23.1 3.28 47.21 54 -6.79 - - 14 170 H
4 *1.44 42.63 | PK2 28.4 -22.7 0 48.33 - - 74 -25.67 4 152 H
*1.44 37.38 | MAv1 28.4 -22.7 3.28 46.36 54 -7.64 - - 4 152 H
2 *1.08 45.72 | PK2 27.5 -24.4 0 48.82 - - 74 -25.18 | 281 104 \Y
*1.08 42.22 | MAv1 27.5 -24.4 3.28 48.6 54 -5.4 - - 281 104 Vv
6 *2.657 | 49.67 | PK2 32.5 -25.6 0 56.57 - - 74 -17.43 150 262 \Y
*2.656 | 33.65 | MAvl 32.5 -25.6 3.28 43.83 54 -10.17 - - 150 262 \Y
5 2.649 42.7 Pk 32.5 -25.6 0 49.6 - - - - 0-360 | 101 H
7 3.216 40.65 Pk 333 -33 0 40.95 - - - - 0-360 | 199 \Y

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

PK2 - Maximum Peak

MAv1 - Maximum RMS Average

Note: Plot above represents a prescan. All final measurements were made at RBW/VBW = 1MHz/3MHz.
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REPORT NO: R11039922-E3 DATE: 2016-11-23

FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1
MID CHANNEL (CH6)
| “:UL Morrisville South Chomber 18 Oct 2816 15:49:85
Radiated Emissions 3-Meters
Praject Number: 11A33922-F3
185 - - - : o . C\-;ntl Astro
Config: EUT-Sample %9
Mode: t1g CHE
gs5| [ Tested by: Mork Learner
7':

/m2

CdBul)

YU IO IV st

Frequency (GHz)

Range (6l1z) OV Ref/ALtn  Det/Avg Tupe Sucap Pls  Hapoifude  Lubel Runge_(Glz) FEU/UDI Ref/Altn  Det/Pvg Tupe Sreep Pls  Fowps/hode  Label

Marker|Frequency| Meter | Det AF Amp/Cbl/ DC [Corrected| AvgLimit (Margin| Peak Limit | PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad | Corr | Reading | (dBuV/m) | (dB) | (dBuV/m) [Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dB) |(dBuV/m) (dB)
1 *1.08 50.01 | PK2 27.5 -24.4 0 53.11 - - 74 -20.89 28 302 H
*1.08 47.04 | MAv1l| 275 -24.4 3.28 53.42 54 -.58 - - 28 302 H
3 *1.32 43.66 | PK2 28.8 -23.1 0 49.36 - - 74 -24.64 11 165 H
*1.32 38.55 | MAvl| 28.8 -23.1 3.28 47.53 54 -6.47 - - 11 165 H
4 *1.44 43.26 | PK2 28.4 -22.7 0 48.96 - - 74 -25.04 2 148 H
*1.44 37.52 |MAvl| 284 -22.7 3.28 46.5 54 -7.5 - - 2 148 H
5 *2.49 47.44 | PK2 32.4 -24.6 0 55.24 - - 74 -18.76 87 216 H
*2.489 | 34.86 |MAvl| 32.4 -24.6 3.28 45.94 54 -8.06 - - 87 216 H
6 *2.676 | 51.65 | PK2 32.4 -25.7 0 58.35 - - 74 -15.65| 109 212 H
*2.681 | 36.34 |[MAvl| 32.4 -25.7 3.28 46.32 54 -7.68 - - 109 212 H
2 *1.08 45.76 | PK2 27.5 -24.4 0 48.86 - - 74 -25.14 17 199 \Y
*1.08 41.88 | MAvl| 275 -24.4 3.28 48.26 54 -5.74 - - 17 199 \Y
7 *2.68 50.41 | PK2 32.4 -25.7 0 57.11 - - 74 -16.89 | 123 231 \Y
*2.684 | 35.43 |MAvl| 32.4 -25.7 3.28 45.41 54 -8.59 - - 123 231 \Y
8 3.249 40.9 Pk 33.2 -33.2 0 40.9 - - - - 0-360 | 101 H

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

Pk - Peak detector

PK2 - Maximum Peak

MAv1 - Maximum RMS Average

Note: Plot above represents a prescan. All final measurements were made at RBW/VBW = 1MHz/3MHz.
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REPORT NO: R11039922-E3 DATE: 2016-11-23

FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1
HIGH CHANNEL (CH11)
| “L_\UL Morrisville South Chomber 18 Oct 26816 20:89:63
Radicted Emissions 3-Meters
Pro ject Number: [1838822-E3
185 Cliomt: Asirs
Config: EUT-Somple #9
Mode: 11g CHII
95 . . —- o . Tested by: Mark Nolting
85
75
€
3 65
<

| i

g 3 :
45 z 3 il TR i 7

| 1] Sty B -

i "

1] T SR — " e B SO ROAS 5 PP " B4t i

30 [y Y g 1

25

1 [iZ] 18
Frequency (GHz)

