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1. SUMMARY
1.1. TEST STANDARDS

The tests were performed according to following standards:
FCC Rules Part 15.247: Frequency Hopping, Direct Spread Spectrum and Hybrid Systems that are in
operation within the bands of 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz

ANSI C63.10: 2013: American National Standard for Testing Unlicensed Wireless Devices

ANSI C63.4: 2014: —American National Standard for Methods of Measurement of Radio-Noise
Emissions from Low-Voltage Electrical and Electronic Equipment in the Range of 9 kHz to 40GHz
Range of 9 kHz to 40GHz

KDB558074 D01 V05: Guidance for Performing Compliance Measurements on Digital Transmission
Systems (DTS) Operating Under §15.247

1.2. Test Description

FCC PART 15.247

FCC Part 15.207 AC Power Conducted Emission PASS
FCC Part 15.247(a)(2) 6dB Bandwidth PASS
FCC Part 15.247(d) Spurious RF Conducted Emission PASS
FCC Part 15.247(b) Maximum Conducted Output Power PASS
FCC Part 15.247(e) Power Spectral Density PASS
FCC Part 15.109/ 15.205/ 15.209 Radiated Emissions PASS
FCC Part 15.247(d) Band Edge PASS
FCC Part 15.203/15.247 (b) Antenna Requirement PASS
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1.3. Test Facility

1.3.1 Address of the test laboratory

Shenzhen HUAK Testing Technology Co., Ltd.

1F, B2 Building, Junfeng Zhongcheng Zhizao Innovation Park, Fuhai Street, Bao'an District, Shenzhen
City, China

The 3m-Semi anechoic test site fulfils CISPR 16-1-4 according to ANSI C63.4:2014 and CISPR
16-1-4:2010 SVSWR requirement for radiated emission above 1GHz.

1.4. Statement of the measurement uncertainty

The data and results referenced in this document are true and accurate. The reader is cautioned that
there may be errors within the calibration limits of the equipment and facilities. The measurement
uncertainty was calculated for all measurements listed in this test report acc. to CISPR 16 - 4
“Specification for radio disturbance and immunity measuring apparatus and methods — Part 4:
Uncertainty in EMC Measurements® and is documented in the Shenzhen HUAK Testing Technology
Co., Ltd. quality system acc. to DIN EN ISO/IEC 17025. Furthermore, component and process
variability of devices similar to that tested may result in additional deviation. The manufacturer has the
sole responsibility of continued compliance of the device.

Measurement Uncertainty
Conducted Emission Expanded Uncertainty = 2.23dB, k=2

Radiated emission expanded uncertainty(9kHz-30MHz) = 3.08dB, k=2
Radiated emission expanded uncertainty(30MHz-1000MHz) = 4.42dB, k=2
Radiated emission expanded uncertainty(Above 1GHz) = 4.06dB, k=2
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2. GENERAL INFORMATION

2.1. Environmental conditions

During the measurement the environmental conditions were within the listed ranges:

Normal Temperature: 25°C
Relative Humidity: 55 %
Air Pressure: 101 kPa

2.2. General Description of EUT

Product Name:

Smart Outdoor Outlet

Model/Type reference:

SOPO03

Series model:

SOP01,S0OP02,SOP03,5S0P04,SOP05,SOP06,SOP07,SOP08,
SOP09, EOPO1, EOP02, EOP03,EOP04 ,EOP05,EOP06,EOPO7,
EOPO08,EOP09, SWP01,SWP02,SWP03,SWP04.SWP05,SWPO06,

SWP07,SWP08,SWP09,SWNO01,SWN02,SWNO03,SWN04,SWNO05,SWN
06,SWNO7,SWNO08,SWNO09

Power supply:

AC 120V/60Hz

WIFI :

Supported type:

802.11b/802.119/802.11n(H20)

Modulation:

802.11b: DSSS
802.119/802.11n(H20): OFDM

Operation frequency:

802.11b/802.119/802.11n(H20): 2412MHz~2462MHz

Channel number:

802.11b/802.119/802.11n(H20): 11

Channel separation:

S5MHz

Antenna type:

PCB antenna

Antenna gain:

0dBi

Note: For more details, please refer to the user’s manual of the EUT.

2.3. Description of Test Modes and Test Frequency

The Applicant provides software ATT instruction to control the EUT staying in continuous transmitting
(Duty Cycle more than 98%) and receiving mode for testing.

Operation Frequency WIFI :

Channel Frequency(MHz) Channel Frequency(MHz)
1 2412 8 2447
2 2417 9 2452
3 2422 10 2457
4 2427 1" 2462
5 2432
6 2437
7 2442

Note: The line display in grey were the channel selected for testing
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Data Rate Used:

Preliminary tests were performed in different data rate to find the worst radiated emission. The data
rate shown in the table below is the worst-case rate with respect to the specific test item. Investigation
has been done on all the possible configurations for searching the worst cases. The following table is a
list of the test modes shown in this test report.