Rarge (GHe) [ Rel /Attn  Del/Avg Tups Sucop Pto  ®wpsHods Lokel Ronge (BHz) ROW/UGU Ref/Atln  Dot/fvg Typs Sucep Pte  $oupsiMode  Lobol

Marker|Frequency| Meter | Det AF Amp/Cbl/ DC [Corrected| AvgLimit (Margin| Peak Limit | PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad | Corr | Reading | (dBuV/m) | (dB) | (dBuV/m) [Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dB) |(dBuV/m) (dB)

1 *1.08 49.93 | PK2 27.5 -24.4 0 53.03 - - 74 -20.97 25 303 H
*1.08 469 |[MAvl| 275 -24.4 3.28 53.28 54 -72 - - 25 303 H

2 *1.32 43.86 | PK2 28.8 -23.1 0 49.56 - - 74 -24.44 11 166 H
*1.32 38.75 | MAvl | 28.8 -23.1 3.28 47.73 54 -6.27 - - 11 166 H

3 *1.44 43.04 | PK2 28.4 -22.7 0 48.74 - - 74 -25.26 3 149 H
*1.44 37.52 |MAvl| 284 -22.7 3.28 46.5 54 -7.5 - - 3 149 H

4 *2.697 | 51.07 | PK2 323 -25.8 0 57.57 - - 74 -16.43 | 117 191 H
*2.704 | 36.49 |MAvl| 323 -25.8 3.28 46.27 54 -7.73 - - 117 191 H

6 *1.08 45.59 | PK2 27.5 -24.4 0 48.69 - - 74 -25.31 18 197 \Y
*1.08 41.64 | MAv1l| 275 -24.4 3.28 48.02 54 -5.98 - - 18 197 \Y

7 *2.709 | 51.25 | PK2 323 -25.9 0 57.65 - - 74 -16.35| 143 259 \Y
*2.706 | 36.23 |MAvl| 323 -25.8 3.28 46.01 54 -7.99 - - 143 259 \Y
3.282 41.18 Pk 32.9 -33.2 0 40.88 - - - - 0-360 | 199 H
3.282 39.97 Pk 32.9 -33.2 0 39.67 - - - - 0-360 | 199 \Y

8
* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
PK2 - Maximum Peak

MAv1 - Maximum RMS Average
Note: Plot above represents a prescan. All final measurements were made at RBW/VBW = 1MHz/3MHz.
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

9.2.3. TXABOVE 1 GHz 802.11n HT20 MODE IN THE 2.4 GHz BAND

RESTRICTED BANDEDGE (LOW CHANNEL)

| UL Morrisville Sauth Chamber 17 Oct 2B16 18:23:41
Restricted Bondedge
115 - L L - - L P.F‘(.]JDEL Number: 11839922-E3
Client: Astro
Config: EUT-Sample +9
Mede: 11nHTZB CHI1
185/ Tested by: Mark Learner
it A
9\— - . . - - - . . - r( -
’f
f g, et
35 { )
- /!
£ /
?‘v‘ 7!: {
o
T |
2 |
65 /
{
- Average Eimit (dBulym) ol
55 £ - . . . . - e
M
ol
R TR —— MWMWWWWWMM g o
;i\ 3,
_”__,,..—f e ™
z2.31 ' ' 19.5MHz/ 2,415
Frequency (GHz)
Range (6i12) ORI Ral/Alin  Det/ivg Tupe = Plo  Fowpolfiods  Labal Ronge Gallz) ] RefAlln  Deb/ivg Typm Swop Plo  Fopollicde  Lobel
1:2.31-2.415 IM(-6dB)/IM 187/1@ PEAK/Pur Avg(RMS)  2Bmsec(Ruto) 8291 MAXH Horizontal 415 (-Gl U s i R g (R1: 2O 1 i
Low CH Bardedge - H.TST

Marker|Frequency| Meter | Det AF Amp/Cbl/ |DC Corr|Corrected| Average |Margin|PeakLimit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad (dB) | Reading Limit (dB) | (dBuV/m) |Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dBuV/m)| (dBuV/m) (dB)

1 *2.39 42.71 | Pk 32.2 -24.1 0 50.81 - 74 -23.19 70 204 H

2 *2.388 | 43.65 | Pk 32.2 -24.1 0 51.75 - - 74 -22.25 70 204 H

3 *2.39 28.61 |RMS 32.2 -24.1 3.38 40.09 54 -13.91 - - 70 204 H

4 *2.36 29.14 |RMS 31.9 -23.8 3.38 40.62 54 -13.38 - - 70 204 H
* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection

Page 80 of 101

UL LLC FORM NO: 03-EM-F00858
12 Laboratory Dr., RTP, NC 27709 TEL: (919) 549-1400

This report shall not be reproduced except in full, without the written approval of UL LLC.



REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DAT

E: 2016-11-23

IC: 20364-TWSTSPK1

VERTICAL
125Uk Morrisville - South Chomber 17 Oct 2816  18:13:27
- Restricted Bondedge
115 BT anet Ry 1S
Config: EUT-Sample 49
Made: |1nHT28 CHI
185/ Tested hy: Mork Learner
g5 -
8':
2 75
65
55 nverage. .t it.l ) JTTON I
2
o
4: »
%
o
2 .
2.31 18, 5MHz/ 2.415
Freguency (GHz)
Range (6Hz) FENAVBY Raf/Atin  Det/fvg Type Swenp Ple  #owpe/Mode  Lobel Runge (GHz) REW/VEY Ref/Atin  Deb/fvg Tups Swzep Pla  ¥owpe/Mode  Laobel
Low CH Bundedge - V.TST Rev 9.5 28 Sep 2816
Marker|Frequency| Meter | Det AF Amp/Cbl/ |DC Corr|Corrected| Average |Margin|PeakLimit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad (dB) | Reading Limit (dB) | (dBuV/m) |Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dBuVv/m)| (dBuV/m) (dB)
1 *2.39 41.96 | Pk 32.2 -24.1 0 50.06 - - 74 -23.94 | 128 286 \Y
2 *2.39 41.95 | Pk 32.2 -24.1 0 50.05 - - 74 -23.95| 128 286 \Y
3 *2.39 27.82 |RMS 32.2 -24.1 3.38 39.3 54 -14.7 - - 128 286 Vv
4 *2.39 28.2 |RMS 32.2 -24.1 3.38 39.68 54 -14.32 - - 128 286 \Y

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

Pk - Peak detector
RMS - RMS detection

Page 81 of 101

UL LLC

12 Laboratory Dr., RTP, NC 27709
This report shall not be reproduced except in full, without the written approval of UL LLC.

FORM NO: 03-EM-F00858
TEL: (919) 549-1400



REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

AUTHORIZED BANDEDGE (HIGH CHANNEL)

HORIZONTAL
j 25Uk Morrisville - South Chomber 17 Oct 2816 18:36:26
Restricted Bondedge
= Project Mumber: 11839922-E3
11 B o o B TlClient: Astro
Config: EUT-Sample 49
Mode: |1nHT2B CHII
185! H H | : i Tested by: Mark Learner
‘JW
Py
85 : !
65
55
45
3F
2.48 ' ' 18, 3MHz/ 2.563
Freguency (GHz)
Range (6llz) FEN/VB Ral/Atin  Det/Avg Tupe [ Ple  #owps/fode  Labal Fange (Glz) REW/UE Ref/ALln  Det/fvg Tups Snaep Pla  #ups/Mude  Lokel
1:2.46-2.963 IMC-Gd8)/ M 187418 POAKAPur AvgCRMI)  ZOmsec(Auto) 0881 MAXH Hor i zontal 2.4 3t -G U E A r g (RH: 2w . i} TAl urizonta
ligh CH Bandedge - H.TST Rev 9.5 28 Sep 20816
Marker|Frequency| Meter | Det AF Amp/Cbl/ |DC Corr|Corrected| Average |Margin|PeakLimit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad (dB) | Reading Limit (dB) | (dBuV/m) |Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dBuV/m)| (dBuV/m) (dB)
1 *2.484 | 42.53 | Pk 32.4 -24.6 0 50.33 - - 74 -23.67 90 251 H
3 *2.484 28.6 |RMS 32.4 -24.6 3.38 39.78 54 -14.22 - - 90 251 H
2 2.514 449 Pk 32.5 -24.8 0 52.6 - - 74 -214 90 251 H
4 2.514 32.33 |RMS 32.5 -24.8 3.38 43.41 54 -10.59 - - 90 251 H
* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: R11039922-E3 DATE: 2016-11-23

| UL Morrisville South Chamber 17 Oct 2816 18:47:28
Restricted Bondedge
s i - - . . . PV‘?J:Ct Number: 11839922-E3
Client: Astro
Config: EUT-Somple 49
Mode: 11nHTZE CHII
185/ H H ; ; Tested hy: Mork Learner
g5
85+
~
N
3 75
Il
o
65
erage Lin dBul/m
55 e .
z
-I (]
- o
4 P e
3 o
(=]
25
2.96 ' ' 18 3MHz/ 2.563
Freguency (GHz)
Range (GHiz) RNV Raf/Attn  Det/Avg Type Swenp Ple  #mpn/Mode  Lobel Range C(GHz) REN/VBU Ref/Atin  Detdfvg Tups Sz Pla  #wpe/Mode  Lobel
figh CH Bondedge - U.TST Rev 9.5 28 Sep 2016

Marker|Frequency| Meter | Det AF Amp/Cbl/ |DC Corr|Corrected| Average |Margin|PeakLimit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad (dB) | Reading Limit (dB) | (dBuV/m) |Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dBuVv/m)| (dBuV/m) (dB)