Test Iltems Mode Data Rate Channel
Maximum Conducted Output Power 11b/DSSS 1 Mbps 1/6/11
Power Spectral Density
6dB Bandwidth 11g/OFDM 6 Mbps 1/6/11

Spurious RF conducted emission
Radiated Emission 9kHz~1GHz&
Radiated Emission 1GHz~10™" Harmonic

11n(20MHz)/OFDM | 6.5Mbps 1/6/11

11b/DSSS 1 Mbps 1/11
Band Edge 11g/OFDM 6 Mbps 1/11
11n(20MHz)/OFDM 6.5Mbps 1/11
2.4. Equipments Used during the Test
ltem Equipment Manufacturer Model No. Serial No. Last Cal. el
Interval
L.I.S.N.
1. Artificial Mains R&S ENV216 HKE-002 Dec. 28,2018 | 1 Year
Network
2. Receiver R&S ESCI 7 HKE-010 Dec. 28, 2018 | 1 Year
3. | RFautomatic Tonscend JS0806-2 HKE-060 | Dec. 28, 2018 | 1 Year
control unit
4. | Spectrum analyzer R&S FSP40 HKE-025 Dec. 28, 2018 | 1 Year
5. | Spectrum analyzer Agilent N9020A HKE-048 Dec. 28, 2018 | 1 Year
6. Preamplifier Schwarzbeck BBV 9743 HKE-006 Dec. 28, 2018 | 1 Year
7. | EMI Test Receiver | Rohde & Schwarz ESCI 7 HKE-010 Dec. 28, 2018 | 1 Year
g, | BilogBroadband | go 0 ke VULB9163 HKE-012 | Dec. 28, 2018 | 1 Year
Antenna
9. Loop Antenna Schwarzbeck FMZB 1519 B HKE-014 Dec. 28, 2018 | 1 Year
10. Horn Antenna Schewarzbeck 9120D HKE-013 Dec. 28, 2018 | 1 Year
1. Broa/fr:’taerr‘]‘r’]a'*o"” SCHWARZBECK | BBHA9170 | HKE-017 | Dec.28, 2018 | 1 Year
12. Pre-amplifier EMCI EMCO051845SE HKE-015 Dec. 28,2018 | 1 Year
13. Pre-amplifier Agilent 83051A HKE-016 Dec. 28, 2018 | 1 Year
EMI Test Software JS1120-B
14. EZ-EMC Tonscend Version HKE-083 Dec. 28, 2018 N/A
15. Power Sensor Agilent E9300A HKE-086 Dec. 28, 2018 | 1 Year
16. | Spectrum analyzer Agilent N9020A HKE-048 Dec. 28, 2018 | 1 Year
17.| Signal generator Agilent N5182A HKE-029 Dec. 28, 2018 | 1 Year
18. | Signal Generator Agilent 83630A HKE-028 Dec. 28, 2018 | 1 Year
19. Shielded room Shiel Hong 4*3*3 HKE-039 Dec. 28, 2018 | 3 Year
20.| RF Cf‘GbﬁSebW HUBER+SUHNER RG214 HKE-055 | Dec. 28, 2018 | 1 Year
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RF Cable(above

21. 1GHz)

HUBER+SUHNER RG214 HKE-056 Dec. 28, 2018 | 1 Year

The calibration interval was one year

2.5. Special Accessories

Manufacturer Description Model Serial Number Certificate
/ / / / /
/ / / / /

2.6. Related Submittal(s) / Grant (s)

This submittal(s) (test report) is intended to comply with Section 15.247 of the FCC Part 15, Subpart C
Rules.

2.7. Modifications

No modifications were implemented to meet testing criteria.
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3. TEST CONDITIONS AND RESULTS

3.1. Conducted Emissions Test
LIMIT

FCC CFR Title 47 Part 15 Subpart C Section 15.207

Limit (dBuV)
Frequency range (MHz)
Quasi-peak Average
0.15-0.5 66 to 56* 56 to 46*
0.5-5 56 46
5-30 60 50
* Decreases with the logarithm of the frequency.
TEST CONFIGURATION
Shielded Eooms+
EUT
Test
C Receiver
LIS
Adapter [

TEST PROCEDURE

1.

The equipment was set up as per the test configuration to simulate typical actual usage per the users
manual. The EUT is a tabletop system; a wooden table with a height of 0.8 meters is used and is placed on
the ground plane as per ANSI C63.10:2013.

Support equipment, if needed, was placed as per ANSI C63.10:2013.

All /O cables were positioned to simulate typical actual usage as per ANSI C63.10:2013.

The adapter received AC power through a Line Impedance Stabilization Network (LISN) which supplied
power source and was grounded to the ground plane.

All support equipments received AC power from a second LISN, if any.

The EUT test program was started. Emissions were measured on each current carrying line of the EUT
using a spectrum Analyzer / Receiver connected to the LISN powering the EUT. The LISN has two
monitoring points: Line 1 (Hot Side) and Line 2 (Neutral Side). Two scans were taken: one with Line 1
connected to Analyzer / Receiver and Line 2 connected to a 50 ohm load; the second scan had Line 1
connected to a 50 ohm load and Line 2 connected to the Analyzer / Receiver.

Analyzer / Receiver scanned from 150 KHz to 30MHz for emissions in each of the test modes.

During the above scans, the emissions were maximized by cable manipulation.
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TEST RESULTS

Remark:

1. All modes of 802.11b/g/n were tested at Low, Middle, and High channel; only the worst result of 802.11b
CH11 was reported as below:

2. Both 120 VAC, 50/60 Hz and 240 VAC, 50/60 Hz power supply have been tested, only the worst result of
120 VAC, 60 Hz was reported as below:

3. Pre-test AC conducted emission at power from AC mains mode and at charge from PC mode, recorded
worst case.

Power supply: AC 120V/60Hz Polarization L

120,

Level[dBpV]
3

1
IRYANT
VY
SOJQ 4')qu

" h .

T L ' W 30M
Frequency[Hz]

— QP Limit — AVLimt —PK —AV
o QPDetector & AV Detector

1 0.1697 10.02 3155 64.98 3343 2287 54 98 n
2 04042 1003 26.59 57.77 a8 2074 a7 77 2703
3 1.0437 1007 26.22 56.00 2978 2038 46.00 2562
4 1.9680 10.14 2582 56.00 30.18 19.89 46.00 6.1
5 3.0093 1022 2560 56.00 30.40 1964 46.00 26.36
6 39317 1025 2581 56.00 30.19 1983 46.00 2617
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Power supply: AC 120V/60Hz Polarization N

120
110
100

Level[dBuV]

S — A ] ' — oM M
Frequency[Hz]

—— QP Limit — AV Limit — PK —_ AV

o QF Detector # AV Detector

1 0.1788 10.06 40.80 6454 2374 2789 5454 26.65
2 0.2688 10.03 3216 61.16 29.00 24.10 51.16 27.06
3 07787 10.05 2735 56.00 28 65 2167 46.00 2433
4 23708 10.18 26.06 56.00 2994 19.89 46.00 26.11
5 122814 998 2532 60.00 3468 1929 50.00 3on
6 26,0431 1026 27 06 60.00 3294 2081 50.00 29.19
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3.2. Radiated Emissions and Band Edge

Limit

Report No.: HK1910222708-E

For intentional device, according to § 15.209(a), the general requirement of field strength of radiated
emission out of authorized band shall not exceed the following table at a 3 meters measurement

distance.

In addition, radiated emissions which fall in the restricted bands, as defined in §15.205(a), must also
comply with the radiated emission limits specified in §15.209(a)

Radiated emission limits

Frequency (MHz) Distance (Meters) Radiated (dBuV/m) Radiated (uV/m)
0.009-0.49 3 20log(2400/F(KHz))+40log(300/3) 2400/F(KHz)
0.49-1.705 3 20log(24000/F(KHz))+ 40log(30/3) 24000/F(KHz)

1.705-30 3 20log(30)+ 40log(30/3) 30
30-88 3 40.0 100
88-216 3 43.5 150
216-960 3 46.0 200
Above 960 3 54.0 500

TEST CONFIGURATION

EUT Turn Table

-

0.8m

RX Antenna

(A) Radiated Emission Test Set-Up, Frequency Below 30MHz

am —»F ?

Al

Ground Plane

Receiver |

(B) Radiated Emission Test Set-Up, Frequency below 1000MHz

3
Ant. feed
i point
;4 3m : |
EUT Twrn Table
. —— S
IO.B m
Ground Plane
Receiver | ™% aAmp.

(C) Radiated Emission Test Set-Up, Frequency above 1000MHz
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Ant.feed |
point i
i< —>
i 3m I I
EUT L
............... 1-4m
Turn Tahle
o

1.5m

Ground Plane

Test Procedure

1.

Below 1GHz measurement the EUT is placed on a turntable which is 0.8m above ground plane,
and above 1GHz measurement EUT was placed on a low permittivity and low loss tangent turn
table which is 1.5m above ground plane.

Maximum procedure was performed by raising the receiving antenna from 1m to 4m and rotating
the turn table from 0°C to 360°C to acquire the highest emissions from EUT

And also, each emission was to be maximized by changing the polarization of receiving antenna
both horizontal and vertical.

Repeat above procedures until all frequency measurements have been completed.
Radiated emission test frequency band from 9KHz to 25GHz.
The distance between test antenna and EUT as following table states:

Test Frequency range Test Antenna Type Test Distance
9KHz-30MHz Active Loop Antenna 3
30MHz-1GHz Bilog Antenna 3
1GHz-18GHz Horn Antenna 3
18GHz-25GHz Horn Antenna 1
Setting test receiver/spectrum as following table states:
Test Frequency Test Receiver/Spectrum Setting Detector
range
9KHz-150KHz RBW=200Hz/VBW=3KHz,Sweep time=Auto QP
150KHz-30MHz RBW=9KHz/VBW=100KHz,Sweep time=Auto QP
30MHz-1GHz RBW=120KHz/_VB\iV=1000KHz,Sweep QP
time=Auto
Peak Value: RBW=1MHz/VBW=3MHz,
Sweep time=Auto
1GHz-40GHz Average Value: RBW=1MHz/\VBW=10Hz, Peak
Sweep time=Auto

TEST RESULTS

Remark:

1.

2.

3.

This test was performed with EUT in X, Y, Z position and the worse case was found when EUTin X
position.

All three channels (lowest/middle/highest) of each mode were measured below 1GHz and
recorded worst case at 802.11b low channel.

All three channels (lowest/middle/highest) of each mode were measured above1GHz and
recorded worst case at 802.11b mode.