1 *2.484 | 40.03 | Pk 32.4 -24.6 0 47.83 - - 74 -26.17 | 159 339 \Y

3 *2.484 | 27.89 |RMS 32.4 -24.6 3.38 39.07 54 -14.93 - - 159 339 \Y

4 2.513 30.48 |RMS 32.5 -24.8 3.38 41.56 54 -12.44 - - 159 339 Vv

2 2.514 43.35 | Pk 32.5 -24.8 0 51.05 - - 74 -22.95| 159 339 \Y
* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL (CH1)

IA,F_\UL Marrisville South Chomher 18 Dct 2816 21:22:12
15

Rodioted Emissions 3-Meters

Pro ject Number: |1B839922-E3
185 Cliemt: Astrs

Config: EUT-Somple #9
Mode: 11nHT28 CHI
95 . . . e . Tested by: Mark Nolting

(dBul/md
[s)]
w

il

o1}
al

na
ol

Frequency (GHz)

Rlarge (GHe) REU/ID0 Rl /Abbn  Del/Avg Tupe = Pie  #owpo/Mods  Lokel Ronge (Bl ROW/URU Ref/fitn  Det/Avg Type Sueep Pie $oups/Mode  Label

FCC Par-t1SC 2.4GHz RSC.TST Rev 9.5 28 Sep 2816

Marker|Frequency| Meter | Det AF Amp/Cbl/ DC [Corrected| AvgLimit (Margin| Peak Limit | PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad | Corr | Reading | (dBuV/m) | (dB) | (dBuV/m) [Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dB) |(dBuV/m) (dB)

1 *1.08 | 49.91 | PK2 27.5 -24.4 0 53.01 - - 74 -20.99 27 304 H
*1.08 | 46.85 |[MAvl| 27.5 -24.4 3.38 53.33 54 -.67 - - 27 304 H

2 *1.32 | 43.86 | PK2 28.8 -23.1 0 49.56 - - 74 -24.44 11 166 H
*1.32 38.71 | MAvl| 28.8 -23.1 3.38 47.79 54 -6.21 - - 11 166 H

3 *1.44 | 42.77 | PK2 28.4 -22.7 0 48.47 - - 74 -25.53 2 148 H
*1.44 | 3749 [MAvl| 284 -22.7 3.38 46.57 54 -7.43 - - 2 148 H

5 *2.658 | 50.24 | PK2 32.5 -25.6 0 57.14 - - 74 -16.86 97 210 H
*2.656 | 35.13 | MAvl| 325 -25.6 3.38 45.41 54 -8.59 - - 97 210 H

7 *1.08 45.8 PK2 27.5 -24.4 0 48.9 - - 74 -25.1 18 199 \%
*1.08 | 41.72 [MAvl| 275 -24.4 3.38 48.2 54 -5.8 - - 18 199 \%

8 *2.657 | 50.68 | PK2 32.5 -25.6 0 57.58 - - 74 -16.42 | 128 240 \%
*2.656 | 35.24 | MAvl| 325 -25.6 3.38 45.52 54 -8.48 - - 128 240 \%
2.464 40.88 Pk 323 -24.5 0 48.68 - - - - 0-360 | 199 H
3.216 40.19 Pk 333 -33 0 40.49 - - - - 0-360 | 101 H
3.216 39.88 Pk 333 -33 0 40.18 - - - - 0-360 | 199 \%

9
* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
PK2 - Maximum Peak

MAv1 - Maximum RMS Average
Note: Plot above represents a prescan. All final measurements were made at RBW/VBW = 1MHz/3MHz.
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REPORT NO: R11039922-E3 DATE: 2016-11-23

FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1
|<r;UL Marrisville South Chomher 18 Dct 2816 22:38:19
- Radicted Emissions 3-Meters
o5 Eregmt ke 098z
Config: EUT-Somple #9
Mode: 11nHTZE CHE
95 . . e o . Tested by: Mark Nolting
85
75
€
3 65
<
- fivg Limit (dBulV/m)
55 i
1 i
as.. 8 2.3 4 5 : il
‘ [ .hﬁw_ 1CQ b
1 A — “- B — - " —'" X
L st ) |
25
1 [iZ] 18
Frequency (GHz)
e (Gie] T Ref /At Det/fvg Tope Sop  Pla Foweluk  Lokel Tongs (G123 FGWUG Ref/iin Dei/eg Type —— ueen Po foupollide Lobal
FCC Part1SC 2.4GHz RSC.TST Rev 9.5 20 Sep 2016

Marker|Frequency| Meter | Det AF Amp/Cbl/ DC |Corrected| Avg Limit |Margin|PeakLimit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad Corr | Reading | (dBuv/m) | (dB) | (dBuV/m) |[Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dB) |(dBuV/m) (dB)