Radiated emission test from 9 KHz to 10" harmonic of fundamental was verified, and no emission
found except system noise floor in 9 KHz to 30MHz and not recorded in this report.
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For 30MHz-1GHz
Horizontal
. - | AU 11 !
g =
LI : :
T—— 2 S I S R e A T
T - L RN
JOM_ QF Limit —— Honzontal PK o Frequency(Hz] N

© QP Detector

1 54.2500 18.25 -14.29 40.00 21.75 100 220 Horizontal
2 107.600 16.90 -15.42 43.50 26.60 100 261 Horizontal
3 181.320 16.43 -16.74 43.50 27.07 100 12 Horizontal
4 242.430 22.88 -13.74 46.00 23.12 100 166 Horizontal
5 314.210 2412 -12.40 46.00 21.88 100 134 Horizontal
] 500.450 26.50 -8.29 46.00 19.50 100 290 Horizontal
Vertical
100 FCCPARTISBCLASS B
20
80
- 60
i o f
g , :
40
30 . i PN
20 ".%‘1 = . s WW'JN .
o e — LA \. - v L e M"Jw\m"w PRSI
:?om 100M 16
— QP Limit — Vertical PK Frequency[Hz]
© QP Detector
1 42.6100 2547 -14.08 40.00 14.53 100 126 Vertical
2 70.7400 18.81 -17.80 40.00 21.19 100 12 Vertical
3 103.720 16.88 -15.41 43.50 26.62 100 227 Vertical
- 197.810 17.24 -15.27 43.50 26.26 100 142 Vertical
5 299.660 2214 -12.74 46.00 23.86 100 205 Vertical
6 547.980 27.30 -7.01 46.00 18.70 100 167 Vertical




For 1GHz to 25GHz

Horizontal: LOW CH1 (802.11b Mode)/2412
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802.11b Mode (above 1GHz)
Note: 802.11b/802.119/802.11n (H20) and all have been tested, only worse case 802.11b is reported

Report No.: HK1910222708-E

Frequency

Meter Reading

Factor

Emission Level

Limits

Margin

Detector
(MHz) (dBuV) (dB) (dBuV/m) (dBuV/m) (dB) Type
4824 65.12 -3.64 61.48 74 -12.52 peak
4824 48.23 -3.64 44.59 54 -9.41 AVG
7236 60.89 -0.95 59.94 74 -14.06 peak
7236 44.87 -0.95 43.92 54 -10.08 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical: LOW CH1 (802.11b Mode)/2412
Frequency Meter Reading Factor Emission Level Limits Margin Detector
(MHz) (dBpV) (dB) (dBuV/m) (dBpV/m) (dB) Type
4824 65.29 -3.64 61.65 74 -12.35 peak
4824 48.11 -3.64 44.47 54 -9.53 AVG
7236 60.27 -0.95 59.32 74 -14.68 peak
7236 43.58 -0.95 42.63 54 -11.37 AVG

Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
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Horizontal: MID CH6 (802.11b Mode)/2437
Frequency Meter Reading Factor Emission Level Limits Margin Detector
(MHz) (dBpV) (dB) (dBpV/m) (dBpV/m) (dB) Type
4874 63.7 -3.51 60.19 74 -13.81 peak
4874 45.62 -3.51 4211 54 -11.89 AVG
7311 59.12 -0.82 58.3 74 -16.7 peak
7311 44.81 -0.82 43.99 54 -10.01 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical: MID CH6 (802.11b Mode)/2437
Frequency | Meter Reading Factor Emission Level Limits Margin Detector
(MHz) (dBuV) (dB) (dBuV/m) (dBuV/m) (dB) Type
4874 66.92 -3.51 63.41 74 -10.59 peak
4874 46.18 -3.51 42.67 54 -11.33 AVG
7311 61.37 -0.82 60.55 74 -13.45 peak
7311 45.02 -0.82 442 54 -9.8 AVG

Remark: Factor = Antenna Factor + Cable Loss — Pre-ampilifier.
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Frequency Meter Reading Factor Emission Level Limits Margin Detector
(MHz) (dBpV) (dB) (dBuV/m) (dBuV/m) (dB) Type
4924 64.21 -3.43 60.78 74 -13.22 peak
4924 46.07 -3.43 42.64 54 -11.36 AVG
7386 61.28 -0.75 60.53 74 -13.47 peak
7386 43.74 -0.75 42.99 54 -11.01 AVG

Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical: HIGH CH11 (802.11b Mode)/2462

Frequency Meter Reading Factor Emission Level Limits Margin Detector
(MHz) (dBuV) (dB) (dBpV/m) (dBuV/m) (dB) Type
4924 65.03 -3.43 61.6 74 -12.4 peak
4924 47.19 -3.43 43.76 54 -10.24 AVG
7386 63.29 -0.75 62.54 74 -11.46 peak
7386 43.88 -0.75 43.13 54 -10.87 AVG

Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Remark
(1) Data of measurement within this frequency range shown “--- ” in the table above means

the reading of emissions are attenuated more than 20dB below the permissible limits or the
field strength is too small to be measured.
(2) When the test results of Peak Detected below the limits of Average Detected, the
Average Detected is not need completed.
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Results of Band Edges Test (Radiated)
Note: 802.11b/802.119/802.11n (H20)/802.11n (H40) and all have been tested, only worse case 802.11b is

reported

Horizontal: 802.11b Mode TX CH Low (2412MHz)