1 *1.08 49.89 | PK2 27.5 -24.4 0 52.99 - - 74 -21.01 26 302 H
*1.08 46.85 | MAvl | 27.5 -24.4 3.38 53.33 54 -.67 - - 26 302 H
2 *1.32 43.75 | PK2 28.8 -23.1 0 49.45 - - 74 -24.55 11 167 H
*1.32 38.77 |MAvl | 28.38 -23.1 3.38 47.85 54 -6.15 - - 11 167 H
3 *1.44 43.23 | PK2 28.4 -22.7 0 48.93 - - 74 -25.07 2 149 H
*1.44 37.58 |MAvl| 284 -22.7 3.38 46.66 54 -7.34 - - 2 149 H
5 *2.385 45.1 PK2 32.2 -24 0 53.3 - - 74 -20.7 71 233 H
*2.385 | 31.24 |MAvl | 322 -24 3.38 42.82 54 -11.18 - - 71 233 H
6 *2.488 | 47.97 | PK2 32.4 -24.6 0 55.77 - - 74 -18.23 84 215 H
*2.489 | 3492 |[MAvl | 324 -24.6 3.38 46.1 54 -7.9 - - 84 215 H
7 *2.676 | 50.03 | PK2 32.4 -25.7 0 56.73 - - 74 -17.27 | 106 215 H
*2.68 34.75 |MAvl| 324 -25.7 3.38 44.83 54 -9.17 - - 106 215 H
9 *1.08 4595 | PK2 27.5 -24.4 0 49.05 - - 74 -24.95 17 200 \Y
*1.08 41.83 [ MAvl | 27.5 -24.4 3.38 48.31 54 -5.69 - - 17 200 \Y
10 *2.489 46.1 PK2 32.4 -24.6 0 53.9 - - 74 -20.1 136 297 \Y
*2.489 | 33.82 |[MAvl | 324 -24.6 3.38 45 54 -9 - - 136 297 \Y
11 *2.682 | 50.67 | PK2 32.4 -25.7 0 57.37 - - 74 -16.63 | 147 290 \Y
*2.681 | 34.61 |[MAvl| 324 -25.7 3.38 44.69 54 -9.31 - - 147 290 \Y
2.16 35.22 Pk 31.7 -23.1 0 43.82 - - - - 0-360 | 199 H
8 3.249 40.86 Pk 33.2 -33.2 0 40.86 - - - - 0-360 | 101 H
12 3.249 39.14 Pk 33.2 -33.2 0 39.14 - - - - 0-360 | 199 \Y

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

Pk - Peak detector

PK2 - Maximum Peak

MAv1 - Maximum RMS Average

Note: Plot above represents a prescan. All final measurements were made at RBW/VBW = 1MHz/3MHz.
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REPORT NO: R11039922-E3 DATE: 2016-11-23

FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1
I“,r_\UL Morrisville South Chomber 19 Oct 26816 17:51:37
Radicted Emissions 3-Meters
o5 Eregmt ke 098z
Config: EUT-Somple #9
Mode: 11nHTZE CHIY
95 . . o o . Tested by: Mark Nolting
85 f
75
€
3 65
<
54 fivg Limit (dBuls/m ‘
55 - -
8 i
1,
8 ;
" o Wl. " lf . -
3504+ gt R — -l : '
N sl | L t
25
1 [iZ] 18
Frequency (GHz)
e (Gie] T Ref /At Det/fvg Tope Sop  Pla Foweluk  Lokel Tongs (G123 FGWUG Ref/iin Dei/eg Type —— ueen Po foupollide Lobal
FCC Part1SC 2.4GHz RSC.TST Rev 9.5 20 Sep 2016

Marker|Frequency| Meter | Det AF Amp/Cbl/ DC |Corrected| Avg Limit |Margin|PeakLimit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad Corr | Reading | (dBuv/m) | (dB) | (dBuV/m) |[Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dB) |(dBuV/m) (dB)

1 *1.08 49.74 | PK2 27.5 -24.4 0 52.84 - - 74 -21.16 26 302 H
*1.08 46.46 | MAvl | 27.5 -24.4 3.38 52.94 54 -1.06 - - 26 302 H
2 *1.32 43.52 | PK2 28.8 -23.1 0 49.22 - - 74 -24.78 12 167 H
*1.32 38.47 |MAvl | 28.38 -23.1 3.38 47.55 54 -6.45 - - 12 167 H
3 *1.44 43.43 | PK2 28.4 -22.7 0 49.13 - - 74 -24.87 4 148 H
*1.44 38 MAv1 | 284 -22.7 3.38 47.08 54 -6.92 - - 4 148 H
5 *2.71 52.05 | PK2 323 -25.9 0 58.45 - - 74 -15.55| 105 208 H
*2.706 | 36.28 |MAvl | 323 -25.8 3.38 46.16 54 -7.84 - - 105 208 H
6 *2.819 | 46.27 | PK2 32.6 -26 0 52.87 - - 74 -21.13 98 198 H
*2.826 | 31.05 | MAvl | 32.7 -26 3.38 41.13 54 -12.87 - - 98 198 H
8 *1.08 4592 | PK2 27.5 -24.4 0 49.02 - - 74 -24.98 22 201 \Y
*1.08 41.82 | MAvl | 27.5 -24.4 3.38 48.3 54 -5.7 - - 22 201 \Y
9 *2.703 | 49.96 | PK2 323 -25.8 0 56.46 - - 74 -17.54 | 155 286 \Y
*2.704 | 34.43 |MAvl | 323 -25.8 3.38 4431 54 -9.69 - - 155 286 \Y
2.16 35.5 Pk 31.7 -23.1 0 44.1 - - - - 0-360 | 199 H
7 3.282 42.19 Pk 32.9 -33.2 0 41.89 - - - - 0-360 | 199 H
10 3.282 40.65 Pk 32.9 -33.2 0 40.35 - - - - 0-360 | 199 \Y

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

Pk - Peak detector

PK2 - Maximum Peak

MAv1 - Maximum RMS Average

Note: Plot above represents a prescan. All final measurements were made at RBW/VBW = 1MHz/3MHz.
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REPORT NO: R11039922-E3

FCC ID:

2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

9.3.

WORST-CASE ABOVE 18GHz

SPURIOUS EMISSIONS 18-26GHz (WORST-CASE CONFIGURATION)

s UL Morrisville - South Chaomber 19 Oct ZH1G 281688
i Rodioted Emissions 3-Meters
Project Number: 11H39927-E3
TAD Client: Astro
Config: EUT-Somple #9
Mode: Worst-cose 2.4GHz
S Te=ted bg: Mair ke NDlting
O R S G
75 LPaake Limit CABOUAmYd
C
N :
%65-mmmmmmmmmmmmmmmj -----------------------------------------------------------------------------------------------------------------------------------
jaa] :
2 5
55l Avenage Limit ClBulimd
45'mmmmmmmmmmmmmmmﬂmmmmmmmmmé """"""""" S g G
B
18 26.5

Frequency (GHz

Rarge (0 I Refffittn  Det/fvg Type Sy Pte ¥5upera Rarge (0 FEIAE] Ref/httn  Del/vg Type Suep Pts Houpafods Lo
HEER OB/ 992 PEMPur AglRM)  Tenseclhutel 12k MH | 005065 IHCBEN/H 0%2 PEMCPur AuglBS)  lEmseclinte) 19 HAOH Vel

FCC RSE 18 to_26-5GHz DTS.TST Rev 9.5 28 Sep 2816

Marker [Frequency| Meter | Det | AFAT0076 | Amp/Cbl |Corrected| Average Margin Peak Limit| Margin [Azimuth|Height |Polarity
(GHz) |[Reading (dB/m) (dB) Reading Limit (dB) |(dBuv/m)| (dB) | (Degs) | (cm)
(dBuv) (dBuV/m)| (dBuV/m)

1 *18.64 | 47.19 | Pk 32.7 -40.9 38.99 54 -15.01 74 -35.01 | 0-360 | 102 H

2 *21.286 | 479 | Pk 33.1 -40.1 40.9 54 -13.1 74 -33.1 | 0-360 | 249 H

4 *20.101 | 47.49 | Pk 33 -40.3 40.19 54 -13.81 74 -33.81 | 0-360 | 101 \%

5 *22.231 | 47.39 | Pk 334 -39.6 41.19 54 -12.81 74 -32.81 | 0-360 | 101 \%

6 23.418 | 47.14 | Pk 341 -39.3 41.94 54 -12.06 74 -32.06 | 0-360 | 251 \%

3 24.94 46.58 | Pk 343 -38.5 42.38 54 -11.62 74 -31.62 | 0-360 | 102 H

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

Pk - Peak detector
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

9.4. WORST-CASE BELOW 1 GHz

Note: All measurements were made at a test distance of 3 m. The limits in the plots and tabular
data are the FCC/IC limits extrapolated from the specification distance (300 m from 9-490 kHz
and 30 m from 490 kHz — 30 MHz) to the measurement distance to clearly show the relative
levels of fundamental and spurious emissions and demonstrate compliance with the
requirement that the level of any spurious emissions be below the level of the intentionally
transmitted signal. The extrapolation factor for the limits were 40*Log (specification distance /
test distance). Although these tests were performed at a test site other than an open area test
site, adequate comparison measurements were confirmed against 30 m open area test

site. Therefore sufficient tests were made to demonstrate that the alternative site produces
results that correlate with the ones of tests made in an open field based on KDB 937606.