Frequency Meter Reading Factor Emission Level Limits Margin
Detector Type
(MHz) (dBuv) (dB) (dBpV/m) (dBuV/m) (dB)
2390 64.38 -5.81 58.57 74 -15.43 peak
2390 47.86 -5.81 42.05 54 -11.95 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical: 802.11b Mode TX CH Low (2412MHz)
Frequency Meter Reading Factor Emission Level Limits Margin
Detector Type
(MHz) (dBuVv) (dB) (dBuV/m) (dBuVv/m) (dB)
2390 67.93 -5.81 62.12 74 -11.88 peak
2390 49.57 -5.81 43.76 54 -10.24 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Horizontal: 802.11b Mode TX CH HIGH (2462MHZ)
Frequency | Meter Reading Factor Emission Level Limits Margin
Detector Type
(MHz) (dBuV) (dB) (dBuV/m) (dBuV/m) (dB)
2483.5 65.17 -5.65 59.52 74 -14.48 peak
2483.5 46.65 -5.65 41 54 -13 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-amplifier.
Vertical: 802.11b Mode TX CH HIGH (2462MHz)
Frequency | Meter Reading Factor Emission Level Limits Margin
Detector Type
(MHz) (dBuVv) (dB) (dBuV/m) (dBuV/m) (dB)
2483.5 67.29 -5.65 61.64 74 -12.36 peak
2483.5 48.31 -5.65 42.66 54 -11.34 AVG
Remark: Factor = Antenna Factor + Cable Loss — Pre-ampilifier.
Remark: All the other emissions not reported were too low to read and deemed to comply with FCC limit.
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3.3. Maximum Conducted Output Power

Limit

The Maximum Peak Output Power Measurement is 30dBm.

Test Procedure

Report No.: HK1910222708-E

Remove the antenna from the EUT and then connect a low loss RF cable from the antenna port to the

power sensor.

Test Configuration

EUT

Test Results

Power Sensor

Power Meter

WIFI
Type Channel Outpu(er:c:nm;er S (Iai';r:lt) Result

01 16.27

802.11b 06 16.50 30.00 Pass
11 16.53
01 15.67

802.11g 06 15.46 30.00 Pass
11 15.31
01 14.49

802.11n(HT20) 06 14.33 30.00 Pass
11 14.01

Note:

1)  Measured output power at difference data rate for each mode and recorded worst case for each

mode.

w N
~

HT20;

)  Test results including cable loss;
Worst case data at 1Mbps at IEEE 802.11b; 6Mbps at IEEE 802.11g; 6.5Mbps at IEEE 802.11n
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3.4. Power Spectral Density
Limit
For digitally modulated systems, the power spectral density conducted from the intentional radiator to

the antenna shall not be greater than 8 dBm in any 3 kHz band during any time interval of continuous
transmission.

Test Procedure

1. Use this procedure when the maximum peak conducted output power in the fundamental emission
is used to demonstrate compliance.

Set the RBW = 3 kHz.

Set the VBW = 3x RBW.

Set the span to 1.5 times the DTS channel bandwidth.
Detector = peak.

Sweep time = auto couple.

Trace mode = max hold.

© N O O bk 6D

Allow trace to fully stabilize.
9. Use the peak marker function to determine the maximum power level.
10. If measured value exceeds limit, reduce RBW (no less than 3 kHz) and repeat.

11. The resulting peak PSD level must be 8dBm.
Test Configuration

EUT SPECTRUM
ANALYZER
Test Results
WIFI
Type Channel Po""e(égfne/ggﬁ'HZ?”S'ty Limit (dBm/3KHz) | Result
01 165
802.11b 06 214 8.00 Pass
11 1.09
01 -7.23
802.11g 06 -7.54 8.00 Pass
11 7.23
01 715
802.11n(HT20) 06 6.49 8.00 Pass
11 771

Test plot as follows:
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giont Spectrum Anabyzie - Swept SA
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802.11n(HT20)

Agileat Spectrum Analyzer - Swept SA
- I z 05:52. 157 520 25, 2015 o
Center Freg 2.412000000 GHz vg Type: Log-Pwr TRACE requency
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|
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CH11
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3.5. 6dB Bandwidth
Limit
For digital modulation systems, the minimum 6 dB bandwidth shall be at least 500 kHz

Test Procedure

The transmitter output was connected to the spectrum analyzer through an attenuator. The bandwidth
of the fundamental frequency was measured by spectrum analyzer with 100 KHz RBW and 300 KHz
VBW. The 6dB bandwidth is defined as the total spectrum the power of which is higher than peak
power minus 6dB.

Test Configuration

EUT SPECTRUM
ANALYZER
Test Results
WIFI
Type Channel 6dB Bandwidth (MHz) Limit (KHz) Result
01 8.084
802.11b 06 7.643 =500 Pass
11 8.067
01 15.47
802.11g 06 15.71 2500 Pass
11 14.37
01 16.06
802.11n(HT20) 06 16.28 =500 Pass
11 14.87

Note:

1) Measured peak power spectrum density at difference data rate for each mode and recorded worst
case for each mode.