SPURIOUS EMISSIONS 9kHz to 30 MHz (WORST-CASE CONFIGURATION)\

13U Merrisville -~ South Chombker 20 Oct 2B16  17:89:42
H H PIRF Emigssions
T: & S— R — ot B 11928
: \ : i |Config: EUT-Semple 9
Mode: Worst-case 2.4GHz
106! ! 3 {|Tested bu: Mark Nolting
94|
?u ge
3
~E : : FCC 15 ecteld n
ﬁ & \\\\ T g
:2 = ”\wm';ﬁw"“l?'-‘w | 3 i i 3
g f P SEin :
° i . y““'i al "—,;qu AR VS, 1 i
s TN . BV O i
16 2 "‘"‘x"'""-'»'ll*‘ b 3 %
e i
T | R —— : e m\““ﬁy"'”v\.’.. .‘.I -
T b
o). A ""“*”5’_’1@"5’_";‘&9;5@; ‘,E*A..'.;‘:!,J.‘;‘t‘fi'.‘f\l".?"_‘_e
RElC ] : o 1 : : i L 34
Frequency (MH=z)
Range (Hiz) FEW/URY Rel/Atln Det/Avg Tupe G Pls  #5ws/fode  Lobel ‘ Ronge (MHz) [T Ref/ALln  Det/Pvg Tupe Secen Pla  #5upa/Mode  Label
1:.809- .15 200(-6dB)/ 3 g91/18 PEAKAUaIt Avg 7 uto) SEA5  MAXH Bdeg 9- 130K
5-30 % (-G4B)/ Bk 87718 PEAKAk It fvg 15 to) SEAS  MAKH Bdeg .15-3
FCC 15.289 Below 3@MHz.TST Rev 9.5 28 Sep 2016
Marker | Frequency Meter Det | AT0079 AF (dB/m)| Cbl (dB) Corrected FCC15.209 Margin | Azimuth
(MHz) Reading Reading (projected to 3m) (dB) (Degs)
(dBuv) dB(uVolts/meter)
1 .58545 35.89 Pk 11.9 1 47.89 72.25 -24.36 0-360
4 78229 31.74 Pk 11.9 1 43.74 69.74 -26 0-360
2 79422 32.17 Pk 11.9 1 44.17 69.61 -25.44 0-360
5 .9851 29.77 Pk 11.9 2 41.87 67.73 -25.86 0-360
3 1.11633 29.19 Pk 11.9 2 41.29 66.65 -25.36 0-360
6 1.19388 28.84 Pk 11.9 2 40.94 66.07 -25.13 0-360

Pk - Peak detector
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

SPURIOUS EMISSIONS 30 TO 1000 MHz (WORST-CASE CONFIGURATION)

gl Merrisville — South Chember 20 Oct 2816  088:16:04
Radioted Emissions - 3 Meters
85 : ! Er‘ \;ug:; l ! -l :r : 11A39922-E3
! Config: EUT-Sample #3
Mode: ~Worst-case 2.4GHz
75 i Tested by: Mark Nolting
65 :
55 |
£ : 5 8 F
3 o ;
3 A OPke L T CHBLY i) El 51 15 3 Ty
] ; R i | g 2 u| i%
35| 146 3 ?
ik | | #
P | o P ‘f, I R A et v L_L‘Jgng‘_":"r’;u-‘fllr‘:'
T L ‘ ' nvr VT
et A ] ) ‘M.\ Pl il (i
i ] AR R
[ S— W"W.‘,Lv“ e 1| S S ;m‘,m'f"ﬂmw'”::w‘ii( M.‘“‘m!ﬁ;ﬁwlﬂ‘[}t‘gﬁ_.‘_‘r_# b e
-WIWFW*W\MWMMM‘WMHJWU*M
38 (5] 18680
Fraquency (MHz)
Range (HIz) FOM/URY Ref/fttn  Det/Avg Tupe Cetp Pls  #5ws/fode  Lobel Ronge (MHz) ROW/UDU Ref/ALln  Det/ivg Tupe [y Pla  #5upa/Mode  Label
1:38-299 | 20k(-6dB) /1N 97710 PEAK/LagPur-Uidee  Ruto 4801 MAXH Horizental 3:208-1009 120k C-BdBI/ I 97710 PEAK/LogPur-Uidee  HAuto 5061 MAXH Har izontal
Marker | Frequency | Meter | Det AT0074 AF Amp/Cbl (dB) | Corrected QPk Limit Margin | Azimuth | Height | Polarity
(MHz) Reading (dB/m) Reading (dBuVv/m) (dB) (Degs) | (cm)
(dBuv) (dBuv/m)
1 *120.015 46.26 Pk 18 -30.8 33.46 43.52 -10.06 0-360 298 H
2 *124.9875 | 47.76 Pk 18.2 -30.8 35.16 43.52 -8.36 0-360 298 H
10 *120.015 45.76 Pk 18 -30.8 32.96 43.52 -10.56 0-360 102 \Y
11 *124.9875 | 44.77 Pk 18.2 -30.8 32.17 43.52 -11.35 0-360 102 \Y
4 *249.9997 | 56.31 Qp 16.1 -29.9 42.51 46.02 -3.51 214 131 H
13 *250 52.32 Pk 16.1 -29.9 38.52 46.02 -7.5 0-360 102 \Y
9 *960.0018 | 39.24 Qp 27.5 -26.3 40.44 53.97 -13.53 258 102 H
18 *960 37.02 Pk 27.5 -26.3 38.22 46.02 -7.8 0-360 201 \Y
3 240 45.68 Pk 16.2 -29.9 31.98 - - 0-360 102 H
12 240 42.51 Pk 16.2 -29.9 28.81 - - 0-360 102 \Y
5 360 56.42 Pk 19.6 -29.4 46.62 - - 0-360 102 H
14 360 54.39 Pk 19.6 -29.4 44.59 - - 0-360 102 \Y
6 500 43.63 Pk 22.1 -28.8 36.93 - - 0-360 198 H
15 500 48.91 Pk 22.1 -28.8 42.21 - - 0-360 102 \Y
7 600 46.06 Pk 233 -28.6 40.76 - - 0-360 298 H
16 600 49.23 Pk 233 -28.6 43.93 - - 0-360 102 \Y
8 840 47.19 Pk 26.4 -27.7 45.89 - - 0-360 102 H
17 840 44.7 Pk 26.4 -27.7 43.4 - - 0-360 102 \Y