2) Testresults including cable loss;

3) Worst case data at 1Mbps at IEEE 802.11b; 6Mbps at IEEE 802.11g; 6.5Mbps at IEEE 802.11n
HT20;

Please refer to following plots;
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Agilent Spectrum Analyzer - Occupled BW
i R F

.Cene{ Freq 2.412000000 GHz
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802.11n(HT20)

Agileat Spectrom Analyzer - Occupied BW.
X hL : 055105714 520 25, 2015
Radio Std: None Frequency

.Cene{ Freg 2.412000000 GHz Center Freq: 2.412000000 GHz
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3.6. Out-of-band Emissions

Limit

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 con-ducted or a radiated
measurement, pro-vided the transmitter demonstrates compliance with the peak conducted power
limits. If the transmitter com-plies 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.

Test Procedure

Connect the transmitter output to spectrum analyzer using a low loss RF cable, and set the spectrum
analyzer to RBW=100 kHz, VBW= 300 kHz, peak detector , and max hold. Measurements utilizing
these setting are made of the in-band reference level, bandedge and out-of-band emissions.

Test Configuration

SPECTRUM
ANALYZER

EUT

Test Results

Remark: The measurement frequency range is from 30MHz to the 10" harmonic of the fundamental
frequency. The lowest, middle and highest channels are tested to verify the spurious emissions and
bandage measurement data. And record the worst data in the report.

Test plot as follows:
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802.11b CHO1

802.11b CHO06

Aglleat Spectrum Analyzer - Swept SA
TR G 530 BEE IV
Center Freq 2.412000000 GHz
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802.11b CH11

802.11g CHO1

Aglleat Spectrum Analyzer - Swept SA
TR G 530 BEE IV
Center Freq 2.462000000 GHz
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10.000000000 GHz,

Stop Freg|

26000000000 GHz|

CFStep
1,600000000 GHz |
Man

" Stop 26.000 GHz
Sweep 1.530 s (8001 pts)

#VBW 300 kHz

10GHz-26GHz

10GHz-26GHz
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802.11g CHO06

802.11g CH11

Aglleat Spectrum Analyzer - Swept SA
TR G 530 BEE IV
Center Freq 2.437000000 GHz
PNO; Fasi ~b—
IFGain:Low

Avg Typa: Log-Pur
Trig: Free Run AvglHold: 10110

Atten: 20 dB

Ref Offset8.64 dB
Ref 18.64 dBm

" Span 40.00 MHz

#VBW 300 kHz Sweep 3.867 ms (1001 pts)

Frequency

Center Freq|
2437000000 GHz|

StartFreg|

2417000000 GHz |

Stop Freq|

2457000000 GHz|

CFStep
4.000000 MHz,
Man

Auto

Freq Offset;
OHz,

Aglleat Spectrum Analyzer - Swept SA
TR [; E

Center Freq 2.45000000 GHz

PHO: Fast ——

IFGainiLow

Ref Offset8.64 dB
Ref 18.64 dBm

Center 2.46200 GHz
#Res BW 100 kHz

#VBW 300 kHz

Avg Typa: Log-Pwr Frequency

Trig: Free Run AvglHold: 10110

Atten: 20 dB

Center Freq|
2462000000 GHz|

StartFreg|

2442000000 GHz|

Stop Freq|

2,482000000 GHz|

CFStep
4.000000 MHz,
Man

Auto

Freq Offset;
OHz,

" Span 40.00 MHz
Sweep 3.367 ms (1001 pts)

Reference

Reference

Agilent Spectrom Analyzer - Swept SA
TN ¥ 5 i
Center Freq 5.015000000 GHz
PNO: Fast
IFGain:Low

] 51414374 520 25, 2015
Avg Type: Log-Pur TRACE

S Trig: Free Run AvglHold: 510

fAtten: 30 dB

Ref Offset 864 dB
Ref 28.64 dBm

“Stop 10.000 GHz

#VBW 300 kHz Sweep 952.1ms (8001 pts)

Frequency

Center Freq|
5015000000 GHz|

e

StartFreq|

30.000000 MHz|

Stop Freq|

10,000000000 GHz|

CF Step
957.000000 MHz|
Man

Freq Offset|
OHz,

Agllent Spectrum Analyzer - Swept SA
THD ¥ 5

.Cener Freq 5.015000000 GHz
PNO:

IFGainiLow

Ref Offset 864 dB
Ref 28.64 dBm

#Res BW 100 kHz

:Fast =

#VBW 300 kHz

Avg Type: Log-Pur

Trig: Free Run AvglHold: 510

BAtten; 30 dB

Center Freq|
5015000000 GHz|

e

StartFreq|

30.000000 MHz|

Stop Freq|

10,000000000 GHz|

CF Step
957.000000 MHz|
Man

Freq Offset|
OHz,

“Stop 10.000 GHz
Sweep 953.1ms (3001 pts)

30MHz-10GHz

30MHz-10GHz

Agihent Spectrom Analyzer - Swept SA

TN ¥ 5 i

Center Freq 18.000000000 GHz
PNO: Fast ~~
IFGain:Low

Trig: Free Run
fAtten: 20 dB

Ref Offset 864 dB
Ref 18.64 dBm

" Stop 26.000 GHz
Sweep 1.530 s (8001 pts)

#VBW 300 kHz

Center Freq|
18,000000000 GHz

e

StartFreq|

10.000000000 GHz,

Stop Freg|

26000000000 GHz|

CFStep
1,600000000 GHz |
Man

Agllent Spectrum Analyzer - Swept SA
TR i E

ban(er Freq 18.UUOU[IU(!D GHz

PNO: Fast ~+~ 17ig:FreeRun

FGainLow

Ref Offset 864 dB.
Ref 18.64 dBm

Start 10,000 GHz
HRes BW 100 kHz

#Atten: 20 dB

Center Freq|
18,000000000 GHz

|

StartFreq|

10.000000000 GHz,

" Stop 26.000 GH;
Sweep 1.530 s (8001 pis)

10GHz-26GHz

10GHz-26GHz
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802.11n(HT20) CHO1

802.11n(HT20) CHO6

Aglleat Spectrum Analyzer - Swept SA

D F E BEE I

Center Freq 2.412000000 GHz 7 Aivg Typs: Log-Pwr
s o Trig: Free Run AvglHold: 10110
IFGain:Low fAtten: 20 dB

Ref Offset8.64 dB
Ref 18.64 dBm

#VBW 300 kHz Sweep

" Span 40.00 MHz
3.867 ms (1001 pts)

Frequency

Center Freq|
2412000000 GHz|

StartFreg|

2392000000 GHz|

Stop Freq|

2432000000 GHz|

CFStep
4000000 MHz
Auto Man

Freq Offset;
OHz,

Aglleat Spectrum Analyzer - Swept SA
TR [; E

Center Freq 2.437000000 GHz Avg Typa: Log-Pur

Ref Offset8.64 dB
Ref 18.64 dBm

Center 2.43700 GHz
#Res BW 100 kHz

i Fast o= Trig: Free Run AvglHold: 10110
IFGain:Low #Aten: 20 dB

" Span 40.00 MHz
#VBW 300 KHz Sweep 3.367 ms (1001 pts)

Frequency

Center Freq|
2437000000 GHz|

StartFreg|

2417000000 GHz |

Stop Freq|

2457000000 GHz|

CFStep
4000000 MHz
Auto Man

Freq Offset;
OHz,

Reference

Reference

Agllent Spectrum Analyzer - Swept SA

.Cener Freq 5.015000000 GHz A = Avg Type: Log-Pur
NG Tast —»- Trig: FreeRun AvglHold: 5i10

IFGain:Low BAtten: 30 dB

Ref Offset 864 dB
Ref 28.64 dBm

Start 30 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep

05:52:58FM 520 25, 3018
TRACE

“Stop 10.000 GHz
953.1 ms (8001 pts)

Frequency

Center Freq|
5015000000 GHz|

e

StartFreq|

30.000000 MHz|

Stop Freq|

10,000000000 GHz|

CF Step
957.000000 MHz|
Man

Freq Offset|
OHz,

Agllent Spectrum Analyzer - Swept SA

.Cener Freq 5.015000000 GHz i HAvg Type: Log-Pur
P

Ref Offset 864 dB
Ref 28.64 dBm

#Res BW 100 kHz

N Fast e Trig: Free Run AvglHold: 510
IFGaimiLow _ RAtten; 30 48

“Stop 10.000 GHz
#VBW 300 KHz Sweep 953.1ms (3001 pts)

Center Freq|
5015000000 GHz|

e

StartFreq|

30.000000 MHz|

Stop Freq|

10,000000000 GHz|

CF Step
957.000000 MHz|
Man

Freq Offset|
OHz,

30MHz-10GHz

30MHz-10GHz

Agihent Spectrom Analyzer - Swept SA

TN [ E L

Center Freq 18.000000000 GHz %
MO Tast e Trig: Fres Run
IFGainiLow  BAtten: 20 dB

Ref Offset 864 dB
Ref 18.64 dBm

Stop 26.000 GHz
#VBW 300 kHz Sweep 1.530 s (3001 pts)

Center Freq|
18,000000000 GHz

e

StartFreq|

10.000000000 GHz,

Stop Freg|

26000000000 GHz|

CFStep

Agllent Spectrum Analyzer - Swept SA

.Cener Freq 18.000000000 GHz

Ref Offset 864 dB
Ref 18.64 dBm

ENOrTast »o TrigiFree Run AvglHold: 310
IFGaimiLow _ RAtten:20 48

" Stop 26.000 GHz
#VBW 300 KHz Sweep 1.530 s (8001 pts)

Frequency

Center Freq|
18,000000000 GHz

e

StartFreq|

10.000000000 GHz,

Stop Freg|

26000000000 GHz|

CFStep
1,600000000 GHz |
Man

10GHz-26GHz

10GHz-26GHz
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802.11n(HT20) CH11

Agikent Spectrum Analyzer - Swept SA

THED ¥ E EEE I

Center Freq 2.462000000 GHz 7 Avg Typa: Log-Pwr T Frequency
s o Trig: Free Run AvglHald: 10110
IFGaimLow  RAtten:20 d8

Ref Offset8.64 dB
Ref 18.64 dBm

Center Freq|
2462000000 GHz|

—

StartFreg|

2.442000000 GHz|

Center 246200 GHz Span 40.00 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 3.867 ms (1001 pts)