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
Qp - Quasi-Peak detector
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REPORT NO: R11039922-E3 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

10. AC POWER LINE CONDUCTED EMISSIONS

LIMITS

FCC §15.207 (a)

RSS-Gen 8.8
Frequency of Emission (MHz) Conducted Limit (dBuV)
uasi-peak Average
0.15-0.5 B to 56 56 to 46
0.5-5 56 46
5-30 Gl S0
" 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.
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REPORT NO: R11039922-E3
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

RESULTS (Worst-case Mode)

LINE 1
__UL-Morrisville - LC 18 Oct 2816  12:36:37
180 :
: Conducted RFI Uoltage
=L B e 1839522
Config: Twist
Mode:Z.4 GHz Band Worst Cose
apl Tested by:Ron Reichard / John Manser
78 -
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Line-L1
Marker | Frequency | Meter Det | LISN VCF (dB) | Cbl/Limiter | Corrected QP Limit Margin Avg Limit Margin
(MHz) Reading (dB) Reading (dB) (dB)
(dBuv) dBuVv
1 .153 37.71 Pk 2 10 47.91 65.84 -17.93 - -
2 .153 7.09 Av 2 10 17.29 - - 55.84 -38.55
3 222 29.65 Pk 1 10 39.75 62.74 -22.99 - -
4 .225 2.88 Av 1 10 12.98 - - 52.63 -39.65
5 .681 10.25 Pk 0 10 20.25 56 -35.75 - -
6 .681 7 Av 0 10 10.7 - - 46 -35.3
7 9.885 12.27 Pk 1 10.3 22.67 60 -37.33 - -
8 9.906 -2 Av 1 10.3 8.4 - - 50 -41.6
9 22.659 10.57 Pk 2 10.6 21.37 60 -38.63 - -
10 22.581 -.75 Av 2 10.6 10.05 - - 50 -39.95
11 26.79 12.38 Pk 3 10.7 23.38 60 -36.62 - -
12 26.733 .26 Av 3 10.7 11.26 - - 50 -38.74

Pk - Peak detector
Av - Average detection
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Freguency (MHz)
Range (HHz) FEU/VBY Raf/Atin  Det/fvg Mode Swaep Ple  #owpe/Mode  Lobel Rarge (Hiz) REWAIBY Ref/Atin  Det/fvg Mode Sumap Ple  ¥owpe/Mode  Lobel
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Line-L2
Marker | Frequency | Meter Det | LISN VCF (dB) | Chl/Limiter | Corrected QP Limit Margin Avg Limit Margin
(MHz) Reading (dB) Reading (dB) (dB)
(dBuVv) dBuV
13 .153 38.2 Pk 2 10 48.4 65.84 -17.44 - -
14 .153 7.02 Av 2 10 17.22 - - 55.84 -38.62
15 222 29.74 Pk 1 10 39.84 62.74 -22.9 - -
16 225 2.48 Av 1 10 12.58 - - 52.63 -40.05
17 .684 10.01 Pk 0 10 20.01 56 -35.99 - -
18 .681 32 Av 0 10 10.32 - - 46 -35.68
19 6.219 7.06 Pk 1 10.2 17.36 60 -42.64 - -
20 6.222 -2.7 Av 1 10.2 7.6 - - 50 -42.4
21 13.56 12.54 Pk 1 10.4 23.04 60 -36.96 - -
22 13.485 -4.36 Av 1 10.4 6.14 - - 50 -43.86
23 22.341 14.47 Pk 2 10.6 25.27 60 -34.73 - -
24 22.326 2.2 Av 2 10.6 13 - - 50 -37
25 26.586 14.5 Pk 3 10.7 25.5 60 -34.5 - -
26 26.685 2.74 Av 3 10.7 13.74 - - 50 -36.26

Pk - Peak detector
Av - Average detection
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