Reference

Al
TR . S0 2
Center Freq 5.015000000 GHz
PNO:
IFGain:Low

Ref Offset 864 dB
Ref 28.64 dBm

Center Freq|
5015000000 GHz|

StartFreq
30.000000 Mz

Start 30 MHz Stop 10.000 GHz
'Res BW 100 kHz #VBW 300 kHz

Agikent Spectrum Analyzer - Swept SA

TN 7 B0 BEE T GALTD) | D114 Sep:

Center Freq 18.000000000 GHz 7 Avg Typa: Log-Pwr it
MO Tast o= Trig: Free Run AvglHold: 3/10 T
[FGaimLow  RAtten:20 d8

Ref Offset8.64 dB
Ref 18.64 dBm

Center Freq|
18,000000000 GHz,

—

StartFreg|

10.000000000 GHZ|

StopFreg|

Start 10.000 GHz Stop 26.000 GHz
Res BW 100 kHz #VBW 300 kHz Sweep 1.530 s (3001 pts)

STATUS

10GHz-26GHz
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Band-edge Measurements for RF Conducted Emissions:
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Agilent Spoctrum Analyzer - Swept SA
T ; I

Ref Offset 8.64 dB
Ref 18.64 dBm

802.11b

Frequency

W gl

Span 100.0 MHz
Sweep 9.600 ms (1001 pts)

FUNCTION

Agikent Spectrum Analyzer - Swept SA
X hL :

Ref Offset 8.64 dB
Ref 18.64 dBm

#VBW 300 kHz

Frequency

n3

b P U RO AR s e e b e

Span 100.0 MHz
Sweep 9.600 ms (1001 pts)

24615 GHz|
24835 GHz|
25000 GHz|
2480 1 GHz|

591‘ d4Bm,|

2412

2462

Agum Spectrum !mlrtcr Swopt SA

Cemer Freq 2 JGDOUGDDU GHz
Fast

Ref Dffse
Ref 18.64 dBn‘l

st
[ e e e ek

Center 2.40000 GHz
#VBW 300 kHz

o>~ Trig: Free Run
#Atten: 20 dB

Avg Type: Log-Pwr

AvglHold: 10110

gttt S

] S‘pan 100.0 MHZ]
Sweep 9.600 ms (1001 pts)

FUNCTION

T

Ref Offs 4 di
Ref 18.64 dBm

J
il
e

I
et

{center 248350 GHz
Res BIW 100 kHz

v Type: Log Frequency
AvglHold: 10110

Center Freq
2483500000 GHz

Span 100.0 MHz
Sweep 9.600 ms (1001 pls]

24582 GHz

2,4835 GHz|
25000 GHz|
2.4852 GHz|

1

FUNCTION  FUNCTION WIDTH

2412

2462
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802.11n HT20

Agilent Spectrum Analyzer - Swept SA Agilent Spectrum Analyzer - Swept SA
D ® : D ® :
Frequency

Avg Type: Log-Pr Framushcy Center Freq 2.483500000 GHz
PNO: F

.Cene{ Freq 2.400000000 GHz
ares e Trig: Free Run AvglHeld: 1610

IFGaimlow  RAtten:20 48
Auto Tune| Auto Tune

Ref Offset 8.64 dB - Ref Offset
Ref 18.64 dBm [ — . Ref 18.64 dBm [
Center Freq) Center Freq
2400000000 GHz! 2483500000 GHz

StartFreq
2.350000000 GHz/

. StopF;: sty 1 s AL i i
B
{Center 2.40000 GHz Span 100.0 MHz CF Step! {Center 2.48350 GHz
l4Res BW 100 kHz Sweep 0.600 ms (1001 pts) [T S A H#Res BW 100 kHz

" fAute oL TGN FURCTONWET IO A

WA WODE FONCION  FURCTONWITH __ FUNCTIONVALSE & (MR
1 3 1 Jr|

Span 100.0 MHz
Sweep 9.600 ms (1001 pts)

2,407 0 GHz|
24000GHz| 4 | T I
2.3900 GHz| 1 T I FreqOffset
2.380§ 50, OHz

2412 2462
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3.7. Antenna Requirement

Standard Applicable

For intentional device, according to FCC 47 CFR Section 15.203:

An intentional radiator shall be designed to ensure that no antenna other than that furnished by the
responsible party shall be used with the device. The use of a permanently attached antenna or of an
antenna that uses a unique coupling to the intentional radiator, the manufacturer may design the unit
so that a broken antenna can be replaced by the user, but the use of a standard antenna jack or
electrical connector is prohibited

FCC CFR Title 47 Part 15 Subpart C Section 15.2471 (1) (I):

(i) Systems operating in the 2400-2483.5 MHz band that is used exclusively for fixed.
Point-to-point operations may employ transmitting antennas with directional
gain greater than 6dBi provided the maximum conducted output power of the
intentional radiator is reduced by 1 dB for every 3 dB that the directional gain
of the antenna exceeds 6dBi.

Test Result:

The antenna is a PCB antenna,The maximum gain of antenna was 0.00 dBi for 2.4GHz WIFI.
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4. Test Setup Photos of the EUT
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5. The Photos of the EUT

External photos
Please refer to separated files for External Photos of the EUT.
Internal photos

Please refer to separated files for Internal Photos of the EUT.
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